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Received Date: 15 July 2018 Hairy Cell Leukemia (HCL) is a rare subtype of B-cell chronic lymphoid leukemia which was
Accepted Date: 31 Aug 2018 first described by Bertha Bouroncle in 1958 [1]. The annual incidence of HCL is approximately
Published Date: 01 Sep 2018 0.3 cases per 100,000 and the disease comprises 2-3% of all leukaemia’s in the Western world

[2,3]. Its diagnosis is based on the identifying the distinctive morphology of hairy cells, and eval-
uating bone marrow histology and immunological profile (CD19+, CD20+, CD11c+, CD25+,
CD103+, CD123+, CD200+, CD27-, and light chain restriction) [4,5]. HCL cells have strong
positivity for tartrate-resistant acid phosphatase (TRAP) [5]. In addition, molecular studies
have shown that almost all cases of HCL are associated with a point mutation in the signalling
protein BRAF (V600E) [6]. The disease usually has an indolent course, and some patients with
asymptomatic disease do not require therapy until progression. The first active agent for HCL
was interferon-a (IFN-a), which can produce a Complete Response (CR) in approximately 10%
of HCL patients and a Partial Response (PR) in the majority of the remainder [7]. Although its
use in the treatment of HCL is currently limited, IFN-o may still have a place in treating HCL
in patients who are pregnant or are highly neutropenic. Otherwise, Purine Nucleoside Analogs
(PNA), cladribine (2-chlorodeoxyadenosine, 2-CdA) and pentostatin (deoxycoformycin, DCF)
have become gold standards in the treatment of this disease [8]. Piro et al. [9] were the first to
describe sustained CR in HCL patients who had undergone splenectomy and received a single
continuous intravenous infusion of 2-CdA for seven days [9]. Further multiple studies on larger
groups of patients have demonstrated that 2-CdA induces durable and unmaintained CR in
about 80% of patients after a single course of therapy [10-12]. Cladribine is administered either
as a continuous i.v. infusion at a dose of 0.09 mg/kg over a five- to seven-day period, once a week
for six weeks. Similar results were achieved when the drug was given as subcutaneous injection.
A 1984 study by Spiers et al. [13] first demonstrated that pentostatin is also a highly active agent
in HCL [13], and since then, a randomized study found that pentostatin produced higher CR
and PR rates than IFN-a with more durable responses in HCL [14]. Purine nucleoside analogs
are well tolerated in HCL, especially when neutropenia is not severe or there is no history of life-
threatening infections. Myelosuppression is the main toxicity and may require delays in planned
chemotherapy schedule. Purine nucleoside analogs dramatically improved the outcome of HCL,
achieving 10-year OS rates close to 90%. Cladribine and pentostatin seem to induce similar high
response rates but only a large randomized trial with the two agents will be able to evaluate the
CR rates, duration of response, recurrence rates and adverse events that have appeared to be
comparable so far [15,16]. Nevertheless, cladribine affords the convenience of a single course of

administration.

Although purine nucleoside analogs are still reccommended as first line therapy for HCL, pa-
tients treated with PNAs do still relapse and the OS curves have not yet reached a plateau, sug-
gesting that a cure remains elusive. Purine nucleoside analogs are also effective in re-induction

therapy; however, novel therapies are needed for many patients who ultimately relapse or go on
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to develop refractory disease despite initial very high response
rates. Rituximab, a chimeric mouse-human anti-CD20 Monoclo-
nal Antibody (MAD), seems to be a promising agent for patients
with HCL [17,18] which can be used as a single agent or in com-
bination with PNA. Its use has been associated with an OR in
up to 80% of relapsed or refractory patients, and occurrence and
duration of response rates can be increased by combining rituxi-
mab with PNA. Ravandi et al. [19] demonstrated a 100% CR rate
using a regimen consisting of cladribine followed by eight doses
of rituximab [19]. Another anti-CD20 antibody, obinutuzumab,
also has demonstrated potential in treating HCL, but further
studies are needed [20,21]. Recent progress in the understanding
of the molecular biology of HCL has stimulated the development
of new active drugs, particularly immunotoxins, BRAF inhibitors
and B-Cell Receptor (BCR) pathway inhibitors [22]. Immunotox-
ins may play a role in the treatment of HCL, especially in patients
with limited responses or treatment failure after conventional
therapy. Moxetumomab pasudotox (CAT-8015, HA22, Med Im-
mune LLC /Cambridge Antibody Technology/Astra Zeneca) is a
new generation of CD22-specific targeted immunotoxins com-
posed of the Fv fragment of an anti-CD22 monoclonal antibody
fused to a 38-kDa fragment of Pseudomonas exotoxin A, called
PE38 [23,24].

Moxetumomab pasudotox is highly active in relapsed/refractory
HCL. A Phase 1 trial in 28 patients with refractory/relapsed HCL
[25] identified an OR rate of 86% and CR 46% among 26 evalu-
able patients. In one patient, CR lasted less than one year and the
median disease-free survival time was not reached at 26 months.
The long-term follow-up results of this study were recently pub-
lished [26]. In total, 33 patients received 50 ug/kg every other day
for three doses in four-week cycles. The combined 33-patient co-
hort achieved 64% CR and 88% OR rates, with a median CR du-
ration of 42.4 months. Moxetumomab pasudotox can eliminate
MRD in a significant percentage of HCL patients. An evaluation
of MRD in 32 patients by bone marrow aspirate flow cytometry
found median CR duration to be 13.5 months in nine MRD-pos-
itive patients and 42.1 months in 11 MRD-negative patients (P <
0.001). At the end of the study, 10 patients among MRD-negative
CRs, had ongoing CR and nine of them without MRD. Repeated
dosing, despite the early neutralization of antibodies, increased
active drug levels without detectable toxicity associated with im-
munogenicity. Recently, the results were reported of a pivotal,
multicenter, open-label study of moxetumomab pasudotox in
80 patients with relapsed/ refractory HCL who had undergone
two or more prior systemic therapies [27]. Moxetumomab pasu-
dotox was given at a dose 40 pg/kg intravenously on days 1, 3,
and 5 every 28 days for six cycles, or less if not tolerated. The

objective response rate was 75% and CR rate 41%. Immunohis-
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tochemistry identified MRD negativity in 85% of the patients
with CR. Treatment was generally well tolerated. The most
frequent adverse events (AEs) were peripheral edema (39%),
nausea (35%), fatigue (34%) and headache (33%) [27]. It has
been documented that inhibitors of BRAF V600E and/or mi-
togen-activated protein kinase (MEK), including vemurafenib,
cause HCL cell death [28]. Vemurafenib (Zelboraf™, Roche) is
an ATP-competitive BRAF V600 inhibitor that has been shown
to have potent antitumor activity in HCL. Vemurafenib has
shown remarkable activity in multiple relapsed and refractory
disease [29-33]. Patients treated with vemurafenib experienced
rapidly decreased splenomegaly, increased platelet counts, and
normalization of hemoglobin and granulocyte counts. In some
studies, patients achieved morphologic and molecular remis-

sions as early as one month after starting the therapy.

Investigators from Italy and the United States designed a single-
arm phase 2 studies in patients with HCL who were refractory
to purine analogues [33]. Vemurafenib was administered at a
dose of 960 mg twice daily for a median of 16 weeks in the Ital-
ian study and 18 weeks in the U.S. study. In the Italian study,
the OR rates were 96% and CR rates 35% after a median of eight
weeks. The median relapse-free survival was 19 months among
patients with a CR and six months among patients with a PR,
with median treatment-free survival being 25 months and 18
months, respectively. In the U.S. study, OR rates were found
to be 100% and CR rates 42%, after a median treatment of 12
weeks. At one year, the PFS rate was 73% and the OS rate was
91%. The treatment was well tolerated. However, skin changes,
arthralgia and pancreatitis were relatively frequent events, all
of them being grade 1 or 2. Lower doses of vemurafenib are
also effective in HCL. In the study by Dietrich et al, 21 patients
were treated with vemurafenib at doses 240-1920 mg per day
with a median treatment duration of 90 days [32]. All patients
responded to vemurafenib, with platelet count, neutrophil
count and hemoglobin level recovering within 28, 43 and 55
days (median), respectively. Complete remission was observed
in 40% of 15 evaluable patients and median event-free survival
was 17 months. No significant difference in CR rate was found
between lower and higher doses of vemurafenib, and CR did
not translate into longer Evidence-Free Survival (EFS). As the
response duration after vemurafenib is relatively short, further
studies are needed to determine the optimal dosing and treat-

ment duration.

Two other BRAF inhibitors which may be potentially useful in
the treatment of HCL are Dabrafenib (Tafinlar®, GlaxoSmith-
Kline) and encorafenib (LGX818, Novartis). These compounds
have entered clinical trials and shown promising results [34-

36]. Further prospective studies are needed to optimize the
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doses of BRAF inhibitors and treatment duration against HCL.
Ibrutinib (PCI-32765, IMBRUVICA®, Pharmacyclics, Janssen)
is an inhibitor of Bruton’s Tyrosine Kinase (BTK), which also
demonstrates antitumor activity in HCL. Sivina et al. report that
ibrutinib reduces the survival and proliferation of HCL cells in
vitro [37]. Other encouraging results are presented by Jones et al.,
who report the preliminary data obtained by a study of 13 pa-
tients undergoing a median of four (range: 1-11) prior therapies:
eleven relapsed, one untreated and one with HCL-variant [38].
The presented data concerning the initial dose 420mg/day cohort
found an overall response rate of 46% including one MRD-nega-
tive CR and five partial responses. Four additional patients have
since experienced clinical benefit and continue on treatment. At a
median follow-up of 14.5 months, nine patients (69%) remained
progression-free on treatment with ibrutinib, and responses have
improved with continued treatment. Grade 3/4 adverse effects in-
cluded hypophosphatemia (30%), neutropenia (23%) and infec-
tions (23%). In conclusion, in the coming years, new agents will
probably replace standard therapy of HCL, especially for patients
who have suboptimal results after treatment with PNAs. For these
patients, novel therapies, especially those based around immuno-

toxins and BRAF inhibitors, show promising results.
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