
CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Addition of rituximab to fludarabine may prolong progression-free survival
and overall survival in patients with previously untreated chronic lymphocytic
leukemia: an updated retrospective comparative analysis of CALGB 9712
and CALGB 9011
John C. Byrd, Kanti Rai, Bercedis L. Peterson, Frederick R. Appelbaum, Vicki A. Morrison, Jonathan E. Kolitz, Lois Shepherd,
John D. Hines, Charles A. Schiffer, and Richard A. Larson

Fludarabine and rituximab combination
therapies in chronic lymphocytic leuke-
mia (CLL) have yielded promising early
results, but no comparative efficacy data
relative to standard fludarabine treatment
regimens have been reported. To assess
the effect of the addition of rituximab to
fludarabine therapy, we retrospectively
compared the treatment outcome of pa-
tients with similar clinical characteristics
enrolled on 2 multicenter clinical trials
performed by the Cancer and Leukemia

Group B and the US Intergroup that used
fludarabine and rituximab (CALGB 9712,
n � 104) or fludarabine (CALGB 9011,
n � 178). In multivariate analyses control-
ling for pretreatment characteristics, the
patients receiving fludarabine and ritux-
imab had a significantly better progres-
sion-free survival (PFS; P < .0001) and
overall survival (OS; P � .0006) than pa-
tients receiving fludarabine therapy. Two-
year PFS probabilities were 0.67 versus
0.45, and 2-year OS probabilities were

0.93 versus 0.81. Infectious toxicity was
similar between the 2 treatment ap-
proaches. These comparative data are
retrospective and could be confounded
by differences in supportive care or dis-
similar enrollment of genetic subsets on
each trial. Confirmation of these findings
will require a prospective randomized trial
comparing fludarabine and rituximab to
fludarabine. (Blood. 2005;105:49-53)
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Introduction

Chronic lymphocytic leukemia (CLL) is the most common adult
leukemia in the western hemisphere. The natural history of CLL is
varied, with median survival exceeding 10 years in early-stage
patients.1 Because of this long survival and a host of studies
demonstrating no benefit to early intervention,2 CLL is treated only
when patients become symptomatic from the disease. At this time,
accepted initial treatment for CLL includes alkylator therapy
(chlorambucil or cyclophosphamide) or fludarabine.3 The latter
agent is more frequently chosen for younger patients, based on data
from 3 randomized studies4-6 demonstrating a significantly higher
overall response rate, higher complete response (CR) rate, and
longer progression-free survival (PFS) with fludarabine-based
therapy as compared with alkylator-based therapy. Despite the
longer PFS in the fludarabine arm of all 3 studies,4-6 statistically
significant improved survival with fludarabine therapy has not been

observed to date in CLL. This may be reflective of the ability of
patients initially receiving alkylator-based therapy to later receive
treatment with fludarabine at the time of disease progression.

Rituximab is a chimeric monoclonal antibody directed against
the cell surface antigen CD20. Previous studies have demonstrated
that rituximab is active in a variety of different B-cell lymphomas
and enhances the response to chemotherapy. Rituximab also has
single-agent activity in CLL.7-9 Additionally, several large phase 2
studies combining rituximab with fludarabine10,11 or the combina-
tion of fludarabine and cyclophosphamide12 have demonstrated a
much higher complete response rate than previously observed with
any other therapeutic approaches used in CLL before this time. To
date, comparative studies of rituximab and fludarabine combina-
tions to fludarabine monotherapy have not been performed. Herein,
we perform a retrospective comparison of the outcome of patients
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enrolled on CALGB 9712,11 a randomized phase 2 study of 2
different schedules of rituximab combined with fludarabine, to
patients with similar pretreatment characteristics enrolled on the
fludarabine arm of a randomized phase 3 CALGB trial.4

Patients, materials, and methods

Patients

Patients were enrolled on 2 clinical trials4,11 following written informed
consent. The eligibility criteria of the 2 studies were virtually identical, with
all patients required to have histologically and immunophenotypically
documented CLL as defined by the National Cancer Institute (NCI) 1996
guidelines.13 Neither trial permitted viral or bacterial prophylaxis, nor was
there prospective monitoring for cytomegalovirus infection. All patients
were either Rai stage III/IV or Rai stage I/II with evidence of disease
activity as defined by the NCI 1996 guidelines13 and had received no prior
therapy. Interphase cytogenetics and molecular studies are currently being
examined for patients enrolled on CALGB 9712, but they were not
performed as part of CALGB 9011.

Comparison groups used in this analysis

CALGB 9712, a randomized phase 2 trial open to accrual from 1997 to
1999, examined administration of rituximab either concurrently (n � 51) or
sequentially (n � 53) with fludarabine therapy.11 At a median follow-up of
43 months among patients still being followed for progression, the PFS and
overall survival (OS) of the concurrent and sequential arms were found to
be similar (data not shown). On the basis of this finding, all 104 patients
enrolled on this trial were combined into 1 comparison group for the
analyses reported in this paper. CALGB 9011, open to accrual from 1990 to
1994, randomly assigned patients to either fludarabine, chlorambucil, or
their combination.4 The fludarabine-only arm of that trial, with a sample
size of 178, was used in the present paper as the second comparison group.
Criteria for response in each trial were those specified in the 1996
NCI-sponsored Working Group Guidelines.13 As specified by these guide-
lines, a response had to be maintained for a period of 2 months. PFS was
defined from the date of randomization to date of progression or death
(events) or last follow-up (censored), whichever came first. Survival time
was measured from the date of randomization to date of death (event) or
date last seen alive (censored). The data for each study were up to date as of
July 2003.

Statistical analysis

Pretreatment demographic and clinical characteristics of the 2 treatment
groups were compared with the chi-square test of proportions or the
2-sample Wilcoxon test. The Kaplan-Meier method was used to estimate
the distribution of PFS and OS within each treatment group. Two-year PFS
and OS probabilities with 95% confidence intervals (CIs) are presented;
these probabilities will change minimally with further follow-up since there
are only 4 censored values on PFS and OS before 2 years. Response rates of
the treatment groups were statistically compared with logistic regression;
PFS and OS of the treatment groups were compared with the proportional
hazards model. Each treatment comparison was tested both uncontrolled
and controlled for sex, age at time of randomization, and pretreatment
values of white blood count (WBC), lactate dehydrogenase (LDH), stage
(I/II versus III/IV), and presence/absence of splenomegaly. Age, WBC, and
LDH were modeled as continuous variables. P values less than .05 were
considered statistically significant. Analyses were performed by a CALGB
statistician.

Results

The demographics of the 104 patients on CALGB 9712 who were
assigned to receive fludarabine and rituximab and 178 patients

enrolled on CALGB 9011 who were assigned to receive fludara-
bine are shown in Table 1. The median age of patients enrolled on
CALGB 9712 was 63 years (range, 38-88 years) and on CALGB
9011 64 years (range, 37-87 years). The median WBC on CALGB
9712 was 83 � 109/L (range, 9-436 � 109/L), whereas on CALGB
9011 it was 77 � 109/L (range, 9-709 � 109/L). Splenomegaly was
observed in 61% of patients enrolled on CALGB 9712 versus 68%
on CALGB 9011. Forty percent of the patients enrolled on CALGB
9712 had high-risk (Rai stage III or IV) disease as compared with
39% on CALGB 9011. At the time of this analysis, 60 of the 104
patients assigned to fludarabine and rituximab had not yet pro-
gressed (median follow-up of these 60 patients is 43 months), and
16 of the 178 patients receiving fludarabine only had not yet
progressed (median follow-up of these 16 patients is 95 months).
The follow-up for CALGB 9712 is shorter than CALGB 9011,
reflecting the time of initiation of enrollment of these 2 trials (1998
versus 1990). However, actual follow-up data for longer than 2
years were available for all but 4 patients included in this analysis.

Patients assigned to receive fludarabine and rituximab had a
higher incidence of complete response (0.38 versus 0.20, P � .002)
and overall response (0.84 versus 0.63, P � .0003) as compared
with fludarabine alone. Multivariate analyses of the effect of
treatment assignment on response, controlling for sex, age, WBC,
LDH, and stage, showed that the treatment effect remained
essentially unchanged after controlling for these covariates (data
not shown). In parallel with response outcome, patients assigned to
receive fludarabine and rituximab had a significantly improved PFS
(P � .0001) as compared with those patients assigned to receive
fludarabine alone. These results are summarized in Figure 1. The
2-year PFS probability was 0.67 (CI, 0.58-0.76) in patients
receiving fludarabine and rituximab versus 0.45 (CI, 0.37-0.52) in
patients receiving fludarabine alone. The treatment effect was
unchanged in a multivariate analysis controlling for sex, age,
WBC, LDH, stage, and splenomegaly. Fludarabine alone treatment
assignment (P � .0001), high WBC (P � .0003), and high LDH
(P � .01) were significantly associated with early progression
(Table 2).

Overall survival outcome according to treatment assignment to
fludarabine and rituximab (CALGB 9712) or fludarabine alone
(CALGB 9011) is summarized in Figure 2. Patients assigned to
receive fludarabine and rituximab had significantly improved OS
(P � .003) as compared with those patients assigned to receive
fludarabine alone. The 2-year OS probability was 0.93 (CI,
0.88-0.98) in patients receiving fludarabine and rituximab versus

Table 1. Demographic and clinical characteristics of patients
according to treatment assignment

CALGB 9712 CALGB 9011 P

No. of patients 104 178

Median age, y (range) 63 (38-88) 64 (37-87) .75

Patients younger than 50 y, % 14 14 .93

Patients aged 70 y or older, % 23 25 .88

Rai stage I, % 2 2

Rai stage II, % 57 55

Rai stage III, % 14 41 � .0001

Rai stage IV, % 26 2

Enlarged liver, % 15 20 .43

Enlarged spleen, % 61 68 .19

Median WBC, 109/L (range) 83 (9-436) 77 (9-709) .39

Median Hgb, g/dL (range) 12.3 (1.3-16.1) 12.0 (4.6-16.6) .26

Median platelets, � 109/L (range) 158 (33-316) 155 (12-451) .57

Median, LDH, IU (range) 212 (92-950) 198 (39-1389) .20

Hgb indicates hemoglobin.
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0.81 (CI, 0.75-0.87) in patients receiving fludarabine alone. The
treatment effect was unchanged in a multivariate analysis control-
ling for the covariates listed in Table 1. Fludarabine-alone treat-
ment assignment (P � .0006), high WBC (P � .009), older age
(P � .001), and high LDH (P � .02) were significantly associated
with shortened survival (Table 3).

Examination of the toxicity observed in the 2 treatment groups
is summarized in Table 4. This demonstrated that neutropenia,
hypotension, and dyspnea were more commonly noted in the
fludarabine and rituximab treatment group, but no difference in
other hematologic toxicity (anemia or thrombocytopenia) or infec-
tion was noted.

Discussion

In this report, we provide retrospective comparative data of CLL
patient outcome enrolled on 2 multicenter cooperative group trials
where treatment fludarabine and rituximab or fludarabine alone
was used for initial treatment of this disease. The eligibility criteria
for these 2 clinical trials were virtually identical. The pretreatment
demographics of patients enrolled and subsequently compared in
this analysis are either similar with exception of a significantly
higher frequency of thrombocytopenia in the fludarabine and
rituximab treatment group. Despite the marked similarities be-
tween patient groups, our data demonstrate that those assigned to
receive fludarabine and rituximab on CALGB 9712 had a signifi-
cantly improved PFS and OS as compared with those assigned to
receive fludarabine alone as part of CALGB 9011. Because this
analysis focuses predominately on the 2-year time period after
initiation of treatment, none of the patients enrolled on CALGB
9011 received rituximab therapy that was not available during that

period. The addition of rituximab to fludarabine did not appear to
increase the risk of grade III or IV infections or herpes virus
infections. Furthermore, a multivariate analysis examining treat-
ment (CALGB 9712 versus CALGB 9011) and other pretreatment
clinical and laboratory features demonstrated that treatment assign-
ment was as good as or better than WBC and age at predicting PFS
and OS. Similar data using the fludarabine, cyclophosphamide, and
rituximab regimen have been reported for previously treated
patients with CLL by the MD Anderson Cancer Center CLL group
where PFS and OS were significantly prolonged as compared with
those receiving other non–rituximab-containing fludarabine combi-
nations.15-17 These data suggest that the addition of rituximab to
fludarabine therapy in symptomatic CLL has great promise for the
treatment of this disease and should be explored further in larger
randomized phase 3 trials.

Limitations of this analysis include the retrospective nature of the
comparison and potential different patient molecular characteristics not
compared that could explain the discordant outcome independent of
treatment that was observed in this study. While the eligibility criteria of
CALGB 9712 and CALGB 9011 are similar with exception to the
former study allowing performance status 0 to 3 patients (versus 0-2 on
CALGB 9011) and excluding those with need for chronic corticosteroid
administration, the analysis reported herein was not planned at the time
of initiation of these 2 studies. In addition, schedule of rituximab
administration used in the 2 treatment arms of CALGB 9712 was not
identical. Further, since few of the patients who failed fludarabine
therapy on CALGB 9011 would have received rituximab as salvage
therapy, it is possible that later administration of rituximab could have
resulted in diminishment of the survival advantage observed. The
current comparison does not address whether concurrent treatment with
fludarabine and rituximab is superior to sequential therapy. Indeed,
progression-free survival and overall survival between these 2 groups of
patients remains similar at this time, suggesting that rituximab either

Figure 2. Overall survival for patients assigned to rituximab and fludarabine on
CALGB 9712 versus fludarabine on CALGB 9011. CALGB 9712 (solid line) and
CALGB 9011 (divided line).

Table 3. Hazard ratios from multivariate analysis of overall survival

Clinical predictor (hazard ratio comparison) Hazard ratio (95% CI) P

Treatment, CALGB 9712 vs CALGB 9011 2.59 (1.50-4.46) .0006

WBC, 75th vs 25th percentile 1.23 (1.05-1.44) .009

Age, 75th vs 25th percentile 1.59 (1.18-1.93) .001

LDH, 75th vs 25th percentile 1.18 (1.03-1.36) .02

Sex, male vs female 1.25 (0.86-1.81) .24

Rai stage, high vs intermediate 1.22 (0.88-1.69) .23

Splenomegaly, present vs absent 1.20 (0.84-1.71) .33

Figure 1. Progression-free survival for patients assigned to rituximab and
fludarabine on CALGB 9712 versus fludarabine on CALGB 9011. CALGB 9712
(solid line) and CALGB 9011 (divided line).

Table 2. Hazard ratios from multivariate analysis of
progression-free survival

Clinical predictor (hazard ratio comparison) Hazard ratio (95% CI) P

Treatment, CALGB 9712 vs CALGB 9011 2.89 (2.02-4.14) � .0001

WBC, 75th vs 25th percentile 1.25 (1.11-1.42) .0003

Age, 75th vs 25th percentile 1.19 (0.96-1.47) .11

LDH, 75th vs 25th percentile 1.15 (1.03-1.29) .01

Sex, male vs female 1.09 (0.79-1.49) .61

Rai stage, high vs intermediate 0.93 (0.70-1.24) .61

Splenomegaly, present vs absent 1.08 (0.79-1.48) .61
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concurrently or sequentially may yield similar outcomes for patients
with CLL. While the efficacy of rituximab monotherapy in relapsed
CLL is limited, with virtually no complete responses, the finding of
similar outcome in the concurrent and sequential treatment arm raises
the possibility that attaining an early CR (ie, 2 months after treatment)
may not be important to predicting long-term outcome.8,9,18 As re-
sponses to rituximab can often improve following completion of
therapy, future studies examining the bone marrow later in treatment
will be required to accurately estimate the importance of CR as a
surrogate end point to prolonged PFS and OS. All of these limitations
mandate caution in overinterpreting the results reported herein beyond
strong consideration of fludarabine and rituximab–based combinations
in future randomized phase 3 trials. Thus, future efforts should focus on
confirming these results and clinical importance of minimal residual
disease at completion of therapy. In addition, it will be important to
determine whether select molecular risk factors such as having VH

(heavy chain variable region) un-mutated status,16,19 ZAP-70 (zeta-
associated protein 70) protein overexpression,20 or p53 dysfunction21,22

adversely influence outcome of symptomatic patients with CLL receiv-
ing fludarabine and rituximab–based combination therapies.

Appendix
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L. Grossbard, MD, supported by CA12449; Mayo Clinic, Rochester, MN–
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Oncology, Montreal, QC, Canada–Brian Leyland-Jones, MD, supported by
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School of Medicine, New York, NY–Lewis Silverman, MD, supported by
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Medical University, Syracuse, NY–Stephen L. Graziano, MD, supported by
CA21060; The Ohio State University Medical Center, Columbus–Clara D.
Bloomfield, MD, supported by CA77658; Tufts/New England Medical Center,
Boston, MA–Daniel Karp, MD, supported by CA07190; University of Alabama
Birmingham, Birmingham–Robert Diasio, MD, supported by CA47545; Univer-
sity of California at San Diego, San Diego–Stephen L. Seagren, MD, supported
by CA11789; University of Chicago Medical Center, Chicago, IL–Gini Fleming,
MD, supported by CA41287; University of Illinois at Chicago, Chicago–
Lawrence E. Feldman, MD, supported by CA74811; University of Iowa
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Bhargava, MD, supported by CA37135; University of Miami, Miami, FL–Peter
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Nebraska Medical Center, Omaha–Anne Kessinger, MD, supported by CA77298;
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supported by CA47559; University of Pennsylvania, Philadelphia–John Glick,
MD, supported by CA15488; University of Pittsburgh, Pittsburgh, PA–John
Kirkwood, MD, supported by CA39229; University of Pretoria, Pretoria, South
Africa–Geoffrey Falkson, MD, supported by CA59307; University of Rochester,
Rochester, NY–John Bennett, MD, supported by CA11083; University of
Tennessee Memphis, Memphis–Harvey B. Niell, MD, supported by CA47555;
University of Wisconsin, Madison–James Stewart, MD, supported by CA21076;
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