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The aim of the study was to evaluate the activity and toxicity of cladribine (2-CdA) in
combination with cyclophosphamide (CY), the CC schedule, in patients with previously
untreated B-cell chronic lymphocytic leukemia (B-CLL). From November 1998 to May 2002
82 patients with advanced or progressive B-CLL received treatment with 2-CdA at a dose of
0.12 mg/kg for three consecutive days and CY at a dose of 650 mg/m2 on day 1. The cycles
were repeated at four week intervals or longer if severe myelosuppression occurred.
Guidelines for the evaluation of response and toxicity were those developed by the National
Cancer Institute sponsored Working Group. Minimal residual disease (MRD) was detected
by immunophenotyping only in patients with CR by standard criteria. In the analysed group
an overall response (OR) rate (CR+PR) of 87.8% (95% CI 80.7 ± 94.9%) was achieved,
including complete response (CR) in 29.3% patients (95% CI 19.4 ± 39.1%). Twenty-two of
24 patients with CR and 39 of 48 patients with PR are still in remission. Median duration of
follow-up in these patients is 11.8 months (range 3 ± 25.4). MRD was only detected in six out
of 24 (25%) patients with CR. Grade III/IV thrombocytopenia was seen in four patients
(4.9%) and neutropenia in 10 (12.2%). Severe infections were noted in 21 (25.6%) patients.
Thirteen patients died, including seven with treatment related toxicity, one because of CLL
progression and ®ve because of reasons not related to CLL. In conclusion, the CC schedule is
a highly active regimen in previously untreated B-CLL, with acceptable toxicity. The e�cacy
of the regimen seems to be higher than observed earlier after treatment with 2-CdA alone. A
randomized clinical trial is in progress in our institutions.
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Introduction

The purine nucleoside analogues ± ¯udarabine (FAMP),
cladribine (2-chlorodeoxyadenosine 2-CdA) and
2'deoxycoformycin (DCF) ± represent a novel group
of cytotoxic agents with high activity in B-cell chronic
lymphocytic leukemia (B-CLL).1 ± 4 Alkylating agents
are the best candidates for combined use with nucleo-
side analogues. Interference with DNA repair by
purine analogues raises the possibility that there might
be synergistic antitumour e�ects with cyclophospha-

mide (CY) or chlorambucil, which act mainly by cross
linking of DNA.5,6

In a previous experimental study we have shown
synergistic action of 2-CdA and CY against murine
leukaemias L1210 and P388.7 Furthermore, it has been
demonstrated in vitro that 2-CdA and FAMP increase
the antitumour e�ect of CY derivatives in B-CLL
cells.8,9 Combined use of nucleoside analogues with
alkylating agents may increase the CR rate, decrease
minimal residual disease (MRD) and, possibly, prolong
survival in CLL patients. Early clinical trials evaluating
combinations of FAMP or 2-CdA with CY have
demonstrated signi®cant activity of such combinations
in pre-treated and untreated patients with low-grade
lymphoproliferative malignancies.10 ± 13 In this study, we
present our experience with the combination of 2-CdA
with cyclophosphamide (CC regimen) in previously
untreated patients with B-CLL.
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Patients and methods

Patients

Between November 1998 and May 2002, 82 patients
with progressive or symptomatic B-CLL entered the
study. All of them were previously untreated. The
characteristics of the patients are presented in Table 1.
All patients ful®lled the National Cancer Institute ±
Sponsored Working Group diagnostic criteria for
CLL.14 The clinical stage was determined before
starting CC treatment according to the Rai classi®ca-
tion.15 Patients with stage 0, I and II were eligible if
they had evidence of active disease, including pro-
gressive lymphocytosis (lymphocyte doubling time 46
months), massive splenomegaly or bulky lymphadeno-
pathy, recurrent disease-related infections, weight loss
greater than 10% in a six-month period, and
temperature of 388C related to disease or extreme
fatigue. All patients with clinical stage III and IV
disease were eligible for the treatment. Patients with
poor performance status (WHO scale 4), active
infection, abnormal liver or renal function, and
Richter syndrome were excluded from the study.
Immunologically, all patients were CD5, CD19,
CD20 and CD23 positive and showed monoclonality
for light chain immunoglobulin membrane surface
receptors. We used monoclonal antibodies manufac-
tured by DAKO and 2-color ¯ow cytometry (Coulter,
Hialeach, FL, USA).

The study was conducted in accordance with the
updated Declaration of Helsinki. It was approved by
the local ethical committee and all patients gave
written informed consent.

Treatment modality

The doses and schedule of treatment agents were
based on previous studies.4,16,17 2-CdA (Biodrybin) was
synthesized according to the method of Kazimierczuk
et al.18 and was commercially available from the

Institute of Biotechnology and Antibiotics ±Bioton
(Warsaw, Poland). The CC regimen consisted of 2-
CdA given at a dose 0.12 mg/kg by 2-h intravenous
infusion for three consecutive days and cyclopho-
sphamide 650 mg/m2 i.v. on day 1. The cycles were
repeated every 28 days. In patients in whom CC
treatment induced hematological complications
(thrombocytopenia 5506109/l and/or neutrophils
516109/l) or severe infections developed, the drugs
were re-administered at time intervals longer than one
month, ranging from two to four months, until
recovery of hematological parameters or experimental
from infections occurred. Patients were treated until
they achieved maximal response or prohibitive
toxicity. If no response or progression of the disease
was observed after three courses, the treatment was
discontinued.

Packed red cells were transfused for symptomatic
anemia or prophylactically when the hemoglobin level
was lower than 7.0 g/dl. Platelets were administered
prophylactically when the platelet count was less then
156109/l. Blood products were irradiated. In order to
prevent hyperuricemia, allopurinol (300 mg/daily) was
given. No patients received antibiotics, antiviral agents,
hematopoietic growth factors or antiemetic drugs
prophylactically. However, G-CSF was given if the
absolute granulocyte count was less then 1.06109/l and
active infection was present.

Response criteria

Guidelines for response were those developed by the
NCI ± Sponsored Working Group.14 Complete re-
sponse (CR) required the absence of symptoms and
organomegaly and the return to a normal blood
count, with granulocyte count greater than 1.56109/l,
platelet count 41006109/l, hemoglobin concentration
411.0 g/dl, and bone marrow of normal cellularity,
with less than 30% lymphocytes in the aspiration
smear. Bone marrow biopsy was required two
months after the evidence of clinical CR. Bone
marrow biopsy and aspirate had to be at least
normocellular and with 530% of nucleated cells
being lymphocytes and an absence of lymphoid
nodules. Patients ful®lling the criteria stated above
but with persistent lymphoid nodules in bone marrow
biopsy were classi®ed as nodular partial response
(nPR). Partial response (PR) was considered as 50%
or greater decrease in the size of lymph nodes, liver
and spleen, and peripheral blood ®ndings either
identical to those of CR, or improved over pre-
therapy values by at least 50%. Patients who did not
achieve CR or PR were classi®ed as non-responders
(NR). Clinical relapse was de®ned according to
Robertson et al.19 as increase in the absolute
lymphocyte count above 106109/l, more than 50%
increase in the sum of the sizes of at least two lymph
nodes, appearance of new lymph nodes, more than
50% increase in the liver or spleen below the costal
margin, new appearance of palpable hepatosplenome-
galy or development of an aggressive lymphoma.

Table 1 Characteristics of B-CLL patients before treatment with
cladribine and cyclophosphamide (CC)

Characteristics No. of patients Percentage

Total 82 100
Sex

Male 35 43
Female 47 57

Age (median range) 61 (28 ± 78)
Rai stage

0 4 5
I 13 16
II 32 39
III 18 22
IV 15 18

Median disease duration in months
(range) 4 (0 ± 175)

Mean number of WBC6109/l (range) 110.4 (5 ± 555)
Mean Hb concentration g/dl (range) 11.4 (5 ± 15)
Mean number of platelets6109/l

(range) 147.4 (30 ± 286)
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Evaluation of minimal residual disease

In patients who achieved CR, minimal residual disease
(MRD) was evaluated by immunophenotyping on
peripheral blood and bone marrow by ¯ow cytometry
using a simultaneous dual color staining technique.
Residual disease was determined by co-expression of
CD5/CD19 on B lymphocytes in conjunction with
monoclonality of surface light-chain expression on
CD5-positive B cells. Phenotypic CR was considered
when less than 10% of the total lymphocytic
population were known to co-express CD19/CD5 with
monotypic light-chain expression. A k : l or l : k ratio
exceeding 3 : 1 was considered as monotypic light-chain
expression.20

Toxicity monitoring

Hematological toxicity was evaluated according to NCI
Sponsored Working Group criteria.14 Drug induced
anemia, thrombocytopenia and neutropenia were
diagnosed if after any treatment course a further
decrease of erythrocytes, platelet and granulocyte
numbers were observed. Non hematological side e�ects
were assessed according to WHO criteria.21 The blood
count, creatinine, bilirubin, GOT, GPT, ECG, urina-
lysis and general physical examination were serially
evaluated and recorded.

Statistical analysis

Sample size was calculated using the level of
signi®cance 0.05 and assuming the power of the study
at 80%. The objective was to increase the historical CR
rate of 20% following 2-CdA as ®rst line therapy to
45% following CC. At least 60 patients were to be
included.

The signi®cance of di�erences was evaluated by
the Mann-Whitney test at the level of signi®cance
P50.05. Statistical analysis of the di�erences in
percentages of patients response was evaluated by
the w2 test. Ninety-®ve per cent con®dence intervals
for response probability were calculated using the
method described by Du�y and Santner.22 Progres-
sion-free survival and overall survival curves were
calculated using the method of Kaplan and Meier23

and compared between groups using the log-rank
test. Progression free survival (PFS) was calculated
from the achievement of CR or PR after CC
therapy to the time of relapse. The survival time
was measured from the day of ®rst treatment to
death from any cause or to the day of last
observation.

Results

Eighty-two previously untreated patients with B-CLL
entered the study and all of them were evaluatable. The
median time from the diagnosis to CC treatment was 4
months (range 0 ± 175 months).

Response to treatment

A total of 330 courses of CC were given to the
entire group. All patients received at least two CC
courses. The median number of CC cycles was 3
(range 3 ± 6). The results of treatment are presented
in Table 2. The criteria for CR were ful®lled in 24
(29.3%) (95% CI 19.4 ± 39.1%) and overall response
rate was 87.8% (95% CI 80.7 ± 94.9%). Ten patients
(12.2%) did not respond to CC. CR was achieved in
2 out of 4 patients with stage Rai 0 and more
frequently in the patients with stage I and II (33%)
than stage III and IV (21%) (P=0.6). The OR rate
in the same groups was 100, 91 and 82%,
respectively (P=0.3). The CRs were observed after
a median of 3 cycles (range 3 ± 6). At the time of
analysis 22 of 24 patients with CR and 39 out of 48
in PR were still in remission. The median duration
of observation in patients with CR was 12.8 (range
4 ± 25.4) months and in patients with PR 10.9 (3 ±
24.9) months. Median duration of observation in all
responding patients was 11.8 months (range 3 ± 25.4).
Median progression free survival time has not been
reached to the day of interim analysis. However, a
signi®cant di�erence in survival was seen between
patients who did not respond to treatment and
responders (Figure 1).

Surface immunophenotyping by ¯ow cytometry
using dual color staining on the peripheral blood
and/or bone marrow was performed in 24 patients who
achieved CR. MRD was demonstrated in six patients
(25%).

Toxicity

The toxicity of CC programme is presented in Tables 3
and 4. Myelosuppression was the major side e�ect of
CC therapy (Table 3). CC-induced neutropenia was
observed in 25 (30.5%) patients and after 50 (15.2%)
courses. However, grade III or IV neutropenia was
observed only in 10 patients. G-CSF was given to
support 10 cycles of therapy in eight patients.
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Figure 1 Survival of CLL patients treated with CC program
according to response. OR=overall response; CR=complete
response; nPR=nodular partial response; PR=partial response;
NR=no response.
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Thrombocytopenia occurred in 16 (19.5%) patients
and after 31 (9.4%) courses. Grade III or IV
thrombocytopenia was observed in four patients. Four
patients required platelets transfusions.

Moderate (grade II) anemia was seen only in four
patients. In one of them autoimmune hemolytic anemia
(AIHA) was noted after the third CC course. The
patient had no clinical or laboratory symptoms of
AIHA before CC treatment.

Infections occurred in 21 (25.6%) patients, after 31
(9.4%) courses. Pneumonia occurred in 10 (12.1%)
patients and herpes zoster reactivation in nine (11.0%)
patients. Opportunistic infections were not observed.
Vomiting at grade III or IV according to the WHO
classi®cation was seen in four (4.8%) patients, after
four (1.2%) courses. Disseminated intravascular
coagulation syndrome developed in one case. Second-
ary malignancies comprised one case of breast cancer
and one case of skin cancer. Richter syndrome
manifested as Hodgkin disease was diagnosed in one
patient.

Thirteen (18%) patients died 1.5 ± 7.0 months (mean
3.5) from the start of CC treatment. Ten out of these
13 patients were non-responders. Four patients died
because of sepsis, three because of pneumonia, one due
to intestinal tract bleeding, one as a result of disease
progression and four because of causes unrelated to
CLL.

Discussion

The activity of purine nucleoside analogues, especially
FAMP and 2-CdA in CLL patients has been
extensively studied for more than 10 years. The results
of randomized trials published recently indicate that
treatment with these drugs results in a higher response
rate and longer response duration than conventional
treatment with chlorambucil or consignation therapy
such as the CAP regimen.3,4,24 However, despite their
high activity, purine nucleoside analogues used as ®rst
line treatment do not prolong the survival time of CLL
patients as compared to conventional therapy and so
more e�ective treatment of CLL is still needed.

The aim of our phase II study was to evaluate of the
activity and toxicity of a combination regimen
consisting of 2-CdA and cyclophosphamide (CC regi-
men) in previously untreated B-CLL patients. We have
observed a high overall response rate (87.8%) including
high rate of complete response (29.3%). The e�cacy of
the CC regimen was similar to that reported earlier in
CLL patients treated with 2-CdA alone or combined
with prednisone (82.5 and 45.4% overall response
rates, respectively) but the response criteria used in
those studies were less restrictive.16 In our previous
studies we used earlier the criteria proposed by NCI
sponsored Working Group, which were based only on
bone marrow cytology, without trephine biopsy and
histology examination.25 By these criteria the patients
with nodular PR were probably diagnosed as CR
patients, which could explain the high CR rate
observed.14

High activity of 2-CdA and cyclophosphamide was
previously reported by Van den Neste et al.11 in 13
pretreated CLL patients. They also observed an overall
response rate of 62%, including 7% CR.

There are a few studies using FAMP in combination
with cyclophosphamide in untreated or previously
treated CLL and low grade non Hodgkin's lymphoma
(LG NHL) patients.10,13,26,30,31 The results of these
studies are di�cult to compare with ours because of
heterogeneity of patients and di�erences in doses and
schedules of the cytotoxic agents. O'Brien et al.13 gave

Table 2 Results of the treatment of B-CLL patients with CC according to Rai stages

Rai stage No. of patients CR n (%) nPR n (%) PR n (%) OR n (%) NR n (%)

0 4 2 (50) 1 (25) 1 (25) 4 (100) 0
I+II 45 15 (33.3) 10 (22.2) 16 (35.5) 41 (91.1) 4 (8.8)
III+IV 33 7 (21.3) 9 (27.2) 11 (33.3) 27 (81.8) 6 (18.2)
Total 82 24 (29.3) 20 (24.4) 28 (34.1) 72 (87.8) 10 (12.2)

n=number of patients; CR=complete response; nPR=nodular partial response; PR=partial response; NR=no response.

Table 3 Hematological toxicity of CC programme in 82 patients with B-CLL

Grade I and II Grade III and IV Total
Toxicity n (%) n1 (%) n (%) n1 (%) n (%) n1 (%)

Neutropenia 15 (18.3) 28 (8.5) 10 (12.2) 22 (6.7) 25 (30.5) 50 (15.2)
Thrombocytopenia 12 (14.6) 26 (7.9) 4 (4.9) 5 (1.5) 16 (19.5) 31 (9.4)
Anemia 4 (4.8) 6 (1.8) 2 (2.4) 5 (1.5) 6 (7.3) 11 (3.3)

n=number of patients, n1=number of courses (total number of CC courses=330).

Table 4 Non-hematological side e�ects of CC programme in 82
patients with B-CLL

Number of Number of
Side e�ect patients (%) coursesa (%)

Infections
Total 21 (25.6) 31 (9.4)
Pneumonia 10 (12.1) 20 (6.1)
Urinary tract infections 1 (1.2) 1 (0.3)
Thrombophlebitis 1 (1.2) 1 (0.3)
Herpes 9 (11.0) 9 (2.7)

Vomiting grade III or IV 4 (4.8) 4 (1.2)
Creatinine increased 1 (1.2) 1 (0.3)
DIC 1 (1.2) 1 (0.3)
aTotal number of CC courses=330.
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FAMP at a dose of 30 mg/m2 for three days and
cyclophosphamide at a dose of 300 ± 500 mg/m2 for
three days as ®rst or second line treatment in the group
of 128 CLL patients.13 The e�ectiveness of this
protocol seems to be similar to our CC regimen. The
rate of overall responses in previously untreated
patients in this study was 80%, including 38% CR.

An important aspect of our study was the evaluation
of MRD by immunophenotyping. MRD was found in
six (25%) out of 24 patients who ful®lled morpholo-
gical criteria of CR. A similar analysis performed
earlier in the group of B-CLL patients treated by us
with 2-CdA alone, revealed MRD in nearly 30% of
CR patients.32 The percentage of patients with
detectable MRD in our present study is slightly higher
than the 8% that observed by O'Brien et al.13 in
previously untreated CLL patients who were adminis-
tered FAMP and cyclophosphamide.13 Because of the
short follow-up of our patients it is impossible to
evaluate the in¯uence of MRD on the response
duration and survival time. However, other studies
indicate that, the elimination of MRD results in a
prolonged response duration and overall survival time.
In the study by O'Brien et al.13 median time to disease
progression has not been reached after a median
follow-up of 41 months. Moreover, it is known that
the elimination of MRD, evaluated by molecular
methods is a positive prognostic factor in CLL patients
after autologous and allogeneic stem cell transplanta-
tion.33

In the present study we have observed acceptable
toxicity. Ten patients (12.2%) su�ered from neutrope-
nia grade III or IV and grade III or IV thrombocy-
topenia was observed only in four patients (4.9%).
However, infection occurred in 21 (25.6%) patients,
most often pneumonia or fever of unknown origin
(FUO) and herpes zoster reactivation. A strong
myelosuppressive and immunosuppressive e�ect results
in the high incidence of infections in patients treated
with purine nucleoside analogues.33 ± 35 Earlier studies
have shown that the combination of FAMP or 2-CdA
with other cytotoxic agents resulted in increased
myelotoxicity and a higher infection rate as compared
to FAMP or 2-CdA alone. In a randomized study
comparing chlorambucil with FAMP in monotherapy

and with FAMP combined with chlorambucil the latter
arm was stopped because of high toxicity associated
with the combined regimen.3 Moreover, combination
therapy with FAMP plus chlorambucil resulted in
signi®cantly more infections than treatment with either
single agent.36 In our previous studies of untreated
CLL patients treated with the CMC regimen (cyclo-
phosphamide, 2-CdA and mitoxantrone), we have
observed signi®cant myelotoxicity and a higher
incidence of infections, especially when 2-CdA was
given for ®ve days.17 The relatively lower toxicity of CC
regimen may be explained by a signi®cant reduction of
the dose of 2-CdA. Although the daily dose of this
drug (0.12 mg/kg), remained the same as in our
previous studies,4,16 the duration of treatment has been
shortened from ®ve to three days. A similar reduction
of the dose of purine nucleoside analogues combined
with cyclophosphamide was used by others.12,13 Betti-
cher et al.33 found that the reduction of the dose of 2-
CdA from 0.7 mg/kg per cycle to 0.5 mg/kg per cycle
(29%) in pre-treated patients with malignant lympho-
mas did not decrease the activity of this compound,
but greatly reduced the incidence of infections.
Similarly, Karlson et al.38 reported less major infections
in CLL patients treated with oral 2-CdA for three days
than in patients who received this agent in ®ve day
schedule.

In conclusion, the CC regimen is a highly e�ective
combination in previously untreated CLL patients and
is associated with acceptable toxicity. The e�cacy of
the regimen seems to be higher than that observed
earlier after treatment with 2-CdA alone. MRD was
demonstrated in only six out of 24 patients who
achieved CR. A randomized study comparing the
e�cacy of the CC regimen with 2-CdA alone is being
undertaken by our group.
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