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The efficacy and toxicity of cladribine
(2-CdA) 1 prednisone (P) versus chloram-
bucil (Chl) 1 P were compared in previ-
ously untreated patients with progressive
or symptomatic chronic lymphocytic leu-
kemia (CLL) in a randomized, multicenter
prospective trial. Eligible patients were
assigned to either 2-CdA 0.12 mg/kg per
day in 2-hour infusions and P 30 mg/m 2

per day for 5 consecutive days or Chl 12
mg/m 2 per day and P 30 mg/m 2 per day for
7 consecutive days. Three courses were
administered at 28-day intervals or longer
if myelosuppression developed. The
therapy was finished if complete re-
sponse (CR) was achieved. Of 229 avail-

able patients 126 received 2-CdA 1P and
103 received Chl 1P as a first-line treat-
ment. CR and overall response rates were
significantly higher in the patients treated
with 2-CdA 1P (47% and 87%, respec-
tively) than in the patients treated with
Chl1P (12% and 57%, respectively)
(P 5 .001). Progression-free survival was
significantly longer in the 2-CdA–treated
group ( P 5 .01), but event-free survival
was not statistically different. Thirteen
percent of patients were refractory to
2-CdA1P and 43% to Chl 1P (P 5 .001).
Drug-induced neutropenia was more fre-
quently observed during 2-CdA 1P (23%)
than Chl 1P therapy (11%) ( P 5 .02), but

thrombocytopenia occurred with similar
frequency in both groups (36% and 27%,
respectively). Infections were seen more
frequently in the 2-CdA 1P-treated group
(56%) than in the Chl 1P-treated group
(40%; P 5 .02). Death rates have so far
been similar in patients treated with 2-CdA
(20%) and with Chl (17%). The probability
of overall survival calculated from Kaplan-
Meier curves at 24 months was also simi-
lar for both groups (78% and 82%,
respectively). (Blood. 2000;96:2723-2729)
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Introduction

B-cell chronic lymphocytic leukemia (B-CLL) is the most common
type of leukemia in adults in Europe and North America.1 It is a
disease for which there is no cure, and it mainly affects persons
older than 50. The disease is characterized by a variable clinical
course, and the overall median survival times range from a few
months to the same survival times as in an age-matched normal
population.2 Treatment is recommended in patients with progres-
sive early-stage disease or advanced-stage disease, though the
precise criteria required to identify patients at risk remain
controversial.

For many years chlorambucil (Chl) has been considered the
drug of choice for first-line therapy of CLL, and, when combined
with prednisone (P), it gives the initial response rate of 60% to
80%, with a complete response (CR) in up to 20% of all patients.3-5

Many hematologists believe that such therapy should still be
considered the standard therapy to which new treatment ap-

proaches are compared.6 Alternative treatment approaches, includ-
ing combination chemotherapy and new purine nucleoside analogs,
such as fludarabine (FAMP) and 2-chlorodeoxyadenosine (2-CdA),
have also shown activity in CLL. FAMP has the highest therapeutic
activity ever reported for a single agent in CLL, and it has been
shown to induce an overall response rate of 80% in previously
untreated patients in a study conducted at the MD Anderson Cancer
Center.7 Encouraging results have also been achieved in previously
treated CLL using FAMP alone or in combination with P.8,9

As yet, 2-CdA has been less extensively investigated than
FAMP in patients with CLL. However, in a study reported by Saven
et al10 on 90 patients with CLL previously treated with other
regimens, an overall response rate of 44%, including 4% CR, was
achieved after an average of 2 courses of 2-CdA given by 24-hour
infusion for 7 days. No CR and 31% partial remission (PR) were
achieved by Tallman et al11 in 26 heavily pretreated patients
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administered 2-CdA by continuous intravenous infusion for either
5 or 7 days. We have obtained a response rate of 48.4% in 184
patients with CLL refractory to conventional therapy, using 2-CdA
in 2-hour infusions for 5 days.12 A higher response rate to 2-CdA
was observed in previously untreated patients.13-15 In our previous
study, the overall response (OR) rate to 2-CdA, with or without
prednisone, in 194 untreated patients was 82.5%, including
45.4% CR.12

In this paper we present the results of a prospective, random-
ized, multicenter trial comparing the efficacy of 2-CdA1P versus
Chl1P in previously untreated patients with B-CLL. We also
evaluate the effectiveness of 2-CdA1P in patients refractory to
Chl1P and the effect of Chl1P on patients who are resistant to, or
who have had early relapses after, 2-CdA1P.

Patients and methods

Patients

The current study was initiated in 1995 in 9 hematologic centers in Poland
as an open prospective, randomized, multicenter trial. Only previously
untreated patients with progressive or symptomatic B-CLL entered the
study between May 1995 and May 1998. All fulfilled the National Cancer
Institute (NCI)-sponsored Working Group diagnostic criteria for CLL.16

The clinical stage was determined before the randomization according
to Rai classification.17 Patients in stage 0, I, and II were eligible if they had
evidence of active disease, including progressive lymphocytosis, massive
splenomegaly or bulky lymphadenopathy, recurrent disease-related infec-
tions, weight loss greater than 10% in a 6-month period, and temperature of
38°C related to disease or extreme fatigue. All patients in III and IV clinical
stage disease were qualified for the treatment. Patients with poor perfor-
mance status (World Health Organization scale 4), active infection,
abnormal liver or renal function, and Richter syndrome were excluded from
the study.

Assessment of the patient’s history and physical examination results
was performed as the initial diagnostic procedure. Laboratory tests included
complete blood count, immunoglobulin level, liver and renal function tests,
bone marrow aspiration for morphology, and immunophenotyping. Surface
marker analysis was performed to confirm B-cell origin and monoclonal
proliferation, including immunoglobulin heavy and light chains, CD5,
CD10, CD19, CD20, and CD23. We used monoclonal antibodies manufac-
tured by DAKO and 2-color flow cytometry (Coulter, Hialeah, FL).

Characteristics of the patients with CLL included in the study are presented
in Table 1.

Randomization and treatment schedule

There were 9 participating centers in Poland, and eligible patients under-
went a central randomization procedure for the assignment to either
2-CdA1P or Chl1P therapy by telephone, fax, or e-mail (Figure 1). 2-CdA
was synthesized according to the method of Kazimierczuk et al18 and was
supplied by the Foundation for Development of Diagnostics and Therapy
(Warsaw, Poland). More recently, the drug was commercially available
from the Institute of Biotechnology and Antibiotics (Warsaw, Poland). It
was administered at 0.12 mg/kg daily in 2-hour infusions for 5 consecutive
days and was combined with oral prednisone 30 mg/m2 daily on days 1 to 5,
starting with 2-CdA courses. Chlorambucil was given orally at 12 mg/m2

per day on 7 consecutive days, and prednisone was given at 30 mg/m2 per
day on days 1 to 7. Both schedules were repeated over 28 days for 3 courses.
If hematologic complications (thrombocytopenia less than 503 109/L;
granulocytopenia less than 0.53 109/L) or severe infections developed, the
drugs were readministered at time intervals longer than 28 days, ranging
from 2 to 3 months, until the increase of hematologic parameters or
recovery from infection was noted. Treatment was discontinued if CR was
achieved. If there was partial but continuing response (PR), up to 3
additional courses were given. Patients with no response (NR) or progres-
sion after 3 courses of treatment or who had relapses earlier than 12 months
after completing the treatment were switched to an alternative arm. Patients
with late relapse (12 months from first remission) were retreated with the
same schedule that induced the previous response. Criteria for retreatment
were the same as the criteria for inclusion in the study. If there was no
response to either regimen, the patients were treated with CHOP (cyclophos-
phamide, hydroxydaunomycin/doxorubicin, Oncovin, prednisone).

Response criteria

Physical examination and peripheral blood analysis were performed before
and after every course of treatment, and the response to the drug was
estimated. Bone marrow biopsy and immunophenotype studies were
performed after 3 or 6 courses of treatment to confirm CR. Creatinine and
bilirubin levels were measured; GOT, GPT, electrocardiography, and
urinalyses were performed before each cycle, and results were recorded.

Table 1. Comparison of patients’ characteristics

Characteristics
Cladribine (2-CdA) 1 P

(%)
Chlorambucil 1 P

(%) P

No. 5 229 (100%) 126 (55) 103 (45) .6

Sex

Male 86 (68) 67 (65) .6

Female 40 (32) 36 (35)

Age (y) (median, range) 61 (31-92) 62 (31-88) .5

Rai stage at diagnosis

0 18 (14) 13 (13)

I 1 II 60 (48) 61 (59) .2

III 1 IV 48 (38) 28 (28)

Disease duration (mo)

(median, range) 25.5 (3-103) 25.0 (3-145) .8

Pretreatment laboratory values (median, range)

WBC (3109/L) 81.3 (25.4-376.8) 66.4 (26.2-525.0) .04

Lymphocytes (3109/L) 73.9 (25.4-376.8) 59.0 (19.7-519.7) .2

Granulocytes (3109/L) 5.7 (0-6.2) 5.3 (0.1-8.9) .2

Hemoglobin (g/dL) 12.3 (5.4-16.7) 12.7 (3.7-16.3) .4

Platelets (3109/L) 145.0 (20.0-384.0) 148.5 (30.0-585.0) .3

WBC, white blood cell count.

Figure 1. Randomization procedure.
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Response criteria were those recommended by the NCI-sponsored Working
Group.16 CR required the absence of symptoms and organomegaly and the
return to normal blood count, with granulocyte count greater than 1.53
109/L, thrombocyte count greater than 1003 109/L, and hemoglobin
concentration greater than 11.0 g/dL, and bone marrow lymphocyte
percentage less than 30% in aspiration and biopsy material for at least 2
months. PR was indicated by greater than 50% decrease in the size of lymph
nodes, liver, and spleen, and peripheral blood findings either identical to
those of CR or improved over pretherapy values by at least 50%. Patients
who did not achieve CR or PR were classified as nonresponders (NR).
Clinical relapse was assessed according to Robertson et al19 as an increase
in the absolute lymphocyte count above 103 109/L, more than 50%
lymphocytes on marrow differential analysis, more than 50% increase in the
sum of the sizes of at least 2 lymph nodes, appearance of new lymph nodes,
more than 50% increase in the liver or spleen span below the costal margin,
new appearance of palpable hepatosplenomegaly, or development of
aggressive lymphoma.

Toxicity monitoring

Hematologic toxicity was evaluated according to the criteria developed by
the NCI-sponsored Working Group.16 Drug-induced anemia, thrombocyto-
penia, and neutropenia were considered if, after the treatment course, a
further decrease in hemoglobin level or platelet and neutrophil numbers
were observed. Other side effects were monitored and assessed according to
the Eastern Cooperative Oncology Group criteria.20

Statistical analysis

The trial was designed as a 2-arm comparison of 2-CdA1P with Chl1P. We
used the results of the earlier phase II studies as the base and designed this
randomized trial to test the assumption that 2-CdA1P might increase the
overall response rate of 40% expected for Chl1P by 20%. A sample size of
100 patients per group was calculated to prove the study hypothesis at a
significance level of 5%, with a detection power of 80%. Both first-line
treatments were compared for CR, PR, and OR (defined as the sum of CR
and PR) rates after the completion of at least 3 initial courses. Overall
survival (OS), progression-free survival (PFS), and event-free survival
(EFS) were calculated according to the method of Kaplan and Meier21 and
compared between groups by the log-rank test. OS was calculated from the
first day of treatment to the last day of follow-up or death. PFS was the time
from the end of first-ine therapy to disease progression or death. EFS was
defined as the time from the beginning of first-ine treatment to a first
adverse event: death, progression requiring a change in therapy, infections
or thrombocytopenic hemorrhage requiring hospitalization, and autoim-
mune hemolytic anemia. The Mann-WhitneyU test was used to compare
differences in continuous variables between groups, and thex2 test or Fisher
exact test were used to compare percentages.P , .05 was considered
statistically significant.

Study approval

The study was conducted in accordance with the updated Declaration of
Helsinki. It was approved by the local ethics committees at the participating
institutions, and all patients signed consent forms before entering the study.

Results

First-line treatment

Of 250 patients enrolled in the study, 229 were available for the
estimation of treatment response; data are presented in Table 2. The

remaining 21 patients (7 during 2-CdA1P and 14 during Chl1P)
discontinued the treatment before its completion and were lost
from observation. Of the 126 patients who received 2-CdA1P as
the first-line treatment, 59 (47%) achieved CR and 50 (40%)
achieved PR, which gives an overall response rate of 87%. In the
group of 103 patients who received Chl1P, CR was achieved in 12
(12%) and PR in 46 (45%), for an overall response rate of 57%. The
median number of courses inducing CR was 3 in the 2-CdA1P-
treated group and 4 in the Chl1P–treated group. The CR rate was
statistically higher in 2-CdA1P– than in Chl1P–treated patients
(P 5 .0001). The number of NR was statistically higher in the
Chl1P- than in the 2-CdA1P–treated group: 45 (43%) versus 17
(13%) patients, respectively (P 5 .0001). Analysis in relation to
Rai classification, evaluated before the beginning of therapy,
indicated that the overall response rates for 2-CdA1P-treated
patients in less advanced (I and II) and in more advanced (III and
IV) clinical stages of disease were 97% and 73%, respectively, and
were statistically higher than in the Chl1P–treated group—61%
and 51%, respectively (P 5 .0005). The response rate to 2-CdA1P
was higher than to Chl1P in the subgroups analyzed according to
age, but the biggest difference was noted in patients younger than
55 (P 5 .006; Table 3).

Response duration and relapse

Response duration, survival, and incidence of relapse are presented
in Table 4. In 2-CdA1P–treated patients, the median PFS was 21
months, and in Chl1P–treated patients it was 18 months. Probabili-
ties of PFS calculated from Kaplan-Meier curves at 24 months for
all patients treated initially with 2-CdA1P or Chl1P were 46% and
33%, respectively, and the difference was statistically significant
(log-rank test, P 5 .01; Figure 2). Of the 109 patients who
responded to 2-CdA1P, early relapse—within 12 months of the
start of therapy—was noted in 17 (16%) patients, and late
relapse—after 12 months from the start of therapy—occurred in 30
(27%) patients. Corresponding values in 58 patients who re-
sponded to Chl1P were 22 (38%) and 12 (21%), respectively.
Early relapses occurred more frequently after Chl1P than after
2-CdA1P (P 5 .004), but there was no statistical difference in the
incidence of late relapses between the groups (P 5 .9). EFS was
similar in both groups of patients (log-rank test,P 5 .9; Figure 3).

Second-line treatment and retreatment

In 43 patients resistant to first-line therapy with Chl1P or with PFS
shorter than 12 months, second-line therapy with at least 3 courses
of 2-CdA1P was given. CR was achieved in 10 patients, and PR
was achieved in 19 patients (Table 5). Chl1P as second-line
treatment was administered to 26 patients, and PR was noted in 7.
The overall response (CR1PR) rate to second-line therapy was
higher after 2-CdA1P (67%) than after Chl1P (27%), and the
difference was statistically significant (P 5 .03). Retreatment with
at least 3 cycles of 2-CdA1P was given to 12 patients with PFS
longer than 12 months, and 6 (50%) of them responded. Five
patients who had relapses later than 12 months from first remission
obtained with Chl1P were retreated with the same schedule, and 2
of them responded.

Table 2. Response to 2-CdA 1 P vs Chl 1 P as a first-line treatment of patients with CLL

Characteristics No. patients

Response (%)

NR (%)CR PR OR

2-CdA 1 P 126 59 (47) 50 (40) 109 (87) 17 (13)

Chl 1 P 103 12 (12) 46 (45) 58 (57) 45 (43)

P CR vs NR .0001 PR vs NR .1 OR vs NR .0001
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Fifteen patients from the 2-CdA group and 11 from the Chl
group who did not respond to first- and second-line therapy were
treated with the CHOP regimen. Overall response rates to this
third-line therapy were 20% and 27%, respectively.

Overall survival

Probabilities of OS for 2-CdA1P– and Chl1P–treated patients,
calculated from Kaplan-Meier curves at 24 months, were similar—
78% and 82%, respectively (log-rank test,P 5 .6; Figure 4).
Analysis of OS stratified for Rai stage and age did not show any
significant difference between treatment groups (Figures 5, 6).

Drug toxicity

Drug-related side effects are presented in Table 6. Thrombocytope-
nia was the most frequent undesirable effect observed after
treatment with 2-CdA (36%) and Chl1P (27%;P 5 .2), but it was
usually mild or moderate. However, granulocytopenia and infec-
tions or fever of unknown origin were more frequent after
treatment with 2-CdA1P (23%) than with Chl1P (11%;P , .02).
The most frequent side effects were pneumonia and upper respira-
tory infections (sinusitis and bronchitis), which occurred during
first-line treatment in 38 (30%) patients treated with 2-CdA1P and
in 25 (24%) patients treated with Chl1P. Herpes zoster reactivation
and herpes simplex infections were observed in 26 (21%) patients
and in 11 (11%) patients, respectively. Opportunistic infections
were not observed in the patients treated with 2-CdA1P or Chl1P.
Autoimmune hemolytic anemia (AIHA) during treatment was
observed in 7 patients treated with 2-CdA1P and in 2 treated with
Chl1P. Other side effects were observed sporadically, with similar
incidences in both groups. The most frequent causes of death were
pneumonia and disease progression (Table 7). AIHA caused the
fatal outcomes for 4 (16%) patients treated with 2-CdA1P and 1
patient treated with Chl1P. Richter syndrome was observed in 3
(2.4%) patients treated initially with 2-CdA1P and in 4 (3.9%)
patients treated with Chl1P. Secondary cancers included brain

glioma and pulmonary cancer in the 2-CdA–treated group (one
patient each) and hepatic cancer in the Chl-treated group (one
patient). Secondary MDS/AML has not been seen thus far in
either group.

Discussion

The aim of our prospective, randomized, multicenter study was to
compare the efficacy and toxicity of 2-CdA1P and Chl1P in
previously untreated patients with progressive B-CLL. Moreover,
patients who were resistant to first-line therapy or who had early
relapses (PFS less than 12 months) were switched to an alternative
arm. This design allowed us to determine whether 2-CdA is more
efficient than chlorambucil as a second-line treatment. It is worth
emphasizing that until now the results of prospective, randomized
studies comparing 2-CdA with standard treatment in patients with
CLL have not been published.

Data obtained from our trial on 229 untreated patients with CLL
indicate that the OR rate of 87% after 2-CdA1P was significantly
higher than after Chl1P (57%;P , .0001), and the percentage of
nonresponders was significantly lower in 2-CdA1P–treated group
(13%) than in the Chl1P–treated group (43%;P , .0001). We
want to emphasize that in our study, the CR rate after 2-CdA1P
treatment was significantly higher (47%) than after Chl treatment
(12%), with a similar proportion of PR in each group. Moreover, it
is worth noting that CR and OR rates to 2-CdA are comparable to
those reported for FAMP. In a large, randomized study comparing
FAMP and Chl in 233 previously untreated patients with CLL, the

Table 3. Overall response (CR 1 PR) to 2-CdA 1 P vs Chl 1 P as a first-line
treatment of patients with CLL according to Rai stage and age

Characteristics

2-CdA 1 P Chl 1 P

P *
No.

patients OR (%)
No.

patients OR (%)

All patients 126 109 (87) 103 58 (57)

Rai stage at beginning

of treatment

0 5 5 (100) 5 3 (60) .4

I 1 II 65 63 (97) 61 37 (61) ,.0001

III 1 IV 56 41 (73) 37 19 (51) .03

P .0005 .6

Age (y)

. 70 18 16 (89) 14 7 (50) .04

55-75 68 57 (84) 57 33 (58) .03

, 55 40 36 (90) 32 19 (60) .006

P .6 .8

*P values were calculated to compare OR (overall responder) and NR (nonre-
sponder) groups.

Table 4. Progression-free survival and relapse rate in CLL patients treated
with 2-CdA 1 P vs Chl 1 P as a first-line treatment

Characteristics

No. patients relapsed (%) PFS
median

(mo) Died (%)#12 mo .12 mo

2-CdA 1 P 17/109 (16) 30/109 (27) 21 25 (20)

Chl 1 P 22/58 (38) 12/58 (21) 18 17 (17)

Figure 2. Progression-free survival. Progression-free survival defined as time from
the end of first-line therapy to disease progression or death for patients in CR or PR
after treatment with 2-CdA1P (continuous line) and Chl1P (dotted line).

Figure 3. Event-free survival. Event-free survival defined as the time from the
beginning of first-line treatment to a first adverse event: death, progression requiring
a change in therapy, infections or thrombocytopenic hemorrhage requiring hospital-
ization, and autoimmune hemolytic anemia for the patients who responded to the
first-line treatment with 2-CdA1P (continuous line) and Chl1P (dotted line).
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CR rate after FAMP was 33% and was significantly higher than
after Chl treatment (8%).22 Better results in terms of CR rate after
FAMP than after CAP (cyclophosphamide, doxorubicin, and pred-
nisone) were also reported by a French Co-operative Group in
untreated and in previously treated CLL patients with more
advanced clinical stages (B and C according to Binet’s classifica-
tion).23 In a recently reported Italian randomized, multicenter trial
of FAMP versus Chl1P in 128 previously untreated CLL patients,
the CR rate after FAMP was 43%, which is similar to our results
after treatment with 2-CdA1P.24

Responses to the first-line treatment of patients with CLL, as
seen on the PFS and EFS plots, are characterized by longer survival
times without disease progression in patients treated with 2-CdA.
EFS is similar in both groups, reflecting the toxicity associated with
purine analog administration that outweighs the theoretical advan-
tage of longer response.

We have not shown any significant difference in the overall
survival in patients treated with 2-CdA1P or Chl1P as a first-line
regimen, even when the analysis was stratified for age and Rai
stage. In 3 recently published trials22-24 comparing the efficacy of
FAMP with Chl or CAP, longer survival times of patients treated
with a purine analog as a first-line drug were not observed.
However, it should be kept in mind that our trial was designed in
such a way that patients resistant to Chl1P or who had early
relapses after this treatment were subsequently given 2-CdA1P,
and most of them responded to second-line therapy. Finally, they
received similar dosages and quality of treatment, which may
explain the lack of difference in OS rates.

Response rates similar to those seen after FAMP were obtained
by others using high-dose Chl regimens with or without pred-
nisone.24,25 The question arises whether dose escalation increases
the effectiveness of Chl or 2-CdA in inducing durable remission in
CLL. Such studies were undertaken by Jaksic et al,26 who
administered high-dose Chl (15 mg daily) to patients with CLL and
obtained an OR rate of 89.5%, comparable to that seen after
therapy with purine analogs. The toxicity of such treatment was

mild or moderate. In our study patients received Chl at a similar
dose (12 mg/m2), but the drug was given intermittently only for 7
days per month, and its effectiveness was lower. Taking into
account that the myelotoxicity and immunotoxicity of 2-CdA may
often be severe or even life-threatening, we are not in favor of
increasing the 2-CdA dose to improve the results of treatment.
Similar conclusions may be drawn from the study by Saven et al,27

who defined the maximal tolerated 2-CdA dose as 0.1 mg/kg per
day administered intravenously for 7 days.

In our patients whose disease became progressive after 12
months from the start of treatment, retreatment with 2-CdA1P
induced 50% OR, whereas retreatment with Chl1P was successful
in 24% of patients. This observation confirms the results published
by Juliusson and Liliemark,28 who achieved second remission with
2-CdA in all 6 patients retreated with this drug. In the study
published recently by Keating et al,29 67% of patients responded to
retreatment with FAMP.

Our study has shown that 2-CdA1P is an effective treatment for
patients resistant to Chl1P and for patients who had early relapses
after treatment with an alkylating agent. The OR rate in this group
was 67%, whereas in patients primarily resistant to 2-CdA1P, the

Table 5. Response to second-line treatment

First line*

No. NR or
relapsed patients

, 12 mo
Second

line*
No. patients treated

with second line

Response (%)†

CR PR NR

2-CdA 1 P 34 Chl 1 P 26 0 7 (27) 19 (73)

Chl 1 P 77 2-CdA 1 P 43 10 (23) 19 (44) 14 (33)

*Patients with no response (NR) or progression after 3 courses of first-line treatment or patients who had relapses earlier than 12 months after completing the treatment
were switched to an alternative arm (second-line treatment).

†Comparison of CR 1 PR and NR groups: P 5 .03.

Figure 4. Overall survival. Overall survival time calculated from the first day of
treatment to the last day of follow-up or death for patients treated with 2-CdA1P
(continuous line) or Chl1P (dotted line) as first-line therapy.

Figure 5. Overall survival according to Rai stage. Overall survival time of patients
treated with first line 2-CdA1P (continuous line) or Chl1P (dotted line) analyzed for
patients with Rai stages 0, I, and II (A) and for Rai stages III and IV (B).
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OR rate to Chl1P as an alternative regimen was only 33%
(P 5 .03). Multidrug regimens such as CHOP, applied as rescue
treatment for patients who did not respond to previous therapy with
2-CdA and Chl, offered little in terms of clinical effectiveness.

Another important aim of our study was to compare the toxicity
of 2-CdA1P and Chl1P. Analysis of drug-induced toxicity con-
firms the strong myelosuppressive effect of 2-CdA that resulted in a
high incidence of neutropenia and infections in patients treated
with this purine analog in comparison with Chl, which is in
accordance with previous reports.30,31 Our data do not show,

however, a higher risk for opportunistic infections in patients
treated with 2-CdA1P in contrast to the observations performed in
the patients treated with FAMP and prednisone.32 Thrombocytope-
nia was the most frequent side effect observed with equal
frequency after 2-CdA and Chl. Other side effects were mild or
moderate and were acceptable.

Earlier reports33,34 suggested that purine analogs may induce
AIHA in patients with CLL. In our study, AIHA was noted in 7
patients treated with 2-CdA1P and in 2 patients treated with
Chl1P, but this difference was not significant statistically (P 5 .3).
This is in accordance with the findings of DiRaimondo et al,33 who
observed AIHA in 5 of 12 patients with CLL who were treated with
FAMP. We emphasize that the response of AIHA to steroids was
poor; fatal outcomes occurred in 5 patients (4 after 2-CdA1P
treatment and 1 after Chl1P treatment).

Secondary malignancy was observed in 2 patients treated with
2-CdA and in 1 patient treated with Chl. We have not yet observed
an incidence of secondary MDS/AML. These complications may
become more evident with longer observations of the patients.35,36

In conclusion, the results of our prospective, randomized trial
confirm significantly higher CR and OR rates after 2-CdA1P than
after Chl1P in untreated patients with CLL. In addition, 2-CdA1P
was shown to be effective as the second-line treatment in patients
resistant to Chl1P. Moreover, 2-CdA was effective in the retreat-
ment of patients who had relapses after 2-CdA–induced remission.
It has been shown that the relapse rate after 2-CdA1P did not differ
significantly from that noted after Chl1P. There was also no
difference in overall survival time and event-free survival time in

Table 6. Cumulative side effects

Side effect

2-CdA 1 P
126 patients

Chl 1 P
103 patients

PGrade III/IV (%) Total (%) Grade III/IV (%) Total (%)

Thrombocytopenia 11 (9) 45 (36%) 6 (6) 28 (27) .2

Granulocytopenia 11 (9) 29 (23%) 4 (4) 11 (11) .02

Anemia 3 (2) 10 (8%) 0 11 (11) .6

AIHA 7(6) 2 (2) .3

Eosinophilia 11(9) 5 (5) .4

Infection and FUO 71(56) 41 (40) .02

Hepatic 7(6) 4 (4) .7

Diarrhea 3(2) —

Nausea/vomiting 2(2) —

Skin reaction 8(6) 1 .06

CNS 3(2) —

Neuropathy 2(2) 1 .7

Hair loss 1 —

Cardiac 2 —

PRCA 1 —

Renal 1 1

FUO, fever of unknown origin; CNS, central nervous system; PRCA, pure red cell aplasia.

Table 7. Cause of death

Cause
2-CdA 1 P

126 patients (%)
Chl 1 P

103 patients (%)

Pneumonia 7 (5.5) 4 (3.9)

Hemorrhage 2 (1.6) 3 (2.9)

AIHA 4 (3.2) 1 (0.9)

Meningitis 1 (0.8) —

CLL progression 4 (3.2) 3 (2.9)

Cardiac failure 1 (0.8) 2 (1.9)

Second malignancy 2 (1.6) 1 (0.9)

Unknown 4 (3.2) 3 (2.9)

Total 25 (19.8) 17 (16.5)

Figure 6. Overall survival according to age. Overall survival time of patients
treated with first-line 2-CdA1P (continuous line) or Chl1P (dotted line) analyzed for
patients 55 years or younger (A) and older than 55 years (B).
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patients treated with 2-CdA1P or Chl1P as the first-line therapy. The
results of the current study do not identify definitively which treatment is
preferred as first-line therapy for CLL. The similarity in overall survival
times in both groups implies that Chl might still be regarded as a safe
first-line therapy for older patients. If there is resistance, 2-CdA may be
used as a second-line treatment. However, the higher CR rates after
2-CdA treatment may make this a more favorable approach as first-line
therapy for younger patients, who are likely to benefit from more
aggressive therapy, including stem cell transplantation.37,38
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