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Abstract

Weekly administration of 2-chlorodeoxyadenosine in patients 
with hairy-cell leukemia is effective and reduces infectious complications
FRANCESCO LAURIA, MONICA BOCCHIA, GIUSEPPE MAROTTA, DONATELLA RASPADORI, PIER LUIGI ZINZANI,*
DAMIANO RONDELLI*
Department of Hematology, University of Siena; *Institute of Hematology "Seràgnoli", University of Bologna, Italy

Correspondence: Francesco Lauria, M.D., Cattedra e Divisione di Ema-
tologia, Ospedale Sclavo, via Tufi 1, 53100 Siena, Italy.
Phone: international +39-0577-586798 – Fax: international +39-
0577-586185 – E-mail: lauria@unisi.it

Background and Objective. It has been widely demon-
strated that one single 7-day course continous infu-
sion (c.i.) 2-chlorodeoxyadenosine (2-CdA) at a dose
of 0.1 mg/kg daily is dramatically effective in induc-
ing high and prolonged complete remission (CR)
rates in patients with hairy-cell leukemia (HCL).  How-
ever, 2-CdA administration often results in severe
neutropenia and lymphocytopenia both responsible
for the infectious complications observed in these
patients. We previously reported preliminary data
regarding the effectiveness and toxicity of a modi-
fied protocol of 2-CdA administration (0.15 mg/kg 2
hours infusion once a week for 6 courses) in 25 HCL
patients. This treatment schedule produced a similar
overall response rate compared to standard 2-CdA
regimen and appeared to be followed by a lower inci-
dence of infectious episodes. In the present study
we report response rate and toxicity of weekly 2CdA
administration in a larger cohort of patients and with
a longer follow-up.

Design and Methods. In a group of HCL patients with
a pronounced decrease in neutrophils count
(< 13109/L), we modified the standard protocol (0.1
mg/kg daily 3 7 days c.i.) by administering 2-CdA at
a dose of  0.15 mg/kg 2 hours infusion once a week
for 6 courses. Thirty HCL patients, 24 males and 6
females with a median age of 56 years (range 37-76),
entered into this protocol. Seventeen out of 30
patients were at diagnosis while the remaining 13
had been previously treated with a-interferon (a-IFN)
(7), or 2-CdA (4) or deoxycoformycin (DCF) (2).

Results. Overall, 22/30 (73%) patients achieved CR
and 8 (27%) partial remission (PR) with a median
duration of response at the time of writing of 35
months, ranging from 6 to 58 months. Five patients
(1 CR and 4 PR) have so far progressed. The treat-
ment was very well tolerated. Five out of 30 patients
(16%) developed severe neutropenia (neutrophils
<0.53109/L) and only in two of them we did register
an infectious complication which required treatment
with systemic antibiotics and granulocyte colony-
stimulating factor (G-CSF).

Interpretation and Conclusions. In conclusion, we
confirm that weekly administration of 2-CdA at a dose
of 0.15 mg/kg for 6 courses appears to be very effec-
tive in HCL inducing a high CR rate, similar to that
observed with daily c.i. administration. CR durability
and relapse/progression rates are also comparable
to standard 2-CdA schedule. Moreover this new reg-
imen seems to be safer in pancytopenic patients,
markedly reducing life-threatening infectious compli-
cations.
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The treatment options for hairy cell leukemia
(HCL) have increased in these last 10-15 years
and currently HCL patients can benefit from

several agents such a-interferon (a-IFN), deoxyco-
formycin (DCF) and 2-chlorodeoxyadenosine (2-
CdA). Although complete remission rates may differ
from 5-10% with a-IFN1-3 to 60-80% with DCF4,5 and
2-CdA,6-8 the prognosis has improved dramatically
with 80-90% of patients surviving at least 10 years
with any of these treatments. Given these consider-
able results, it is extremely important in HCL patients
to reduce any risk of toxic deaths possibly related to
severe infections, more frequently observed after
treatment with DCF and 2-CdA.9-11 In fact, it was
observed that this latter agent frequently induces
severe neutropenia and CD4+ lymphocytopenia,12-15

probably responsible for fever and/or infectious
complications in a relevant number of treated
patients. Subsequently, attempts to reduce the inci-
dence of infectious complications by decreasing the
dose of 2-CdA have been made by several authors
including us.16-18 In fact in a previous preliminary
report we showed, in a selected group of HCL
patients with pronounced impairment of peripheral
blood values, that weekly administration of 2-CdA
was as effective as daily administration with a con-
comitant reduction of febrile episodes and infectious
complications.17 The present study confirms and
extends, in a larger number of patients and with a
longer follow-up, the encouraging previous results
on the effectiveness and mild toxicity of weekly 2-
CdA in HCL patients.
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Design and Methods
Thirty bone marrow biopsy proven HCL patients at

diagnosis or in progression after previous therapies,
showing a pronounced decrease in peripheral blood
values (neutrophils <3109/L, platelets <503109/L),
were enrolled into this study. Twenty-four were males
and 6 females with a median age of 56 years (range
37-76), and all were evaluable for clinical response
(Table 1).

2-CdA (kindly provided by Janssen-Cilag, Italy) was
administered to each patient at a dose of 0.15 mg/kg
once a week for 6 weeks after having given informed
consent. Patients were given antibiotic prophylaxis
with ciprofloxacin for the first 2 weeks of 2-CdA ther-
apy. Complete blood counts with differentials and
chemistry panels were performed weekly during the
administration of 2-CdA. Subsequently, patients were
monitored for the same parameters monthly for 6
months. Bone marrow biopsies were carried out
before therapy and 2 and 6 months after therapy, and
thereafter every 6 months. Samples were decalcified,
embedded in paraffin and sections were prepared for
routine histology (hematoxylin-eosin, Giemsa and
Gomori) and for immunohistochemical studies with
specific monoclonal antibodies such as DBA44,
CD45RA and CD20, as previously described.8

Criteria for response were defined according to the
consensus resolution, as previously described.19

Briefly, complete remission (CR) was defined as the
disappearance of hairy cells (Hc) from bone marrow
and peripheral blood together with the regression of
splenomegaly and a complete recovery of peripheral
blood counts (Hb>12 g/dL, platelets >1003109/L,
neutrophils >1.53109/L). Additional requirements
for CR in our analysis were no Hc in bone marrow
biopsies observed by routine histology and <1% Hc by
immunostaining. Partial response (PR) was charac-
terized by normalization of peripheral blood counts
and a decrease in bone marrow infiltration of at least
50%.

Results
All 30 HCL patients were fully evaluable for clinical

and hematologic response. Seventeen out of 30
patients were at diagnosis while the remaining 13
had been previously treated with a-IFN (7 cases), 2-
CdA (4 cases) and DCF (2 cases). In these latter 6
patients previously treated with nucleoside deriva-
tives, the interval between the two treatments was
12, 18, 24, 36, 30 and 48 months, respectively. Over-
all, 22/30 (73%) patients achieved CR and the
remaining 8 (27%) achieved a PR.  The median dura-
tion of response was 35 months, ranging from 6 to
58 months. All CRs were documented by routine his-
tology and by immunohistochemical studies. Table 1
illustrates patients’ characteristics, clinical outcome
and toxicities according to previous treatments. The
majority (5/6) of untreated patients with less than
50% Hc bone marrow infiltration at diagnosis,
achieved a CR (data not shown). In addition, it is
worth noting that both patients who had been pre-
viously treated with DCF and 2/4 patients who had
progressed after treatment with 2-CdA at a dose of
0.1 mg/kg/day c.i. for 7 days, achieved CR. The time
to achieve a response was similar to that observed
with daily 2-CdA and in responsive patients Hc were
yet undetectable in the bone marrow 2 months after
the end of therapy. In 2 patients CR was first docu-
mented about 6 months after the last weekly course
of therapy. So far, the disease has progressed in only
5/30 (17%) patients: in one of the complete respon-
ders and 4 of the partial responders with the pro-
gression occurring after 14 months in the complete
responder and after 9, 10, 11 and 18 months, in the
partial responders. However, only 3 of the patients in
progression needed to be retreated, all with a-IFN at
a conventional dose of 3 MU 3 times a week.  All
patients are so far alive.

Overall the treatment was very well tolerated and it
is noteworthy that only 5/30 patients (16%) developed
severe neutropenia (neutrophils < 0.53109/L). Infec-
tious episodes due to Gram-positive germs requiring
the use of systemic antibiotics and G-CSF were docu-
mented in only 2 of these neutropenic patients. No
fungal infections were recorded. Only one patient
developed a febrile episode (< 38°C) which lasted 24
hours. Therefore, only 7% (2/30) of the patients treat-
ed with this protocol suffered from infectious compli-
cations, this being an evident reduction of toxicity with
respect to other conventional studies including our
historical control group (Table 2).

Discussion
The present study confirms in a larger number of

cases and with a longer follow-up that weekly admin-
istration of 2-CdA in HCL patients at a dose of 0.15
mg/kg for 6 weeks is effective as standard protocols in
inducing high CR rates and safer in term of infectious
complications. Moreover, CRs appear to be durable
and recurrence of disease is similar to that observed
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Table 1. Patients’ characteristics, clinical outcome and tox-
icity with respect to previous treatment.

Total Untreated Previously treated
a–IFN DCF 2–CdA

N° of patients 30 17 7 2 4

Median age 56 – – – –

Sex (M/F) 24/6 – – – –

Complete remission 22/30 13/17 5/7 2/2 2/4

Partial remission 8/30 4/17 2/7 0/2 2/4

Severe neutropenia 5/30 3/17 1/7 0/2 1/4

Infectious episodes 2/30 2/17 0/7 0/2 0/4



after a conventional treatment schedule.16, 20,21

The use of a-IFN first, and more recently of DCF
and 2-CdA purine analogs, has dramatically improved
the clinical course and prognosis of HCL patients,
allowing high CR rates ranging from 60 to 80% as
reported in several studies.5-8 Like DCF, 2-CdA either
administered as a c.i. or as a 2-hour infusion, can fre-
quently induce severe neutropenia, often responsible
for life-threatening infectious complications within
two weeks by the end of therapy. In particular, infec-
tions due to Gram-positive bacteria, candida, and
viruses have been reported.11,15

In order to limit the incidence of long-lasting febrile
episodes and documented infectious episodes, Julius-
son et al.16 treated a group of HCL patients with a sig-
nificantly reduced daily dose of 2-CdA.  Despite a low-
er dose of the drug, the authors recorded a CR rate
similar to that observed with standard regimens of 2-
CdA. However, they did not also obtain a significant
reduction in the number and severity of infectious
episodes. Taking into account these results, our
attempt to limit the toxic complications of 2-CdA was
based on the hypothesis that delayed intervals
between drug infusions could still be effective on an
indolent disorder such as HCL but could result in
reduced myelotoxicity and infections related to severe
hematologic impairment. A similar approach was pre-
viously successfully attempted with DCF; discontinu-
ation of this agent every two weeks resulted in fewer
toxic side effects without affecting the CR rate.22

We first reported preliminary data on 25 severely
neutropenic HCL patients treated with weekly admin-
istrations of 2-CdA at full dose for six weeks.17 In that
previous study CRs (76%) and overall response
(100%) rates were very satisfying and comparable to
those reported by other authors employing 2-CdA
following a conventional schedule. Moreover, treat-
ment-related toxicity and in particular infectious
complications appeared to be reduced. Two major
issues had still to be addressed: 1) could weekly
administration of 2-CdA adversely affect durability
of the response? and 2) would this reduction in infec-
tious complications be confirmed in a larger group of
patients? Thus in the present study we reported the

efficacy and toxicity of weekly 2-CdA in a larger
cohort of patients with a more adequate follow-up.
By comparing the results obtained using this new
schedule with those from standard 2-CdA regimens
previously reported in the literature and also with
those utilized in our center, we confirmed that week-
ly administration of 2-CdA is as effective as both c.i.
or 2-hour i.v. daily administration in terms of CR and
progression rates. In fact we observed an overall
response rate of 100% with a CR rate of 73%. Week-
ly administration of 2-CdA did not appear to affect
the durability of response since, with a median follow
up of 35 months, the disease has progressed in only
5/30 patients (17%) so far. The time to obtain a clin-
ical response was similar to that observed with daily
2-CdA, and in only two cases was CR documented 6
months after the end of the treatment. Also, both
patients who had relapsed after treatment with DCF
and 2/4 patients who had relapsed after 2-CdA
achieved a new CR, suggesting that sensitivity to
purine analogs may not be lost during relapse, and
that re-treatment with 2-CdA is frequently effective in
HCL patients, as previously reported.19

We also confirmed that toxic side effects with this
regimen were negligible. In fact we observed less
severe and persistent neutropenia and the incidence
of infectious-related complications was significantly
reduced since only 2 of 30 (7%) patients experienced
severe infectious episodes requiring hospitalization
and treatment with systemic antibiotics and G-CSF.
These findings are particularly important taking into
account that almost all patients started the treatment
with less than 13109/L neutrophils.  Furthermore, it
should be emphasized that no infections were record-
ed even in those patients who had been previously
treated with DCF or with 2-CdA. The role of prophy-
lactic antibiotic treatment in reducing infectious com-
plications was probably minimal since the treatment
was brief (only for the first two weeks) and the same
prophylaxis had not been associated with such good
results in our historical group. Thus the weekly
approach allowed us to treat a group of patients at
high risk, because of severe neutropenia, safely with-
out decreasing the dose of the drug, and without
inducing life-threatening hematologic toxicity.

In conclusion, these data strongly suggest that
weekly administration of 2-CdA is very effective and
probably safer than standard 2-CdA daily regimens.
It could, therefore, be preferred as treatment of
choice in HCL patients showing more pronounced
cytopenia at the time of treatment.
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Table 2. Incidence of documented infectious complications
and/or febrile episodes requiring hospitalization recorded in
this study and in other published reports.

N°episodes/ Treatment x2 -test    
N°patients schedule

Lauria et al. (1997) 9/40 daily NS

Talman et al. (1997) 12/26 daily p < 0.01

Juliusson et al. (1995) 47/94 daily p < 0.01

Lauria et al. (present data) 2/30 weekly
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