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Abstract: The purine nucleoside analog (PNA) - cladribine (2-CdA, 2-chlorodeoxyadenosine) is a cytotoxic agent of high
efficacy in lymphoid and myeloid malignancies. This drug was approved by the FDA for treatment of hairy cell leukemia
and in some European countries for treatment of refractory/relapsed chronic lymphocytic leukemia. 2-CdA is usually
administered as continuous or intermittent intravenous infusion. Recently however, new formulations of this agent has
been developed for subcutaneous and oral administration. In contrast to other PNA, 2-CdA is equally cytotoxic to both
proliferating and quiescent cells and several pathways may be responsible for the mechanism of its action. In addition,
recent data indicate that 2-CdA combined with other cytotoxic agents and monoclonal antibodies show synergistic
proapoptotic and cytotoxic activity on lymphoid and myeloid neoplastic cells. This review article summarizes recent
achievements in the understanding of 2-CdA mechanism of action, pharmacokinetics of different pharmaceutical
formulations and its approved and possible future applications in the treatment of hematological malignancies.

The most important recent patents concerning oral formulations of 2-CdA have been presented.

Keywords: Cladribine, oral, subcutaneous, pharmacokinetics, leukemia, lymphoma, systemic mastocytosis, Langerhans cell

histiocytosis, acute myeloid leukemia.

INTRODUCTION

The purine nucleoside analogs (PNA), fludarabine (FA),
cladribine (2-chlorodeoxyadenosine, 2-CdA) and pentostatin
(2°-deoxycoformycin, DCF) represent a novel group of
cytotoxic agents with high activity in lymphoid and myeloid
malignancies [1]. These three agents share similar chemical
structures and mechanism of action, such as induction of
apoptosis. However, they exhibit also significant differences,
especially in their interactions with enzymes involved in
adenosine and deoxyadenosine metabolism activity.

2-CdA is resistant to deamination by adenosine
deaminase (ADA) and is selectively accumulated in
lymphocytes finally inducing programmed cell death
(apoptosis) (Fig. 1) [2]. It was synthesized in 1980 by Carson
et al. [3] and more recently by Kazimierczuk et al. (4) by a
simple substitution of the hydrogen atom by a chlorine atom
at position 2 of the purine ring of deoxyadenosine. The
rationale for the development of 2-CdA came from the
observation that 30% of children with severe combined
immunodeficiency disease (SCID) manifested ADA
deficiency [5]. Severe lymphocytopenia affecting both B and
T cells is observed in SCID. As it was demonstrated that,
unlike adenosine, deoxyadenosine is not metabolized by any
enzyme other than ADA, deficiency of this enzyme leads to
deoxyadenosine accumulation in cells and is associated with
lymphopenia evident in the course of SCID [6]. 2-CdA was
approved by the FDA for treatment of hairy cell
leukemia(HCL) and in some European countries for
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treatment of refractory/relapsed chronic lymphocytic
leukemia (CLL). 2-CdA is wusually administered as
continuous or intermittent intravenous infusion. Recently
however, new formulation of this agent has been developed
for subcutaneous and oral administration. In contrast to other
PNA, 2-CdA is equally cytotoxic to both proliferating and
quiescent cells and several pathways may be responsible for
the mechanism of its action. In addition, recent data indicate
that 2-CdA combined with other cytotoxic agents and
monoclonal  antibodies  (MoAb)  show  synergistic
proapoptotic and cytotoxic activity on lymphoid and myeloid
neoplastic cells. This review article will summarize recent
achievements in the understanding of 2-CdA mechanism of
action, pharmacokinetics of different pharmaceutical
formulations and its both currently approved and future
alternative ways of application in the treatment of
hematologic malignancies.

MECHANISM OF ACTION

The uptake of 2-CdA into the cells may significantly
modulate the intracellular bioavailability of the drug and,
consequently, responsiveness to therapy [7,8]. Two gen
families (SLC28 and SLC29), encoding human equilibrative
nucleoside transporters (hENT) and human concentrative
nucleoside transporters (hnCNT), are involved in this process
[7]. Up to now, three subtypes of hCNT transporters
(hCNT1, hCNT2 and hCNT3) and four members of hENT
have been cloned. However, only hENT1 and hENT2 are
well-characterized plasma membrane transporters, whereas
hENT3 and hENT4 are less well characterized and located
inside the cells [7]. Either 2-CdA or other PNA are high
affinity substrate for hENT1, hENT2 and hCNT3, while
hCNT1 does not recognize them [7,8].
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phosphate (F-ara-AMP, fludarabine monophosphate)

2’-Deoxycoformycin (DCF, pentostatin)

Fig. (1). Chemical structure of cladribine (2-chlorodeoxyadenosine), fludarabine monophosphate and deoxycoformycin (pentostatin).

For cytostatic effect to occur, intracellular phosphoryl-
ation of 2-CdA is necessary. The drug is phosphorylated by
deoxycytidine kinase (dCK) and acumulates in the cells as
chlorodeoxyadenosine triphosphate (2-CdA-TP) [6]. High
activity of this enzyme in lymphocytes along with their low
5-nucleotidase (5°-NT) activity probably explains its
relatively high selectivity for lymphoid cells [9-15].

In contrast to other antineoplastic drugs, 2-CdA is
cytotoxic to both proliferating and quiescent cells. Several
pathways may be responsible for the mechanism of their
action. The cytotoxicity of 2-CdA in the proliferating cells is
mainly due to either suppression of DNA synthesis via
inhibition of DNA polymerases, or incorporation into DNA,
or inhibition of DNA repair and accumulation of DNA
breaks. In addition, 2-CdA strongly inhibits ribonucleotide
reductase (RR) activity leading to imbalance in
deoxynucleotide triphosphates pool, and via endonuclease
activation leads to DNA strand breaks [11,12]. It is also
suggested that the cytotoxic mechanism of 2-CdA may
originate not only from the suppression of RR and DNA
polymerases, but also from the inhibition of deoxyadenosine
deamination and phosphorylation, with  subsequent
inactivation of 5-adenosylhomocysteine hydrolase (SAHM)
as a natural consequence of adenosine accumulation [13]. It
is also known that RR and two other enzymes: 5 -NT and
purine nucleoside phosphorylase (PNP) participate in
catalysing purine nucleoside degradation [16,17].

In quiescent cells 2-CdA-TP interferes with proper repair
of DNA and leads to a total disruption of cellular metabolism
via accumulation of breaks in DNA strand, which in turn
leads to p53 expression and consequently to induction of
apoptosis [14,15,18]. In these cells, however, both p53-
dependent and p53-independent cytotoxicity mechanisms are
suggested to occur [19,20]. DNA breaks activate poly(ADP-
ribose) polymerase (PARP), leading to nicotinamide adenine
dinucleoside (NAD) and adenosine triphosphate (ATP)
depletion and can kill cell along the necrosis pathway [1]. On
the other hand, DNA damage induces p53 expression and
eventually leads to apoptosis which is the main mechanism
of 2-CdA cytotoxicity (Fig. 2).

Two major death pathways have been identified so far.
The pathway that is regulated by p53 and Bcl-2 family
proteins involves activation of mitochondria and the second

one is connected with death receptor signaling by Fas
receptor [14,15,18, 21,22].

Apoptosis induced by 2-CdA can be mediated either via
DNA damage and p53 protein expression or directly via
mitochondrial permeability transition pore (mtPTP) [19].
Inhibition of DNA repair and accumulation of DNA breaks
leads to p53 expression which plays a key role in the control
of apoptosis and cell cycle and influences the bcl-2 protein
family with antiapoptotic properties as well as bcl-2 like
proteins such as bax, bcl-xs and bak which have proapoptotic
action [23,24]. The most important however is the
relationship between bax and bcl-2. Bax activity leads to
mitochondrial changes resulting in the release of cytochrome
¢ from mitochondrium to cytosol and its binding with
apoptotic protease activating factor (APAF-1) and activation
of procaspase-9. APAF-1, cytochrome ¢ and procaspase-9
form a complex termed apoptosome which after binding with
2-CdA-TP leads in consequence to activation of caspase-9
cascade (Fig. 2) [25,26]. On the other hand, it is also known
that 2-CdA-TP induces apoptosis by direct mitochondrial
pathway [20]. It can directly bind to proteins located in
mitochondrial membrane resulting in the release of either
cytochrome and formation of apoptosome or apoptosis
inducing factor (AIF). The AIF protein leads to chromatin
condensation and DNA fragmentation without the caspase-9
cascade activation [20].

Induction of apoptosis by 2-CdA via the death receptor
Fas/CD95 on extrinsic pathway remains controversial (Fig.
2) [21,22]. Nomura et al. [21] have shown that apoptosis of
leukemic cells in response to 2-CdA could be mediated
through Fas/FASL pathway, however, Klopfer et al. [22]
have documented that apoptosis induced by 2-CdA is
independent of CD95/Fas receptor or of direct effect on
APAF-1, and rather follows the mitochondrial signaling
pathway of cytochrome and caspase-9 cascade activation.

PHARMACOKINETICS AND ADMINISTRATION OF
DIFFERENT FORMULATIONS

Clinical pharmacokinetics of 2-CdA have been evaluated
in patients with lymphoproliferative diseases and acute
leukemia (Table 1). Initial evaluation of this agent was
conducted using a continuous infusion for 5 to 14 days [23].
However, in subsequent studies short intravenous infusions,
oral and subcutaneous administrations were used [24-33].
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Fig. (2). Schematic presentation of 2-CdA pathways.

2-CdA-MP - cladribine monophosphate

2-CdA-DP - cladribine diphosphate

2-CdA-TP - cladribine tiphosphate

dCK - deoxycytidine kinase

5"-NT - 5"-nucleotidase

hENT - human equilibrative nucleoside transporter
hCNT - human concentrative nucleoside transporter
AIF - apoptosis-inducing factor

APAF-1 - apoptotic protease activating factor
FADD - Fas associated death domain

Plasma concentrations of this agent were determined either
with  high performance liquid chromatography or
radioimmunoassay [28,29]. Few different routs of 2-CdA
administration have  been known: intravenous,
subcoutaneous or intramuscular and lastly introduced orall
administration [27-32]. Recently, the liguid dosage form
contains the most preferably about 10mg/ml of cladribine or
its pharmaceutically acceptable salts and includes a
cyclodextrin which is generally present in amount necessary
to solubilize the cladribine. The preferable concentration of
cyclodexrin is from 200 to 300mg/ml [34]. It has been also
found that cladribine is more stable against hydrolysis when
use in combination with cyclodextrin. This is the particular
benefit in the formulation of solid oral dosages forms, when
the compounds would be normally undergo hydrolysis in the
acid pH of the stomach contents. The addition of
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cyclodextrin significantly enhances the stability of cladribine
at pH 1.4 [34-36]. Dosage forms are optionally formed in a
pharmaceutically acceptable vehicle with any of the well-
known pharmaceutically acceptable carries, diluents,
binders, coloring agents [35].

Intravenous Administration

In the treatment of lymphoid malignancies 2-CdA is
usually administered i.v. in a dose of 0.12-0.14 mg/kg in
continuous or 2-hour infusion. In the study of Santana et al.
[30] intracellular nucleoside disappearance rates were high
with the values of a and b-half life 1.29 and 2.47 hours
respectively, suggesting that continuous intravenous infusion
of this drug produces cell death at a greater degree.
However, sensitive high performance liquid chromatography
(HPLC) assays developed by Lilemark and Juliusson [28,32]



26 Recent Patents on Anti-Cancer Drug Discovery, 2006, Vol. 1, No. 1

Robak et al.

Table 1. Summary of the Pharmacokinetic Properties of Cladribine after Intravenous, Subcutaneous or Oral Administration in
Patients with Lymphoproliferative Disorders
Drug regimen
Study Dose/route Duration of Crax tmax Tiza Tuzp CL Va F
infusion (h) (min) (h) (%)
Liliemark & 0.14mg/kg/day i.v. 2h 198nM 35 6.7 17.7 L/kg
Juliusson 1991 [28] | 0.14mglkg i.v. 24 Gi 21.70M
Liliemark et al. 1992 | 0.14mg/kg/day i.v. 2h 169nM 2 58 9.9 26L/h/kg 54L/m? 100
[27] 0.14mg/kg/day s.c. 318nM 0.34 13.3 53L/m? 48
0.14mg/kg/day p.o 53nM 1.17 10.4 84 L/m? 55
0.28mg/kg/day p.o. 196nM
Santanaetal. 1992 | 8.9mg/m?day i.v. ci 54nM 24 3.1 142 | 36.1L/W/m* | 305L/m?
[142]
Kearns et al. 1993 8.9mg/m%day i.v. ci 32.7mvi 19.7 | 39.4 L/h/m? | 356.2 L/m?
[150]
Albertoni et al. 1993 0.24mg/kg p.o. 83/116nM 0.8 42/46
[39]
Albertoni et al. 1998 10mg/m?/day .po. 0.107mM 1.0 1.3 21.1 55
[41] 5mg/m? i.v. 2h 6mvl 3 36
Lindemalm et al. 0.9mg/kg/day i.v. ci 16 39.3L/h 71.7 L/kg
2005 [31]

Abbreviations: i.v.- intravenous; s.c.- subcutaneous; p.o.- oral; C ma - peak plasma drug concentration; tma - time to reach Cpax ; T1s2, - initial half-life; Ty, , terminal elimination half-

life; CL- clearence; Vq - volume of distribution; F- bioavailability.

showed that the terminal half-life of plasma 2-CdA was
about 8 hours. The same authors showed the terminal half-
life of 6.7 hours after 2-hour infusion of 2-CdA, which
permits the drug to be administered as an intermittent
infusion without loss of antitumor activity [28]. Following
administration of this drug at the dose of 0.14 mg/kg as a 2-
hour infusion in 12 patients the mean maximum plasma
concentration was 198 nM (range 70-381 nM). The steady
-state drug concentration during 24-hour continuous infusion
of 2-CdA at a dose of 0.14 mg/kg/day was 21.7 nM. Areas
under the plasma concentration curve after 2- and 24-hour
infusions were 588 nM and 533 nM, respectively. There is a
linear dose relationship between 0.2 and 2.5 mg/m?%h and
elimination follows a 2-or 3-compartment model depending
on the sampling procedure [24]. About 30 to 50% of
administered 2-CdA is excreted unchanged in the urine
within 24 hours [29]. In population pharmacokinetics study
performed by Lindelman et al. [31] clearance of 2-CdA was
39.3 L/hour with a large interindividual variability. The half-
life for the terminal phase was 16 hours.

2-CdA is also an effective drug when administered at a
dose of 0.15 mg/kg in 2-hour infusion once a week over 6
courses. In the study by Lauria et al. [37] 22/30 (73%)
patients with HCL achieved complete responce (CR) and 8
(27%) — partial responce (PR) when 2-CdA was given in this
mode. This type of drug administration may be less toxic and
reduces the risk of infection complications in comparison
with standard 2-CdA daily regimens. In our randomized
study we compared weekly administration of 2-CdA (0.12

mg/kg in 2-h i.v. infusion once a week for 6 weeks) with
daily administration (0.12 mg/kg in 2-h i.v. infusion for 5
consecutive days) [38]. The updated results of this study
indicate that both CR and overall response (OR) rates were
similar in compared groups. There was no statistically
significant difference in toxicity between groups except for
thrombocytopenia. It seems, however, that daily adminis-
tration of 2-CdA may more frequently induce neutropenia
and lead to more frequent infections.

Oral Administration

2-CdA can be also administered orally. However, oral
administration of 2-CdA solution induces degradation to 2-
chloroadenine, which can be overcome by doubling the dose.
The bioavailability after oral administration of 2-CdA is 35-
55% [26,27,31]. Maximum oral bioavailability after the dose
of 0.28 mg/kg/day dissolved in phosphate buffer solution is
55% [27]. Oral bioavailability of 2-CdA is similar whether
taken with or without food (42 vs 46%), or with or without
concomitant omeprazole 51% vs 46% [39]. After oral
administration 2-CdA is partially deactivated by acid
hydrolysis in the stomach and enzyme hydrolysis through
intestinal bacteria or as a first - pass effect in the liver
[39,40]. Albertioni et al. [41] have investigated the
pharmacokinetic parameters of 2-CdA in plasma of patients
with CLL, treated with 2-CdA orally at a dose 10 mg/m? on
3 consecutive days. They correlated plasma 2-CdA levels
with intracellular 2-CdA monophosphate (2-CdA-MP) and
2-CdA triphosphate (2-CdA-TP) in circulating leukemia



Cladribine

cells after the last dose intake and up to 72h thereafter using
specific ion-pair liquid chromatographic method which
separates the intracellular 2-CdA nucleotides. The area under
the concentration versus time curve (AUC) of 2-CdA-MP in
leukemia cells was higher (median 47 mmol/Lxh) than the
AUC of 2-CdA-TP (median 21.7 mmol/L/h) and the median
ratio between the AUC values of these parameters was 0.66.
A significant correlation was found between the maximum
plasma 2-CdA and cellular 2-CdA-MP concentrations (r =
0.56, P = 0.02). However, there was no correlation between
dCK activity and intracellular pharmacokinetic parameters of
2-CdA-MP and 2-CdA-TP and no relationship between the
response to treatment and intracellular concentration of 2-
CdA-MP or its active metabolite 2-CdA-TP. However, in
some other studies, high dCK activity, as well as low
cytoplasmic 5°-NT activity correlated with the response to
treatment [42,43]. In contrast, Beghiter et al. [44] did not
find any correlation between intracellular accumulation of 2-
CdA nucleotides and drug sensitivity in CLL leukemia cells.

Subcutaneous Route

The study of Liliemark et al. [27,45] has shown that 2-
CdA can be also administered in subcutaneous injections. It
has been shown that there is 100% 2-CdA bioavailability
after subcutaneous administration with high peak
concentrations of short duration in the areas under the curve
(AUC) very similar to those achieved with 1-hour
intravenous infusions. After the subcutaneous dose of 3.4
mg/m® body surface area, the median AUC in plasma
following first injections was 567.5 mmol/Lxh (range 140 to
356 mmol/Lxh). These values and variability are similar to
the corresponding data achieved with intravenous continuous
or 2-hour bolus infusions. The median half-life of 2-CdA in
plasma was 13.3h (range 3.6-39.8) following subcutaneous
injection as compared to 9.9+ 4.6 following bolus infusions
[27,45]. It should be noted that there were no local side
effects when using the subcutaneous route, except for the
systemic effects. The subcutaneous route is a substantial
improvement in disorders that require repeated courses of 2-
CdA, such as CLL.

SIDE EFFECT AND LATE COMPLICATIONS

The tolerability profile of cladribine is distinguished from
that of other cytotoxic drugs. Nausea, vomiting, hair loss and
abnormal liver or kidney function have been rarely reported
in association with its administration at the recommended
doses [46]. However, bone marrow suppression with anemia,
neutropenia and thrombocytopenia are dose limiting factors.
Prolonged thrombocytopenia, neutropenia and anemia are
especially pronounced in heavily pretreated patients and after
multiple courses of therapy. These observations indicate the
necessity of cautious administration of 2-CdA, especially in

heavily  pretreated patients. In case of severe
thrombocytopenia and haemorrhagic diathesis, platelet
transfusion may be necessary. Treatment included

granulocytopenia constituted a significant clinical problem in
over 20% of patients [46]. Our randomized study confirmed
strong myelosuppressive effect of 2-CdA that resulted in
high incidence of neutropenia (23%) in patients treated with
this nucleoside analogue in comparison to Chl with
prednisone (11%) (p = 0.02) [47]. Infections or fever of
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unknown origin were also more frequent after treatment with
2-CdA than with Chl (56% and 40%, respectively, p= 0.02).

Treatment with 2-CdA leads to a decrease in the
CD4'/CD8" ratio for an extensive period of time exceeding
12 to even 24 months. In consequence, infections, including
oportunistic ones are frequent events and infections with a
fatal outcome have been reported. Previously treated or
recently infected patients with CLL were at higher risk for
developing infection or fever after 2-CdA, while age, time
interval between diagnosis and therapy, neutrophil and
lymphocyte count at onset of 2-CdA were not predictive in
case of infection after therapy with 2-CdA. Significant
decrease of myelotoxicity and risk of infections with similar
response and remission duration have been observed in the
patients with CLL with 2-CdA dose reduced by 29%.

Reports of neurotoxicity of 2-CdA given at standard
schedules of 3-6mg/m? for 5 to 7 days are uncommon [46].
However, at higher than the recommended dose life
threatening neurotoxicity were seen.

Some reports provide evidence for correlation between 2-
CdA therapy and development of autoimmune hemolytic
anemia (AIHA) [1,2]. The probability of drug-induced AIHA
seems to be higher if hemolysis occurs shortly after drug
administration, i.e.1-2 months. If it occurs later it is probably
not drug-related and appears by chance alone. Pure red cell
aplasia (PRCA) occurs in approximately 5% of CLL patients
most often in the course of disease, but also at presentation
[1].

Prolonged immunosuppression related to PNA treatment
may increase the risk of second malignancies [1]. In our
randomized study comparing 2-CdA with Chl in previously
untreated patients with CLL we have observed secondary
malignancies only in 2 patients treated with 2-CdA (brain
glioma and pulmonary cancer) and in one patient treated
with Chl (liver cancer) [47]. Recently, we have also analyzed
an impact of 2-CdA treatment on the subsequent occurrence
of either secondary solid tumors or Richter’s syndrome in
CLL patients [45]. There were 1487 eligible patients, 251
treated with 2-CdA alone, 931 treated with alkylating agents
alone and 323 treated both with 2-CdA and alkylating
agents. Our observations indicate that 2-CdA does not
significantly increase the risk of secondary malignancies in
CLL patients, except for lung cancer. However, longer
observations are needed to test the possibility of long-term
effect.

INTERACTIONS OF 2-CdA WITH OTHER ANTI-
NEOPLASTIC AGENTS

Several in vitro and in vivo studies have described the
interactions between 2-CdA and alkylating agents,
anthracyclines and monoclonal antibodies active in CLL
[49-52].

Begleiter et al. [49] observed a synergistic effect when
CLL cells from 12 patients were treated with chlorambucil
(Chl) prior to 2-CdA, whereas treatment of human bone
marrow with these agents resulted in a low level of synergy
for CFU-GM cells and in additive cell killing in erythroid
progenitors. Szmigielska et al. [50] evaluated the effect of
three anthracyclines - doxorubicin, mitoxantrone (MIT) and
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idarubicin - on murine leukemias L1210 and P388 and
showed that all anthracyclines potentiate 2-CdA antileu-
kemic activity both in vitro and in vivo. These authors have
also indicated an additive cytotoxic effect on CLL cells of all
anthracyclines applied in vitro together with 2-CdA and
suggested that all of these combinations induced apoptosis
with similar efficacy [51]. In contrast, dexamethasone (DEX)
did not enhance antileukemic activity of 2-CdA in mice with
both types of murine leukemia [52]. The studies presented by
Chow et al. [53] suggest that 2-CdA used jointly with
cytarabine (Ara-C) acts synergistically on inhibition of
proliferation of HL60 and HEL leukemic cell lines as well as
on apoptosis of leukemic cells, whereas the combination of
Ara-C and FA acts additively or antagonistically. Moreover,
2-CdA combined with Ara-C had higher synergistic activity
on AML cells in microculture cytotoxicity assay [54].
Schirmer et al. [55] have demonstrated that 2-CdA used
jointly with gemcytabine (dFdC) inhibit proliferation of
CML cells to a higher degree than that of normal cells. It is
worth mentioning that the results of these studies suggest
that this combination could be useful in purging before
autografting. Maranda et al. [56] have revealed that the most
effective treatment schedule in both murine leukemias L1210
and P388 was dFdC given before 2-CdA, and the
combination of these agents showed an additive effect.

The interactions in vitro between PNA and other chemo-
therapeutic agents such as interferons (IFNa , IFNg), tumor
necrosis factor a (TNF-a ) and its muteins and signal
transduction inhibitors (imatinib mesylate, tipifarnib) have
been also investigated [57-59]. Results of these studies
suggest that the combination of 2-CdA with IFN-a in both
AML and CML and 2-CdA used jointly with tipifarnib
(R115777) in AML patients are promising. 2-CdA used
jointly with IFN-a showed a synergistic effect on AML
CFU-L and an additive effect on CML CFU-GM cells and
enhanced apoptosis of leukemic blasts [59].

Recent data indicate that 2-CdA administered in
combination with monoclonal antibodies (MoAbs) such as
anti-CD 52 (alemtuzumab) shows proapoptotic activity and
significantly increases cytotoxic effect on CLL cells [60].

CLINICAL ACTIVITY OF 2-CdA

2-CdA is the drug of choice in the treatment of hairy cell
leukemia (HCL) but is also highly active in low-grade
lymphoid malignancies, including chronic lymphocytic
leukemia (CLL). Moreover, several investigations have
revealed that these agents are also active in other
hematologic malignancies including acute myeloid leukemia
(AML), Langerhans cell histiocytosis (LCH), and systemic
mastocytosis (SM).

Hairy Cell Leukemia

Piro et al. [61] were the first to describe sustained CR in
2 HCL patients who had undergone splenectomy and
received a single continuous intravenous infusion of 2-CdA
for 7 days. Further multiple studies on larger groups of
patients demonstrated that 2-CdA induces durable and
unmaintained CR in about 80% of patients after a single
course of therapy (Table 2) [62-66]. 2-CdA is administered
either as a continuous i.v. infusion at a dose of 0.09 mg/kg
over a 5-7 day period or as 2-hour i.v. infusion at a dose of
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0.12 mg/kg for 5-7 days [62-65]. However, similar results
were achieved when the drug was given in subcutaneous
injection [66,67]. Preliminary observations indicated that a
CR following 2-CdA administration was durable even
without maintenance therapy, so this drug was consistered as
potentially curative against HCL [68,69]. However, a long-
term clinical follow up of patients who had entered CR also
after a single course of 2-CdA revealed that about 20% of
them relapsed [70-75]. Patients in apparent clinical and
hematological remission following single course of 2-CdA
administration may have residual disease detected with the
use of flow cytometry or molecular assay [64,74]. These data
seem to indicate that a single course of 2-CdA may not be
sufficient to eliminate the entire leukemic clone.

2-CdA is an effective drug also in patients with HCL
who relapsed or did not enter remission after such thera-
peutic modalities as splenectomy and/or IFN-a. In our study
20 of 75 patients relapsed and a probability of a 3 year
progression free survival (PFS), according to Kaplan-Maier’s
method, amounted to 75% [63]. The problem of therapy for
HCL patients, who relapsed after 2-CdA remains unresolved.
In our study 10 of 20 relapsed patients are in good clinical
state and their peripheral blood counts are within normal
limits, or they have only slight leukopenia and relative
lymphocytosis [75]. They are monitored without being
treated with 2-CdA. The other 10 relapsed patients became
cytopenic or showed clinical progression of disease and were
retreated with 2-CdA. Seven of them entered second CR and
3 achieved PR after a 2-CdA course identical to the first one.
Similar results have been achieved by Saven et al. [76]. This
means that 2-CdA does not necessarily produce resistance of
the leukemic clone and the drug may be equally effective in
the reinduction therapy. The same group reported that 2-CdA
may be effective in patients who failed on previous treatment
with pentostatin [77].

Chronic Lymphocytic Leukemia

2-CdA has been found to be also quite effective in the
treatment of patients with CLL even when they are resistant
to other therapies. The therapeutic activity of 2-CdA in
patients with CLL resistant to conventional treatment was
first reported in 1988 by Piro et al. [78]. Out of 18 patients,
an overall response was achieved in 10. The same group later
reported a response rate of 44% in 90 patients with advanced
and previously treated CLL. However, only 4% of the
patients achieved CR. Recently we have analyzed the results
of treatment with 2-CdA in 378 patients with B-CLL [79]. 2-
CdA was given as 2-h infusion for 5 consecutive days.
Among 184 pretreated patients CR was obtained in 23
(12.5%) and PR in 66 (35.9%) giving an OR rate of 48.4%.
The median duration of OR for these patients was 13.5
(range 3-63) months. The mean survival duration evaluated
from the beginning of 2-CdA treatment was 16.3 months.

2-CdA is also more effective in previously untreated
patients with CLL than in the pretreated patients. In different
studies the OR rate ranged from 56 to 85% and CR from 10
to 47% [80]. In our retrospective analysis of 43 patients
treated only with 2-CdA, CR was achived in 16 (37.2%) and
OR in 31 patients (85.4% [79]. The median duration of OR
was 16.0 (range 3-54) months.
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Table 2.  Summary of Larger Clinical Studies of 2-CdA in Hairy Cell Leukemia
Study Treatment Noof pts | CRrate | Duration of CR (median time to Rate of relapse at follow-up
(%) relapse)

Saven et al. 1998 [76] c.i. 349 91 96% survival at 48 months 26% at median 29 months
Goodman et al. 2003 [71] c.i. 207 95 98% 37% at median 44 months
Hoffman et al. 1997 [73] C.i. 49 76 RFS 80% at median 55 months NA

follow-up
Cheson et al. 1998 [63] C.i. 861 50 Median not reached NA

Robak et al. 1996 [65] 2 hour i.v. infusion/5 days 41 76% NA NA

or c.i. /7 days

Jehn et al. 2004 [68] c.i. 44 98% DFS 36% at 12 years NA

OS 79% at 12 years
Von Rohr et al. 2002 [65] | s.c. bolus injection/5 days 62 76% NA NA

Luria et al. 1999 [37] 0.15 mg/kg weekly for 6 25 76% NA NA

weeks

Robak et al. 1999 [75] 2 hour i.v. infusion / 5 97 77.3% 37.4 months 26.7%

days
Chadha et al. 2005 [62] 0.1 mg/kg/day X 7,C.i. 86 79% RFS 54% at 12 years NA

Abbreviations: CR-complete response, DFS — disease free survival, RFS — relapse free survival, 2-CdA — 2-chlorodeoxyadenosine, NA - not applicable, i.v. —intravenous, s.c.-

subcutaneos, c.i. — continuous infusion.

High CR and OR rates in CLL patients treated with 2-
CdA as a first-line therapy were also obtained in a
multicenter, prospective, randomized trial [47]. In this study
we compared the efficacy and toxicity of 2-CdA with
prednisone and Chl with prednisone in previously untreated
patients with progressive and advanced CLL. 2-CdA was
administered at a dose of 0.12 mg/kg daily in 2h infusion for
5 consecutive days and was combined with oral prednisone
30 mg/m? daily on days 1 - 5 starting with 2-CdA courses.
Chlorambucil was administered at a dose of 12 mg/m? per
day for 7 consecutive days and prednisone was given at a
dose of 30 mg/m? per day on days 1 - 7. Both cycles were
repeated at monthly, or longer intervals if hematologic
complications or severe infections developed. Out of 229
evaluated patients 126 received 2-CdA with prednisone and
103 received Chl with prednisone. The data obtained from
this trial indicate that the OR rate after 2-CdA and
prednisone therapy was significantly higher than that after
Chl and prednisone treatment (87% and 57%, respectively,
p< 0.001). Moreover, the clinical CR rate after 2-CdA was
also significantly higher (47%) than that after Chl treatment
(12%) (p < 0.001). Likewise, progression free survival (PFS)
was significantly longer in the 2-CdA treated group (p =
0.01). However, there was no difference in the OS duration
between the two groups (Fig. 3) and no difference in the
event-free survival. It should be noted that this trial was
designed as a cross-over study and most patients in the Chl
group were administered 2-CdA in refractory cases or early
relapse. This may have influenced the survival time results.

Recently, an international, randomized study to compare
2-CdA, FA and Chl in previously untreated patients with
CLL has been initiated by Karlson et al. [81]. Preliminary
results of this multicenter study show that both efficacy and
toxicity of 2-CdA and FA in first-line treatment are similar.
The study comprised 150 patients and 139 were evaluated.
Overall response according to NCI criteria and intention to
treat were documented in 57% of patients in Chl group, 67%
in FA group and 74% in 2-CdA group. Myelotoxicity and
infections also did not differ between all three arms.
Recently, we have performed an interim analysis of
randomized study comparing activity and toxicity of 2-CdA
and CY (CC program) versus FA and CY (FC program) in
previously untreated progressive or symptomatic CLL [82].
The preliminary results of this study indicate that CC and FC
programs used as first-line therapy gave similar CR (36.7%
vs 56.3%, p=0.1) and OR (93.3% vs 87.5%, p=0.37) and
comparable toxicity. The recent data indicate that 2-CdA
administered in combination with other chemotherapeutic
agents and/or MoAb may produce higher response rates
including CR and molecular CR compared with 2-CdA in
monotherapy or other treatment regimens.

Among cytotoxic agents alkylating drugs and
anthracyclines were the first candidates for combined use
with 2-CdA. Montillo et al. [83] treated 29 patients with
refractory or recurrent CLL or prolymphocytic leukemia
(PLL) with 2-CdA (4 mg/m? /day) and CY (350 mg/m?/day)
for 3 days every 4 weeks. Eleven patients (38%) had a
response with median response duration of 12 months.
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Fig. (3). Overal survival time calculated from the first day of 1% line treatment to the last day of follow-up or death for patients treated with
2-CdA+P (continuous line) or Chl+P (dotted line). (Modified and updated from [47]).

Neutropenia was the most common form of hematologic
toxicity and was observed after 25% of 84 courses of
treatment. We determined the effectiveness and toxicity of 2-
CdA in combination with CY in patients with previously
untreated CLL [84]. 2-CdA was administered at a dosage of
0.12 mg/kg for 3 consecutive days and CY at a dose of 650
mg/m? on day 1. The cycles were repeated at 4-week, or
longer intervals if severe myelosuppression occurred. In the
analyzed group of 82 patients the OR rate of 87.8% was
achieved including CR in 29.3% patients. Minimal residual
disease (MRD) was only detected in six out of 24 (25%)
patients with CR. Grade 3/4 thrombocytopenia was seen in
four patients (5%) and neutropenia in 10 (12%). Severe
infections were noted in 21(25%) patients. The efficacy of
this regimen seems to be higher than observed earlier after
treatment with 2-CdA alone.

In our study we determined the effectivenes and toxicity
of combined chemotherapy consisting of 2-CdA,
mitoxantrone (MIT) and CY (CMC regimen) in the treat-
ment of refractory or relapsed indolent lymphoproliferative
disorders [85,86]. The treatment course consisted of 2-CdA
at a dose of 0.12 mg/kg/day in 2-h intravenous infusion for 5
(CMCS5) or 3 (CMC3) consecutive days, MIT 10 mg/m?i.v.
on day 1 and CY 650 mg/m? i.v. on day 1. The overall
response rate was 48.6%. There was no difference in the
frequency of response between the CMC3 and CMCS5 treated
groups. However, infections and fever of unknown origin
complicated the treatment with CMC5 more often than with
CMC3. The CMC program is an active combined regimen
both in pretreated and therapy naive CLL patients.

Recently, we performed a randomized multicenter study
to compare the CMC3 regimen with 2-CdA alone and in
combination with CY (CC program) [87]. All regimens were
repeated every 28 days or longer intervals if hematologic
complications occurred. MRD was evaluated by flow
cytometry. The updated results seem to indicate that CMC

program used as first-line therapy gives higher CR rate
(39.6%) than 2-CdA alone (25.9%) or 2-CdA combined with
CY (28.3%) (p=0.03). However, OR rate was similar in all
three groups (79.1%, 74.1%, 82.2% respectively, p=0.1).
Moreover, 2-CdA and CC programs were less myelotoxic
than CMC.

The chimeric anti-CD20 - monoclonal antibody,
rituximab has emerged as an effective single agent for
patients with CD20 positive B-cell indolent lymphoid
malignancies. In in vitro studies on fresh CLL cells we
showed that the combination of rituximab with 2-CdA
induces additive pro-apoptotic effect [88]. Subsequently, we
started a clinical study to determine the efficacy and toxicity
of combined therapy consisting of rituximab and 2-CdA (RC
regimen) in patients with refractory or relapsed indolent
lymphoproliferative disorders [89]. RC regimen consisted of
rituximab at a dose of 375 mg/m? in 6-hour infusion on day 1
and 2-CdA at a dose 0.12 mg/kg in 24-hour infusion, given
on days 2-6. The RC courses were repeated monthly. Twenty
six CD20 antigen positive patients, 15 with CLL and 11 with
low-grade non-Hodgkin’s lymphoma, were enrolled in the
study. The total number of RC courses given to the entire
group amounted to 78. Four patients (16.4%) achieved CR
and 14(53.8%) PR. Hypersensitivity to rituximab was the
major toxicity of RC regimen and occurred in 9 (34.6%)
patients, mostly during the first infusion of MoAb. There
was no treatment related mortality. The results of our study
indicate that RC regimen has substantial activity both in CLL
and LG-NHL patients. However, the results of RC treatment
seem to be better than the results observed in a similar group
of patients who received 2-CdA at the same dose of
monotherapy in our earlier studies.

The effectivenes and toxicity of the oral formulation of 2-
CdA in CLL patients has been also investigated [90,91].
Juliusson et al. [90] treated 63 patients with symptomatic but
previously untreated CLL with 2-CdA solution 10 mg/m? /d
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orally for 5 consecutive days in monthly courses. OR was
achieved in 47 (75%) patients including CR in 24 (38%)
patients. The median response duration was not reached at 2
years and the overall survival rate at 2 years was 82%.
However, grade 3/4 infections toxicity occurred in 22 (35%)
patients. More recently, the same group presented the results
of a phase Il trial of oral 2-CdA with a 3-d, 3-weekly
schedule in untreated and pretreated patients [91]. In the
group of 63 previously untreated patients OR was achieved
in 81% including CR in 20% of the patients. The results of
previously untreated patients were retrospectively compared
with 63 patients from previous study [90] using a 5-d
monthly schedule. The oral dose corresponded to 5 mg/m?
by the intravenous route. No significant difference regarding
the response in these two cohorts of patients was observed.
The above study demonstrates that oral 2-CdA has efficacy
and safety similar to the intravenous formulation.
Unfortunately oral formulation of this agent is not
commercially available yet.

The subcutaneous route of 2-CdA administration has
been also investigated in refractory or relapsed CLL patients.
Betticher et al. [92] compared the efficacy and toxicity of
this agent administered at a dose 0.7 mg/kg/cycle (20

Recent Patents on Anti-Cancer Drug Discovery, 2006, Vol. 1, No. 1 31

patients) as continuous i.v. infusion over 7 days and 0.5
mg/kg/cycle given as s.c. bolus injection for 5 days (35
patients). The OR rate for all 55 patients was 38% with 5%
CR and 33% PR. Response frequency and duration was
similar in both groups of patients. However, reduced dose of
subcutaneous 2-CdA was less myelotoxic and reduced risk
of infection was observed as compared to intravenous route.
Further studies on larger numbers of patients should be
undertaken to establish the optimal dose and route of 2-CdA
administration in CLL patients.

Waldenstrom Macroglobulinemia

2-CdA was administered to previously treated or
untreated patients with Waldenstrom macroglobulinemia
(WM) either at a dose of 0.1 mg/kg/day as a 7-day
continuous intravenous infusion or at a dose of 0.12
mg/kg/day in 2-hour intravenous infusion for 5 consecutive
days at monthly intervals [93-100]. Objective responses were
seen in 64% to 100% of previously untreated patients and in
14% to 78% of refractory or relapsed patients. Most patients
received between 2 to 4 courses of treatment (Table 3). The
number of cycles administered in these studies varied
considerably but significant tumor reduction was observed as

Table 3. 2-CdA in Waldenstrom’s Macroglobulinemia
Study Regimen Duration of Median Prior treatment No. of Overall MS or MRD
treatment age (years) pts response (%) (month)
Dimopoulos 0.1 mg/kg c.i. 2 cycles 65 None 9 100
etal. 1993 [93] I° refractory 9 44
Refractory/ relapsed 7 14
Relapse of treatment 75
Dimopoulos 0.1 mg/kg c.i. for 7 2 cycles 65 None 26 85 MRD 13
et al. 1994 [94] days
Dimopoulos 0.1 mg/kg c.i. for 7 2 cycles 60 1° refractory 20 45 MS 28
etal. 1995 [95] days Refractory/ relapsed 17 17 MRD 12
Relapse of treatment 9 78
Delannoy etal. | 4 mg/m?day c.i. for Median of 2 cycles 69 None or 11 73
1999 [96] 7 days (Spts) refractory/relapse 16 50
or 2h infusion for 5
days(13 pts)
Betticher et al. 0.5 mg/kg s.c. for 5 Median of 3 cycles 65 Refractory/ relapsed 18 39 MRD 8
1995 [97] days Relapse of treatment 6 50
Liu et al 1998 0.12 mg/kgi.v.for5 | 3cycles, then 1 cycle 66 None 7 57 86% survival at
[98] days if CR or continue until 48 months
max response if PR MRD 28
Hellman et al. 0.14 mg/kg i.v. for 5 4 cycles 62 Yes 13 53 MRD
[99] days None 9 44
Relapse 15 38
Veber et al. 0.1 mg/kg i.v. 67 None 16 94 MRD 23
2004 [102]

Abbreviations: c.i.-continuous infusion, sc-subcutaneously; i.v.-intravenously; MRD - median response duration; MS - median survival.
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early as after two courses of 2-CdA. The median time to
response ranged from 1.2 months to 5.8 months in various
studies. The median time to response to 2-CdA in previously
untreated patients varied between 13 and 28 months
[101,102]. Longer responses were found in patients receiving
more cycles of therapy. 2-CdA was also administered to
patients in whom primary treatment with alkylating agents
had failed. The rate of objective responses ranged from 14%
to 53% in different studies (Table 3) [93,95,97,99]. The
response rate was higher and the duration of response was
longer when 2-CdA was given to patients with primary
refractory disease or to patients relapsing of therapy rather
than to patients with disease in resistant relapse [101].

In the majority of studies 2-CdA was administered in
continuous intravenous infusion at a dose 0.1 mg/kg/day for
7 days [93-95], or 0.12-0.14 mg/kg/day in 2- hour infusion
for 5 days [98,99]. However in one study the drug was given
as subcutaneous bolus injections at a dose of 0.1 mg/kg/day
over 5 days [97]. Twenty five previously treated refractory
or relapsed patients received therapy every 4 weeks or at
longer intervals for a maximum of 6 cycles. Overall response
rate was 68% and median remission duration was 8 months.
The authors suggest that such schedule of 2-CdA
administration should be considered in second or third line
therapy of WM.

Low Grade Non-Hodgin’s Lymphoma

2-CdA showed remarkable activity in both previously
treated and untreated low grade non Hodgkin’s lymphoma
(LG-NHL). In relapse/refractory LG-NHL patients 2-CdA
induced durable response, with OR rates ranging from 36%
to 56% and CR rates between 10% and 20% [103-116]. The
most significant toxicity of 2-CdA was myelosuppression
with neutropenia and thrombocytopenia which occured at an
acceptable incidence rate.

2-CdA was effective in combination with alkylating
agents and mitoxantrone in the treatment of refractory or
relapsed advanced stage LG-NHL [117-120]. The
combination of 2-CdA with MIT and cyclophosphamide
(CY) (CMC regimen) proved to be very active in heavily
pretreated LG-NHL patients; however, due to its significant
toxicity the period of 2-CdA administration was
recommended to be reduced from 5 to 3 days [87]. Recently,
we reported high efficacy and good tolerability of 2-CdA in
combination with rituximab (RC regimen) in heavily
pretreated patients with indolent NHL [89]. The
demonstrated activity of 2-CdA in pretreated LG-NHL led to
its application in untreated patients. The data reported so far
indicate a significant activity with response rates ranging
from 64 to 100% and CR rates of 7 to 32% [107-111].

Recently, lower doses of 2-CdA (5 mg/m?/week) have
been investigated both in monotherapy [121] and in
combination with MIT [122]. The results demonstrate that
these reduced doses of 2-CdA are highly active and possibly
better tolerated than standard doses in the treatment of
indolent lymphoid malignancies.

2-CdA shows some activity in advanced cutaneous T-cell
lymphoma (CTCL) patients, including Sezary syndrome (SS)
and mycosis fungoides. This drug produced 24% OR in
CTCL with high incidence of septic complications and
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significant treatment related mortality [123,124]. However,
in a phase Il study on relapsed or refractory adult T-cell
lymphoma conducted by Tobinai et al [125], 2-CdA showed
no effect and patient enrollment was discontinued.

2-CdA has been reported to produce 57% OR with 28.5%
sustained CR in patients with angioimmunoblastic
lymphadenopathy with dysproteinemia (AILD). These
results in the absence of effective standard treatment for
AILD suggest that further studies using 2-CdA for the
treatment of patients with AILD are recomended.

Langerhans Cell Histiocytosis

2-CdA has major clinical activity in both pediatric and
adult patients with Largenhans cell histocytosis (LCH) [125-
132]. Weitman et al. [129] analysed 15 patients with LCH
including 12 children and found OR rate 60% including 40%
CR. The dosage of 2-CdA varied from 0.1 mg/kg/day to 13
mg/m? per day by continuous infusion for 5 days and the
number of cycles varied from 2 to 6. Similar results have
been recently presented by Stine et al. [131]. Ten children
with multiple reactivations or high risk disease were treated
with continous infusion of 2-CdA with starting dose 5
mg/m?day for 3 days and escalated to 6.5 mg/m?/day for 3
days if tolerated. The maximum number of courses of 2-CdA
per patient was limited to 6.0. All 10 patients had clinical
response. Seven patients required no additional therapy and
remained disease free a median of 50 months from
completing therapy.

Seven and Burian [128] observed 13 adults with LCH
who were treated with a median of 3 courses of 2-CdA at a
dosage of 0.14 mg/kg per day by 2-hour infusion for 5
consecutive days. The OR rate was 75% including 58% CR
and 17% PR. The median response follow up duration was
33 months. More recently, Pardanani et al. [130] reported 5
adult patients with LCH treated with 2-CdA. They received
2-CdA 0.7 mg/kg over 5 to 7 days. The median number of
courses was 4. All patients responded including 3 (60%) who
achieved CR. In the majority of studies treatment was well
tolerated, with myelosuppression being main toxic effect.

Combination of 2-CdA with CY may be even more
effective in the treatment of LCH. We observed a patient
with systemic lupus erythematosus, who developed LCH
[131]. The disease was refractory to treatment with high
doses of prednisone and vincristine but CR was achieved
after treatment with 2-CdA combined with CY. Treatment
course consisted of 2-CdA at a dose of 0.12 mg/kg/daily in a
2-hour infusion for 3 consecutive days and CY 650 mg/m?
i.v. on day 1. The cycles were repeated every 28 days to
complete 5 courses of treatment and there was no relapse of
LCH in the following 4 years of observation. In conclusion,
2-CdA displays major activity in adults and children with
LCH and warrants further investigation as a single agent and
in combination with other drugs.

Acute Myeloid Leukemia

2-CdA as a single agent has been also investigated in
patients with acute myeloid leukemia (AML), both in
children and in adults (Table 4) [33,133-139]. A better
outcome was achieved in pediatric patients rather than in
adults. Santana et al. [30] conducted a phase | study in 31
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Table 4. Larger Studies Evaluating the Efficacy of 2-CdA in AML
Study 2-CdA doses Patients No. of Age (years) Complete Median
characteristics patients remission duration of CR
Santana et al. 1994 8.9 mg/m%d for 5d (CI) Untreated 22 7 (0.6-18.9) 6 (27%) NR
[134]
Krance et al. 2001 8.9 mg/m%d for 5d (CI)) Untreated primary 73 4.9 (0-18.8) 37(51%) NR
[137] AML
Vahdat et al. 1994 5-21 mg/m%d for 5d (CI) Relapsed/refractory 36 47 (14-84) 3(8%) 3m
[138]
Gordon et al. [135] 17 mg/m?/d for 5d (CI) Relapsed/refractory 15 60 (29-75) 0 0
Van den Neste et al. 2-CdA 0.1 mg/kg/d x7+DNR Relapsed/refractory 14 57 (19-66) 0 0
1998 [134] 50 mg/kg/d x 3
Kornblau et al. 2-CdA 12 mg/m?/d x5+Ara-C Relapsed/refractory 17 61 (27-73) 2(12%) 14 wks
1996 [139] 1 g/m?d over 24x 5d
Wrzesien-Kus et al. 2-CdA 5 mg/m?/d x5+Ara-C Relapsed/refractory 58 45(18-67) 29(50%) 17wks
2003 [149] 2 g/m? x5d+G-CSF 300 ug/d sc x 6
Juliusson et al. 2-CdA 5mg/m?/dx 4+Ara-C 61 Primary treatment 34 71(60.5-84.5) 24 (71%) NR
2001 [143] g/m?/dx 4+1DA (10mg/m?dx2
Holowiecki et al. 200mg/m%d x5+ DNR Untreated 200 45 (16-60) 144(72%)
2004 [144] 60 mg/m%/d x 3
Wrzesien-Kus et al. 2-CdA 5mg/m? dx5+Ara-C Relapsed/refractory 43 21 (49%) NR
2005 [141] 2g/m?d x5d+MIT 10mg/m? d1+G-
CSF 300 ng/d sc x 6

Abbreviations:AML- acute myleoid leukemia; 2-CdA- 2-chlorodeoxyadenosine; Ara-C -cytarabine; IDA - idarubicin; DNR- daunorubicin; MIT - mitoxantrone; G-CSF -
granulocyte-colony stimulating factor; CI - continuous infusion; d -day; wk-week; NR - not reported.

pediatric patients, 18 with AML and 13 with acute
lymphoblastic leukemia. 2-CdA was given as a continuous 5-
day infusion at doses of 3-10.7 mg/m?/day. At dose levels
above 6.2 mg/m?day significant oncolytic responses
occurred in all patients. The only dose-limiting toxicity was
myelosuppression. The maximal tolerated dose was
established at the level of 8.9 mg/m%day for 5 days.
Recently, the same group published updated results of this
study [137]. Between 1991 and 1996 73 children with newly
diagnosed primary AML and 20 children with secondary
AML or myelodysplastic syndrome (MDS) underwent
treatment. They received one or two 5-day courses of 2-CdA
(8.9 mg/m? /day) given by continuous infusion. In patients
with primary AML assessed for response CR rate was 24%
after one course and 40% after two courses of 2-CdA. The
agent was well tolerated and its toxicity was acceptable.

Unfortunately, the encouraging results with 2-CdA in
childhood AML have not been confirmed in adults [136-
138]. Vahdat et al. [138] reported their preliminary results of
the treatment with 2-CdA in 30 adult patients with relapsed
AML. 2-CdA was administered at a dose of 5-21 mg/m? /day
in continuous infusion for 5 days. CR was achieved only in
one patient who received a dose of 15 mg/m? /day. The most
significant adverse event was the development of a
progressive sensorimotor peripheral neuropathy.

In the study performed by Van den Neste et al. [134] 2-
CdA was given at a dose of 0.1 mg/kg/day for 7 days with
(10 patients) or without (5 patients) daunorubicin in relapsed
or refractory adult AML patients. No CR was achieved and
only one patient had a PR. All the patients experienced
peripheral blood cytopenia and the median time to reach the
leukocyte nadir was 12 days. These unsatisfactory results can
be explained at least in part by the study population. The
relapsed patients had very short first CR duration, more than
36% had refractory leukemia and all the patients were
previously treated with anthracyclines. Moreover, the
patients were older (median age 57 years), and only 5% had
good prognosis karyotypic abnormalities.

Another phase Il study of 2-CdA in adult patients with
relapsed or refractory AML (median 60 years) performed by
ECOG has been recently published [136]. 2-CdA was
administered in 15 patients at a dose of 17 mg/m? /day for 5
days. Second course of therapy was given to patients who
had not achieved aplasia by day 21. There were no CR,
though in eight patients bone marrow aplasia was observed.

The results presented above indicate that 2-CdA used as a
single agent is an active drug in children with AML, even
with relapsed or refractory disease. However, this agent has
little activity in adult patients with relapsed or refractory
disease. In vitro and in vivo pharmacological studies
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performed to determine the effect of pretreatment with 2-
CdA on Ara-CTP accumulation in leukemic blasts demons-
trated a 50-65% increase in the rate of Ara-CTP accumu-
lation [135,139]. Basing on these observations, Kornblau et
al. [135] treated 17 relapsed patients (15 with AML and 2
with MDS) with 2-CdA at a dose of 12 mg/m?day and Ara-
C at a dose of 1g/m? over 2-hour infusion/day, for 5
consecutive days. Two patients with AML achieved CR
lasting 10 and 17 weeks, respectively.

It is also thought that the addition of G-CSF may further
improve the effects of 2-CdA in combination with Ara-C. In
our preliminary study we evaluated both the efficacy and
toxicity of the combination of 2-CdA with high dose Ara-C
and G-CSF (CLAG regimen) in 58 patients with refractory
or relapsed AML L140]. The protocol consisted of an
infusion of 5 mg/m* of 2-CdA over 2 hours daily for 5
consecutive days. A 4-hour infusion of Ara-C (2/g/m?) was
started 2 hours after each infusion of 2-CdA. G-CSF at a
dose of 300 ny s.c. was given 2-hours before the first dose of
2-CdA for 6 days. The rate of CR was 50%. Disease free
survival after 1 year was 29%. Subsequently, we evaluated
the efficacy and toxicity of induction treatment consisting of
2-CdA (5 mg/m?), Ara-C (2g/m?), mitoxantrone (10 mg/m?)
and G-CSF (CLAG-M) in 42 refractory AML patients (141).
CR was achieved in 21 (49%) patients. Hematologic toxicity
was the most prominent toxicity of this regimen. The overall
survival after 1 year for all 42 patients was 43%, whereas OS
for 20 patients in CR was 73%. Disease free survival (1 year)
was 68.6%. We concluded that CLAG-M efficacy in
refractory AML seems to be better than the efficacy of many
other regimens.

Juliusson et al. [142] studied 2-CdA with high dose Ara-
C (HDAC) or HDAC and IDA. In the group treated with
IDA six out of eight patients achieved CR without excessive
toxicity. However such promising results with a triple drug
regimen were obtained in a relatively young and good-
prognosis population of adult AML patients. In the study of
Van den Neste et al. [134] out of 14 cases of relapsed or
refractory AML no patient reached CR after treatment with
2-CdA, Ara-C and daunorubicin (DNR) combination
regimen. Encouraging results with combination regimen of
2-CdA, Ara-C and IDA have been also obtained in elderly
patients. Juliusson et al. [143] performed a randomized
phase Il study in previously untreated AML patients over 60
years of age. All patients received Ara-C 1g/m?/day bid for 4
days and IDA 10 mg/m? /day for 2 days. Two thirds were
randomized to receive additional 2-CdA 5 mg/m? given
before Ara-C bid for 4 days. CR rate was 71% in the group
treated without 2-CdA. Moreover, 2-CdA did not increase
early death, or time of granulocyte and platelet regenera-
tions, or median time with fever >38°C, or intravenous
antibiotics.

Efficacy and safety of 2-CdA combined with Ara-C and
DNR (DAC-7) has been recently compared with the standard
3+7 (DA-7) chemotherapy in previously untreated AML
patients in randomized multicenter study in Poland [144].
DAC-7 protocol consists of DNR 60 mg/m? /day on days 1-
3, Ara-C 200 mg/m? /day on days 1-7 and 2-CdA 5 mg/m? in
2-hour infusion on days 1-5. In DA-7 therapy the patients
receive the same doses of Ara-C and DNR but without 2-
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CdA. A total of 200 patients were randomized to the DAC-7
and another 200 patients were assigned to the DA-7. The
overall CR rate equaled 72% for DAC-7 and 69% for DA-7
arm (p= NS). After a single course of DAC-7 induction, the
CR rate equalled 64% and was significantly higher compared
to 47% in the DA-7 arm (p=0.0009). Median hospitalization
time during the induction was 7 days shorter for DAC-7
compared to the DA-7 group (33 vs 40 days, p=0.002).
Toxicity was comparable in both groups. The probability of
3-year leukemia —free survival (LFS) for DAC-7 and DA-7
group equalled 43 and 34%, respectively (p=NS) . There was
a trend toward a higher LFS rate for patients aged >40 years
receiving DAC-7 compared with DA-7 regimen (44 vs 28%,
P=0.05). This study proves that addition of 2-CdA increases
antileukemic potency of DNR+Ara-C regimen, thus resulting
in a higher CR rate after one induction cycle when compared
to DA-7 without additional toxicity. It shortens hospitali-
zation time and may improve long-term survival in patients
aged >40 years.

Systemic Mastocytosis

Systemic mastocytosis (SM) is a rapidly progressing
disease with multiorgan involvement, resistant to
conventionally used cytotoxic drugs, with fatal prognosis.
Recent in vivo study showed that 2-CdA exerts cytotoxic,
anti - apoptotic effect on mast cell leukemia derived cell line
HMC-1 cells [145]. Some recent reports have demonstrated
that 2-CdA plays a role in the treatment of agressive SM
[146-148] and described the efficacy of 2-CdA in patients
with interferon-a (IFNa ) resistant SM. Six cycles of 5 days
of 2-CdA (0.3 mg/kg in 2-hour infusion) induced an almost
complete disappearance of the mast cell infiltration in the
skin and bone marrow. Pardanami et al. [147] used 3 to 6
courses of 2-CdA given over a period of 3-36 months to treat
4 patients with SM that was resistant to IFN-a. Treatment
with this agent resulted in a major response in 2 patients and
a good partial response in another patient. Treatment was
well tolerated and duration of remission ranged from 2
months to 4 years. These good results have been recently
confirmed by Kluin-Nelemans et al. [148]. They treated 10
patients with different subtypes of SM. 2-CdA was
administered at a dose 0.10-0.13 mg/kg in a 2-hour infusion
for 5 consecutive days. The courses were repeated every 4-8
weeks to complete 6 cycles. All responded with respect to
signs, symptoms and mast cell parameters although none
achieved CR. Side effects were mainly related to bone
marrow suppression.

These reports demonstrate that 2-CdA has a role in the
treatment of symptomatic mastocytosis which is unres-
ponsive to conventional therapy with IFN-a. However, the
optimal method of 2-CdA administration remains to be
determined on a larger number of patients.

CURRENT & FUTURE DEVELOPMENTS

The purine nucleoside analogue, cladribine (2-
chlorodeoxyadenosine, 2-CdA) represents a novel cytotoxic
agent with high efficacy in indolent lymphoid malignancies.
This agent exhibits also significant activity in Langerhans
cell histiocytosis, acute myeloid leukemia, systemic
mastocytosis and other hematological malignancies. 2-CdA
is the drug of choice in the treatment of hairy cell leukemia.
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However, in some European countries it has been also
registered for the second line treatment of chronic
lymphocytic leukemia. The drug was originally administered
for 7 consecutive days by continuous intravenous infusion
and this mode of administration is now recommended.
However, optimal doses and the best method for 2-CdA
administration remain to be determined.

Pharmacokinetics data suggest that 2-CdA may be also
given over a 2-hour infusion period and that the treatment
course may be shortened to 5 days. This approach has shown
the same high efficacy, especially in patients with indolent
lymphoid malignancies such as hairy cell leukemia and
chronic lymphocytic leukemia. Recently, subcutaneous and
oral formulations have been developed. However, after oral
administration 2-CdA is partially deactivated by acid
hydrolysis in the stomach and doses double to intravenous or
subcutaneous formulation should be given.

Recent preclinical and clinical studies indicate that other
cytotoxic agents and some monoclonal antibodies act
synergistically with 2-CdA. Combined treatment with 2-CdA
and alkylating agents, anthracyclines and/or rituximab (anti-
CD20 monoclonal antibody) may have important clinical
value especially in indolent lymphoid malignancies. Further
studies evaluating the optimal doses, methods of
administration and combinations with other agents are
justified and indeed necessary in the years to come.
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