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Abstract
The combination FCR (fludarabine, cyclophosphamide, and

rituximab) proved to be active in Waldenström’s macroglobuline-
mia in a mixed population of untreated and previously treated
patients. Prolonged myelosuppression and concerns about purine
analogue treatment led to the conclusion that this regimen should
be avoided in younger patients in first-line treatment. In this
retrospective study on 40 patients we observed a response rate of
80% (32) after FCR salvage treatment with 32.5% (13) of pa-
tients reaching at least a very good partial remission. None of the
prognostic variables had a significant effect on response or good
quality of response achievement. Median event-free survival was
reached at 77 months; median progression-free survival was not
reached after a median follow-up of 51 months with any differ-
ence when categorizing patients according to quality of response.
The results of this study suggest that the FCR regimen might
overcome poor prognostic features and should be taken into ac-
count as salvage treatment. Tardive immunosuppression and my-
elosuppression warrant accurate patient follow-up.
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Introduction
Despite the high rate of responses that might be achieved with

current conventional treatment, Waldenström’s macroglobuline-
mia (WM) remains incurable and eventually all patients relapse.

In indolent B-cell malignancies and chronic lymphocytic leu-
kemia many trials reported a high efficacy and an increase in
quality of responses after the combination therapy FCR (fludara-
bine, cyclophosphamide, rituximab).1–3 The rationale of this
combination is based on preclinical data on lymphoma cell lines
indicating that rituximab sensitized cells to fludarabine and cy-
clophosphamide, enhancing their cytotoxic activity.4,5 Further-
more, in some cell lines fludarabine exposure resulted in a down-
regulation of complement– defense proteins CD55 and CD59.6,7

In literature 2 trials have been published focusing on the efficacy
of FCR treatment in WM; in both studies untreated and previ-
ously treated patients were included.8,9 To define the activity of
FCR as salvage treatment in WM we performed this retrospective
multicenter trial.

Patients and Methods
We identified 40 symptomatic relapsed refractory WM patients

who received FCR salvage treatment in 8 Italian centers. Before treat-
ment patients provided informed written consent in accordance with
the declaration of Helsinki and institutional guidelines. The regimen
consisted of: rituximab 375 mg/m2 intravenously (I.V.) on day 1,
and fludarabine 25 mg/m2 and cyclophosphamide 250 mg/m2 I.V.
n days 2–4. Courses were repeated every 28 days; intended therapy
onsisted of 6 cycles. During treatment and for 6 months after the
nd of treatment, patients received antiinfective prophylaxis with
ral trimethoprim-sulfamethoxazole thrice weekly and acyclovir 800

g daily.
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Fludarabine and cyclophosphamide dose reductions and/or gran-
ulocyte colony stimulating factor were allowed in case of grade 3–4
cytopenia.

Responses to treatment were classified according to the modified
consensus criteria from the third International Workshop on WM.10

Responses were assessed 3 months after the last course
administration.

Clinical and disease variables considered for their possible associ-
ation with the achievement of overall response (OR), major response
(MR), complete remission (CR), very good partial remission
(VGPR), development of major infections, and premature treatment
discontinuation were: age, sex, time from diagnosis to FCR, time
from last treatment to FCR, disease status, pretreatment (1 line of
therapy vs. more than 1; previous monoclonal antibodies), immuno-
globulin M (IgM) level, percentage of bone marrow involvement,
extramedullary involvement, hemoglobin � 10 g/dL, and Interna-
ional Prognostic Scoring System Waldenström’s Macroglobuline-
ia score.
Differences in response rates were analyzed by Fisher’s exact test

nd Wald’s test for continuous or discrete variables. Repeated mea-
ures analysis of variance were used to evaluate the IgM variation.
vent-free survival (EFS) was measured from the start of treatment
ntil progression, death due to any cause, development of secondary
eoplasms, or IgM-related disorders. Time to progression (TTP) was
alculated from the start of therapy until progression, and progres-
ion-free survival (PFS) was defined as the time to progression or
eath. EFS, TTP, and PFS were analyzed with the Kaplan–Meier
ethod.

Results
Patients and disease characteristics are shown in Table 1. Median

number of FCR courses administered was 6 (range, 3–6) with 25
patients (62.5%) completing the 6 courses; reasons for treatment
truncation included: excessive or prolonged myelosuppression (n �

11), progressive disease (PD) (n � 1), pneumonia (n � 1), hyper-
ensitivity to rituximab (n � 1), idiopathic thrombocytopenic pur-
ura (n � 1). None of the clinical and disease variables analyzed had
prognostic significance for premature treatment discontinuation.
Categorical responses after FCR salvage treatment were as follows:
CRs (10%), 9 VGPRs (22.5%), 19 partial remissions (PRs)

47.5%); for an overall response rate (ORR) and major response rate
MRR) of 80%. Seven patients (17.5%) maintained a stable disease,
patient (2.5%) showed a PD. None of the clinical and laboratory

eatures considered showed to be predictive for the achievement of
R or MR, or for a good quality of response (CR plus VGPR). Even

he number of courses received (�6 vs. 6) did not have an effect on
ate and quality of response.

Among responders, median time to 50% reduction of serum
onoclonal protein was 3 months; none of the patients experienced

n IgM flare during treatment. A progressive significant decrease of
gM levels was observed in responders from the end of therapy and
uring follow-up until the 12th month (P � .006). During follow-
p, in 22 of the 32 responding patients, best response also was as-
essed with bone marrow biopsy. After a median observation of 18
onths (range, 12–60 months) an amelioration of response was
bserved in 5 cases because 2 patients in PR and VGPR, respectively, c
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eached a CR and 3 patients in PR achieved a VGPR. Response rate
t best response assessment time was 6 CRs (19%), 11 VGPRs
34%), and 15 PRs (47%).

Median EFS was reached in responders at 77 months; events were
ategorized as progression (n � 5), myelodysplastic syndrome and/or
cute myeloid leukemia (n � 2), infectious deaths (n � 2), amyloid-
sis (n � 1), esophagus cancer (n � 1), and transformation to large
-cell lymphoma (n � 1). After a median follow-up of 51 months

range, 7–113 months) TTP did not differ when patients were

Table 1 Characteristics of the 40 WM Patients Treated With
FCR as a Salvage Regimen

Characteristics N (%) Median (Range)

Age, Years (Range) 67 (27–78)

Sex

Male 28 (70)

Female 12 (30)

Time From Diagnosis to FCR, Months 63.2 m (5–241)

Time From Last Therapy to FCR,
Months 19.6 m (1–179)

Disease Status at Treatment

Relapsed 26 (65)

Refractory 14 (35)

Previous Treatment 1 (1–4)

One line of therapy 28 (70)

More than 1 line of therapy 12 (30)

Characteristics of Previous Treatment

Purine analogs 2 (5)

Bortezomib 1 (2.5)

Alkylating agents/CTX-containing
regimens 28 (70)

Rituximab combination treatments 9 (22.5)

IgM mg/dL 4780 (881–10,900)

IgM � 4000 mg/dL 20 (50)

IgM � 7000 mg/dL 8 (20)

IPSSWM Score

Low risk 6 (17)

Intermediate risk 15 (42)

High risk 14 (40)

Reasons for FCR Salvage Treatment

Adenopathy and/or splenomegaly and/or
extranodal involvement 10 (25)

Neuropathy 9 (22)

Anemia 14 (35)

Hyperviscosity 8 (20)

Cryoglobulinemia 2 (5)

Abbreviations: CTX � cyclophosphamide; FCR � fludarabine, cyclophosphamide, and ritux-
imab; IPSSWM � International Prognostic Scoring System Waldenström’s Macroglobulinemia;
WM � Waldenström’s macroglobulinemia
ategorized according to the quality of response. PFS was signif-
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icantly shorter in PR patients with a median reached at 70.4
months (Figure 1).

Toxicity
Overall, 176 courses of FCR were administered. Grade 3–4 neu-

tropenia developed in 61% (107) of courses, with at least 1 episode
observed in 87% (35) of patients. Grade 3–4 anemia and thrombo-

Figure 1 Event Free Survival (A), Time to Progression (B),
Progression Free Survival (C) in the 32 Responding
Patients After FCR Salvage Treatment
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cytopenia were observed in 4 and 2 courses, respectively. Long-last- s
ing episodes of neutropenia, alternating in grade after the last course,
developed in 27.5% (11) of patients.

During treatment and the first 6 months of follow-up, 10 episodes
of fever of unknown origin and 2 major infections (clinically docu-
mented pneumonias) were recorded. Six were major infections (5
clinically documented pneumonia and 1 sepsis) that developed after
the sixth month of follow-up.

None of the clinical and disease variables analyzed or previous
treatment history had a prognostic significance for the development
of delayed neutropenia or major infections.

Discussion
Rituximab has been widely adopted as a component of combina-

tion therapy for WM treatment.11–13 Cladribine and fludarabine
have been successfully combined with rituximab leading to high
ORRs (89.6% and 95.3%, respectively) in series of mixed popula-
tions of untreated and pretreated patients with responses indepen-
dent from disease status.14,15 Fludarabine and rituximab combina-
ion led to a better outcome in terms of disease progression at 48
onths in untreated patients. In the phase II multicenter Italian

tudy FCR was administered as either first- or second-line treat-
ent.9 Outcome in terms of responses and PFS of untreated and

retreated patients was similar but the prolonged myelosuppression
nd the concerns about purine analogue treatment in WM led to the
onclusion that this regimen should be avoided in younger patients
n first-line treatment. This study, which has been addressed specif-
cally to patients treated in the salvage setting, confirms the efficacy of
CR. The OR and MR rates observed are comparable to those
chieved with other combination regimens, FCR being more effec-
ive in obtaining a good quality of response because 32.5% (13) of
atients reached at least a VGPR. FCR led to a further amelioration
f response even during follow-up, allowing a final CR plus VGPR
ate of 53% (21).

The value of attaining a good quality of response has been raised in
hronic lymphoproliferative disorders and recently in WM and
ight have a favorable prognostic effect.14,16,17 Although the me-

dian follow-up of this study is one of the longest reported in WM (51
months) we did not observe a TTP benefit in patients achieving at
least a VGPR and PFS was significantly longer in patients achieving
a good quality of response. None of the clinical and disease variables
and previous treatment history (l line vs. 2 or more, type of therapy)
had an effect on patient outcome demonstrating that FCR might
overcome poor prognostic features. Furthermore, the rapid kinetics
of response and the response obtained in patients with bulky disease
demonstrate that this immunochemotherapeutic regimen exerts a
rapid disease control.

The percentage of patients discontinuing treatment after FCR
because of infection and myelosuppression (30%, 12 patients) is very
similar to that observed after bendamustine and rituximab by Treon
et al (26.6%)18 although in this series patients had received more
lines of previous treatment including purine analogues in some cases.

The lower rate of truncation of intended therapy (12%) observed
after the combination of rituximab with bortezomib19 or alkylating
gents (cyclophosphamide or chlorambucil; personal data) in the

alvage setting suggests that these regimens can be considered more
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tolerable although results are not so satisfactory in terms of quality
and response duration.

Conclusion
Because there are few studies addressed specifically to pretreated

WM patients differing in characteristics and follow-up time it is very
difficult to identify which regimen can be considered more effective
and more tolerable. FCR might overcome poor prognostic features,
the high remission rate, the good quality of responses, and the long
PFS suggest that this regimen should be taken into account as salvage
treatment. Immunosuppression and myelosuppression leading to a
high number of late infections warrant accurate patient follow-up
and might suggest considering dose modifications or more limited
duration of therapy.

Disclosure
The authors have stated that they have no conflicts of interest.

References
1. Tam CS, Wolf M, Prince HM, et al. Fludarabine, cyclophosphamide, and ritux-

imab for the treatment of patients with chronic lymphocytic leukemia or indolent
non-Hodgkin lymphoma. Cancer 2006; 106:2412-20.

2. Keating MJ, O’Brien S, Albitar M, et al. Early results of a chemoimmunotherapy
regimen of fludarabine, cyclophosphamide, and rituximab as initial therapy for
chronic lymphocytic leukemia. J Clin Oncol 2005; 23:4079-88.

3. Wierda W, O’Brien S, Wen S, et al. Chemoimmunotherapy with fludarabine,
cyclophosphamide, and rituximab for relapsed and refractory chronic lymphocytic
leukemia. J Clin Oncol 2005; 23:4070-8.

4. Demidem A, Lam T, Alas S, et al. Chimeric anti-CD20 (IDEC-C2B8) monoclonal
antibody sensitizes a B cell lymphoma cell line to cell killing by cytotoxic drugs.
Cancer Biother Radiopharm 1997; 12:177-86.

5. Alas S, Bonavida B, Emmanouilides C. Potentiation of fludarabine cytotoxicity on

non-Hodgkin’s lymphoma by pentoxifylline and rituximab. Anticancer Res 2000;
20:2961-6.

Clinical Lymphoma, Myeloma & Leukemia April 2013
6. Di Gaetano N, Xiao Y, Erba E, et al. Synergism between fludarabine and rituximab
revealed in a follicular lymphoma cell line resistant to the cytotoxic activity of either
drug alone. Br J Haematol 2001; 114:800-9.

7. Golay J, Zaffaroni L, Vaccari T, et al. Biologic response of B lymphoma cells to
anti-CD20 monoclonal antibody rituximab in vitro: CD55 and CD59 regulate
complement-mediated cell lysis. Blood 2000; 95:3900-8.

8. Peinert S, Tam CS, Prince HM, et al. Fludarabine based combinations are highly
effective as first-line or salvage treatment in patients with Waldenström macroglob-
ulinemia. Leuk Lymphoma 2010; 51:2188-97.

9. Tedeschi A, Benevolo G, Varettoni M, et al. Fludarabine plus cyclophosphamide
and rituximab in Waldenström macroglobulinemia: an effective but myelosup-
pressive regimen to be offered to patients with advanced disease. Cancer 2012;
15:434-43.

10. Kimby E, Treon SP, Anagnostopoulos A, et al. Update on recommendations for
assessing response from the third International workshop on Waldenstrom’s mac-
roglobulinemia. Clin Lymphoma Myeloma 2006; 6:380-3.

11. Treon SP, Hanzis C, Manning RJ, et al. Maintenance rituximab is associated with
improved clinical outcome in rituximab naïve patients with Waldenstrom Macro-
globulinaemia who respond to a rituximab-containing regimen. Br J Haematol
2011; 154:357-62.

12. Dimopoulos MA, Kastritis E, Roussou M, et al. Rituximab-based treatments in
Waldenström’s macroglobulinemia. Clin Lymphoma Myeloma 2009; 9:59-61.

13. Gertz MA, Abonour R, Heffner LT, et al. Clinical value of minor responses after 4
doses of rituximab in Waldenström macroglobulinaemia: a follow-up of the Eastern
Cooperative Oncology Group E3A98 trial. Br J Haematol 2009; 147:677-80.

14. Treon SP, Branagan AR, Ioakimidis L, et al. Long-term outcomes to fludarabine
and rituximab in Waldenström macroglobulinemia. Blood 2009; 113:3673-8.

15. Laszlo D, Andreola G, Rigacci L, et al. Rituximab and subcutaneous 2-chloro-2’-
deoxyadenosine as therapy in untreated and relapsed Waldenström’s macroglobu-
linemia. Clin Lymphoma Myeloma Leuk 2011; 11:130-2.

16. Treon SP, Yang G, Hanzis C, et al. Attainment of complete/very good partial
response following rituximab-based therapy is an important determinant to pro-
gression-free survival, and is impacted by polymorphisms in FCGR3A in Walden-
strom macroglobulinaemia. Br J Haematol 2011; 154:223-8.

17. Böttcher S, Ritgen M, Fischer K, et al. Minimal residual disease quantification is an
independent predictor of progression-free and overall survival in chronic lympho-
cytic leukemia: a multivariate analysis from the randomized GCLLSG CLL8 trial.
J Clin Oncol 2012; 30:980-8.

18. Treon SP, Hanzis C, Tripsas C, et al. Bendamustine therapy in patients with re-
lapsed or refractory Waldenström’s macroglobulinemia. Clin Lymphoma Myeloma
Leuk 2011; 11:133-5.

19. Ghobrial IM, Hong F, Padmanabhan S, et al. Phase II trial of weekly bortezomib in

combination with rituximab in relapsed or relapsed and refractory Waldenstrom
macroglobulinemia. J Clin Oncol 2010; 28:1422-8.


	Fludarabine, Cyclophosphamide, and Rituximab in Salvage Therapy of Waldenström`s Macroglo ...
	Introduction
	Patients and Methods
	Results
	Toxicity

	Discussion
	Conclusion
	Disclosure
	References


