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Summary
 Background: We previously published an early report of a randomized, multicenter trial on the efficacy and tox-

icity of cladribine (2-CdA) + prednisone (P) compared with chlorambucil (Chl) + P in previously 
untreated patients with progressive or symptomatic chronic lymphocytic leukemia. Here we present 
the final report of this study.

 Material/Methods: Of 229 patients, 126 received 2-CdA+P and 103 Chl+P. Patients with no response or progression after 
three courses or who relapsed earlier than 12 months after completing one treatment were switched 
to the other. Patients who relapsed later were retreated with the same schedule as before.

 Results: Thirty-three patients were retreated with 2-CdA+P and 19 with Chl+P. Overall response (and complete 
response) rates were 35% (6%) and 47% (16%), respectively. In 50 patients initially treated with Chl+P 
and then with 2-CdA+P, complete response (CR) was achieved in 12 (24%) and overall response (OR) in 
32 (64%). In 28 patients originally treated with 2-CdA+P and then with Chl+P, CR in 1 (3%, p=0.01) and 
OR in 6 (21%, p=0.003) were obtained. We found no statistically significant difference in overall surviv-
al time in patients treated initially with 2-CdA+P and Chl+P aged ≤60 years (4.63 and 5.27 years, respec-
tively, p=0.45), 60–70 years (3.29 and 3.14 years, p=0.79), and >70 years (1.53 and 1.93 years, p=0.11).

 Conclusions: 2-CdA+P is significantly more effective as a second-line treatment and re-treatment than Chl+P. 
However, we found a trend to longer survival in elderly patients treated with Chl+P.
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Background

Chlorambucil, with or without prednisone, has been, un-
til recently, the treatment of choice in previously untreated 
patients with advanced and progressive B-cell chronic lym-
phocytic leukemia (B-CLL) [1–3]. More recently, purine 
nucleoside analogues (PNAs), have been introduced, espe-
cially for patients failing standard therapies [4–6]. Three 
agents, fludarabine (FA), cladribine (2-chlorodeoxyadeno-
sine, 2-CdA), and pentostatin (deoxycoformycin), are in-
cluded in this group of anticancer agents. Their roles as 
first-line therapies were investigated in randomized trials 
and the results of these studies have been presented [7–
11]. In four of these studies, FA was compared with chloram-
bucil or other alkylating agent-based regimens [7,8,10,11]. 
Significantly higher overall response (OR) and complete re-
sponse (CR) rates and longer response duration were seen 
in patients treated initially with FA than in those receiving 
chlorambucil- or cyclophosphamide-based combination reg-
imens. In contrast, overall survival was similar in patients 
treated with FA and alkylating agents. However, these tri-
als were designed as cross-over studies, and most patients 
treated with alkylating agents were given FA when refrac-
tory or in early relapse.

In 2000 we published an early report on a prospective, ran-
domized, multicenter study comparing the efficacy and tox-
icity of 2-CdA plus prednisone and chlorambucil plus pred-
nisone in previously untreated patients with progressive and 
advanced B-CLL [9]. Patients without response after three 
courses or who relapsed earlier than 12 months after com-
pleting chemotherapy were switched to the alternative arm. 
Preliminary data from this trial were similar to those ob-
tained in randomized studies comparing FA with chloram-
bucil or cyclophosphamide-based regimens [7,8,10,11]. 
Overall response rate and CR rate as well as progression-
free survival (PFS) were significantly higher in the 2-CdA 
treated group. Moreover, at the time of analysis, death rates 
were also similar in patients treated with 2-CdA (20%) and 
in those with chlorambucil (17%). However, at the time of 
analysis the majority of patients in both groups were still 
alive and about half of them had not relapsed. In addition, 
the relatively short time of observation made an evaluation 
of the second-line treatment and re-treatment as well as late 
complications, such as secondary neoplasms and Richter’s 
syndrome, impossible.

Material and Methods

From May 1995 to May 1998, 250 patients with previously un-
treated progressive or symptomatic B-CLL entered the study 
and 229 were evaluated for response. Diagnosis of B-CLL 
was established according to the National Cancer Institute 
(NCI)-sponsored Working Group diagnostic criteria [12]. 
The clinical stage was determined before the randomization 
according to the Rai classification [13]. The inclusion cri-
teria included stage III-IV disease or 0, I, and II if they had 
evidence of progressive disease according to the NCI guide-
lines [12]. Patients with concomitant neoplasm, Richter’s 
syndrome, autoimmune hemolytic anemia (AIHA), immune 
thrombocytopenia (IT), poor performance status (WHO 
scale 4), abnormal liver or renal function, and active infec-
tions were excluded. Characteristics of the patients includ-
ed in the study were previously reported [9,14].

Randomization and treatment protocol

There was central randomization. Patients were randomly 
assigned to receive either 2-CdA + prednisone (2-CdA+P) 
or chlorambucil + prednisone (Chl+P) [9,13]. Cladribine 
was administered at a dose of 0.12 mg/kg daily in a 2-hour 
infusion for 5 consecutive days and oral prednisone was giv-
en at a dose of 30 mg/m2 daily on days 1 to 5. Chlorambucil 
was given orally at 12 mg/m2 per day for 7 consecutive days 
and prednisone was given at 30 mg/m2 per day on days 1 
to 7. Both regimens were repeated every 28 days. If severe 
infections or progressive cytopenia developed, the thera-
py was stopped until recovery from the infections or the 
hematological parameters increased. The drug treatment 
was then resumed. All the patients received at least three 
courses of chemotherapy. Treatment was discontinued if 
CR after three courses was achieved. If there was partial 
response (PR), up to three additional courses were given. 
Patients with no response or progression after three courses 
of treatment or who relapsed earlier than 12 months after 
completing the treatment were switched to the alternative 
treatment arm. Patients with relapse later than 12 months 
from first remission were re-treated with the same chemo-
therapy that induced the previous response. In both cases, 
however, treatment was not given upon documented pro-
gression, but was deferred until the criteria for treatment 
initiation according to the NCI-sponsored Working Group 
were fulfilled [12].

Response evaluation and toxicity monitoring guidelines for 
response evaluation were those developed by the NCI-spon-
sored Working Group [12]. Physical examination and periph-
eral blood analysis were performed before and after every 
course of treatment. Bone marrow aspirations and immu-
nophenotypic analysis were performed to confirm clinical 
CR. Hematological toxicity was evaluated according to the 
NCI-sponsored Working Group criteria [12]. Other side ef-
fects were assessed and monitored according to the Eastern 
Cooperative Oncology Group criteria [15]. Only major and 
moderate infections were recorded, including life-threat-
ening episodes such as pneumonia and disseminated in-
fections that required oral or parenteral therapy and/or 
hospitalization. Fever of unknown origin (FUO) requiring 
parenteral antibiotic therapy was also recorded as an infec-
tious event. Infections were reported as therapy related if 
they developed during therapy or within 4 months of the 
completion of the cytotoxic treatment. The occurrence of ei-
ther secondary malignancies or Richter’s syndrome was also 
monitored and recorded. Malignancies occurring at least 2 
months after the start of treatment with cytotoxic agents were 
analyzed. Non-melanotic skin cancers were excluded from 
the analysis. According to the Revised European-American 
Lymphoma (REAL) classification, only patients with a his-
tological diagnosis of diffuse large B-cell lymphoma were 
classified as having Richter’s syndrome [16].

Statistical analysis

The study design and sample size calculation were previ-
ously reported [9]. The first-line treatment and the second-
line treatment were compared for CR, PR, and OR (defined 
as the sum of CR and PR) rates after the completion of at 
least three initial courses. The significance of differences be-
tween pairs of subjects was evaluated by the Mann-Whitney 
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test at the level of significance a<0.05. Statistical analysis of 
the differences between individuals categorized into mutu-
ally exclusive groups was evaluated by the chi-squared test 
with the Fisher exact test for small samples. Ninety-five per-
cent confidence intervals (95%CI) for response probability 
were calculated using the method described by Duffy and 
Santner [17]. Overall survival (OS) and progression-free 
survival (PFS) were calculated according to the method of 
Kaplan and Meier [18] and compared between groups by 
the log-rank test. The definitions of OS and PFS were pre-
viously reported [9].

Study approval

The local ethics committees of the participating institutions 
approved the protocol and written informed consent was ob-
tained for all patients. The study was conducted in accord-
ance with the updated Declaration of Helsinki.

results

Two hundred and fifty patients with B-CLL entered the 
study and 229 of them were analyzed. The patient charac-
teristics and early results have been previously reported [9] 
and are summarized in Table 1. One hundred and twen-
ty-six patients received 2-CdA+P and 103 received Chl+P as 
the first-line treatment. CR and OR response rates after the 
first-line treatment were significantly higher in the patients 
treated with 2-CdA+P (47% and 87%, respectively) than in 
the patients treated with Chl+P (12% and 57%, respective-
ly, p=0.001). Below we present the long-term follow-up of 
the patients, with special emphasis on the re-treatment, sec-
ond- and third-line treatment, and late toxicities.

Re-treatment with 2-CdA+P and Chl+P

Criteria for re-treatment with 2-CdA+P and Chl+P were the 
same as for the first treatment. The patients were retreated 
with the same agents if they responded to the first treatment 
and then relapsed with progressive disease not earlier than 12 
months after achieving the first response. Thirty-three patients 
received re-treatment with 2-CdA+P and 19 patients received 
re-treatment with Chl+P. The results of re-treatment are com-
pared with the results of first treatment in Table 1.

In the 2-CdA+P group, OR was obtained in 109/126 (87%, 
95%CI: 81–93%) of the patients after the first treatment and 
in 18/33 (55%, 95%CI: 38–72%) after re-treatment (p=0.3). 
CR was observed in 59 (47%, 95%CI: 38–56%) and 2 (6%) of 
the patients, respectively (p=0.001). In the Chl+P group, OR 
rates after the first treatment and re-treatment were similar 
(57%, 95%CI: 47–66% and 47%, 95%CI: 24–69%, respective-
ly, p=0.3). CR rates were also similar in both treatments (12%, 
95%CI: 6–18% and 16%, respectively, p=0.4). OR and CR rates 
were higher in the 2-CdA+P group than in the Chl+P group 
after the first treatment (p=0.0001). In contrast, OR and CR 
rates after re-treatment were similar in both groups (p=0.4). 
PFS was longer after the first treatment than during re-treat-
ment in the 2-CdA+P group (18 and 15 months, respectively, 
p=0.04) and in the Chl+P group (17 and 12 months, respec-
tively, p=0.2). However, PFS after re-treatment with 2-CdA+P 
and Chl+P were similar (p=0.25) (Figure 1).

The grades III and IV toxicity of the first treatment and re-
treatment with 2-CdA+P and Chl+P are presented in Table 2. 
Neutropenia was more frequent after the first treatment in 
the 2-CdA+P group (9%) than in the Chl+P group (4%) 
(p=0.02). Neutropenia was also more frequent during re-
treatment with 2-CdA+P (21%) (p=0.05) and re-treatment 
with Chl+P (26%) (p=0.005) than after the first treatment 
with the same protocols. Grades III or IV thrombocytopenia 
developed in 9% of the patients treated with 2-CdA+P and 
6% of the patients treated with Chl+P (p=0.2). The frequen-
cy of thrombocytopenia during re-treatment in both groups 
was also similar (p=0.2 and p=0.5, respectively). However, in 
the 2-CdA+P group, thrombocytopenia was more frequent 
during re-treatment (55%) than during the first treatment 
(9%) (p=0.00001). Similar difference was observed in the 
Chl+P group (20% and 6%, respectively, p=0.01). Treatment-
related anemia, including AIHA, developed with similar fre-
quency in the 2-CdA+P and Chl+P groups during or after 
the first treatment (8% and 2%, respectively, p=0.6) and 
re-treatment (9% and 16%, respectively, p=0.4). Severe in-
fections and fever of unknown origin (FUO) occurred in 

Table 1.  Results of the first-line treatment and re-treatment with 2-CdA+P and Chl+P in patients who had relapse later than 12 months after 
completing the first line treatment.

n – number of patients; n1 – median number of courses (range); PFS – progression-free survival, median duration (months).

Characteristic
2-CdA+P Chl+P p

n n1 OR CR PFS n n1 OR CR PFS value

1st treatment 126  5 (1–6)  109 (87%)  59 (47%) 18 103  6 (2–6)  58 (57%)  12 (12%) 17 0.0001

Re-treatment 33  3 (1–4)  18 (55%)  2 (6%) 15 19  3 (1–4)  9 (47%)  3 (16%) 12 0.4

p value 0.3 0.001 0.04 0.3 0.4 0.2
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2-CdA+P   18            16                   15.0     
Chl+P           9               8                   12.0     

p=0.25

Pts   Progressed   Median time

Figure 1. Progression-free survival (PFS) after re-treatment.
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56% of patients during the first 2-CdA+P treatment and in 
40% of patients during the first Chl+P treatment (p=0.02). 
During re-treatment, infections and FUO were observed in 
73% and 47%, respectively (p=0.06). In the 2-CdA+P group, 
infections and FUO were more frequent during re-treat-
ment (73%) than during the first treatment (p=0.06). In 
the Chl+P groups they were similar during first-line treat-
ment (40%) and re-treatment (47%) (p=0.4).

Second-line treatment

In 28 patients who were resistant to first-line therapy with 
2-CdA+P or with PFS shorter than 12 months, second-line 
therapy with Chl+P was introduced (Table 3). Overall re-
sponse was observed in 6 (21%, 95%CI: 6–36%) patients, in-
cluding CR in one (4%). 2-CdA+P as the second-line treat-
ment was administered to 50 patients. Overall response was 
noted in 32 (64%, 95%CI: 51–77%) and CR in 12 (24%, 

95%CI: 12–36%). The differences in the OR and CR rates 
in both groups were statistically significant (p=0.0003 and 
p=0.01, respectively). PFS in the group treated with Chl+P 
as the second line was 8 months and in the group treated 
with Chl+P 15 months (p=0.54) (Figure 2). Grades III and 
IV toxicity of the second-line treatment with 2-CdA+P and 
Chl+P is presented in Table 4. There were no statistically 
significant differences in the frequencies of treatment-re-
lated neutropenia, thrombocytopenia, and anemia in both 
groups (p=0.2, p=0.2, and p=0.6, respectively). Infections and 
FUO were also similar in both groups (66% in the 2-CdA+P 
group and 68% in the Chl+P group, p=0.5).

Response to third-line treatment with CHOP

If there was no response to 2-CdA+P and Chl+P given as 
first- or second-line treatments, the patients were treated 
with CHOP (cyclophosphamide, hydroxydaunomycin/
doxorubicin, vincristine, prednisone) (Table 5). Sixty-three 
patients received this regimen, 23 treated with 2-CdA+P as 
first line and 40 treated originally with Chl+P. CR was ob-
served in 4 patients. Overall response was observed in 14 
(22%) patients, including 4 (17%) treated with 2-CdA+P and 
10 (25%) treated with Chl+P as the first-line therapy.

Overall survival: up-dated results and late complications

Survival time was measured from the start of the first-line 
therapy to the last day of follow-up or death. The median 
survival time for patients treated with 2-CdA+P as the first 
line was 3.32 years and for patients treated originally with 
Chl+P 3.75 years (p=0.63) (Figure 3). There were no dif-
ferences in OS between both groups of patients in early 
Rai stages of CLL (Rai 0, I, and II) and in patients with ad-
vanced Rai stages (III and IV) (p=0.8 and p=0.7, respectively) 
(Figure 4). We also saw no statistically significant differences 

Table 2. Grades III and IV toxicity of the first-line treatment and re-treatment with 2-CdA+P and Chl+P.

* AIHA are included in this toxicity. 
n (%) – number of patients and%; 1st – first-line therapy; Re – re-treatment.

Treatment
Neutropenia Thrombocytopenia Anemia* Infections & FUO

1st Re p value 1st Re p value 1st Re p value 1st Re p value

2-CdA+P  11 (9%)  7 (21%) 0.05  11 (9%)  18 (55%) 0.00001  10 (8%)  3 (9%) 0.5  71 (56%)  24 (73%) 0.06

Chl+P  4 (4%)  5 (26%) 0.005  6 (6%)  5 (26%) 0.01  2 (2%)  3 (16%) 0.03  41 (40%)  9 (47%) 0.4

p value 0.02 0.4 0.2 0.5 0.6 0.4 0.02 0.06

Table 3.  Response to second-line treatment in 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.

First 
line

No. of NR or 
relapsed <12m

Second 
line

No. of pts 
treated 

with 2nd line
OR CR NR PFS 

(months)

2-CdA+P 49 Chl+P 28  6 (21%)  1 (4%)  22 (79%) 8

Chl+P 64 2-CdA+P 50  32 (64%)  12 (24%)  18 (36%) 15

p value 0.0004 0.0003 0.01 0.54
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2-CdA+P   32           27                   15.0
Chl+P         6              3                      8.0

p=0.54

Pts   Progressed   Median time

Figure 2.  Progression-free survival (PFS) after the second-line 
treatment.
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in overall survival in patients treated initially with 2-CdA+P 
or Chl+P aged 60 years and younger (4.63 and 5.27 years, 
respectively, p=0.45), patients 60–70 years old (3.29 and 
3.14 years, respectively, p=0.79), and patients older than 70 
years (1.53 and 1.93 years, respectively, p=0.11) (Figure5). 
During data collection, a total of 151 patients died, 82 (65%) 
in the 2-CdA+P group and 69 (67%) in the Chl+P group 
(Table 6). Infections and CLL progression were the most 
frequent cause of death in both groups of patients. AIHA 
or ITP caused the fatal outcomes in 7 (6%) patients treated 
initially with 2-CdA+P and in 3 patients treated with Chl+P 
(p=0.3). Second cancers and Richter’s syndrome were caus-
es of death in 5 and 4 patients, respectively.

discussion

In 1995 we started a prospective, multicenter, randomized 
study comparing the efficacies and toxicities of 2-CdA+P and 

Chl+P in previously untreated patients with progressive CLL. 
The results were published in 2000 [9]. Although response 
rates were much higher in patients who were treated with 
2-CdA+P (CR 47% and OR 87%) than in patients treated 
with Chl+P (CR 12% and OR 57%) (p=0.001), survival time 
was not significantly different in both groups. However, CLL 

Table 4. Grades III and IV toxicity of the second-line treatment with 2-CdA+P and Chl+P.

* AIHA are included in this toxicity. 
n – number of patients.

Treatment
Neutropenia Thrombocytopenia Anemia* Infections & FUO

n n n n

2-CdA+P  12 (24%)  29 (58%)  6 (12%)  33 (66%)

Chl+P  4 (14%)  13 (46%)  3 (11%)  19 (68%)

p value 0.2 0.2 0.6 0.5

Table 5. Response to third-line treatment with CHOP in patients refractory to or progressed after the second-line treatment with 2-CdA+P or Chl+P.

n – number of patients.

1st line 2nd line 3rd line OR CR

2-CdA+P n=126 Chl+P n=28 CHOP n=23  4 (17%)  1 (4%)

Chl+P n=103 2-CdAP n=50 CHOP n=40  10 (25%)  3 (8%)

p value 0.4 0.5
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2-CdA+P         126     82            3.32     
Chl+P               103     69            3.75     

p=0.63

Pts   Died   Median time

Figure 3.  Overall survival time calculated from the first day of the 
first-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). Long-term follow-up (modified from [14]).
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Chl+P        29     23             2.36     

p=0.7
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Figure 4.  Overall survival time of patients treated with first-line 2-
CdA+P (continuous line) or Chl+P (dotted line) analyzed for 
patients with Rai stages 0, I, and II and for Rai stages III and IV.
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is a chronic disease and most patients who are refractory to 
first-line treatment or who relapse consequently receive sec-
ond- and, possibly, third-line therapy, which may influence 
survival. The aim of the present analysis was, in particular, 
to evaluate response to re-treatment in cases of CLL pro-
gression following prior remission after first-line therapy as 
well as to evaluate the efficacies of 2-CdA+P and Chl+P ap-
plied as second-line treatments and CHOP as a third line. 
It was also of interest if long-term follow-up might change 
originally published data on survival.

According to the study protocol, the patients who responded 
to first-line 2-CdA+P or Chl+P and in whom response duration 
was longer than 12 months were treated with the same regimen 
as initially. Myelotoxicity of re-treatment with 2-CdA+P as well 
as with Chl+P was more pronounced than after the first treat-
ment. Similarly, PFS was shorter after re-treatment than after 
the first treatment, although the difference was not statistical-
ly significant. These observations are consistent with results 

of our earlier phase II studies, where we found that re-treat-
ment with 2-CdA alone or in combination with prednisone or 
cyclophosphamide and mitoxantrone leads to response only 
in about half of patients and with more pronounced myelo-
toxicity than during the first treatment [19].

The choice of the optimal therapy for this group of patients 
is extremely difficult, but use of the same agents which were 
effective in the first treatment seems to be an attractive op-
tion. In the study performed by Thomas et al., 142 previous-
ly FA-sensitive patients were retreated with this agent used 
alone or in combination with cyclophosphamide, mitox-
antrone, or other agents [20]. The response rate was 85% 
(22% CR and 63% PR) in the patients who were FA sensi-
tive in one prior therapy and who received single-agent FA 
re-treatment. Juliusson and Liliemark reported the results 
of re-treatment with 2-CdA [21]. In three patients, re-treat-
ment with 2-CdA resulted in response of similar quality as 
initially, including CR in one patient. However, one patient 
died two weeks after re-treatment due to rapidly progres-
sive fatal candida pneumonitis.

It is of practical significance that 45% of patients with B-CLL 
who had responded to prior therapy with 2-CdA+P were re-
sistant to re-treatment with the program. The mechanism 
of resistance of leukemic cells to PNA has been investigat-
ed in many preclinical experiments [22–24]. Their results 
indicate that resistance of leukemic cells to 2-CdA may be 
due not only to decreased CDA triphosphate (CdATP) ac-
cumulation, but also to a complex series of events encom-
passing poor inhibition of ribonucleoside reductase and 
an increase in the portion of DNA-synthesizing cells in the 
S-phase [23]. In addition, it was found that resistance does 
not correlate solely with CdATP accumulation, but also 
with changes at the mitochondrial level that confer selec-
tive resistance to a Ca2+-mediated process [24]. However, 
since the investigation of cell resistance to 2-CdA was car-
ried out mainly on neoplastic cell lines, the fact that resist-
ance to 2-CdA re-treatment is seen in the majority of B-CLL 
patients in contrast to hairy-cell leukemia (HCL), where in 
the event of relapse almost all patients respond to re-treat-
ment, is still unexplained.

The efficacy of Chl+P in re-treatment seems to be similar to 
re-treatment with 2-CdA+P. The CR rates in the first treatment 
and in re-treatment were not significantly different (12% and 
16%, respectively, p=0.4). This rather low response rate may 
be due to suboptimal dosage of chlorambucil in our studies 
[25,26]. Although there is no consensus regarding the op-
timal dose of chlorambucil, better results were seen when a 
higher dose of this drug was applied for a longer time [26]. 
In our study, chlorambucil was administered in a high dose 
of 12 mg/m2 for 7 days every 28 days, but the treatment con-
sisted only of maximum of 6 cycles, and only 3 cycles were 
given in case of CR. Jaksic et al. (26) obtained 89.9% OR in 
previously untreated patients with CLL using Chl at the fixed 
dose of 15 mg daily up to complete response or grade 3 tox-
icity [26]. This induction treatment was followed by mainte-
nance for 18 months with Chl at a dose of 5 to 15 mg twice 
a week according to hematological status.

Results of Chl+P administration in patients refractory to 2-CdA 
or in early relapse following first-line treatment with 2-CdA+P 
are poor. These results are consistent with reports by Rai et 
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Figure 5.  Overall survival time of patients treated with first-line 2-
CdA+P (continuous line) or Chl+P (dotted line) analyzed 
for patients younger than 65 years, 60–70 years, and older 
than 70 years.
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al, who found an only 7% response rate to chlorambucil in 
patients refractory to FA [8]. Also in this study, a total dose of 
chlorambucil was lower than that earlier reported by Jaksic et 
al. [26] and Sommerfield et al. [27]. In our study, 2-CdA+P was 
more efficient as a second-line treatment in patients refrac-
tory to Chl+P or with early progression after this treatment. 
We observed response to treatment in 64% of patients, in-
cluding 24% CR, and PFS was 15 months. In the study by Rai 
et al, 79 patients crossed over from chlorambucil to fludara-
bine and 46% responded [8]. The results of these two rand-
omized studies comparing 2-CdA or FA with chlorambucil in 
previously untreated progressive CLL, applying a treatment 
cross-over design to be used as second-line therapy, show that 
an alkylating agent as the initial therapy may be equally effi-
cient as a purine analog in terms of survival.

When we designed our study ten years ago, the monoclonal 
antibodies rituximab and alemtuzumab were not easily avail-
able and there were no enough data concerning their use 
in CLL [28]. Therefore we decided to use CHOP as the 
third-line treatment in both treatment groups, but results 
were inadequate. The high efficacy of alemtuzumab in pa-
tients resistant to FA [29,30] and the encouraging results 
of combined treatment with rituximab and purine analogs 
[31,32] indicate that monoclonal antibodies applied alone 
or in combination with chemotherapy are an attractive op-
tion in CLL patients refractory to purine analogs.

Available chemotherapy programs still do not offer a pros-
pect of cure for CLL. Altogether, 154 patients among the 
227 enrolled to our study died by the time of recent anal-
ysis, including 82 (65%) in the first-line 2-CdA+P arm and 
69 (67%) in the Chl+P arm. Infections (22% and 21%, re-
spectively) and disease progression (13% and 17%, respec-
tively) were the most frequent causes of death, as in other 
published studies [33–35]. Second malignancies are fre-
quent complications in patients with CLL [36,37]. Moreover, 
chemotherapeutic agents may also contribute to subsequent 
malignancies among CLL survivors [38,39]. In our study, 
second malignancies and Richter’s syndrome were seen 
in only 9 patients, and their frequencies were similar in 
both groups. This is a lower frequency than in the study by 
Keating and colleagues, who found that 9 (5.2%) of 174 
patients with CLL developed large-cell lymphoma after FA 
treatment [40]. In addition, Cheson and colleagues found 
18 (3.0%) patients with non-Hodgkin’s lymphoma among 
595 patients with CLL treated with FA [41].

We observed no myelodysplastic syndrome or acute myeloid 
leukemia. This finding is in keeping with Keating et al., who 
did not observe any second myelodysplastic syndrome/acute 
myeloid leukemia in 174 patients treated with FA as their 
initial therapy [40]. In addition, Cheson and colleagues 
found only one MDS among 111 second malignancies in 
2014 CLL and HCL patients treated with purine analogues 
[41]. The retrospective analysis of 1374 CLL patients done by 
Robertson et al. did not provide evidence for a heightened 
risk of AML/MDS in CLL patients, despite treatment with 
known leukemogenic agents [42]. In contrast, Morrision 
et al. found MDS/AML in 5 (3.5%) of 142 patients treat-
ed with FA plus Chl and in 1 (0.5%) of 188 treated with FA 
alone [43]. This finding rises the possibility that alkylator-
purine analogue combination therapy may increase the risk 
of therapy-related myeloid malignancies. However, our ob-
servations did not confirm this finding.

In our study, survival time for patients treated with 2-CdA+P 
as the first-line therapy and as the second-line therapy was 
not significantly different and our updated results confirm 
our earlier observations [10]. Moreover, we found no statis-
tically significant differences in survival in relation to patient 
age or disease stage according to the Rai classification. It is 
of interest, however, that in our study there was a tendency 
towards shorter overall survival in patients over 70 years old 
who were treated with first-line 2-CdA+P (Figure 5), which 
may influence the inclusion criteria or the stratification of 
future randomized studies. Furthermore, it should be noted 
that the patients 70 years old and older lived shorter than 
younger patients in both arms. Keating et al. [44] also ob-
served shorter survival of patients over the age of 70 years 
than of younger patients receiving fludarabine regimens. 
In CLL, older age has been consistently shown to result in 
a poorer prognosis [45]. The management of elderly CLL 
patients raises a number of issues that centers around the 
toxicity of a specific treatment compared with the benefits 
of therapy [46,47]. Management decisions are more difficult 
in elderly patients because of the apparent increase in tox-
icity of current chemotherapy in this population. Moreover, 
the best approach to elderly patients with progressive CLL 
has not yet been established. In our center we recommend 
Chl as the first-line treatment, with PNA for consideration 
as an option in refractory or relapsed patients [2].

Shvidel et al. [48] reported their experience with FA-based 
chemotherapy in 82 high-risk, previously treated CLL pa-

Cause 2-CdA+P, n (%) Chl+P, n (%) p value

CLL progression  16 (13%)  18 (17%) 0.2

Infection  28 (22%)  22 (21%) 0.5

AIHA or ITP  7 (6%)  3 (3%) 0.3

Second malignancy and Richter’s syndrome  5 (4%)  4 (4%) 0.6

Not CLL related  16 (13%)  15 (16%)

Unknown  10 (8%)  9 (9%)

Total  82 (65%)  69 (67%) 0.4

Table 6. Cause of death of patients treated with 2-CdA+P or Chl+P as first-line treatment.
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tients, including 32 patients above the age 65 years. They 
found that the excessive toxicity in elderly patients prevent-
ed the completion of the planned treatment in two thirds 
of cases. Marotta et al. [49] evaluated reduced doses of FA 
(15 mg/m2/day i.v. for 4 days) combined with cyclophos-
phamide in 20 patients with progressive CLL with a median 
age of 75 years and refractory to conventional chemother-
apy. Three out of 20 (15%) patients achieved a CR and 14 
(70%) a PR with an OR rate of 85% according to NCI crite-
ria. In 4 (20%) patients, neutropenia <0.5×109/l developed, 
and in one a tumor lysis syndrome with transient renal im-
pairments. The results of the above study indicate that the 
combination of lower doses of FA and cyclophosphamide is 
an effective and relatively safe treatment in pretreated elder-
ly patients. However, Chl is safer and has a lower incidence 
of therapy-related toxicity than FA or 2-CdA. Chl can also be 
administered on an outpatient basis and, most importantly, 
its cost is lower than that of PNA. However, in elderly patients 
refractory to Chl treatment or with an early relapse, the sec-
ond-line treatment should be PNA, FA or 2-CdA, possibly 
in lower doses. Both agents have been found to be effective 
chemotherapy in elderly CLL patients [48–50].

In a randomized study published by Rai et al. [9], also de-
signed as a cross-over study, survival times for patients treat-
ed with first-line FA and Chl were similar. Our observations 
are also consistent with the conclusions of a meta-analy-
sis including data of 5 randomized clinical trials compar-
ing the efficacy of FA as a first-line therapy with alkylating 
agents-based regimens [51]. Overall survival in this analy-
sis was similar for FA-treated patients and alkylating agent-
based therapy by 5–6 years of follow-up.

The results of studies available today do not allow us to con-
clude that 2-CdA is equal to FA in terms of efficacy in the 
therapy of CLL patients. However, phase II clinical trials 
seem to indicate that 2-CdA with or without steroids, both 
in pretreated and in untreated patients, induce similar OR 
and CR rates as FA [52–55]. Moreover, preliminary results 
of an international multicenter randomized study showed 
that both efficacy and toxicity of 2-CdA and FA in first-line 
treatment are similar [56].

conclusions

We have confirmed in a long-term follow-up study that there 
are no significant differences in survival of patients with pro-
gressive CLL treated initially with 2-CdA+P or Chl+P, although 
there is a tendency to longer survival in the group of patients 
over 65 years treated initially with Chl+P. The rates of OR and 
CR following re-treatment with 2-CdA+P and Chl+P are similar 
in both arms, although in patients in the 2-CdA+P group the 
results are not as good as those following the first treatment 
according to the same protocol. The results of CHOP admin-
istered as a third line in patients with progression treated ear-
lier with 2-CdA+P and Chl+P are not satisfactory. We suggest 
that patients refractory to alkylating agents and purine ana-
logs should be offered monoclonal antibodies which have dif-
ferent mechanisms of action to avoid cross-resistance.
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