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Abstract
Waldenström macroglobulinemia is a rare chronic lymphoprolif-

erative disorder. Treatments are currently reserved for symptomatic
patients and usually consist of nucleoside analogues (NAs), alkylat-
ing agents, bortezomib, and monoclonal antibodies, alone or in com-
bination. Fludarabine and 2-chlorodeoxyadenosine (2-CdA) have
been studied in first-line treatment of Waldenström macroglobuline-
mia (WM) since the end of the 1990s. In monotherapy, response
rates vary between 36% and 94%. In a phase III trial, fludarabine in
monotherapy was more efficient than chlorambucil for progression-
free survival (PFS) (37.8 vs. 27.1 months), duration of response
(DOR) (38.5 vs. 21.3 months) and overall survival (OS) (median not
reached vs. 69.8 months), but the overall response rate (ORR) was
similar (45.6% and 35.9%). NAs have been studied in combination
with rituximab and/or alkylating agents for increasing the quality
and duration of the response. Hematologic toxicities are a major
concern, limiting the indication for NAs in first-line treatment to
patients who are not candidates for autologous stem cell transplan-
tation, those in need of rapid control of the disease, or those with
poor prognostic factors.

Waldenström macroglobulinemia (WM) is characterized by ma-
ture lymphoplasmacytic bone marrow infiltration and the produc-
tion of monoclonal IgM. WM represents 1% to 2% of hematologic
neoplasms. Therapy is reserved for symptomatic patients with con-
stitutional symptoms (recurrent fever, night sweats, fatigue resulting
from anemia, and weight loss), progressive symptomatic lymphade-
nopathy or splenomegaly, cytopenia (hemoglobin value of �10 g/dL
r a platelet count �100 � 109/L), and complications from mono-
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clonal IgM (hyperviscosity syndrome, symptomatic peripheral neu-
ropathy, systemic amyloidosis, and cryoglobulinemia).

Treatment usually consists of alkylating agents (chlorambucil, cy-
clophosphamide), nucleoside analogues (NAs—cladribine, fludara-
bine), and monoclonal antibodies (rituximab), alone or in combina-
tion. NAs are antimetabolite drugs that inhibit DNA synthesis and
DNA strand break repair, particularly in lymphocytes. NA was first
used in WM for patients with refractory and relapsing disease after
treatment with alkylating agents. The efficacy of NAs in first-line
treatment for chronic lymphocytic leukemia led to the study, begin-
ning in 1999, of primary therapy with NAs in WM, alone or in
combination with alkylating agents and monoclonal antibodies. Im-
provement in overall response rate (ORR) and quality of response
resulted. The efficacy of an NA–based regimen is counterbalanced
by hematologic toxicities and long-term effects.

NAs in Monotherapy
The results of nucleoside analogue use as single agents in first-line

therapy are summarized in Table 1. Most of them are small phase II
studies including few patients.

Fludarabine in monotherapy can be administered orally (usually at
40 mg/m2/d for 5 days every 28 days) and intravenously (25

g/m2/d for 5 days every 28 days). There have been no studies
omparing the efficacy and tolerability of the 2 modes of administra-
ion. High response rates ranging from 36% to 85% were reported,
ut the rate of complete remission was very low (�5%). The largest
hase II study was published by the Southwest Oncology Group in
001 and was updated in 2009.1,2 One hundred eighteen patients
reated in the first line were included. The ORR was 38% (partial
esponse [PR] or better), with a 3% complete response (CR) rate.
he median event-free survival and overall survival (OS) were 3.0

nd 6.8 years, respectively. Recently, a prospective randomized study
omparing the efficacy of fludarabine (n � 169) to that of chloram-
ucil (n � 170) in the first line in patients with WM was reported.3

ORR was similar in both arms (45.6% and 35.9%, respectively), but

the median duration of response (DOR) (38.5 months) and the
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median progression-free survival (PFS) time (37.8 months) were sta-
tistically longer in the fludarabine arm than in the chlorambucil arm
(DOR, 21.3 months; PFS 27.1 months). Furthermore, OS was lon-
ger in the fludarabine arm (median not reached with a follow-up of
36 months vs. 69.8 months in the chlorambucil arm; P � .014).

The efficacy of 2-chlorodeoxyadenosine (2-CdA) is similar to
that of fludarabine. 2-CdA can be administered by continuous
infusion, bolus infusion, or subcutaneously. Only 1 small study
using 2-CdA, either by continuous infusion or by 2-hour intra-
venous infusion, has been published, without proof of superiority
between these 2 schedules.4 Response rates ranged from 57% to

4%, with 10% CR.
Response to NAs is rapid, within 3 months after starting treat-
ent, and the median DOR ranges from 13 to 36 months.

NAs in Combination
Combination therapies were developed to increase the ORR and

DOR (Table 2). In vitro studies showed synergism between NAs and
other drugs. Indeed, DNA strand breaks caused by alkylating agents
cannot be repaired in the presence of NAs, which inhibits enzymes im-
plicated in DNA synthesis.5 Furthermore, the combination of rituximab
nd fludarabine potentiates the cytotoxicity of these drugs in vitro.6

Combining NAs with alkylating agents in first-line therapy al-

Table 1 NA Monotherapy in First-Line Treatment for WM

Reference Regimen Duration Nu

Foran et al, 199917 F 25 mg/m2/d for 5 d IV 6 courses

Thalhammer-Scherrer
et al, 200014 F 25 mg/m2/d for 5 d IV 6 courses

Dhodapkar et al, 20012 F 30 mg/m2/d for 5 d IV

4 courses

� 4
additional

courses for
responders

Leblond et al, 20133 F 25 mg/m2/d for 5 d IV or
40 mg/m2/d for 5 d PO 6 courses

Dimopoulos et al, 199418 2-CdA 0.1 mg/kg/d for
7 d CI 2 courses

Fridrik et al, 199719 2-CdA 0.12 mg/kg/d by
2-hour infusion for 5 d 4 courses

Liu et al, 199820 2-CdA 0.12 mg/kg/d by
2-hour infusion for 5 d 3 courses

Delannoy et al, 19994

2-CdA 4 mg/m2/d CI for 5 d

2 courses5.6 mg/m2/d by 2-h
infusion for 5 d

Lewandowski et al,
200021

2-CdA 0.14 mg/kg/d by
2-hour infusion for 5 d 4 courses

Weber et al, 20037 2-CdA 0.1 mg/kg/d for
7 d CI 2 courses

Abbreviations: 2-CdA � 2-chlorodeoxyadenosine; CI � continuous infusion; CR � complete re
progression-free survival; PO � per os (orally); WM � Waldenström macroglobulinemia.
lowed an increase in ORR to 85%, with a median DOR ranging a
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from 27 to 36 months.7,8 The addition of rituximab to an NA-based
egimen also increased the ORR rate and the quality of response.
ndeed, an ORR of 96.3%, with a 4-year PFS of 67% and a time to
rogression (TTP) of 77.6 months, was reported with a rituximab-
udarabine combination.9 In that study, patients with major re-

sponses (very good partial response [VGPR] or better) had a longer
TTP (88.6 months) than did patients with an inferior response (36.9
months). Likewise Laszlo et al published a phase II trial that studied
subcutaneous 2-CdA with rituximab and found a high ORR (93%),
with a median TTP not reached, after a median follow-up of 43
months.10

Very few data are available using a fludarabine-cyclophospha-

mide-rituximab (FCR) combination as first-line treatment in WM.

In 2006, Tam et al studied the FCR combination in 77 patients with

low-grade lymphoma, including 10 patients with WM (6 patients in
relapse/refractory, 4 patients in first line).11 Three of the 4 patients in

rst line with WM experienced PR with first-line treatment with
CR. Recently, Tedeschi et al reported a multicenter prospective
tudy with FCR given by the intravenous route in patients with
ymptomatic WM, including 28 patients who received FCR in the
rst line. The ORR was 79% (minor response or better), with 18.6%
R, and was similar among patients receiving first-line treatment

Median
Age (y)

Overall
Response

Rate

Duration of
Response
(>50%)

Survival Follow-Up

63 79% 41 mo �22.8 mo 18 mo

58 85% 44.5 mo Not specified Not specified

66 36%; CR 4% 5 y; PFS, 49 mo

5-yr OS

30 mo
62 mo

68 45.6%; CR 5% 38.5 mo Median not
reached 36 mo

65 85%; CR 5%

13 mo
13-mo OS,

81% 13 moRelapse rate
19%

62.3 90%; CR 10%

14 mo
14-mo OS

90% 14 moRelapse rate
30%

66 57% Not specified Not specified 20 mo

69 73% Not specified Not specified 33 mo

63 64%; CR 9% 17 mo Not specified Not specified

67 94% 23 mo 73 mo Not specified

; F � fludarabine; IV � intravenous; NA � nucleoside analogue; OS � overall survival; PFS �
mber
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50.1 months.12 Similar results were observed in 62 patients treated
with FCR given by the oral route, including 16 patients receiving
first-line treatment, showing that this easier route of administration
can be used in WM.13 In this retrospective study, the ORR was
85.5%, with 43.5% of patients attaining a major remission (VGPR
or better). The response rate was similar in patients receiving first-
line treatment and those with refractory disease or relapsed disease,
but the PFS and the DOR were longer (median not reached) in
treatment-naive patients than in previously treated patients (PFS, 79
months; DOR, 70 months). In these 2 studies, late improvement of

Table 2 NAs in Combination Therapy for First-Line Treatment

Reference Regimen Duration Number

Tamburini et al, 20058

F 30 mg/m2/d and C
300 mg/m2/d for 3 d IV

4 courses 14
F 30 mg/m2/d and C

200 mg/m2/d for 5 d PO

Tam et al, 200611

R 375 mg/m2 for 1 d IV

4 courses 4F 25 mg/m2/d for 3 d IV

C 250 mg/m2/d for
3 d IV

Treon et al, 20099
R 375 mg/m2 for 1 d IV 8 courses

27
F 25 mg/m2/d for 5 d IV 6 courses

Tedeschi et al, 201212

R 375 mg/m2 for 1 d IV

6 courses 28F 25 mg/m2/d for 3 d IV

C 250 mg/m2/d for
3 d IV

Compain et al, 201013

R 375 mg/m2 for 1 d IV

4 courses 16
F 40 mg/m2/d for

3 d PO

C 250 mg/m2/d for
3 d PO

Weber et al, 20037

2-CdA 0.1 mg/kg/d for
7 d CI

2 courses 20
P 60 mg/m2/d for 7 d

PO

Weber et al, 20037

2-CdA 1.5 mg/m2 3
times daily for 7 d SC

2 courses 37
C 40 mg/m2 twice daily

for 7 d PO

Weber et al, 20037

2-CdA 1.5 mg/m2 3
times daily for 7 d SC

2 courses 27C 40 mg/m2 � twice
daily for 7 d PO

R 375 mg/m2/wk for 4
wk IV

Laszlo et al, 201010

2-CdA 0.1 mg/kg/d for
5 d SC 4 courses 16

R 375 mg/m2 for 1 d IV

Abbreviations: C � cyclophosphamide; CI � continuous infusion; CR � complete response; DOR
nalogues; OS � overall survival; PFS � progession-free survival; PO � per os (orally); P � p
xyadenosine; VGPR � very good partial response; WM � Waldenström macroglobulinemia.
response was observed in 9% to 35% of patients, with a median of 6
months and up to 14 months after treatment discontinuation. This
observation had already been described in other studies with fludara-
bine,1,9,14 showing the importance of late assessment of response
fter treatment discontinuation, particularly in patients with stable
isease or a partial response.

Toxicity
The main toxicities are hematologic. Long-lasting cytopenias

were observed in 30% of patients treated with FCR, with a me-
dian resolution of 9 months. In 61 patients with low-grade lym-

ian
e

Overall Response
Rate

Duration of
Response
(>50%)

Survival Follow-Up

85% Not specified Not
specified 25 mo

75% Not specified Not
specified

Not
specified

96.30%
TTP 77.6 mo Not

specified 40.3 mo
48-mo PFS 67%

74.4%, VGPR/CR 43% Not specified Not
specified 39 mo

81.2%, VGPR/CR 50% Median DOR and PFS
not reached 94% 48.2 mo

60% 9 mo 41 mo Not
specified

84% 36 mo
Median

not
reached

Not
specified

93% 60 mo
Median

not
reached

Not
specified

93.7% (including MR) TTP not reached Not
specified 43 mo

ation of response; F � fludarabine; IV � intravenous; MR � minor response; NAs � nucleoside
ne; R � rituximab; SC � subcutaneously; TTP � time to progression; 2-CdA � 2-chlorode-
of WM

Med
Ag

64

59

61

65

62

61

62

65

64

� dur
phoma treated with fludarabine plus alkylating agents, 43% of
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patients had long-lasting cytopenia and increased risk of infec-
tious disease and mortality.15 Furthermore, NAs can compromise
he collection of autologous stem cells and thus must be avoided
n patients who are candidates for high-dose therapy. Myelosup-
ression and immunosuppression, especially of T cells, are also
ajor concerns and lead to an increased risk of opportunistic

nfections; these complications are minimized with the use of
neumocystis and herpesvirus prophylaxis.
The long-term safety of NAs in WM has been discussed. A meta-

nalysis by Leleu et al found an increased risk of transformation to
ggressive lymphoma and of development of acute myelogenous leu-
emia/myelodysplasia in patients with WM treated with NA.16

However, these results were not confirmed in the randomized study
comparing monotherapy fludarabine and chlorambucil,3 suggesting
that these complications might be increased when NAs in combina-
tion with alkylating agents are used.

In conclusion, NAs alone or in combination are effective treat-
ment options in patients with WM and allow rapid and durable
responses. The hematologic long-term toxicities are a major concern,
and NAs should be reserved for first-line treatment for patients who
are not candidates for autologous stem cell transplantation, those
with poor prognosis, those with high tumor burden, or those in
whom a rapid control of disease is needed.
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