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The use of purine analogues and infections

In the 1980s, the purine analogues che-
motherapy agents, fludarabine, deoxy-
coformycin, chlorodeoxyadenosine, were

introduced into clinical usage for the care
of patients with a variety of hematologic
malignancies. These drugs have been main-
ly used in indolent lymphoproliferative neo-
plasms with effective hematologic respons-
es, but they have been accompanied by a
different spectrum of infections because of
selective T-cell abnormalities which these
agents determine.

Fludarabine alone 
Fludarabine was first introduced in the

armamentarium of the haematologist to
treat resistant CLL. The traditional manage-
ment of patients with CLL needing therapy
was the use of chlorambucil with or without
steroids or successively other alkylating
agent-based regimens. Initially the purine
analogues fludarabine, 2-chloro-deoxy-
adenosine and pentostatin alone or associ-
ated with other antineoplastic drugs were
explored in previously treated patients.
Increasingly purine analogues are being used
more and more as initial therapy for patients
with CLL. Fludarabine is very active against
indolent lymphoid neoplasms; its efficacy is
due to its ability to reduce the number of
lymphoid cells rapidly, originating also some
cases of tumor lysis syndrome. Profound and
prolonged suppression of the CD4 count
occurs, with median CD4 counts decreasing
<200/mL in 2-3 months of therapy. 

Although the CD4 count improves in the
first 3 months from the end of treatment,
quantitative abnormalities may persist for
1-2 years. This immunosuppression and neu-
tropenia secondary to therapy determined
an increased number of infections, particu-
larly by opportunistics, also in the absence of
neutropenia or steroid therapy.

In the first review of the literature1 relat-
ed to fludarabine-associated opportunistic
infections which evaluate 2,269 patients
with low-grade malignancies who received
fludarabine therapy, the most notable infec-
tious complications were respiratory tract

infections and unexplained fever; 3.2% of
these patients developed opportunistic infec-
tions during or after fludarabine treatment;
97% of these infections occurred in patients
who were previously treated with alkylator
agents or corticosteroids. Opportunistic
infections were due to Pneumocystis carinii
(33%), mycoses (30%), Listeria monocyto-
genes (14%), also after many months from
completion of therapy, mycobacteria (9%),
CMV (7%), Herpes (6%); a very high inci-
dence of localized Varicella zoster was also
noted in several studies, particularly in
patients with a CD4 count >50 cells/mL.2

The majority of these infections don’t
appear to be related to neutropenia or low
levels of immunoglobulins. The high inci-
dence of opportunistic infection in patients
previously treated with alkylator agents or
steroids reported by some authors1, 3-4 sug-
gests that the utilization of steroids before
and after fludarabine treatment increases
immunosuppression; it also determines
more opportunistic infections which seem
to be less frequent in other salvage chemo-
therapy cycles containing steroids, in which
only 1.5% of patients had opportunistic
infections.5-7Finally, the risk of infections
during fludarabine therapy increases with
the use of higher doses than recommended,
or when different purine analogues are
associated or sequentially performed.8,9

More recently, the comparative assessment
of first–line randomized therapy with flu-
darabine and two anthracycline-containing
regimens in 938 untreated patients was
performed by the French Cooperative
Group10; incidence of infections were simi-
lar in the three randomized groups, where-
as fludarabine induced, compared to other
two regimens, more frequent myelosup-
pression; however, infection rate was 5%
and opportunistic infections were absent.
This could be related to the fact that flu-
darabine was administered to untreated
patients. 

Long-term follow-up of 174 patients
receiving fludarabine regimens as initial
therapy with or without steroids was recent-
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ly published by M.D. Anderson Cancer Center;11 depres-
sion of CD4 and CD8 counts was marked in this study,
occurring mainly during the first 3 courses of therapy,
as reported in other studies.12,13 No difference in these
values was noted between patients treated with or
without prednisone; recovery from this effect, after flu-
darabine was discontinued, was slow. Despite the per-
sistent T-cell suppression, infections and febrile episodes
were uncommon during hematologic remission and
decreased with time to follow-up. No association was
noted between infection rate and CD4 level at the end
of fludarabine treatment. Of the 137 patients who
achieved response, 94 infectious episodes occurred dur-
ing remission, above all dermatomal Herpes zoster, (19
cases); Herpes simplex reactivation (5 cases). One
episode of septicaemia by Listeria monocytogenes and
one CMV infection were seen. There was a strong asso-
ciation with the quality of the remission and the prob-
ability of patients developing these episodes; in addi-
tion, infection or febrile episodes decreased as length of
remission increased.

Otherwise, opportunistic infections have been fre-
quently associated with fludarabine treatment in case
of patients having received previous chemotherapy. In
fact the association of fludarabine and prednisone stud-
ied by O’Brien and coworkers in 160 pretreated and 95
untreated patients10 showed that the incidence of sepsis
and/or pneumonia was significantly correlated with the
extent of prior therapy and with Rai stage, and ranged
from 3% of courses in the previously untreated Rai 0-II
stage patients, to 13% of courses in the previously treat-
ed Rai III-IV stage patients. The incidence of minor infec-
tions instead was 12% and did not vary in different
patient subgroups. Several episodes of atypical infec-
tions were noted in patients treated with fludarabine
and prednisone; 13 patients developed either Listeria
sepsis or Pneumocystis carinii pneumonia and all were
heavily pretreated and had more advanced stage disease.
The importance of previous chemotherapy courses was
underlined in the comunications about severe infectious
toxicity found in the first studies with fludarabine as sal-
vage therapy in 402 CLL patients with CLL who received
fludarabine with or without prednisone.2 In this popula-
tion unexpected opportunistic infections as Listeria
monocytogenes and Pneumocystis carinii were diagnosed
in 7% of pretreated patients who recived fludarabine
plus prednisone and in 1% of previously untreated
patients who received the combination (p=0.003). The
development of refractoriness to fludarabine is associat-
ed with significant likelihood of infections. Keating et
al.14 reviewed the response to salvage therapy in patients
refractory to fludarabine; the major cause of morbidity
and deaths was infections, above all bacterial, but oppor-
tunistic infections such as fungi, P carinii, acid-fast bacil-
li and Legionella were also prominent. The high percent-

age of infections was confirmed by Perkins et al.15 in
which 24/27 (89%) patients with fludarabine refractory
CLL developed serious infections. Now, risk factors for
infections during single-agent fludarabine therapy are
well characterized and include concurrent corticosteroid
use, pretreated disease, advanced disease stage, failure
to achieve RC, fludarabine-refractory disease, high serum
β2-microglobulin level, impaired renal function, and
baseline neutropenia12,13

Infections in fludarabine-combined regimens 
Fludarabine is the most effective single agent in the

treatment of indolent lymphoid malignancies, but com-
plete disease remissions remain uncommon with sin-
gle-agent fludarabine and overall survival is not supe-
rior to traditional alkylator based therapy, providing
the rationale for the development of fludarabine based
combination regimens. These regimens have been
reported to achieve a high response rate in both CLL
and indolent lymphomas, but severe infections occur in
up to one–third of patients. However, data on infec-
tions during fludarabine-based combination chemo-
therapy are sparse, and may not be comparable to the
data on single-agent fludarabine therapy.

O’Brien et al. showed that the association of flu-
darabine ad cyclophosphamide at different dosages in
CLL untreated and pretreated patients seems to have a
significant advantage compared to fludarabine alone.16

Pneumonia or sepsis occurred in 25% of patients and
fever of unknown origin, frequently associated with
neutropenia, occurred in another 25% of patients.
Since myelosuppression and/or infection resulted in
subsequent dose reductions, when infections are
shown as percentage of total courses given, they were
observed in 10% of all cycles of chemotherapy. Some
atypical infections (5.4%) and reactivation of Herpes
simplex (8%) and zoster (5%) were noted. Finally, more
frequent sepsis or pneumonia were observed in patients
refractory to fludarabine at the start of combination
chemotherapy (48% vs 18%, p<0.001). A lower dose of
cyclophosphamide seems to have the same efficacy
with less severe infections.17 Flinn et al18 reported in
previously untreated indolent lymphoid neoplasms that
the same chemotherapy regimen determined 11.7% of
infections, with reactivation of Herpes zoster and
chronic hepatitis B, and Pneumocystis carinii pneumo-
nia in a patient who had stopped his cotrimoxazole
prophylaxis. As front-line chemotherapy in patients
with indolent or mantle-cell lymphoma, the association
of fludarabine and idarubicin or mitoxantrone seems to
have little infectious toxicity.19,20

An attempt to develop a predictive model for infec-
tion21 during fludarabine-based regimens has been
recently published. Six risk factors were associated with
infectious complications in patients treated with flu-
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darabine–based combination regimens: age > 60 years,
at least 3 previous therapies, previous fludarabine
exposure, time from diagnosis to current treatment > 3
years, performance status > 2 and baseline neutrophils
<2.0 x 109/L. Compared with patients with 0-2 risk fac-
tors, patients with at least 3 risk factors had higher
infection rate (26% vs 7% per cycle, p<0.0001), more
grade 4 neutropenia (41% vs 8% per cycle, p<.0.0001),
and more neutropenic sepsis (\5% vs 1% per cycle,
p<0.0001). Moreover there was a significant correla-
tion between risk of infection and quality of disease
response to therapy: 5% of infections for complete
responders, 15% for partial responders and 35% for
nonresponders (p<0.0003). 

Other purine analogues
The rate of infections was similar in CLL patients

treated with CdA. Robak et al (22) administered 2-CdA
to 113 patients with CLL > 55 years. Infections or FUO
occurred in 26% of patients. Neste et al.23 compared
the incidence of infections in the 6 months preceding
treatment with 2-CdA with the 6 months following
therapy in 95 patients and showed a doubling of infec-
tion rate after treatment with CdA. Also the associa-
tion of 2-CdA and cyclophosphamide in lymphoprolif-
erative neoplasms24 showed that WHO grade 3-4 infec-
tions occurred in 42% of patients. A similarly increased
incidence of infections was noted with the use of pen-
tostatin25 in pretreated patients. Infections are a dan-
gerous complication also following pentostatin treat-
ment, which is mainly used in hairy cell leukaemia. In
this disease bone marrow cellularity may severely
decline to< 25% after pentostatin and tends to remain
stable thereafter. For these reasons the risk of infec-
tions is particularly high and imposes cautious use of
this drug. Instead in the long term follow-up of 365
patients (179 untreated) with hairy cell leukaemia after
cladribrine treatment26 opportunistic infections were
rare (7 Herpes zoster, 2 hepatitis C, 2 mycobacteria)
and only 3 deaths due to infection were seen. Similar
results were seen at long-term follow-up in hairy cell
leukaemia patients treated with pentostatin.27

References

1. Byrd JC, Hargis JB, Kester KE, Hospenthal DR, Knutson SW and
Diehl LF. Opportunistic pulmonary infections with fludarabine in
previously treated patients with low-grade lymphoid malignan-
cies : A role for Pneumocystis carinii pneumonia prophylaxis. Am
J Hematol 1995; 49 : 135-145

2. Anaissie EJ, Kontojiannis DP, O’Brien S et al. Infections in patients
with CLL treated with fludarabine. Ann Intern Med 1998; 129:
559-566

3. Wijermans PW, Gerrits WBJ, Haak HL. Severe immunodeficiency in
patients treated with fludarabine monophosphate. Eur J Hematol
1993; 50 : 292-296

4. Bergman L, Fenchel K, Jahn B, et al. Immunosuppressive effects and
clinical response of fludarabine in refractory chronic lymphocytic
leukemia. Ann Oncol 1993; 4:371-5.

5. Kyle RA, McParland CE, Dameshek W. Large doses of prednisone

and prednisolone in the treatment of malignant proliferative dis-
orders. Ann Intern Med 1962; 57: 717-31.

6. Han T, Ezdinli EZ, Shimaoka K, et al. Chlorambucil vs combined
chlorambucil-costicosteroid therapy in chronic lymphocytic
leukemia. Cancer 1973; 31:502-8.

7. Ezdinli EZ, Stutzman L, Aungst W, Firat D. Corticosteroids for lym-
phomas and chronic lymphocytic leukemia. Cancer 1969; 23:900-
909

8. Juliusson G, Elmhorn-Rosemborg A, Liliemark J. Complete response
to 2-chloro-2’-deoxyadenosine (CDA) in B-cell chronic lympho-
cytic leukemia resistant to fludarabine. N Engl J Med 1992; 327:
1056-61.

9. O’Brien S, Kantarjian H, Estey E, et al. Lack of effect of 2-chloro-
dexyadenosine therapy in patients with chronic lymphocytic
leukemia refractory to fludarabine therapy. N Engl J Med 1994;
330:319-22.

10. Leporrier M, Chevret S, Cazin B et al. Randomized comparison of
fludarabina, CAP, and ChOP in 938 previously untreated stage B
and C chronic lymphocytic leukemia patients. Blood 2001; 98:2319

11. Keating MJ, O’Brien S, Lerner S et al. Long-term follow-up of
patients with CLL receiving fludarabine regimens as initial thera-
py. Blood 1998; 92: 1165

12. O’Brien S, Kantarjian H, Beran M et al. Results of fludarabine and
prednisone therapy in 264 patients with CLL with multivariate
analysis-derived prognostic model for response to treatment. Blood
1993; 82:1695

13. Robertson LE, O’Brien S, Kantarjian H et al. A 3-day schedule of flu-
darabine in previously treated CLL. Blood 1995; 9: 1444

14. Keating MJ, O’Brien S, Kontojiannis D et al. Results of first salvage
therapy for patients refractory to fludarabine regimen in CLL. Leuk
Lymph 2002; 43: 1755-1762

15. Perkins JG, Flynn Jm, Howard RS et al. Frequency and type of seri-
ous infections in fludarabine-refractory B-cell chronic lymphocyt-
ic leukemia and small lymphocytic lymphoma: implications for
clinical trials in this patient population. Cancer 2002; 94: 2033-9

16. O’Brien SM, Kantarjian HM, Cortes J et al. Results of the fludara-
bine and cyclophosphamide combination regimen in chronic lym-
phocytic leukemia. J Clin Oncol 2001; 19:1414-20.

17. Hallek M, Schmitt B, Wilhelm M et al. Fludarabine plus cyclophos-
phamide is an efficient treatment for advanced CLL: results of a
phase II study of German CLL Study Group. Br J Haematol 2001;
114:342-8.

18. Flinn IW, Byrd JC, Morrison C et al. Fludarabine and cyclophos-
phamide with filgrastim support in patients with previously
untreated indolent lymphoid malignancies.. Blood 2000; 96: 71-75

19. Zinzani PL, Magagnali M, Moretti L et al. Randomized trial of flu-
darabine versus fludarabine and idarubicin as frontline therapy in
patients with indolent or mantle-cell lymphoma. J Clin Oncol 2000;
18: 773-9

20. Zinzani PL, Pulsoni A, Perrotti A et al. Fludarabine plus mitox-
antrone with and without rituximab versus CHOP with and with-
out rituximab as front-line treatment for patients with follicular
lymphoma. J Clin Oncol 2004; 22: 2654-61 

21. Tam CS, Wolf MM, Januszewicz EH et al. A new model for pre-
dicting infectious complications during fludarabine-based combi-
nation chemotherapy among patients with indolent lymphoid
malignancies Cancer 2004; 101: 2042-9

22. Robak T, Blonski JZ, Urbanska-Rys H et al. Cladribrine in the treat-
ment of patients with CLL 55 years old and younger. Leukemia
1999; 13:518-523

23. Van Den Neste E, Delannoy A, Vandercam B et al. Infectious com-
plications after 2-chlorodeoxyadenosine therapy. Eur J Hematol
1996; 56: 235-240 

24. Van Den Neste E, Michaux L, Layios N et al. High incidence of com-
plications after 2-CdA combined with cyclophosphamide in
patients with advanced lymphoproliferative malignancies. Ann
Hematol 2004; 83: 356-363

25. Johnson SA, Catovsky D, Child JA et al. Phase I/II evaluation of
pentostatin in a five day schedule for the treatment of relapsed/
refractory B-cell chronic lymphocytic leukemia. Invest New Drugs
1998; 16: 155-160

26. Saven A, Burian C, Koziol JA , Piro LD. Long-term follow-up of
patients with hairy cell leukemia after cladribine treatment. Blood
1998; 92: 1918-26

27. Flinn IW, Kopecky KJ, Foucar MK et al. Long-term follow-up of remis-
sion duration, mortality, and second malignancies in hairy cell
leukemia patients treated with pentostatin. Blood 2000; 96: 2981-
6.

Infection-Driven Lymphomas, Rome, April 17-19, 2005

haematologica reports 2005; 1(5):September 2005 43


