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Abstract

Hairy cell leukemia is a B-cell chronic lymphoproliferative disorder in which
in the last 3 decades has been registered tremendous progress both in the
development of effective treatments capable to improve complete remission
rates, as well as in elucidating new biologic and molecular aspects of the leukemic
hairy cells. a-IFN was the first effective therapeutic approach in HCL capable
of improving the clinical course of the disease. However, only after introduction
of purine analogs (Pentostatin and Cladribine), a significant improvement in the
number and duration of CR has been observed. Beside purine analogs agents
who still represent the cornerstone of HCL treatment, the addition of anti-CD20
monoclonal antibody (Rituximab) and/or anti-CD22 (BL22) immunotoxins,
represent the best way to rescue patients who failed prior treatments with o-IFN
or purine analogs. Finally, new emerging drugs as Vemurafenib (BRAFV600E
mutation inhibitor) and Ibrutinib, are under investigation with success in resistant

and/or relapsed patients.

Introduction
What is Hairy Cell Leukemia (HCL)
First described by Bouroncle et al. [1] as leukemic

Reticuloendotelios is, HCL is a well-recognized chronic
lymphoproliferative disorder frequently associated with anemia,
thrombocytopenia, granulocytopenia, monocytopenia, bone marrow
fibrosis and splenomegaly. It is characterized by the proliferation
of large lymphocytes arising from a post-germinal mature B cell
(activated B cell) which present typical cytoplasmic projections (
Hairy cells) involving peripheral blood, bone marrow, spleen, liver
and, very infrequently, lymphnodes. Common clinical characteristics
include fatigue, fever, infections, abdominal discomfort and easy
bruising.

HCL is considered a very rare disease accounting for the 2% of
all types of leukemia’s (500-600 cases every year) and is particularly
prevalent in males (male: female ratio 5:1) with a median age at
diagnosis of 56 years.

Diagnosis

HCL should be suspected in patients with variable degree of
pancytopenia, absolute monocytopenia, and on the recognition, on
the peripheral blood smears, of the circulating Hairy cells (HC) and,
possibly, by the presence of spleen enlargement (Figure 1). After that,
diagnosis should be confirmed by:

. Immune phenotypic analysis of peripheral blood
lymphocytes (HC’s are characteristically positive with
CD103, CD25, CD20, CD22, CD11lc, FMC7, CD123

MoAbs).

. Bone marrow aspirate: often dry-tap because of increased
fibrosis.

. Bone Marrow biopsy: typical morphological “fried-egg”

pattern. Positivity, at the immune histochemical level,
with DBA44, CD20,CD103,CD25, ANNEXINA1MoAbs.

. BRAFV600E mutation. This mutation, first described by
Tiacci et al. [2], was present in many cancers including
HCL suggesting a possible role of BRAFV600E mutation
in the pathogenesis of HCL. This analysis should be
considered for investigational purposes and for cases
with uncertain diagnosis.

. Negativeprognosticaspectsare:

. Severe pancytopenia and neutropenia

. Massive splenomegaly

. Increased Hairy cell index(HCI) (defined as bone marrow

total cellularity/Hc marrow infiltration, divided by 100)

. Unmutated IGHV configuration

. P53 dysfunction

. Increased HC number in peripheral blood (= 10.000/pl)
. Increased serum level of soluble Interleukin-2

receptor(sIL-2R)
. Presence of a large abdominal mass

Evolution of treatment in HCL patients

At diagnosis, asymptomatic patients with indolent clinical course
and acceptable hematological values should be only observed until an
overt clinic-hematological progression.

Patients requiring treatment are those who present with the
following characteristics:

. Symptomatic anemia

. Neutropenia (<1,000/pl) and/or thrombocytopenia
(<30,000/pl) independently by related symptoms.

. Symptomatic splenomegaly

. Presence of large abdominal lymphnodes
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Figure 1: Clinical features of HCL.
® Splenomegaly (>80%)

® Rare lymph node involvement
® Pancytopenia with monocytopenia
®  “Hairly” cells in the peripheral blood and in the bone marrow
®*  “Fried egg” pattern bone marrow infiltration and increased reticulin
fibrosis
. Constitutional symptoms.
. Associated diseases or unrelated symptoms (i.e.

autoimmune disorders, risk of infection or neuropathies).

Prior to early eighties, treatment of HCL patients was
unsatisfactory and was based mainly on splenectomy [3]. Since the
introduction of a-Interferon (a-IFN) and subsequently of purine
analogs: Pentostatin and Cladribine, treatment has become effective
and prognosis Improved significantly.

We can identify at least six therapeutic phases:

1. Pre-a-IFN phase where splenectomy was the best
therapeutic option.

2. a-IFN phase characterized by the first significant
improvement of survival of the patients.

3. Purine analogs phase: Pentostatin and Cladribine
employment which had led to more frequent and
persistent complete responses.

4. Immunotherapy and immunochemotherapy: anti-CD20
MoAb alone or in combination with purine analogs
mainly for progressed or resistant patients.

5. Other Mo Abs combined with immunotoxins.

6. New biological treatments based on the anti-BRAFV600E
mutation (constitutional expressed in HCL patients) and
on anti BTK-targeted molecules.

Before treatment we should consider the fact that we are dealing
with an indolent disease, characterized by a very prolonged survival
and thus we must tailor the therapy for each individual patient in
order to minimize the risk of life-threatening complications and
other adverse events possible causes of death in HCL. Secondly,
since at the moment there are no evidence of cure of this disease,
our therapeutic approach should be very strategic in employing the
therapeutic agents available in order to obtain the more complete and
long-lasting response, avoiding to overexpose the patients to several
treatments which severely affect hematological and immunological
conditions and the performance status.

Splenectomy

Before a-IFN, treatments available for HCL, such as androgens,
corticosteroids, lithium, Chlorambucil and splenic irradiation were
toxic and scarcely effective. Only splenectomy demonstrated better
results leading to a resolution of abdominal discomfort, improvement
of anemia, neutropenia and thrombocytopenia acting, at least,
through 2 principal mechanisms:

. Reducing the splenic pooling
. Removing a large bulk of the disease.
. In fact, it is well known that splenic HCs produce a

large amount of cytokines, mainly TNF and soluble
Interleukin2 which exert inhibitory effect on the
hematopoietic progenitor cells [4,5,6] and impairment
of immunological status(7,8), respectively. This explains
why, after splenectomy, despite the persisting bone
marrow involvement hematological improvement was
better than that expected with the removal of the simple
pooling effect. However, splenectomy at the onset of the
disease should be considered only in selected cases such
as splenic infarct or rupture and in case of pregnancy (in
this latter case a-IFN is another valid therapeutic option).
During the course of the disease, splenectomy should
be considered as a part of treatment in particular cases
(i.e. need of therapy in progressive patients with marked
cytopenia and large spleen).

a-Interferon

Interferons are cytokines involved in the regulation of several
cellular processes and are able to block viral replication. Until now,
the mechanism by which a-IFN is so effective in HCL has remained
uncertain. Direct antileukemic effect, induction of HCs apoptosis,
inhibition of TNF effect on the proliferation of HCs as well as
induction of T-cell cytotoxicity against HCs are the mechanisms
often recognized to a-IFN [9-11].

a-IFN represents the first effective therapeutic approach in HCL
capable of changing the clinical course and the survival in this disease
[12]. The administration of this lymphokine leads to the progressive
reduction and disappearance of circulating HCs, improvement of
hematological values, (reappearance of monocytes followed by the
increase of neutrophils) and lastly by the progressive improvement
of bone marrow normal cellularity. Furthermore, in splenomegalic
patients, treatment with a-IFN is also capable of producing a marked
reduction or even disappearance of splenic enlargement [13,14].
Finally, an improvement of T-cell subset distribution, as well as
a marked enhancement and/or normalization of the depressed
Natural Killer (NK) function, has been reported [15]. Despite these
therapeutically effects, complete remission are rare, bone marrow
results are often unsatisfactory due to the persistence of small clusters
of HCs. Discontinuation of treatment leads, in few months, to the
progression of the disease, even in those who achieved a morphological
CR. Only prolonged treatment with o-IFN, maintained for years,
even at reduced doses may produce, in sensitive patients, true and
persistent CR. Therefore, treatment with a-IFN implies maintenance
for several years if the common adverse events such as flu-like
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syndrome, gastrointestinal symptoms, liver toxicity, hair and weight
loss, libido reduction and chronic fatigue are absent or well tolerated
by the patient.

Nowadays a-IFN is scarcely employed at the onset of the disease;
however, treatment is particularly suggested in patients with severe
neutropenia and/or bone marrow hypocellularity with concurrent
high risk of infection. It has been employed before purine analogs
to improve peripheral blood counts in order to render safer
subsequent treatment with Cladribine or Pentostatin (16).a-IFN
could be also used after purine analogs as consolidation/maintenance
in case of incomplete remission in cytopenic patients. Finally, it
could be considered in HCL pregnant women ineligible or refusing
splenectomy.

Purine Analogs

Pentostatin and Cladribine are now considered the principal
and most employed therapeutic agents in the management of HCL
patients. Both act on the Adenosine Deaminase (ADA) cascade an
enzyme predominantly expressed on lymphoid cells which plays an
important role in the differentiation of both T and B lymphocytes.

Pentostatin

Pentostatin  is analog (anti metabolite) that
irreversibly inhibits ADA with the consequent accumulation of the
deoxyadenosine triphosphate metabolites that will eventually cause
DNA strand breaks and cell death [17,18]. Efficacy in HCL was
firstly documented by Spiers et al. [19] who reported responses in
26 out of 27 patients treated. Subsequently, high response rates were
confirmed by several other investigators with CR rates remarkably
high never reported with splenectomy neither with a-IFN [20-22].
High and persistent response rates were documented in untreated as
well as in those previously splenectomized and/or treated with o-IFN.
In a large seminal trial [23] where HCL patients were randomized
to receive a-IFN or Pentostatin, it was documented that Pentostatin
induced more frequent and longer responses, while patients treated
with a-IFN achieved a negligible proportion of CR together with a
progression free-survival significantly shorter than that achieved
with Pentostatin. However, in these latter patients, hematological and
immunological toxicity with an increased life-threatening infection
complications, were often observed [24,25].

a purine

The recommended dose of Pentostatin is: 4 mg/m?every 2 weeks
for 4-6 weeks and then 2 additional administrations every month. The
CR rate ranges from 44 to 100% [19-25].

Overall, Pentostatin is an extremely effective drug that may
induce frequent and durable responses in HCL. However, the high
risk of neutropenic infections, lymphocytopenia and monocytopenia
should be taken always in to consideration mainly in older patients
and/or in those heavily treated.

Cladribine

Cladribine is a purine analog that does not inhibit ADA, but is
highly resistant to adeaminating enzyme due to the introduction of an
additional hydrogen atom in position 2 of purine ring [15]. Cladribine
enter lymphoid cells where is phosphorilated by a deoxycytidine
kinase creating mono, bi and triphosphate deoxynucleotides that
accumulate in the cells and are incorporated in to DNA leading to

DNA breaks and to activation of two enzymatic systems: a poly (ADP-
ribose) syntetase that consumes cellular Nicotinamide Adenine
Dinucleotide (NAD) and ATP, and dependent endonucleases that
determines DNA fragmentation. Depletion of NAD essential for
survival and DNA fragmentation will ultimately lead to death and
apoptosis [15]. Cladribine is the most common drug used in the
treatment of HCL. Piro et al. [26] first described in 1990 Cladribine
activity in 12 HCL patients treated with a single 7-day continuous
infusion of the drug at the dose of 0.1 mg/Kg a day and observed
a response in all cases with 11 CR and one PR. Since then several
large studies confirmed the elevated proportion of CR [27-30]. The
route and modality of administration of Cladribine has subsequently
changed maintaining the high efficacy. Cladribine is now frequently
administered intravenously (2-hours daily infusion for 5 or 7 days).
The oral bioavailability is variable around 50% while the subcutaneous
injection has 100% bioavailability [31].

In order to limit the incidence of severe neutropenia and
thrombocytopenia, and infection complications, Cladribine was also
administered once a week for 5-7 weeks. This regimen produced
similar CR rates and a very low proportion of infectious complications
[32].

Profound degree of lymphocytopenia has also been described as
well as with Pentostatin. In particular, Cladribine reduces the number
and the function of T lymphocytes with a severe and persistent
reduction of CD4 positive cells (mainly naive CD4 T cells). CD8 and
NK positive cells were less affected [33,34]. This, together with the
preservation of CD4 memory cells, may in part explain the reduced
infectious complications once neutrophils and monocytes recovery
has occurred.

In conclusion, Cladribine is very effective in HCL and in one week
of treatment, induces very high CR remission rate independently
by the route and modality of administration. However, as for
Pentostatin, treatment with Cladribine should be avoided, modified
or post-poned in patients with a high risk of infection or bone marrow
hypocellularity.

Immunotherapyand Immunochemotherapy

Immunotherapeutic strategies with MoAbs have been investigated
and include unlabeled MoAbs targeting CD20 (Rituximab) and
recombinant immunotoxins such as LMB2 and BL22, targeting CD25
and CD22, respectively.

Unconjugated monoclonal antibodies (Rituximab)

CD20 is typically expressed at high intensity on HCs and therefore
is an ideal target for treatment with Rituximab. However, in the early
studies conducted generally in a limited number of cases, responses
were variables but only in few cases CR was achieved, suggesting that
in relapsed HCL patients or in those still showing an evident residual
disease, Rituximab alone was not particularly effective [35,36]. When
Rituximab was administered sequentially or concomitantly with
purine analogs, CR rates were particularly high and long-lasting
[37,38]. However, this combination, because of the toxicity and
the high risk of infective complications, should be limited only to
progressed and/or resistant patients and not encouraged in patients at
diagnosis where neutropenia, lymphocytopenia and monocytopenia
are generally more pronounced and the infection complications are
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at major risk. The recent introduction of “new” anti-CD20MoAbs,
such as of atumumab and Obinotumumab, in the treatment of CLL
has shown, in combination with Chlorambucil, very exciting results
[39,40]. Certainly, the combination of these “new” MoAbs with
purine analogs needs to explore in HCL since is reasonable to expect
better results than those achieved in combination with Rituximab.

Immunotoxins

LMB2 and BL22 are potent immunotoxins produced, respectively,
by an anti-CD25 and anti-CD22 single chain Fv linked to a truncated
form of pseudomonas immunotoxin (PE38). Results were extremely
interesting in a good proportion of patients with HCL and other
lymphoproliferative disorders. Toxicity was also present and
characterized mainly by transaminase elevation, nausea, vomiting or
hemolytic uremic syndrome and cytokine syndrome [41,42].

Recently, Kreitman et al. [43] produced a further improvement
of CD22 immunotoxin called Moxetumomab pasudotox (HA-22,
CAT8015) which had higher affinity with CD22 and a 50-fold higher
toxicity after modification of BL22. Phase 1 study showed CR in 44%
of HCL patients and 76% of them are still responding to the treatment
after an observation of 20 months. Toxicity is represented by
hypoalbuminemia, edema, aminotransferase elevation, headache and
hypotension. Trials with Moxemumomab pasudotox are ongoing.

Emerging Therapies

The BRAF V600E mutation has been first described in melanoma
patients and other several human cancers [44,45] including HCL
patients where is present in almost all cases [2]. This observation led
to the synthesis of Vemurafenib, a BRAFV600E inhibitor approved
for mutant metastatic melanoma and employed also in HCL patients
resistant to chemotherapy. Given orally at a dose of 960 mg twice daily,
Vemurafenib led, in 29 HCL relapsed/resistant patients, to durable
remissions with rapid normalization/improvement of peripheral
hematological values and spleen size [46]. In addition, similar good
results were reported in an additional study [47].

Treatments under Investigation

Following the experience raised in patients with CLL and non-
Hodgkin lymphomas [39], the oral Bruton’s thyrosin kinase inhibitor
(PC-32765) (Ibrutinib) has being studied in clinical trials as single
agent for the treatment of relapsed HCL patients [48].

First line of treatment

The majority of HCL patients, who require treatment at diagnosis,
nowadays are best treated with Cladribine or Pentostatin. Cladribine
is generally preferred because a lower toxicity and it can be given in a
single 5-day course.

In patients with an older age, severe neutropenia, hypocellular
bone marrow and/or inter current infection, a-IFN is a safer treatment
and should be preferred in order to avoid the risk of life-threatening
infections. We should take into account that partial response is not
particularly different from a more complete response in terms of
quality of life and survival. In these patients, once achieved a good
hematological response, a further consolidation with purine analogs
may be considered.

In case of pregnancy, a-IFN should be preferred.

Second line of treatment

Patients who relapse after purine analogs within 24 months, or
those who at the end of treatment experienced an unsatisfactory
response, should be treated with a combination of Rituximab given
concomitantly/or sequentially with Cladribine or Pentostatin
depending by the previous purine analog employed. Anyhow, we
should be aware that sometime response could be delayed therefore;
poor response should not be confused with a late response. A possible
therapeutic alternative could be represented by the immunotherapy
with Moxetumomab pasudotox especially if the ongoing trials will
give the expected good results. Randomized studies are warranted
in these relapsed cases and the inclusion of the majority of patients
in trialsexploring the effect of the emerging molecules in B-cell
lymphoproliferative disorders such as the “new” anti-CD20 MoAbs,
Ibrutinib and Idelalisib are mandatory. Anyway, in relapsed patients
we should always perform, before retreatment, bone marrow HCI,
peripheral hematological values and spleen size.

Third line of treatment

Vemurafenibre presents, the treatment of choice for the pluri-
progressed or resistant patients. Alternatively, these patients should
enter in clinical trials exploring the effect of emerging drugs (Figure
2).

Conclusive Considerations

At the moment, the treatment of HCL is very satisfactory since
we can obtain, in the majority of cases, long-lasting good clinical and
hematological responses. For the minority of cases who tend to have
rapid relapses, the future should be regarded with optimism since
numerous new effective agents and scarcely toxic and often given
orally, are coming.

An important question is what should be the strategic approach

DIAGMNOSIS OF HCL

ASYMPTOMATIC PATIENTS SYMPTOMATIC PATIENTS

YOUMG AND FIT

OLD PATIENTS
SEVERE CYTOPENIA FATIENTS
NGO THERAPY INFECTIONS HCl=0.50
l LOW PS l
l Cladribine or
PROGRESSION =2 o
- Femostatine,
followed or not by l
RESISTAMCE
or
Cladribine or RELAPSE
Pentostatine l
l Cladribine or
PEntostatine
RECURREMCE/ cm:gem
RESISTAMCE Fitwamah

EMERGING THERAFPIES
Mowetumomab pazudotox
Ibrutinib
Qbinatumomalb
fatumumab

+—— RECURRENCE <—— YEramuralenih «+—— pecurrence

+

Purine analogs
Figure 2: Diagnosis of HCL.
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to HCL patients? Should we pursue the eradication of the disease or
instead try to control it using sequentially, and at best, all the drugs
that are available at the moment? True CRs, even assessed with
immunohistochemistry and/or with immunofenotypic or molecular
tools, are few and there are no proofs that in these patients survival is
significantly longer than that obtained in patients with morphological
CR. Minimal Residual Disease (MRD) is virtually always present and
even in negative patients, the study of MRD is assessed only in the
peripheral blood and bone marrow [49,50]. What happens in the
spleen? In an Italian multicenter study [51], it has been demonstrated
that in some HCL patients splenectomized after a documented CR
obtained after a prolonged treatment with a-IFN, histology of the
spleen revealed the persistence of the disease at that level.

Accordingly, the possibility to achieve the cure of the disease
is very difficult. We need to improve our treatments as well as the
approach to the detection of MRD. Probably, in the definition of CR
we should include again the routine determination of serum soluble
IL-2 Receptor because is universally accepted as a reliable tool which
strictly correlate with the status of the disease [7,8,52] with the bulk
of the disease [8,52], with the spleen involvement [8] and, in addition,
may predict the relapse of the disease before absolute granulocyte
count decrease [53].

In conclusion, despite the brilliant results achieved in the biology
and treatment of HCL, paradoxically we need additional efforts in
order to completely elucidate the biology of the disease, the role of
MRD and the best approach for the cure of the disease limiting at
maximum life-threatening risks.
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