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Abstract

The increased frequency of second malignancies in chronic lymphocytic leukaemia (CLL) is well known. Moreover, anti-
neoplastic therapy additionally increases the risk of secondary cancers. In this study, we analysed whether treatment with cladribine
(2-chlorodeoxyadenosine, 2-CdA) during the course of CLL had an impact on the subsequent occurrence of either secondary solid
tumours or Richter’s syndrome. There were 1487 eligible patients, 251 treated with 2-CdA alone, 913 treated with alkylating agents
(AA)-based regimens alone and 323 treated with both 2-CdA and AA. Median time from the start of CLL treatment to the diag-
nosis of secondary malignancy was 1.9 years (0.5-5.1 years) for the 2-CdA group, 1.8 years (0.3-7.9 years) for the AA group and 3.9
years (0.3-8.4 years) for the 2CdA + AA group. A total of 68 malignancies were reported in 65 patients. Ten events were non-
melanotic skin cancers and were excluded from the analysis, leaving 58 events in 58 patients. In the group of patients treated with 2-
CdA alone, there were 15 (6.0%) cases, in the group of patients treated with AA alone there were 26 (2.8%) cases, and in the group
treated with 2CdA + AA there were 17 (5.3%) cases of secondary malignancies. The differences between the frequency of secondary
malignancies in the 2-CdA and 2-CdA + AA versus AA alone groups were not significant (P =0.05 and P=0.06, respectively). Only
lung cancers occurred significantly more frequently in the 2-CdA (2.8%) and 2-CdA + AA (2.2%) treated groups compared with the
AA patients (0.3%) (P<0.001 and P<0.01, respectively). In conclusion, 2-CdA in CLL patients does not seem to increase the risk
of secondary malignancies except for lung cancers. However, further studies are necessary to establish the real risk of lung cancer in
CLL patients treated with 2-CdA.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Second malignancies are frequent complications in
patients with chronic lymphocytic leukaemia (CLL)
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[1,2]. Moreover, chemotherapeutic agents may also
contribute to subsequent malignancies among CLL
survivors [3—5]. The development of a large B-cell lym-
phoma (LBCL) in a patient with CLL was first descri-
bed in 1928 by Maurice Richter and the complication is
known as Richter’s syndrome [6]. This term was initially
restricted in its application to a large-cell lymphoma [7].
However, recently the spectrum of secondary lymphoid
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malignancies complicating CLL includes also prolym-
phocytic leukaemia, Hodgkin’s disease, acute lympho-
blastic leukaemia and multiple myeloma. The secondary
development of myeloproliferative disorders or myelo-
dysplastic syndrome as well as other neoplastic diseases
has also been rarely documented in CLL patients, espe-
cially those treated with alkylating agents [7,8].

The nucleoside analogues, fludarabine (FA), cla-
dribine (2-chlorodeoxyadenosine, 2-CdA) and 2-deoxy-
coformycin (DCF), comprise a novel group of agents
with high activity in low-grade lymphoid malignancies
[9]. Multiple studies have demonstrated that FA and 2-
CdA have major activity in the treatment of advanced
CLL [9-12] and low-grade non-Hodgkin’s lymphoma
(LG-NHL) [9,13-15]. These two agents share similar
structures and mechanism of actions, such as the
induction of apoptosis [9,16,17]. They also exhibit sig-
nificant differences, especially in their interactions with
enzymes involved in adenosine and deoxyadenosine
metabolism activity.

The toxicity profile of purine analogues is similar for
all three drugs and consists mainly of dose-limiting
myelotoxicity and prolonged immunosuppression
[12,13]. Treatment with these agents leads to a decrease
in the CD4+ /CD8+ ratio for an extensive period of
time exceeding 12 months, even up to 3.5 years [18,19].
Prolonged immunosuppression related to nucleoside
analogues therapy and the incorporation of these agents
or their metabolites into DNA with potentially muta-
genic action led to speculation that their therapeutic use
might be responsible for an increased incidence of sec-
ond cancer, especially in patients with diseases such as
CLL, in which an already greater risk for this compli-
cation has been observed [20-26].

In this study, we analysed the occurrence of second
malignancies including Richter’s syndrome in the group
of CLL patients treated with 2-CdA alone, alkylating
agents-based regimens (AA) and both 2-CdA and AA
during the last 10 years. To our knowledge, this is the
first study to evaluate second malignancies in CLL
patients treated with 2-CdA.

2. Patients and methods

The retrospective analysis of patients with B-CLL
treated with 2-CdA-based regimens and/or AA-based
regimens in eight haematological departments in Poland
was performed. The patients were treated between Jan-
uary 1992 and January 2000. All the patients fulfilled
the National Cancer Institute sponsored Working
Group diagnostic criteria for CLL [27,28]. Lymphocy-
tosis with an absolute lymphocyte count greater than
10x10°/1 and more than 30% lymphocytes in the nor-
mal or hypercellular bone marrow had been docu-
mented. Most patients had a surface marker analysis

providing evidence of monoclonal B-cell CLL pro-
liferation, including CD5, CDI19, CD20 and CD23
antigens as well as membrane surface immunoglobulin
light chains. The clinical stage of the disease was deter-
mined according to the Rai classification at the time of
initiation of the first treatment [29]. Patients with stages
0, T and IT were eligible if they had evidence of active
disease, including progressive lymphocytosis, massive
splenomegaly or bulky lymphadenopathy, recurrent
disease-related infections, weight loss >10% over a
6-month period or extreme fatigue.

2.1. Treatment

The patients were divided into three groups. Patients
in the first group received only 2-CdA. The second
group of patients were treated only with alkylating
agents (AA): chlorambucil (Chl) as first-line treatment
and COP or CHOP as second-line treatment (see
below). The third group consisted of patients treated
with both 2-CdA and AA (chlorambucil, COP, CHOP).

The doses and schedule of the treatment agents were
based on our previous studies [30-32]. 2-CdA was
administered at a dose of 0.12 mg/kg/day by 2-h intra-
venous (i.v.) infusions for 5 consecutive days. The cycles
were usually repeated monthly. Treatment was dis-
continued if a CR was achieved. If there was a partial,
but continuing response (PR) up to three additional
courses were given. Patients who had relapsed later than
12 months after completing 2-CdA therapy received the
same treatment. The group of patients treated with AA
alone received Chl as first-line treatment and COP or
CHOP as second-line treatment. Chl was given orally
at 12 mg/m? per day on 7 consecutive days up to CR or
PR or grade 3 toxicity. Patients who were resistant to
Chl treatment received second-line therapy according
to COP (cyclophosphamide 650 mg/m? on day 1, vin-
cristine 1 mg/m? on day 1 and prednisone 40 mg/m? on
days 1-5) or CHOP (COP + doxorubicin 25 mg/m? on day
1) regimens. The cycles were repeated every 3—4 weeks.
The intervals were longer if haematological complications
or infections developed. In responding patients, main-
tenance therapy with the same cycles was administered
every 2-3 months until disease progression or the
doxorubicin cumulative dose exceeded 550 mg/m?. The
third group consisted of patients treated with both 2-CdA
and AA according to the protocols described above.

2.2. Evaluation of second malignancies or Richter’s
syndrome

The primary objective of this retrospective analysis
was to determine whether the treatment with 2-CdA
during the course of CLL had an impact on the sub-
sequent occurrence of either secondary malignancies or
Richter’s syndrome. Malignancies occurring at least 2
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months after the start of treatment with cytotoxic
agents were included in the analysis. Non-melanotic
skin cancers were excluded from the analysis. According
to the Revised FEuropean-American Lymphoma
(REAL) classification, only patients with a histological
diagnosis of diffuse large B-cell lymphoma were classi-
fied as Richter’s syndrome [33].

Data for 3 patients included into this analysis have
been reported earlier in single case reports [34-36].

2.3. Statistical analysis

Median values of the measured variables were calcu-
lated and the range was given (min—max). The type of
distribution of the studied data was evaluated with the
Shapiro—Will test. The Mann—Whitney U test was used
to compare differences in continuous variables between
groups, and y? test or Fisher’s exact test were used to
compare percentages. The overall survival (OS) was
calculated according to the method of Kaplan and
Meier [37] and compared between groups by the log
rank test. OS was calculated from the first day of treat-
ment to the last day of follow-up or death. All P values
<0.05 were considered to be statistically significant.

3. Results

There were 1487 eligible patients, 251 treated with 2-
CdA alone, 913 treated with AA alone and 323 treated
with both 2-CdA and AA. A total of 68 malignancies
were reported in 65 patients. Ten events were non-mel-
anotic skin cancers and were excluded from the analysis.
The characteristics of the patients with second malig-
nancies are presented in Table 1. In all CLL patients, we
observed 58 (3.9%) cases of secondary malignancies. In
the group of patients treated with 2-CdA alone, there
were 15 (6.0%) cases, in the group of patients treated
with AA alone, there were 26 (2.8%) cases, and in the
group treated with 2CdA + AA, there were 17 (5.3%)
cases of secondary malignancies. The differences
between the frequency of secondary malignancies in the
2-CdA and 2-CdA + AA versus AA alone groups were
not significant (P=0.05 and P=0.06, respectively)
(Fig. 1). The median time from the start of treatment to
diagnosis of secondary malignancy was 1.9 years (0.5—
5.1 years) for 2-CdA group, 1.8 years (0.3-7.9 years) for
AA group and 3.9 years (0.3-8.4 years) for the
2CdA + AA group. The median follow up period was
2.6 years (0.5-10.6 years) for the 2-CdA group, 3.3 years
(0.3-8.6 years) for the AA group and 4.4 years (0.7-9.9
years) for the 2-CdA + AA group.

Lung cancers were the most common of the 58
malignancies (17, 29%) and Richter’s syndrome (13,
22%) (Table 2). Moreover, lung cancers occurred sig-
nificantly more frequently in both the 2-CdA (2.8%)

All pts 2:CDA AA 2:CDA+AA
M All second neoplasms M Solid tumors O Richter's syndrome

Fig. 1. Second malignancies in 1487 chronic lymphocytic leukaemia
patients treated with cladribine (2CdA) alone (n=251), alkylating
agents-based regimens (AA) alone (n=913) or 2CdA + AA (n=323).
pts, patients.

and 2-CdA + AA (2.2%) treated groups compared with
the AA (0.3%) group (P<0.001 and P<0.01, respec-
tively) (Fig. 2). 71% of the 2-CdA group were cigarette
smokers, compared with the 66.7% in the AA group
and 57% in the 2-CdA + AA group.

There were no significant differences between the
frequency of Richter’s syndrome in 2-CdA and
2-CdA+ AA versus AA treated groups (P=0.3 and
P=0.8, respectively) (Fig. 1).

Other secondary cancers, according to the frequency
of occurrence, were: colorectal, breast, genitourinary
prostate, brain, melanoma, liver, stomach and thyroid
(Table 2). We did not observe any significant differences
between the frequency of solid tumours in the 2-CdA
and 2-CdA + AA versus AA treated groups (P=0.08
and P=0.05, respectively) (Fig. 1). We also observed 2
patients with Hodgkin’s disease and 2 with prolympho-
cytic leukaemias (Table 2).

There was no significant trend in the frequency of
secondary malignancies with an increase in the number
of courses of therapy (P>0.3, P>0.6, P>0.2) for 2-
CdA, AA and 2-CdA + AA, respectively.

The median survival times of patients with secondary
malignancies were 3 years in 2-CdA, 3 years in AA and
5.2 years in the 2-CdA + AA group and did not differ
among the groups (P=0.24).

4. Discussion

Secondary malignancies occur with an increased fre-
quency in patients with CLL mainly because of the
immune defects associated with this disease [1,2,20]. It is
of great concern that therapy may further increase the
risk of second neoplasm. Dighiero and colleagues have
noted the increased frequency of secondary malig-
nancies in patients with CLL treated with AA such as
Chl [3]. Others have observed that the cancer risk did
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Characteristics of patients with secondary malignancies in the group of 1487 chronic lymphocytic leukaemia patients treated with 2-CdA (251),

AA (913) or 2-CdA + AA (323)

Characteristics All pts Treated with
2-CdA AA 2-CdA+AA

Total 58 15 26 17
Gender

Male 38 (66%) 10 (67%) 18 (69%) 10 (59%)

Female 20 (34%) 5(33%) 8 (31%) 7 (41%)
Age in years, median (range) 62 (31-82) 57 (42-66) 65 (32-77) 59 (31-92)
Time from diagnosis to treatment in years, median (range) 0.14 (0.01-9.35)  0.06 (0.02-9.36)  0.81 (0.01-6.24)  0.07 (0.01-2.32)
Time from treatment to second malignancy in years, median (range)  2.29 (0.3-8.4) 1.9 (0.5-5.1) 1.8 (0.3-7.9) 3.9 (0.3-8.4)
Median number of cycles (range)
2-CdA 2 (1-11) 6 (1-11) 6 (1-9)
AA 6 (1-35) 12 (2-35) 6 (1-18)
Rai’s staging

0 1 (2%) 1 (7%) 0 0

1 11 (19%) 2 (13%) 7 (27%) 2 (12%)

11 27 (47%) 6 (40%) 11 (42%) 10 (59%)

il 10 (17%) 4 (27%) 5(19%) 1 (6%)

v 9 (17%) 2 (13%) 3 (12%) 4 (24%)
Disease status at the time of second malignancy diagnosis

CR 11 (19%) 7 (47%) 2 (8%) 2 (12%)

PR 30 (52%) 7 (47%) 13 (50%) 10 (59%)

NR 17 (29%) 1 (7%) 11 (42%) 5(29%)
Time from diagnosis to second malignancy (in years) 3.6 (0.1-10.6) 2.6 (0.5-10.6) 3.3 (0.3-8.6) 4.4 (0.7-9.9)
Died 29 (50%) 5(33%) 17 (65%) 7 (41%)

2-CdA, cladribine; AA, alkylating agents-based regimens; CR, complete remission; PR, partial remission; NR, no remission; pts, patients.

54
4.5

4

o , — N

All pts 2-CdA AA

2-CdA+AA

Fig. 2. Lung cancer as second malignance in 1487 chronic lymphocy-
tic leukaemia patients treated with cladribine (2CdA) alone (n=251),
alkylating agents based-regimens (AA) alone (n=913) or 2CdA + AA
(n=323).

not vary according to the initial AA treatment [5,38]. It
still remains unclear whether purine analogues 2-CdA,
DCF or FA increase the risk of second malignancies
due to profound and prolonged immunosuppression
related to therapy with these drugs.

This study was designed to compare the frequency of
secondary malignancy in CLL patients who were

exposed to 2-CdA, AA and combined 2-CdA and AA
treatments. Our data revealed that, except for the lung
cancers, there is no difference in the frequency of solid
tumours among the groups of patients treated with
2-CdA alone, AA or 2CdA + AA.

Cheson and colleagues studied the frequency of sec-
ond malignancies in 2014 CLL and hairy cell leukaemia
patients treated with 2-CdA, fludarabine or DCF [20].
They concluded that there was no additional risk of
secondary malignancies with the use of these purine
analogues. However, in their study CLL patients were
not treated with 2-CdA. In addition, Flinn and collea-
gues observed that the frequency of secondary malig-
nancies in the group of 241 hairy cell leukaemia patients
treated with DCF was not higher than that expected in
the general population [39]. Travis and colleagues ana-
lysed data from 9456 CLL patients (5153 untreated,
4303 received radiotherapy or chemotherapy, mainly with
AA) [5]. They observed that compared with the general
population, CLL patients demonstrated an increased risk
of developing second cancers (840 observed, observed to
expected ratio O/E=1.28). The most significant excesses
were noted for cancers of the lung, brain, melanoma and
Hodgkin’s disease. Surprisingly, they observed that the
cancer risk did not vary according to the initial treatment
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Table 2

Secondary malignancies in the group of 1487 chronic lymphocytic
leukaemia patients treated with 2-CdA (n=251), AA (n=913) and
2-CdA +AA (n=323)

Second neoplasm All pts Treated with

2-CdA AA 2-CdA+ AA

Solid tumour 40 10 17 13
Lung 17 7 37
Colon 5 0 2 3
Breast 4 1 3.0
Prostate 3 0 2 1
Thyroid 1 1 0 0
Genitourinary 4 1 2 1
Gastric 1 0 1 0
Brain 2 0 1 1
Melanoma 2 0 2 0
Liver 1 0 1 0

Lymphoma 17 5 9 3

Richter’s syndrome (DLBCL) 13 3 8 2

Prolymphocytic 2 1 0 1

Hodgkin’s disease 2 1 1 0

Other: PV 1 0 0 1

Total number of second neoplasms 58 15 26 17

2-CdA, cladribine; AA, alkylating agents-based regimens, DLBCL,
diffuse large B-cell lymphoma; PV, polycythaemia vera.

and was constant across the time intervals after CLL
diagnosis. Lung cancer accounted for almost one-fourth
(209/840) of the second tumours, developing during all
of the follow-up periods (median occurrence 33 months)
and in all of the treatment groups.

In our group of patients we also observed a high fre-
quency of lung cancers. Moreover, patients treated with
2-CdA developed this neoplasm significantly more fre-
quently (P<0.005). It is possible that lung cancer
development associated with the immunological
impairment of CLL patients. An excess of lung cancer
has also been reported in patients with non-Hodgkin’s
lymphoma and Hodgkin’s disease—other lymphoid
malignancies that are often accompanied by immune
defects [5,40]. It should be noted that patients treated
with 2-CdA have profound and prolonged immunosup-
pression. The number of CD4 + cells does not return to
normal even after more than 3.5 years following treat-
ment [18,19]. It is also possible that the excess of lung
cancer following CLL could be partly due to shared risk
factors. Brown and colleagues in their case—control
study of CLL reported significant associations with
tobacco use [41], although a dose-related relationship
was not evident and several earlier studies have not
confirmed this link [42,43]. In our group of lung cancer
patients, the distribution of smokers and non-smokers
was similar in all three groups of patients. So, the
increased percentage of lung cancer in the 2-CdA-trea-
ted groups is more likely to be explained by profound
immunological impairment after drug treatment.

We have not observed any myelodysplastic syndrome
or acute myeloid leukaemia. This finding is in keeping
with Keating and colleagues who did not observe any
second myelodysplastic syndrome/acute myeloid leu-
kaemia in 174 patients treated with FA as their initial
therapy [10]. In addition, Cheson and colleagues found
only one MDS among 111 second malignancies in 2014
CLL and HCL patients treated with purine analogues
[20]. The retrospective analysis of 1374 CLL patients
done by Robertson and colleagues did not provide evi-
dence for a heightened risk of AML/MDS in CLL
patients, despite treatment with known leukemogenic
agents [44]. In contrast, Morrison and colleagues have
found MDS/AML in 5 (3.5%) of 142 patients treated
with FA plus Chl and in 1 (0.5%) of 188 treated with
FA alone [25]. This finding rises the possibility that
alkylator-purine analogue combination therapy may
increase the risk of therapy-related myeloid malignancies.
However, our observations did not confirm this finding
in cases treated with 2-CdA.

We have not observed differences in the frequency of RS
in all three groups of patients. We observed 1.0% of RS in
2-CdA group, 0.9% in AA and 0.6% in 2-CdA+ AA
group. This is a lower frequency than in the study of
Keating and colleagues who found that 9 (5.2%) among
174 patients with CLL developed large cell lymphoma
after FA treatment [10]. In addition, Cheson and collea-
gues have found 18 (3.0%) patients with non-Hodgkin’s
lymphoma among 595 patients with CLL treated with FA
[20]. In contrast, a significantly higher frequency of Rich-
ters’s syndrome in CLL patients treated with 2-CdA (12%)
or fludarabine (13.8%) was observed by Fridrik and col-
leagues [45] and Pocock and colleagues [46].

We observed only 2 Hodgkin’s disease cases among
patients with secondary malignancies, | in a patient trea-
ted with 2-CdA alone and 1 in a patient treated with AA
alone. It does not confirm the significant excess of Hodg-
kin’s disease after fludarabine in CLL patients reported in
the preliminary study of Flynn and colleagues [47].

In conclusion, 2-CdA does not seem to increase the
risk of secondary malignancies in CLL patients, except
for lung cancers. However, further studies are necessary
to establish the true incidence of pulmonary cancer in
CLL patients treated with 2-CdA.
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