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Key Points

• Maintenance rituximab
attained a prolonged PFS and
improved the quality of
response in patients with
detectable disease after
R-FCM.

The effectiveness of rituximab maintenance therapy in the treatment of chronic lym-

phocytic leukemia has been investigated in a phase 2 clinical trial that included an initial

treatment with rituximab 500 mg/m2 on day 1 (375 mg/m2 the first cycle), fludarabine

25mg/m2 on days 1 to 3, cyclophosphamide 200mg/m2 on days 1 to 3, andmitoxantrone

6 mg/m2 on day 1 (R-FCM), for 6 cycles, followed by a maintenance phase with rituximab

375 mg/m2 every 3 months for 2 years. Sixty-seven patients having achieved complete

response (CR) or partial response (PR) with R-FCM were given maintenance therapy.

At the end of maintenance, 40.6% of patients were in CR with negative minimal residual

disease (MRD), 40.6% were in CR MRD-positive, 4.8% remained in PR, and 14% were

considered failures. Six of 29 patients (21%) who were in CR MRD-positive or in PR after R-FCM improved their response upon

rituximab maintenance. The 4-year progression-free survival (PFS) and overall survival rates were 74.8% and 93.7%, respectively.

MRD status after R-FCM induction was the strongest predictor of PFS. Maintenance with rituximab after R-FCM improved the quality

of the response, particularly in patientsMRD-positive after initial treatment, andobtained aprolongedPFS. This trialwas registered at

www.clinicaltrialsregister.eu as identifier #2005-001569-33. (Blood. 2013;122(24):3951-3959)

Introduction

Treatment of patients with chronic lymphocytic leukemia (CLL) with
chemoimmunotherapy results in high response rates including many
cases with no detectable minimal residual disease (MRD). However,
all patients eventually relapse and because of this CLL remains an
incurable disease.1-6 The lack of sustained responses observed in CLL
reflects the persistence of MRD after therapy. Therefore, treatment
strategies aimed to eradicate relentlessMRD after initial therapymight
have a favorable impact on the outcome of patients with CLL.

Throughout the last decade, maintenance treatments mainly based
on monoclonal antibodies have been explored in chronic B-cell ma-
lignancies, showing benefits in terms of prolongation of progression-
free survival (PFS).7-9 In CLL, maintenance or consolidation therapies
with different drugs, including interferon-a,10,11 rituximab,12-18

alemtuzumab,19-27 or more recently lenalidomide,28 have been
evaluated. As with other B-cell malignancies, the use of rituximab
maintenance after induction treatment suggests a benefit in sustaining
the response duration in patients with CLL.14

Based on data obtained from in vitro and in vivo studies,29-32

we developed a combination chemotherapy including fludar-
abine, cyclophosphamide, and mitoxantrone (FCM). The en-
couraging responses achieved with this combination in patients
with CLL, both previously treated and untreated,29,33,34 prompted us
to test its combination with rituximab. Therefore, in November 2005,
the Spanish Cooperative Group on CLL (GELLC) launched a phase
2 clinical trial aimed at investigating the feasibility, response, and
toxicity of a treatment strategy consisting of rituximab, fludarabine,
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cyclophosphamide, and mitoxantrone (R-FCM) as initial treatment
followed by rituximab as maintenance therapy. The initial therapy
with R-FCM resulted in an overall response (OR) rate of 93% and
a complete response (CR) rate of 82% (46% MRD-negative CR).35

Thefinal results of the second part of the study, namely themaintenance
phase with rituximab, are presented here.

Patients and methods

Study design and patients

This open-label prospective, multicenter, nonrandomized phase 2 clinical
trial was reviewed and approved by ethical committees in agreement to the
Declaration of Helsinki of all centers participating in the study. All patients
provided informed written consent.

The trial consisted of 2 parts: an initial treatment with R-FCM followed by
maintenancewith rituximab. For the initial treatment phase, patients were given
R-FCM (rituximab 500mg/m2 on day 1 [375mg/m2 the first cycle],fludarabine
25 mg/m2 IV on days 1 to 3, cyclophosphamide 200 mg/m2 on days 1 to 3, and
mitoxantrone 6mg/m2 IV on day 1, given at 4-week intervals) up to amaximum
of 6 cycles, as previously published.35 Patients of 70 years or younger pre-
senting active disease according to the National Cancer Institute–sponsored
Working Group (NCI-WG) criteria36 and with an Eastern Cooperative
Oncology Group (ECOG) performance status of 0 to 2 were eligible for the
study. Patients with prior history of autoimmune phenomena or a positive
Coombs’ test, impaired renal or hepatic function, creatinine clearance inferior
of 50 mL per minute, a past history of B or C hepatitis, severe concomitant
diseases, or pregnancy were excluded from the study.

The response to initial therapy was assessed 3 months after concluding
R-FCM treatment. Patients who obtained a CR or a partial response (PR)
were eligible for the maintenance phase of the study. Any severe induction-
related event that could impair participation in the maintenance phase pre-
cluded eligibility. The main end point of the trial was OR.35 Secondary end
points include PFS after maintenance, MRD levels, toxicity treatment, and
pharmacokinetic analysis.

Inclusion criteria in this second part of the R-FCM trial were an ECOG
performance status of 0 to 2, a neutrophil count superior to 1500/mL, a platelet
count superior to 75 000/mL, and CR or PR response to prior R-FCM upfront
therapy. Commencing 3 months after the last R-FCM course, patients were
scheduled to receive rituximab 375 mg /m2 IV on day 1 and thereafter every
3 months for up to 8 courses (2 years) depending on response and toxicity.

Assessments and response criteria

Patients receiving .4 cycles of maintenance were considered for response
evaluation. However, patients in whom rituximab maintenance was prema-
turely interrupted (#4 cycles) due to toxicity were considered failures. The
response to the maintenance phase was assessed 3 months after the end of
treatment using NCI-WG criteria36 and included clinical history, physical
examination, white blood cell count (WBC) with differential count, liver and
renal function tests, serum lactate dehydrogenase (LDH), and b2-microglobulin
and immunoglobulin levels. Bone marrow infiltration was assessed by needle
aspiration and biopsy. Patients in CRwith no detectableMRDwere categorized
as MRD-negative CR. Bone marrow biopsy was not required in cases that did
not attain clinical CR. Imaging studies were not used to evaluate response to
therapy. Patients were assessed by clinical examination every 12 weeks during
the 2-year maintenance phase of the study.

Prospective MRD monitoring was a predefined secondary objective of the
study. MRD was centrally evaluated using multiparametric flow cytometry
assays in paired peripheral blood (PB) and bonemarrow (BM) samples 3months
after R-FCM induction therapy, every 6 months during rituximab maintenance,
and at the final restaging 3 months after the conclusion of treatment. At
completion of the maintenance treatment, MRD was assessed in PB every
3 months during the first year, every 4 months during the second and third
year, and every 6 months thereafter and in BM every 6 months during the

first year, every 8 months during the second and third year, and every 12
months thereafter. MRD evaluation was performed only in CR MRD-
negative patients until MRD became detectable. Whole PB or BM samples
were incubated with quadruple combinations of antibodies in a 5-tube
combination assay with a sensitivity of 1024 and analyzed following the
method described byRawstron et al.37MRD levels are reported as a fraction of
CLL cells of all nucleated cells.

Pharmacokinetic analysis

Blood sampling time was scheduled as follows: immediately before the
rituximab infusion, and after 4, 12, 24, 48, and 72 hours, and at 7, 14, 28, and
48 days. Rituximab levels were measured with a validated enzyme-linked
immunosorbent assay (ELISA) with a quantification limit.0.5mg/mL. The
pharmacokinetic parameters for rituximab were determined performing a
2-compartment open-model analysis with first-order distribution rates between
compartments by using the pharmacokinetic software WinNonlin (Version
1.1; Scientific Consulting Inc.). The following pharmacokinetic parameters
were considered: total body clearance (Cl), volume of the central com-
partment (Vc), volume of distribution at steady state (Vss), elimination rate
constant (T1/2), elimination rate constant for the a-phase (T1/2a), elimination
rate constant for the b-phase (T1/2b), area under the concentration-time
curve (AUC), maximum serum concentration (Cmax), minimum serum
concentration (Cmin; through serum levels), and mean residence time
(MRT).

End points and statistical considerations

Themain end point of the trial wasOR.35 Secondary end points were PFS after
maintenance,MRD levels, and treatment toxicity. PFSwas defined by the time
from entry into the trial until CLL progression or death from any cause andwas
calculated in an intention-to-treat basis. Time-to-next treatment (TNT) was
defined by time from the end of initial treatment until the initiation of the next
therapy. Quantitative MRD results were categorized in the following groups:
low (,1024), intermediate ($1024 to,1022), and high ($1022). Low-level
MRDwas considered asMRD-negative,whereas intermediate- and high-level
groups were considered as MRD-positive. The Fisher exact test or the x2 tests
were used to analyze the association between patient characteristics and re-
sponse and to compare the frequency of adverse events. Actuarial survival
curves were estimated by the method of Kaplan and Meier and compared by
the log-rank test. Cox regression analysis was performed to analyze the adjusted
prognostic value of MRD in a model that also included well-established
prognostic factors. All statistical tests were 2-sided and the significance level
was 0.05.

Results

Patients’ characteristics and response to therapy

Results of the response obtained with the R-FCM initial treatment
in 72 patients were previously published.35 The final results ob-
tained in 81 patients were as follows: CR MRD-negative, 47%
(95% CI, 36%-58%); CR MRD-positive, 30% (95% CI, 20%-
40%); PR, 13% (95% CI, 6%-20%); and 10% (95% CI, 3%-16%)
failed treatment.

Between July 2006 and November 2008, 67 patients who received
upfront treatment with R-FCM were given rituximab maintenance.
Two patients were not considered for response evaluation due to the
diagnosis of lung cancer after 1 and 2 cycles of rituximabmaintenance;
an additional patient declined treatment after 2 courses of rituximab
(Figure 1). Overall, 64 patients (median age, 60 years; range, 35-70
years) were evaluated for response. The main characteristics of the
patients are shown in Table 1. Median number of cycles of main-
tenance administered was 8 (range, 2-8) and 80% of patients com-
pleted the entire planned treatment. In 10 patients, maintenance was
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discontinued prematurely due to toxicity; in 1 patient, due to devel-
opment of second malignancies; and in 2 patients, due to disease
progression.

After rituximab maintenance, 40.6% (n 5 26 [95% CI, 29%-
53%]) of patients were in MRD-negative CR, 40.6% (n 5 26 [95%
CI, 29%-53%]) in MRD-positive CR, 4.8% (n 5 3 [95% CI, 2%-
7%]) remained stable in PR, and 14% (n 5 9 [95% CI, 6%-22%])
failed treatment. Failureswere due to disease progression (4 patients),
severe neutropenia (3 patients), infections (1 patient), and death (1
patient).

Disease status was analyzed before and after rituximab main-
tenance (Table 2). Among 35 patients in MRD-negative CR after
R-FCM, 22 patients (63%) maintained the MRD-negative status at
the end of maintenance treatment, 9 patients (25.7%) switched from
MRD-negative to MRD-positive, and 4 patients failed treatment, 1
due to disease progression, and 3 due to toxicity.

Median time of conversion from negative to positive MRD was
43 months.

No correlation was observed between different biological or
clinical variables, such as age (,60 years vs.60 years), lymphocyte
doubling time (LDT; cutoff 12months), increased ZAP-70, increased
serum b2-microglobulin and LDH, cytogenetic abnormalities, or
Binet stage, and the achievement of a negative MRD status. How-
ever, when values of mean CD20 fluorescence intensity (MFI) ob-
tained before the entry into the study were compared with the
response achieved, patients with MRD-negative CR after rituximab
maintenance had significantly higher CD20MFI in comparison with
patients with other responses (204 6 255 vs 99 6 78, respectively;
P 5 .025). These data suggest that CD20 expression measured by
MFI could be a predictor of response to the maintenance with
rituximab.

Six of 29 patients (21%)with detectable disease (CRMRD-positive
or PR) improved their response category upon rituximab maintenance:
2 patients with MRD-positive CR became MRD-negative, whereas
4 patients in PR obtained a CR after maintenance, 2 of them MRD-
negative (Table 2).

Figure 1. Consort diagram.
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Median follow-up of the whole series (n5 81) was 48.5 months.
The 4-year PFS and overall survival (OS) rates were 69.1% (95% CI,
59.3%-78.9%) and 90.5% (95% CI, 78.9%-97.2%), respectively.
Median PFSwas estimated to be 59.8months andmedianOSwas not
reached (Figure 2). As per those patients who received rituximab
maintenance (n 5 67), the median follow-up was 48.7 months. The
4-year PFS and OS rates were 74.8% (95% CI, 63.8%-85.8%) and
93.7% (95% CI, 87.6%-99.7%), respectively. Median PFS and OS
were not reached (Figure 2).

MRD status after R-FCM induction was the strongest predictor

of PFS

After initial therapy with R-FCM, MRD was considered to be
negative in 76% of patients (45 of 59 patients) in PB and in 55% of
patients (35 of 63 patients) in BM. The 4-year PFS rate of patients
with negativeMRDanalyzed in PBwas 89.5%, (95%CI, 79%-98%),
whereas it was 27% (95%CI, 3%-50%) (P, .01) in patientswho had
positive MRD in PB. Likewise, patients with MRD-negative in BM
had longer PFS in comparison with those with MRD-positive in BM
(at 4 years, 86% [95% CI, 73%-99%] vs 60% [95% CI, 42%-78%];
P 5 .027).

PB and BM paired samples obtained after R-FCM inductions
were compared for MRD levels: 12 of 57 patients (21%) with MRD-
negative in PB had MRD-positive in BM, whereas all patients with
negative MRD in BM also had negative MRD in PB. Patients with
MRD-negative in PB but positive in BM (n5 12) presented a similar
PFS than those with negative MRD in BM (4-year PFS, 86% [95%
CI, 73%-98%] vs 90% [95% CI, 73%-100%], P 5 .85). Finally, 3
patients who achieved MRD-negative in PB but remained MRD-
positive in BM after the initial R-FCM treatment became MRD-
negative in BM upon rituximab maintenance.

The impact of different variables, includingMRD levels achieved
after R-FCM on PFS, was tested in a multivariate analysis. MRD
status proved to be a superior predictor for PFS than clinical response
(Figure 2). In addition, when different prognostic variables (LDT
[cutoff 12 months], ZAP-70, serum b2-microglobulin and LDH,
cytogenetic abnormalities, andMRD levels categorized as positive or
negative in PB and BM) were analyzed as predictors for PFS, only
MRD status in PB along with LDT remained significantly predictive.

According to the criteria used in other trials,38 MRD levels were
classified into the following categories: low, ,1024; intermediate,
$1024 to ,1022; and high, $1022. When the source of MRD was
BM, no significant differences in PFS were observed between
patients with negative (n5 35) and intermediate (n5 20) subgroups
(at 4 years, 86% [95% CI, 73%-98%] vs 74% [95% CI, 54%-93%],
P5 .3), whereas patients with high levels ofMRD (n5 8) showed an
inferior PFS (at 4 years, 25% [95% CI, 0%-55%], P , .01). In
contrast, when considering MRD in PB there was no difference in
PFS between the intermediate- and high-level MRD groups (at 4
years, 28% [95%CI, 0%-57%] vs 25% [95%CI, 0%-67%], P5 .75)
(Figure 2).

Toxicity of the maintenance with rituximab

Treatment was delayed due to hematologic toxicity in 9 cycles (2%), 4
of them corresponding to the first cycle, and due to nonhematologic
toxicity in 4 cycles (0.8%). No reductions in dose of rituximab were
performed. Neutropenia was observed in 31.3% of cycles, although
grade 3 to 4 neutropenia was detected only in 8.5% of the cycles
(Table 3). Of note, 55% of grade 3 to 4 neutropenia episodes were
concentrated in the first 2 cycles of rituximab maintenance (Figure 3).
Thrombocytopenia or anemia were infrequent and no grade 3 to 4
toxicities were observed duringmaintenancewith rituximab (Table 3).

Sixteen patients experienced grade 3 to 4 infectious episodes, in-
cluding 9 pneumonia, 2 febrile neutropenia, 1 appendicitis, 1myositis,
1 cutaneous infection, 1 herpes zoster, 1 sepsis, 3 upper respiratory
tract infections, 1 cerebral abscess, and 1 fever of unknown origin.
Varicella zoster reactivation occurred in 4 patients. Two patients died,
1 due to due to hemophagocytic syndrome during maintenance and
the other due to multifocal leukoencephalopathy 3 months after the
end of maintenance therapy. Severe infections (grade 3-4) particularly
occurred at the initiation of maintenance treatment, with almost half
of all episodes being observed in the first 2 courses of treatment. In

Table 1. Main characteristics of the patients evaluable for response
(n 5 64) at the entry of the trial

Variables Distribution, n (%)

Age, y

,60 32 (50)

60-70 32 (50)

Gender

Female 19 (30)

Male 45 (70)

Binet stage

A 9 (14)

B 39 (61)

C 16 (25)

Rai Stage

0 3 (5)

I-II 43 (67)

III-IV 18 (28)

Lymphocyte count

,100 000/mL 45 (70)

$100 000/mL 19 (30)

LDT, n 5 55

.12 mo 29 (53)

#12 mo 26 (47)

Serum LDH, n 5 61

Normal 45 (74)

Increased 16 (26)

b2-microglobulin, n 5 60

Normal 20 (33)

Increased 40 (67)

Genetic abnormalities, n 5 51

del(13q) 12 (23)

112 6 (12)

del(11q) 7 (14)

del(17p) 2 (4)

ZAP-70 expression, n 5 59

,20% 24 (41)

$20% 35 (59)

Response to R-FCM induction

CR MRD2 35 (55)

CR MRD1 21 (33)

PR 8 (12)

Table 2. Response rate according to the induction or maintenance
treatment phase

Response to rituximab maintenance

CR MRD2 CR MRD1 PR Failure

Response to R-FCM, N 5 64

CR MRD2, n 5 35 22 9 0 4

CR MRD1, n 5 21 2 15 0 4

PR, n 5 8 2 2 3 1
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addition, a second peak of incidence was observed at the end of
maintenance treatment (Figure 3). Infections correlated with the
development of severe neutropenia. Thus, grade 3 to 4 infectious
episodes appeared in 19.5%of cycles inwhich grade 3 to 4 neutropenia
was observed but in only 3% of cycles with neutropenia inferior to
grade 3 (P , .001). Neutropenia of all grades was more frequent in
patients with 60 to 70 years (n5 34) than in patients younger than 60
years (n 5 33) (39.6% vs 28.6% of cycles, P 5 .012), although no
differences were observed in the number of severe (grade 3-4) in-
fectious events (5.6% vs 3.6% of cycles, P 5 NS) or grade 3 to 4
neutropenic episodes (10% vs 7.7% of cycles, P5 NS) between both
age groups. Finally, low-serum immunoglobulin levels of immunoglob-
ulinG (IgG) (,6.5mg/dL), IgA (,0.7mg/dL), and IgM (,0.4mg/dL)
were detected in the 58.8%, 49%, and 88.2% of the patients, respec-
tively, at the end of maintenance therapy. Three patients presented
levels of IgG lower than 3 mg/dL. At the end of the maintenance
therapy, serum immunoglobulin levels were lower than before treat-
ment initiation (supplemental Table 1, available on the Blood
Web site). No relationship was observed between infectious events
and the presence of low levels of immunoglobulins. T-lymphocyte
counts were assessed in PB along with the analysis of MRD.
No relationship between low CD41 T lymphocyte counts (,200/mL)
and severe infectious events was observed.

Six nonhematologic neoplasms were observed during the main-
tenance phase: 3 lung adenocarcinomas, 1 epidermoid carcinoma, 1

low-grade urothelial carcinoma, and 1 intestinal adenocarcinoma.
No therapy-related myeloid neoplasms were detected.

Time-to-MRD conversion and TNT is prolonged in R-FCM plus

rituximab maintenance as compared with FCM

Time-to-MRD conversion and TNT obtained in this trial was com-
pared with that observed in a previous trial from our group using
FCM.34 Inclusion criteria were similar between both studies, although
the FCMstudy included patients younger than 65 years, whereas in the
R-FCM trial, the upper age limit was 70 years. Patients’ characteristics
were not significantly different between the 2 groups, except for a
higher percentage of cases with trisomy 12 in the FCM cohort.35 In
both studies,MRDwas analyzed by FC using a combination of mono-
clonal antibodies with the same sensitivity.Median time to conversion
from MRD-negative to MRD-positive was significantly longer in the
R-FCM plus rituximab trial than in the FCM trial, (43 months vs 16.4
months, respectively; P 5 .011) (Figure 4).

In addition, compared with the FCM series, TNT in patients
attaining a MRD-positive CR (median time of 40.4 months vs non-
reached, P5 .026) or PR (median time of 6.5 months vs 51 months,
P , .001) was significantly prolonged with R-FCM plus mainte-
nance with rituximab. Finally, TNT was not significantly different
between R-FCM and FCM in patients obtaining an MRD-negative
CR (Figure 4).

Figure 2. OS and PFS in the R-FCM trial. (A) OS and

PFS in the whole series. (B) OS and PFS in patients

entering the rituximabmaintenance-studyphase. (C) PFS

in patients grouped by MRD levels assessed in PB after

induction evaluation. (D) PFS according to MRD levels

in BM after induction evaluation. (E) PFS combining the

degree of response and the MRD status in PB.
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To gain insight into the impact of rituximabmaintenance onMRD
and clinical outcome, kinetics of MRD under rituximab were
analyzed. During rituximab maintenance treatment, 72% and 47% of
MRD-positive patients show stable or decreased MRD values, even
below the limit of detection, in BM and PB, respectively. By contrast,
in patients treated with the FCM protocol, once MRD-positive, a
steady increase in MRD levels was always observed. Interestingly,
once rituximab maintenance was completed in the R-FCM trial, the
kinetics of MRD showed a steady increase, mostly resembling the
kinetics observed in patients from FCM protocol. In Figure 4E-F,
the MRD kinetics of representative patients are depicted.

Rituximab pharmacokinetics

Six patients on maintenance therapy were selected for pharmacoki-
netic analysis. Five patients obtained a CR and 1 a PR with R-FCM
induction. The rituximab levels of all patients onmaintenance therapy
remained detectable because the levels of all patients on 3-monthly
schedule maintenance therapy remained with a mean concentration
of 6.2mg/mL (range, 1.0-11.1mg/mL). The terminal elimination half-
life (T1/2b) of rituximab in all patients was estimated to be 24.6 days
(range, 3.4-50.5 days), with an intersubject variability of 64.2%. The
meanAUCvaluewas2675.9mg3day/L/1.73m2 (1184.4-3577.4mg3
day/L/1.73 m2) for a normalized dose of rituximab of 375 mg/m2,
with an intersubject variability of 35.4%. Vss and Cl were 6981.0 L/
1.73 m2 (2960.5-10360.0 L/1.73 m2) and 285.6 mL/day/1.73 m2

(180.0-603.8 mL/day/1.73 m2), respectively. The pharmacokinetic

values obtained for each patient are detailed in supplemental Table 2.
Of note, the patient in PR had low levels of rituximab in serum in
comparison with the 5 patients in CR, which would suggest
a possible pharmacokinetic-pharmacodynamic relationship.

Discussion

This study shows that 2 years of rituximab maintenance therapy in
patients responsive to first-line combination of rituximab, fludar-
abine, cyclophosphamide, and mitoxantrone results in a prolonged
duration of response with a 4-year PFS and OS of 69.1% and 90.5%
for the whole series, and 74.8% and 93.7% for patients entering the
rituximabmaintenance-study phase. These results compare favorably
with those observed in the chemoimmunotherapy treatment arm of
the German CLL Study Group CLL8 trial (3-year PFS and OS of
65% and 87%),2 whereas they need longer follow-up to be compared
with the MD Anderson Cancer Center FCR series.1 The role of
rituximab maintenance has been explored with or without prior
chemoimmunotherapy.12-18 In line with our results, Del Poeta et al
reported that patients receiving consolidation and maintenance with
rituximab (n5 28) showed a longer PFS in comparison with a control
group (n5 18) not receiving rituximab consolidation (87% vs 32% at
5 years,P5 .001).14Moreover, our results are comparable with those
obtained after upfront treatment with FCR-Lite followed by rituximab
maintenance administered at higher doses (5-year PFS andOS, 66.9%
and 85.5%, respectively).17 Finally, the role of maintenance in CLL is
currently explored using other drugs. Thus, the results of consoli-
dation treatment with lenalidomide after upfront therapy with the
pentostatin, cyclophosphamide, and rituximab (PCR) combination
have been recently reported, showing again a benefit of the main-
tenance in the treatment of patients with CLL.28

The observation that the interval for conversion from MRD-
negative to MRD-positive, and that the TNT was longer in this trial

Table 3. Hematologic and extrahematologic toxicity related to
rituximab maintenance

Toxicity
Total,
%

Grade 1-2,
%

Grade 3-4,
%

Hematologic

Neutropenia 31.3 22.8 8.5

Thrombocytopenia 4.6 4.4 0.2

Anemia 1.2 1.2 0

Nonhematologic

Fatigue 0.8 0.8 0

Gastrointestinal toxicity 2 2 0

Hepatic toxicity 2.2 2 0.2

Encephalopathy 0.2 0 0.2

Infections 13 8.4 4.6

Infectious episodes G 3-4

Pneumonia, n 5 9

Febrile neutropenia, n 5 2

Cutaneous infection, n 5 1

Sepsis (Staphylococcus spp), n 5 1

Cerebral abscess, n 5 1

Herpes zoster reactivation, n 5 1

Myositis, n 5 1

Appendicitis, n 5 1

Upper respiratory tract, n 5 3

Progressive multifocal

leukoencephalopathy, n 5 1

Fever of unknown origin, n 5 1

Neoplasm

Lung adenocarcinoma, n 5 3

Epidermoid carcinoma, n 5 1

Low-grade urothelial carcinoma

noninvasive, n 5 1

Intestinal adenocarcinoma, n 5 1

Toxicity was based on the NCI-WG and World Health Organization classification

and expressed as a percentage of the cycles administered.

Figure 3. Infectious episodes observed in the R-FCM trial during the maintenance

phase. (A) Percentage of grade 3 to 4 infectious episodes. (B) Grade 3 to 4

neutropenia episodes by cycle of treatment.
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compared with FCM, could be attributable to the effect of rituximab
through the control of MRD levels during maintenance. However,
this is a retrospective comparison, despite that data from the German
CLL Study Group CLL8 trial showing that patients who attained
MRD-negative with chemotherapy combinations had a comparable
clinical benefit to patients who achieved MRD-negative with chemo-
immunotherapy combinations.2,38 To better comprehend the impact
of rituximab maintenance on MRD and clinical outcome, the kinetics
of MRD under maintenance were analyzed. Rituximab maintenance
was able to control MRD levels (negativized, reduced, or maintained
levels of residual disease stable) in a proportion of patients.
This phenomenon has been reported after allogeneic stem cell
transplantation,39 but is not observed after chemotherapy with FCM
or autologous stem cell transplantation.40 Once maintenance was
finished, levels of MRD steadily increased, mostly resembling the
kinetics observed in patients from the FCM protocol.

Finally, variables predicting response duration in other trials, as
elevated serum LDH and b2 microglobulin, and high expression of
ZAP-70,1,34 did not show adverse impact in theR-FCMplus rituximab
maintenance study. In this trial, only MRD levels and LDT predicted
PFS duration, parameters that define the quality of response and the
kinetics of the disease.

In this study, maintenance therapy was feasible but the hema-
tological and infectious toxicity were not negligible. Previous studies

administering rituximab as maintenance treatment in CLL reported
inferior hematologic toxicity and a lower number of infectious events
than those observed in our study.13-15 This discrepancy may be
attributed to differences in intensity of initial treatment regimens used
in these trials.13-15 In our study, it is difficult to discriminate which part
of the observed toxicity was due to the rituximab maintenance itself or
to the initial treatment with R-FCM. In this regard, long-term follow-
up of FCR series1,41 disclosed that a substantial number of patients had
persistent cytopenia after FCR treatment and a risk of 10% of serious
infection was observed during the first year of remission.1,32 In
our study, the fact that approximately half of severe neutropenia
and infectious episodes were concentrated in the first 2 cycles of
maintenance treatment suggests that induction therapy influences
the risk of early infections during maintenance. For this reason,
treatment strategies including maintenance therapy should take
into account prior therapy and toxicity.

In conclusion, R-FCM followed by rituximabmaintenance attained
a prolonged PFS and improved the quality of response, particularly in
patients with detectable disease after upfront R-FCM. Thus, this study
supports the concept of the maintenance strategies, either with mono-
clonal antibodies or other novel therapies, in a disease where all pa-
tients eventually relapse. Further prospective, randomized clinical
trials are needed to assess the precise role of maintenance strategies
in prolonging response and survival in CLL.

Figure 4. Comparison of the R-FCM with the pre-

vious FCM trial.34 (A) Probability of conversion from

MRD-negative to MRD-positive in the R-FCM 1 R and

FCM cohorts. (B) TNT in patients who achieved a CR

MRD-negative after initial treatment with R-FCM or

FCM. (C) TNT in patients who achieved a CR MRD-

positive after R-FCM or FCM. (D) TNT in patients who

achieved a PR after R-FCM or FCM. (E) MRD kinetics

of 11 representative patients of the R-FCM1 R cohort.

Dotted line box represents period under rituximabmain-

tenance. (F) MRD kinetics of 11 representative patients

of the FCM cohort.
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A.M., M.C., L.E., X.C., S.B., J.B.M., E. Montserrat, and F.B. gave
final approval of the manuscript.

Conflict-of-interest disclosure: F.B. was a consultant for and
received honoraria from Hoffman-La Roche and was a member of an
entity’s board of directors or advisory committees. J.D. received
lecturing fees from Roche. The remaining authors declare no com-
peting financial interests.

Correspondence: Francesc Bosch, Department of Hematology,
University Hospital Vall d’Hebron, Pssg Vall d’Hebron 119-129,
08035, Barcelona, Spain; e-mail: fbosch@vhebron.net.

References

1. Tam CS, O’Brien S, Wierda W, et al. Long-term
results of the fludarabine, cyclophosphamide, and
rituximab regimen as initial therapy of chronic
lymphocytic leukemia. Blood. 2008;112(4):
975-980.

2. Hallek M, Fischer K, Fingerle-Rowson G, et al;
International Group of Investigators; German
Chronic Lymphocytic Leukaemia Study Group.
Addition of rituximab to fludarabine and
cyclophosphamide in patients with chronic
lymphocytic leukaemia: a randomised, open-label,
phase 3 trial. Lancet. 2010;376(9747):1164-1174.

3. Robak T, Dmoszynska A, Solal-Céligny P,
et al. Rituximab plus fludarabine and
cyclophosphamide prolongs progression-free
survival compared with fludarabine and
cyclophosphamide alone in previously treated
chronic lymphocytic leukemia. J Clin Oncol. 2010;
28(10):1756-1765.

4. Woyach JA, Ruppert AS, Heerema NA, et al.
Chemoimmunotherapy with fludarabine and
rituximab produces extended overall survival and
progression-free survival in chronic lymphocytic
leukemia: long-term follow-up of CALGB study
9712. J Clin Oncol. 2011;29(10):1349-1355.

5. 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(18):4079-4088.

6. Byrd JC, Rai K, Peterson BL, et al. 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.
Blood. 2005;105(1):49-53.

7. Salles G, Seymour JF, Offner F, et al. Rituximab
maintenance for 2 years in patients with high
tumour burden follicular lymphoma responding to
rituximab plus chemotherapy (PRIMA): a phase 3,
randomised controlled trial. Lancet. 2011;
377(9759):42-51.

8. Hochster H, Weller E, Gascoyne RD, et al.
Maintenance rituximab after cyclophosphamide,
vincristine, and prednisone prolongs progression-
free survival in advanced indolent lymphoma:
results of the randomized phase III ECOG1496
Study. J Clin Oncol. 2009;27(10):1607-1614.

9. Forstpointner R, Unterhalt M, Dreyling M, et al;
German Low Grade Lymphoma Study Group
(GLSG). Maintenance therapy with rituximab
leads to a significant prolongation of response
duration after salvage therapy with a combination
of rituximab, fludarabine, cyclophosphamide, and
mitoxantrone (R-FCM) in patients with recurring
and refractory follicular and mantle cell

lymphomas: results of a prospective randomized
study of the German Low Grade Lymphoma Study
Group (GLSG). Blood. 2006;108(13):4003-4008.

10. O’Brien S, Kantarjian H, Beran M, et al. Interferon
maintenance therapy for patients with chronic
lymphocytic leukemia in remission after
fludarabine therapy. Blood. 1995;86(4):
1298-1300.

11. Zinzani PL, Bendandi M, Magagnoli M, et al.
Results of a fludarabine induction and alpha-
interferon maintenance protocol in pretreated
patients with chronic lymphocytic leukemia and
low-grade non-Hodgkin’s lymphoma. Eur J
Haematol. 1997;59(2):82-88.

12. Lamanna N, Jurcic JG, Noy A, et al.
Sequential therapy with fludarabine, high-dose
cyclophosphamide, and rituximab in previously
untreated patients with chronic lymphocytic
leukemia produces high-quality responses:
molecular remissions predict for durable complete
responses. J Clin Oncol. 2009;27(4):491-497.

13. Hainsworth JD, Litchy S, Barton JH, et al; Minnie
Pearl Cancer Research Network. Single-agent
rituximab as first-line and maintenance treatment
for patients with chronic lymphocytic leukemia or
small lymphocytic lymphoma: a phase II trial of
the Minnie Pearl Cancer Research Network. J Clin
Oncol. 2003;21(9):1746-1751.

14. Del Poeta G, Del Principe MI, Buccisano F, et al.
Consolidation and maintenance immunotherapy
with rituximab improve clinical outcome in patients
with B-cell chronic lymphocytic leukemia. Cancer.
2008;112(1):119-128.

15. Srock S, Schriever F, Neubauer A, Herold M,
Huhn D. Long-term treatment with rituximab is
feasible in selected patients with B-CLL:
response-adjusted low-dose maintenance
treatment with rituximab in patients with relapsed
B-CLL, who achieved a partial or minimal
response to prior rituximab therapy. Leuk
Lymphoma. 2007;48(5):905-911.

16. Scaramucci L, Niscola P, Buffolino S, Bongarzoni
V, Cimino G, Montanaro M. Repeated rituximab
maintenance courses in fludarabine-failed young
patients with chronic lymphocytic leukaemia
responding to FAND chemotherapy. Hematol J.
2004;5(2):186-187.

17. Foon KA, Mehta D, Lentzsch S, et al. Long-term
results of chemoimmunotherapy with low-dose
fludarabine, cyclophosphamide and high-dose
rituximab as initial treatment for patients with
chronic lymphocytic leukemia. Blood. 2012;
119(13):3184-3185.

18. Foon KA, Boyiadzis M, Land SR, et al.
Chemoimmunotherapy with low-dose fludarabine
and cyclophosphamide and high dose rituximab in
previously untreated patients with chronic

lymphocytic leukemia. J Clin Oncol. 2009;27(4):
498-503.

19. Montillo M, Tedeschi A, Miqueleiz S, et al.
Alemtuzumab as consolidation after a response to
fludarabine is effective in purging residual disease
in patients with chronic lymphocytic leukemia.
J Clin Oncol. 2006;24(15):2337-2342.

20. Wendtner CM, Ritgen M, Schweighofer CD,
et al; German CLL Study Group (GCLLSG).
Consolidation with alemtuzumab in patients with
chronic lymphocytic leukemia (CLL) in first
remission—experience on safety and efficacy
within a randomized multicenter phase III trial of
the German CLL Study Group (GCLLSG).
Leukemia. 2004;18(6):1093-1101.

21. Thieblemont C, Bouafia F, Hornez E, et al.
Maintenance therapy with a monthly injection
of alemtuzumab prolongs response duration in
patients with refractory B-cell chronic lymphocytic
leukemia/small lymphocytic lymphoma (B-CLL/
SLL). Leuk Lymphoma. 2004;45(4):711-714.

22. Lin TS, Donohue KA, Byrd JC, et al. Consolidation
therapy with subcutaneous alemtuzumab after
fludarabine and rituximab induction therapy for
previously untreated chronic lymphocytic
leukemia: final analysis of CALGB 10101. J Clin
Oncol. 2010;28(29):4500-4506.

23. Wierda WG, Kipps TJ, Keating MJ, et al; CLL
Research Consortium. Self-administered,
subcutaneous alemtuzumab to treat residual
disease in patients with chronic lymphocytic
leukemia. Cancer. 2011;117(1):116-124.

24. O’Brien SM, Kantarjian HM, Thomas DA, et al.
Alemtuzumab as treatment for residual disease
after chemotherapy in patients with chronic
lymphocytic leukemia. Cancer. 2003;98(12):
2657-2663.

25. Schweighofer CD, Ritgen M, Eichhorst BF,
et al. Consolidation with alemtuzumab improves
progression-free survival in patients with chronic
lymphocytic leukaemia (CLL) in first remission:
long-term follow-up of a randomized phase III trial
of the German CLL Study Group (GCLLSG). Br J
Haematol. 2009;144(1):95-98.

26. Hainsworth JD, Vazquez ER, Spigel DR,
et al. Combination therapy with fludarabine and
rituximab followed by alemtuzumab in the first-line
treatment of patients with chronic lymphocytic
leukemia or small lymphocytic lymphoma:
a phase 2 trial of the Minnie Pearl Cancer
Research Network. Cancer. 2008;112(6):
1288-1295.

27. Kaufman MS, Caramanica A, Janson D,
et al. Alemtuzumab maintenance may safely
prolong chemotherapy-free intervals in chronic
lymphocytic leukemia. Med Oncol. 2011;28(2):
532-538.

3958 ABRISQUETA et al BLOOD, 5 DECEMBER 2013 x VOLUME 122, NUMBER 24

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/122/24/3951/1370220/3951.pdf by guest on 18 M

ay 2024

mailto:fbosch@vhebron.net


28. Shanafelt TD, Ramsay AG, Zent CS, et al.
Long-term repair of T-cell synapse activity in a
phase II trial of chemoimmunotherapy followed by
lenalidomide consolidation in previously untreated
chronic lymphocytic leukemia (CLL). Blood. 2013;
121(20):4137-4141.

29. Hendry L, Bowen A, Matutes E, Swansbury J,
Catovsky D. Fludarabine, cyclophosphamide and
mitoxantrone in relapsed or refractory chronic
lymphocytic leukemia and low grade non-
Hodgkin’s lymphoma. Leuk Lymphoma. 2004;
45(5):945-950.

30. Bellosillo B, Villamor N, Colomer D, Pons G,
Montserrat E, Gil J. In vitro evaluation of
fludarabine in combination with
cyclophosphamide and/or mitoxantrone in B-cell
chronic lymphocytic leukemia. Blood. 1999;94(8):
2836-2843.

31. Bellosillo B, Colomer D, Pons G, Gil J.
Mitoxantrone, a topoisomerase II inhibitor,
induces apoptosis of B-chronic lymphocytic
leukaemia cells. Br J Haematol. 1998;100(1):
142-146.

32. Robak T, Blonski JZ, Gora-Tybor J, et al; Polish
Leukemia Group (PALG CLL2). Cladribine alone
and in combination with cyclophosphamide or
cyclophosphamide plus mitoxantrone in the
treatment of progressive chronic lymphocytic
leukemia: report of a prospective, multicenter,
randomized trial of the Polish Adult Leukemia

Group (PALG CLL2). Blood. 2006;108(2):
473-479.

33. Bosch F, Ferrer A, López-Guillermo A, et al;
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