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Long-term responses have been reported
after autologous stem cell transplanta-
tion (ASCT) for chronic lymphocytic leu-
kemia (CLL). We conducted a prospec-
tive, randomized trial of ASCT in
previously untreated CLL patients. We
enrolled 241 patients < 66 years of age
with Binet stage B or C CLL. They re-
ceived 3 courses of mini-CHOP (cyclo-
phosphamide, hydroxydaunorubicin, on-
covin, and prednisone/prednisolone) and
then 3 courses of fludarabine. Patients in
complete response (CR) were then ran-

domized to ASCT or observation, whereas
the other patients were randomized to
dexamethasone, high-dose aracytin, cis-
platin (DHAP) salvage followed by either
ASCT or 3 courses of fludarabine plus
cyclophosphamide (FC). The primary end
point was event-free survival (EFS). After
up-front treatment, 105 patients entered
CR and were randomized between ASCT
(n � 52) and observation (n � 53); their
respective 3-year EFS rates were 79.8%
and 35.5%; the adjusted hazard ratio was
0.3 (95% CI: 0.1-0.7; P � .003). Ninety-four

patients who did not enter CR were ran-
domized between ASCT (n � 46) and FC
(n � 48); their respective 3-year EFS rates
were 48.9% and 44.4%, respectively; the
adjusted hazard ratio was 1.7 (95% CI:
0.9-3.2; P � .13). No difference in overall
survival was found between the 2 re-
sponse subgroups. In young CLL pa-
tients in CR, ASCT consolidation mark-
edly delayed disease progression. No
difference was observed between ASCT
and FC in patients requiring DHAP sal-
vage. (Blood. 2011;117(23):6109-6119)

Introduction

Chronic lymphocytic leukemia (CLL) is the most frequent form of
leukemia in Western countries. The median age at diagnosis is
70-72 years, but � one-third of patients are � 60 years of age and
35%-40% are � 65 years.1-3 The course is usually indolent, with
two-thirds of patients requiring specific treatment.4 However, CLL
is clinically heterogeneous and, although some investigators have
found no difference in outcome between younger and older
patients, others have reported that CLL has a bigger impact on life
expectancy in younger patients, in whom it is more aggressive
(CLL may be life-threatening in � 60% of younger patients).5-8

The frequency and duration of treatment responses in CLL have
both improved substantially in recent years. Complete response

(CR) rates obtained in controlled studies have increased from
� 5% with chlorambucil to 20% with fludarabine or CHOP
(cyclophosphamide, hydroxydaunorubicin, oncovin, and prednisone/
prednisolone), 30% with the fludarabine-cyclophosphamide combi-
nation (FC), and 44% with FC plus rituximab, an anti-CD20
antibody (FCR).9-14 The most recent treatments led to undetectable
minimal residual disease (MRD) in a substantial proportion of
patients, and the quality of the response to up-front chemotherapy
had strong prognostic value.11,12,14,15 MRD negativity and long-
term CR have also been achieved with autologous stem cell
transplantation (ASCT) after salvage chemotherapy, even in relaps-
ing and resistant patients.16-18 ASCT has also been prospectively
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evaluated, with promising results, as a first-line treatment for CLL,
but only in nonrandomized, phase 2 studies.19-21

In 2001, we launched a multicenter randomized, phase 3 trial
involving patients � 66 years with stage B or C CLL. We tested
2 different strategies based on the response to up-front treatment
with mini-CHOP followed by fludarabine. We expected to obtain
additive benefits with these 2 schedules, which had given similar
results when used separately in a previous randomized study. In
that study, 45% of patients who did not respond to their allocated
treatment (fludarabine or mini-CHOP) responded when switched to
the alternative treatment.10 Complete responders were randomized
to ASCT consolidation therapy or to observation, whereas the other
patients were randomized to salvage treatment with dexametha-
sone, high-dose aracytin, cisplatin (DHAP), followed by either
ASCT or FC consolidation.22 Patients who entered CR after the
up-front treatment in our study were also randomized in the
European Group for Blood and Marrow Transplantation (EBMT)
trial recently published by Michallet et al.23

Methods

Patients and study design

This was a prospective, multicenter, randomized, open-label trial compar-
ing ASCT intensification with a chemotherapy-only approach in previously
untreated adults with CLL. The protocol was approved by an institutional
ethics committee and by 2 independent scientific review boards from
Société Française de Greffe de Moelle et de Thérapie Cellulaire (SFGM-
TC) and Groupe Français d’étude de la Leucémie Lymphoïde Chronique
(GFLLC). The trial was conducted in accordance with the Declaration of
Helsinki. All of the patients gave their written informed consent. This study
is registered at www.clinicaltrials.gov as NCT00931645.

Patients 18-65 years of age with previously untreated Binet stage B or C
CLL were eligible. The diagnosis of CLL was based on National Cancer
Institute–sponsored Working Group (NCI-WG) 1996 criteria,24 and was
confirmed by central review of morphology; a Matutes immunophenotyp-
ing score of 4-5 with antibodies against CD5, CD23, CD79b, FMC7, and
surface light-chain immunoglobulin25; and cyclin D1 negativity. Patients
with an European Cooperative Oncology Group performance status � were
excluded. Autoimmune hemolytic anemia; an uncured malignancy or
another severe concomitant disease; Richter syndrome; prolymphocytic
leukemia; impaired renal, hepatic, cardiac, or respiratory function; or HIV
seropositivity were excluded.

Data collection at baseline

Evaluation before registration and treatment delivery included a medical
history; physical examination; computed axial tomography (CAT) of the
chest, abdomen, and pelvis; complete blood cell count; serum electrolytes;
hepatic and renal chemistry; Coombs test; serum lactate dehydrogenase;
and beta2-microglobulin. Centralized examinations included metaphase
karyotyping; FISH for trisomy 12 and deletions at 11q23, 13q14, and
17p13 (p53 locus)26; zeta-chain-associated protein kinase 70 (ZAP70) and
CD38 expression by flow cytometry; and immunoglobulin variable heavy
chain (IGVH) gene mutational status by PCR with a sequence homology
cutoff of 98%.27

Randomization

After up-front treatment consisting of 3 monthly courses of mini-CHOP
followed by 3 monthly courses of fludarabine (see “Treatment”), the
patients were stratified according to their response. Patients in CR were
randomly assigned to observation or ASCT, whereas the other patients were
randomly assigned to ASCT or 3 monthly courses of FC. In each response
group, randomization was performed through a centralized phone proce-

dure and stratified according to the center using permutation blocks, the size
of which was not available to the clinicians.

Treatments

Mini-CHOP consisted of doxorubicin 25 mg/m2 and vincristine 1 mg/m2

given intravenously on day 1 and cyclophosphamide 300 mg/m2/d and
prednisone 40 mg/m2/d given orally on days 1-5. Fludarabine was given at
25 mg/m2/d intravenously or 40 mg/m2/d orally on days 1-5. Before their
randomized treatment, patients who were not in CR received rescue
chemotherapy consisting of 1 or 2 cycles of DHAP 1 month apart, with
cisplatinum 100 mg/m2 in a continuous 24-hour introvenous infusion on
day 1, cytarabine 2000 mg/m2 intravenously for 3 hours twice on day 2, and
dexamethasone 40 mg/d intravenously on days 1-4. Both groups of patients
were randomized regardless of the peripheral blood stem cell (PBSC) yield,
and non-CR patients were randomized before the results of salvage
chemotherapy were known. The FC regimen consisted of fludarabine
25 mg/m2/d intravenously and cyclophosphamide 300 mg/m2/d intrave-
nously on days 1-3. ASCT was planned within 3 months after randomiza-
tion for patients in CR and after DHAP for patients not in CR. Conditioning
consisted of cyclophosphamide intravenously 60 mg/m2/d for 2 days and
fractionated total body irradiation (10 Gy with lung protection above 8 Gy)
over 3 days.

PBSC mobilization and supportive care

Eight weeks after the last course of fludarabine, patients in CR underwent
PBSC mobilization with lenograstim 10 �g/kg/d on days 1-5 or day 6. For
patients not in CR, PBSC mobilization was with lenograstim 150 �g/m2/d
from the day after DHAP chemotherapy until the last day of PBSC
collection. In January 2004, the protocol was amended to allow PBSC
mobilization after the 3 courses of mini-CHOP for patients with hemoglo-
bin � 100 g/L, platelets � 100 � 109/L, neutrophils � 1.5 � 109/L, and
blood lymphocytes � 4 � 109/L. The minimal number of CD34 cells
required for transplantation was 2 � 106/kg body weight. Mobilization was
considered to have failed below this threshold. A second mobilization
procedure was permitted if necessary. The cells were collected and
cryopreserved according to institutional standards with no ex vivo treatment.

Hematopoietic growth factors were only recommended for PBSC
mobilization. Trimethoprim/sulfamethoxazole and acyclovir, respectively,
were used to prevent Pneumocystis jirovecii pneumonia and herpes simplex
virus/varicella-zoster virus, starting from the first day of chemotherapy until
at least 6 months after the end of the protocol treatments.

Figure 1. OS rates of the 241 enrolled patients. The estimated 3-year and 5-year
OS rates were 88.3% (95% CI: 84.0%-92.9%) and 78.0% (95% CI: 71.4%-85.1%),
respectively. Dotted lines indicate CI.
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Response assessment and follow-up

Responses were assessed before randomization and 2 months after comple-
tion of the randomly allocated treatment based on NCI-WG 1996 criteria,
except that CR also required normal body CAT findings and lymphocytes
were counted in a BM aspirate not with a biopsy.24 Body CAT scans
were systematically reviewed if lymph nodes were of borderline size
(10-15 mm). Patients who were in CR upon completion of their allocated
treatment were studied for MRD in peripheral blood by 4-channel
immunophenotyping (centralized procedure).28 Subsequently, patient
status was checked every 3 months for 1 year, every 6 months for
3 years, and whenever signs of relapse or progression occurred.

Toxicity was scored using the NCI common toxicity criteria (Cancer
Therapy Evaluation Program, common terminology for adverse events
Version 3, March 31, 2003, http://ctep.cancer.gov). Treatment could be
stopped at any time if a life-threatening, severe adverse event occurred. In
patients whose CLL progressed despite DHAP rescue therapy, the study
treatment was stopped, but they were included in the intention-to-treat analysis.

End points

The primary end point was 3-year event-free survival (EFS) after random-
ization. Secondary outcomes included the response rate 2 months after
completion of the randomly allocated treatment, overall survival (OS),
MRD in patients in CR, PBSC mobilization, and adverse effects.

Statistical analysis

The sample size was computed separately for each response group. For
patients in CR, we predicted a 3-year EFS of 50% in the observation arm.10

Using a bilateral test formulation and controlling for type I and type II error
rates of 5%, 40 patients per arm were required to detect an absolute increase
of 40% in the 3-year EFS with ASCT. For non-CR patients, we predicted a
3-year EFS of 20% in the FC arm and a 30% absolute benefit of ASCT; this
required 64 patients per arm to be enrolled. A total of 208 patients therefore
needed to be randomized, based on a 50% CR rate after up-front treatment.
To limit dropouts, randomization took place close to the planned beginning

Table 1. Baseline characteristics of nonrandomized and randomized patients according to the up-front treatment response

Nonrandomized patients

CR Group, N � 105 Non-CR Group, N � 94

Observation group ASCT group ASCT group FC group

Parameter Values N Statistics* N Statistics* N Statistics* N Statistics* N Statistics*

Patients, no 42 53 52 46 48

Sex Male 35 83.3% 36 67.9% 33 63.5% 37 80.4% 40 83.3%

Female 7 16.7% 17 32.1% 19 36.5% 9 19.6% 8 16.7%

Age Years 42 57.2 (53.45;61.21� 53 56.08 (49.5;59.38� 52 56.74 (49.66;60.48) 46 l54.23 (51.21;57.66) 48 57.07 (51.96;60.06)

Binet stage B 30 71.4% 44 83% 39 75% 36 78.3% 36 75%

C 12 28.6% 9 17% 13 25% 10 21.7% 12 25%

Beta2-m ULN 18 62.1% 27 58.7% 25 53.2% 32 76.2% 30 81.1%

nl 11 37.9% 19 41.3% 22 46.8% 10 23.8% 7 18.9%

na 13 7 5 4 11

LDH ULN 15 35.7% 11 23.9% 19 37.3% 20 45.5% 19 41.3%

nl 27 64.3% 42 76.1% 33 64.7% 26 54.5% 27 58.7%

Hemoglobin g/dL 41 12.8 (10;14.2) 52 13.45 (12.7;14.42) 52 13.3 (11.95;14.8) 44 13.45 (11.77;14.3) 48 13.05 (12;14.3)

Platelets /mm3 42 164000 (114800;213500) 53 187000
(135000;230000)

52 177500
(129000;219200)

45 168000 (114000;205000) 48 145000
(110200;201200)

Lymphocytes /mm3 42 78 870 (40 570;128200) 53 26 650 (14 060;89280) 52 23 720 (13 780;59760) 45 58 620 (23 560;108900) 48 95 820 (46 780;127900)

CD38 Positive 35 22 (1.5;58) 45 13 (1;61) 46 9 (1.25;49.75) 36 32.5 (2;65.25) 43 35 (4.5;60.5)

Abn karyotype Yes 18 54.5% 27 64.3% 23 50% 28 71.8% 21 55.3%

No 15 44.5% 15 35.7% 23 50% 11 28.2% 17 44.7%

na 9 11 6 7 10

Translocation Yes 16 48.5% 8 19% 10 21.7% 16 41% 9 23.7%

No 17 51.5% 34 81% 36 78.3% 23 59% 29 76.3%

na 9 11 6 7 10

Trisomy 12 Yes 3 8.1% 10 20.4% 8 16.7% 3 7.1% 4 9.1%

no 34 91.9% 39 79.6% 40 83.3% 39 92.8 40 90.9

na 5 4 4 4 4

Del (13q) Yes 17 47.2% 23 47.9% 22 50% 29 72.5% 22 51.2%

No 19 52.8% 25 52.1% 22 50% 11 27.5% 21 48.8%

na 6 5 8 6 5

Del (11q23) Yes 15 42.9% 9 19.1% 2 4.5% 13 31.7% 12 27.9%

No 20 57.1% 38 80.9% 42 95.5% 28 68.3% 31 72.1%

na 7 6 8 5 5

Del (17p13) Pos 6 16.2% 0 0% 1 2.3% 6 14.6% 3 7%

No 31 83.8% 47 100% 43 97.7% 35 85.4% 40 93%

na 5 6 8 5 5

IGVH mutation Yes 8 26.7% 19 42.2% 21 50% 9 22% 14 30.4%

No 22 73.3% 26 57.8% 21 50% 32 78% 32 69.6%

na 12 8 10 5 2

ZAP70 Positive 16 69.6% 17 51.5% 27 77.1% 24 80% 24 72.7%

Negative 7 30.4% 16 48.5% 8 22.9% 6 20% 9 27.3%

na 19 20 17 16 15

LDH indicates lactate dehydrogenase; na, not available; nl, normal; ULN, upper limit of normal; Abn, abnormal; and Del, deletion.
*Median (Q1-Q3), %.
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of the allocated treatment. However, to attain the required number of
patients, 241 patients were recruited.

Statistical analysis was based on an intention-to-treat approach, includ-
ing all randomized patients. The reference date was January 1, 2009. EFS
was calculated from randomization until documented CLL relapse/
progression or death from any cause. For patients with continuous
progressive disease, the date of progression was the date on which the
response to the allocated treatment was assessed. The distribution of
time-to-event data was estimated for the whole cohort and for each
randomization arm using the Kaplan-Meier method. Cox regression models
adjusted for prognostic covariates were used to estimate the effect size of
ASCT relative to observation and FC. Multivariable Cox models were used
to select prognostic variables from among those significantly associated
with outcome in univariable models. All models were stratified on the Binet
stage. Hazard ratios (HRs) were estimated with 95% confidence intervals
(95% CI). Proportional hazard assumptions were checked in both response
groups.29 Interactions between prognostic factors and treatment effects
were identified with the Gail and Simon heterogeneity test.30 OS in the
entire cohort was calculated from study preinclusion until death from any
cause.

Categorical variables are reported as numbers and percentages, and
were compared using the Fisher exact test. Continuous variables, reported
as means, SD, and range or medians and interquartile range (IQR), were
compared using the Kruskal-Wallis test. All tests were 2-sided, and P � .05
denoted statistical significance. SAS Version 9.1 software and R software
Version 2.10.1 (http://www.R-project.org) were used for all analyses.

Results

From March 2001 to December 2007, 241 patients were enrolled in
37 centers in France and Belgium (see the supplemental Appendix,
available on the Blood Web site; see the Supplemental Materials
link at the top of the online article). There were 181 males and
60 females and 185 and 56 patients with Binet stage B and C
disease, respectively. Median age at preinclusion was 56.4 years
(range 31.3-66). Of the 241 enrolled patients, 237 started the
planned treatment, and 6 of these discontinued before the
response assessment. The response to up-front treatment (before
randomization) was thus evaluated in 231 patients: 103 (44.6%)
patients entered CR and 101 (43.7%) had a partial response
(PR), giving an overall response rate of 88.3%; 16 patients
(6.9%) had stable disease; and 11 (4.8%) had progressive disease.
In the intention-to-treat analysis (all 241 patients), the estimated 3-year
and 5-year OS rates were 88.3% (95% CI: 84.0%-92.9%) and 78.0%
(95% CI: 71.4%-85.1%), respectively (Figure 1). In the subgroups of
Binet stage B and stage C patients, the respective estimated 5-year OS

rates were 82.4% (95% CI: 75.4%-89.9%) and 63.1% (95% CI:
48.4%-82.4%).

Randomization

One hundred five patients were randomized to the observation
group (53 patients) or theASCT group (52 patients), and 94 patients were
randomized to salvage therapy followed by eitherASCT (46 patients) or
3 monthly courses of intravenous FC (48 patients). Thirty-two of the
231 patients evaluated for response were not randomized. Clinical and
biologic baseline data for each treatment arm are summarized in Table 1.

The results for the CR and non-CR patient groups were
analyzed separately. Severe adverse events, excluding expected
treatment-related short-term hematologic toxicities, are shown in
Table 2 according to the treatment actually received.

Patients in CR at randomization

Follow-up from randomization lasted a median of 50.3 months
(IQR: 34.1-68.4) in this group.

Treatment completion. Fifteen patients allocated to ASCT did
not receive this treatment due to PBSC mobilization failure
(n � 8), patient refusal (n � 4), or physician decision (n � 3).
Upon completion of their allocated treatment, 99 patients remained
in CR with a median of 10% of lymphocytes on the BM smear
(Q1-Q3: 8%-18%; 49 in the ASCT arm and 50 in the observation
arm), 5 were in PR (3 in the ASCT arm and 2 in the observation
arm), and 1 had progressive disease (observation arm). The
response distribution did not differ between the randomization
arms (P � .60). Table 3 provides data on MRD, which were
available for 52 patients in this group.

Event-free survival. The estimated 3-year EFS rates were
79.8% (95% CI, 69.3%-91.9%) and 35.4% (95% CI, 23.9%-
52.4%) in the ASCT and observation arms, respectively
(P � .00001; Figure 2). Among the parameters selected by univari-
ate analysis, IGVH mutational status (HR � 0.2, 95% CI: 0.1-0.5;
P � .0003) and 11q deletion (HR � 3.5; 95% CI: 1.4-9.0; P � .008)
remained independent prognostic factors in multivariate Cox
regression analysis (Table 4). The resulting estimated HR for
events, stratified by Binet stage and adjusted for these prognostic
factors, was 0.3 (95% CI: 0.1-0.7) in the ASCT arm relative to the
observation arm (P � .003). IGVH mutational status did not
influence the results (P � .43).

Overall survival. The 3-year estimated OS rates were 97.8%
(95% CI, 93.6%-100%) in the observation arm and 95.7% (95% CI,

Table 2. National Cancer Institute common toxicity criteria grade 3 and 4 adverse events according to the treatment actually received
(except treatment-related short-term hematologic toxicities)

Parameter
Before

randomization

CR group (N � 105) Non-CR group (N � 94)

Observation
group ASCT group DHAP group ASCT group FC group

Actually treated patients, no. 237 68 37 94 34 41

Hemolytic anemia 3 2 1

Immune thrombopenia 1 1

Bacterial infection/aplasia 7 1 3 3 3

Viral and fungal infections 3 1 1 2 2

Thrombosis 2

Bleeding 2

Richter lymphoma 4 1 2 2 1

Myeloma 1 1

MDS/AML 2 1 1

Solid tumor 2 1 2

Treatment-related deaths 7 1 3 2 2
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90%-100%) in the ASCT arm (P � .73). The estimated HR for
death was 1.2 (95% CI, 0.3-3.8) in the ASCT arm relative to the
observation arm (P � .82) (Figure 3). During the 36 months after
randomization, ASCT was associated, on average, with an extra
9 months without clinical symptoms or blood signs of CLL
progression (32.1 � 1.2 months) compared with observation
(23.4 � 1.6) (Figure 4).

Patients not in CR at randomization

Median follow-up from randomization was 51.2 months (IQR:
29.2-63.9 months) in this group.

Treatment completion. Twelve patients allocated to ASCT did
not receive this treatment because of PBSC mobilization failure
(n � 7), death (n � 1), progression (n � 2, including 1 Richter
syndrome), patient refusal (n � 1), or physician decision (n � 1).
One patient received FC instead. Eight patients allocated to FC did
not receive this treatment (4 medical decisions including 1 ASCT,
and 4 patient refusals). Upon completion of their allocated treat-
ment, 53 patients entered CR with a median of 11% of lymphocytes

on the BM smear (Q1-Q3: 5%-19.5%), 27 of 46 (58.7%) in the
ASCT arm and 26 of 48 (54.2%) in the FC arm). Thirty-four
patients (15 in the ASCT arm and 19 in the FC arm) were in PR,
1 patient in the ASCT arm was stable, and 6 patients progressed (3
in each arm). The response distribution did not differ between the
randomization arms (P � .7). Table 3 provides data on MRD,
which were available for 41 CR patients in this group.

Event-free survival. The estimated 3-year EFS rates were
48.9% (95% CI, 35.3-67.7) in the ASCT arm and 44.4% (95% CI,
31.8-62.2) in the FC arm (P � .55; Figure 2). Among the parame-
ters significantly related to EFS in univariate analysis, 17p deletion
(HR � 3.5, 95% CI: 1.4-8.7; P � .007) and IGVH mutational
status (HR � 0.4, 95% CI: 0.2-0.9; P � .03) were selected as
independent prognostic factors in multivariable regression analysis
(Table 5). After adjustment for these factors and stratification by
Binet stage, the estimated effect size of ASCT relative to FC was
1.7 (95% CI; 0.9-3.2; P � .13). No evidence of an interaction
between the treatment arm and either 17p deletion (P � .87) or
IGVH mutational status (P � .98) was found.

Table 3. MRD in CR patients in each randomization arm after completion of the randomly allocated treatment

Nonrandomized
patients, no.

CR group (N � 105) Non-CR group (N � 94)

Observation,
no. ASCT, no. ASCT, no. FC, no.

CR patients 3 49 50 27 26

Not done 3 29 18 2 10

Positive MRD 17 (85%) 20 (62.5%) 17 (68%) 9 (53.3%)

Negative MRD 3 (15%) 12 (37.5%) 8 (32%) 7 (46.7%)

Figure 2. EFS rates according to randomization arm in the 2 response groups. In the CR group, the estimated 3-year EFS rates were 79.8% (95% CI, 69.3%-91.9%) in the
ASCT arm and 35.4% (95% CI, 23.9%-52.4%) in the observation arm (P � .00001). In the non-CR group, the corresponding rates were 48.9% (95% CI, 35.3%-67.7%) in the
ASCT arm and 44.4% (95% CI, 31.8%-62.2%) in the FC arm (P � .55); no evidence against the proportionality hazard assumption was found in either group (P � .50 and
P � .63, respectively).
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Overall survival. The estimated 3-year OS rates were 81.7%
(95% CI, 70.9-94.1%) in the ASCT arm and 87.0% (95% CI,
77.7-97.3%) in the FC arm (P � .69), yielding an HR for death of
1.21 (95% CI, 0.49-2.99) in the ASCT arm relative to the FC arm
(P � .68) (Figure 3). Unlike the group of patients in CR, no
difference in the mean time without clinical symptoms or blood
signs of CLL progression was observed in this group (27.0 � 1.8
months in the ASCT arm and 25.4 � 1.6 in the FC arm; Figure 4).

PBSC mobilization study

The results of PBSC mobilization in 145 consecutive patients
according to the 3 procedures described in “PBSC mobilization and
supportive care” are shown in Table 6. Among the first 50 patients
in CR after the entire up-front treatment with 3 courses of CHOP
and 3 courses of fludarabine, mobilization failed in 40% of cases.
This prompted the steering committee to amend the protocol in
January 2004, allowing mobilization after the first 3 courses of
CHOP. The mobilization failure rate then dropped to 8.3% in the
36 patients concerned. A 15.3% failure rate was observed in the

59 patients mobilized after DHAP rescue. To evaluate the 3 mobili-
zation procedures, we compared the median number of harvested CD34
cells in the 3 groups after the first mobilization attempt. The best results
were obtained after DHAP (P � .003 vs fludarabine; P � .0001 vs
CHOP), whereas mobilization was significantly better after CHOP than
after fludarabine (P � .001).

Discussion

This is the first published randomized clinical trial of ASCT as part
of the first-line treatment for patients with stage B or C CLL. We
found that ASCT doubled the EFS probability in patients who
entered CR after up-front chemotherapy. This is consistent with the
results of previous phase 2 trials of ASCT for first-line treatment
consolidation, in which the median EFS ranged from 5-6.3 years.19-21 In
contrast, ASCT was not more beneficial than FC in our non-CR patients
rescued with DHAP. Previous studies ofASCT in hematologic malignan-
cies have clearly shown that ASCT is beneficial in patients with

Table 4. Variables predictive of EFS in randomized CR patients

Variable N Events HR (95% CI) P* P†

Binet Stage

B 83 35 1

C 22 7 0.9 (0.4;2.1) .9

Sex

Male 69 29 1

Female 36 13 0.8 (0.4; 1.6) .5

Age, y 0.98 (0.94; 1.03) .4

LDH

� ULN 66 27 1

� ULN 30 10 1.1 (0.5; 2.2) .9

Beta2-microglobulin

Normal 41 14 1

Abnormal 52 22 1.3 (0.7; 2.5) .5

CD38

� 22 70 24 1

� 22 35 18 0.2 (0.1;0.5) .1

Karyotype

Normal 38 15 1

At least one abnormality 50 19 0.9 (0.5;1.8) .8

Translocation

No 70 25 1

Yes (balanced and imbalanced) 18 9 2.0 (0.9; 4.4) .09

Trisomy 12

No 79 32 1

Yes 18 8 0.99 (0.5; 2.2) 1.0

Deletion (11q23)

No 80 31 1

Yes 11 8 3.8 (1.6; 8.9) .002 .008

Deletion (13q)

No 47 27 1

Yes 45 13 0.4 (0.2; 0.7) .004 .14

Deletion (17p13)

No 90 39 na

Yes 1 0 na

IgVH mutation

No 47 29 1

Yes 40 8 0.24 (0.11; 0.53) .0004 .0003

ZAP 70

Negative 24 6 1

Positive 44 21 4.5 (1.7; 11.6) .002 .49

na indicates not available.
*Models adjusted on the randomization arm and stratified for the Binet stage.
†Multivariate models incorporating all covariates with P values, reported, including the randomization arm, with stratification for Binet stage.
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chemosensitive disease before autografting (mainly patients in CR), and
that patients with chemoresistant disease are unlikely to benefit.31-33 The
longer EFS obtained with ASCT in our CR patients did not translate into
longer OS. This conflicts with results published by Dreger et al, who
found a survival advantage withASCT over chemotherapy in a retrospec-
tive, risk-matched comparison study.34

All of our patients received the same frontline treatment
combining 3 cycles of an anthracycline-alkylating regimen and 3 cycles of
fludarabine. This treatment would now be considered suboptimal in the
light of recently published results obtained with an FCR regimen by the
German CLLgroup.14 Nevertheless, in the overall population of 241 Binet
stage B and C patients enrolled in our trial, the final CR and overall
response rates (including patients evaluated for response but not random-
ized) were 65% and 86%, respectively, which compare favorably with the
44% CR and 90% overall response rates reported with FCR in the
aforementioned German controlled trial involving previously untreated
patients with Binet stage A, B, or C CLL.14 In addition, the 88.3% 3-year
and 78% 5-year OS rates obtained in our study are similar to those
reported elsewhere with FCR: 87% at 3 years in the German trial and 77%
at 6 years in the Houston group’s uncontrolled series.14,35 However,
because of the lack of BM biopsies, our CR rate included nodular PRs and
is not really comparable to the rates obtained in other studies, although the
presence of residual nodules in BM (defining nodular PR) after the
completion of therapy was not found to be correlated with time to
progression or OS in a study by Oudat et al of patients treated with
fludarabine with or without cyclophosphamide.36 Furthermore, in our
study, the median level of lymphocyte infiltration was 10%-11% after
treatment completion, which is far below the 30% threshold recom-
mended for CR in the 1996 guidelines.24

MRD negativity has been considered an important goal in CLL.
Undetectable residual disease in a sensitive technique is clearly the
best observable response in patients treated for CLL. In the 2 large,
prospective, controlled clinical trials discussed in the previous
section, the better response translated into longer progression-free
survival and, more importantly, into longer OS in the German
trial.11,14 Unfortunately, MRD studies were not published in
these 2 important trials. Many uncontrolled trials, some involv-

ing ASCT, have shown a strong relationship between MRD
negativity and outcome, but this still needs to be confirmed in
prospective, controlled trials using standardized methods.21,37-39

We have previously shown in some of our CR patients after
chemotherapy or ASCT that MRD assessment based on blood
and BM analysis by 6-channel flow cytometry gave similar
results (data not shown).40 Our trial planned an ancillary study
of CR patients based on centralized MRD analysis of blood
lymphocytes with 4-channel flow cytometry. Nevertheless, the
impact of MRD on outcome in our study should be interpreted
with care because of the limited number of MRD-negative
patients and the imbalance in missing data between the random-
ization arms (Table 3). Overall, ASCT enhanced the rate of
undetectable MRD in the group of patients who entered CR after
the up-front treatment, which is in keeping with the marked
improvement in EFS after ASCT in this group. In contrast, the
rate of undetectable MRD in patients who entered CR after the
rescue treatment did not differ markedly between the ASCT
group and the FC group, which is also consistent with their
similar outcomes (Table 3).

Mobilization failure occurred in 15% of our patients allocated
to ASCT. Because most failures were initially observed when
mobilization started upon completion of up-front treatment (ie,
after fludarabine), we decided to start the mobilization procedure
after the 3 courses of mini-CHOP if the patient had a normal blood
cell count. Mobilization failure was subsequently less frequent, but
even after fludarabine treatment, patients needing rescue treatment
with DHAP recovered a good potential for PBSC mobilization,
probably because of the high dose of cytarabine. The failure of
PBSC mobilization had already been reported in several studies
after fludarabine or FC, but high-dose cytarabine can reverse this
detrimental effect.41-43

Several biologic prognostic factors have been identified in CLL.
The most powerful are IGVH mutational status, ZAP70 and CD38
expression, chromosomal translocation and complex karyotypes,
and serum beta2-microglobulin.44 Apart from P53 mutation-17p
deletion, none of these markers has so far prompted changes in

Figure 3. OS rates according to randomization arm in
the 2 response groups. In the CR group, the 3-year
estimated OS rates were 95.7% (95% CI, 90%-100%) in
the ASCT arm and 97.8% (95% CI, 93.6%-100%) in the
observation arm (P � .73). In the non-CR group, the
3-year estimated OS rates were 81.7% (95% CI, 70.9%-
94.1%) in the ASCT arm and 87.0% (95% CI, 77.7%-
97.3%) in the FC arm (P � .69).
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patient management.45-47 A consensus on the indications for
allogeneic stem cell transplantation in CLL, taking the benefit-risk
balance into account, has recently been reached by the EBMT for
patients with p53 abnormalities requiring treatment and also for
nonresponders and early relapsers (within 12 months after purine
analog therapy or within 24 months after responding to anti-CD20
plus purine-analog combination therapy or autologous transplanta-
tion).46 Nevertheless, transplant-related mortality and chronic graft-
versus-host disease remain a cause for concern after allogenic
transplantation.48 Dreger et al recently reported a 23% nonrelapse
mortality rate at 4 years in a series of 90 patients and a cumulative
incidence of extensive chronic graft-versus-host disease of 55% at
2 years in the 66 patients who survived longer than 100 days.49 Moreover,
a side-by-side comparison by Gribben et al of long-term results of
B-cell–depleted autologous and T-cell–depleted allogenic transplantation
yielded contradictory results, with no difference in OS (58% and 55%
6-year OS rates, respectively).19,48

As expected, only 1 of our patients with the 17p deletion
entered CR after up-front treatment. In addition, the Cox model
of EFS showed that unmutated IGVH was an independent
adverse prognostic factor in both the CR and non-CR popula-
tions regardless of the randomization arm, whereas 11q deletion
had independent prognostic value in patients randomized in CR
and 17p deletion in patients randomized in non-CR, again,
whatever the randomization arm. In the trial recently published
by the German group, the addition of rituximab to FC erased the
negative impact of the 11q deletion.14 We found no influence of
gender, beta2-microglobulin, translocation or complex karyo-
type, or CD38 or ZAP70 expression on EFS (Tables 4 and 5).
The absence of any impact of age may have been because of the
65-year age limit in our study.

No significant difference in severe adverse events such as
toxic death, Richter syndrome, secondary myelodysplastic syn-

dromes or acute myelogenous leukemia (MDS/AML) was
observed among the different arms of our trial. In particular, the
incidence of MDS/AML was only 4.2% after ASCT, with a
median follow-up of 50 months from randomization (and nearly
5 years after the beginning of chemotherapy), a rate far lower
than in previous studies.50 MDS/AML is likely to increase with
longer follow-up after ASCT with total body irradiation/
cyclophosphamide conditioning. Indeed, Gribben et al reported
an incidence of 12% at 8 years in 137 patients who underwent
ASCT, whereas Milligan et al reported 8 cases among 65 patients, with an
actuarial risk of 12.4% at 5 years.19,50 Nevertheless, all patients in this later
study were treated, before ASCT, with an average of 6 courses of
fludarabine in addition to alkylating agents in some cases.50 A relatively
high incidence of MDS/AML have also been reported after fludarabine
alone or FCR, suggesting that the relatively low incidence in our study
could have been due to the low cumulative dose of fludarabine (3 courses)
and to our not using concomitant alkylating therapy before the ASCT
procedure.35,51

ASCT appears to be a reasonably safe procedure that
significantly improves the response duration in patients who
enter CR after up-front chemotherapy. Patients who do not enter
CR after up-front treatment appear to have similar EFS and
response rates whether they receive consolidation with ASCT or
3 courses of FC, regardless of 17p and IGVH gene status. The
recent demonstration of a survival benefit with the FCR regimen
makes this the gold standard for never-treated patients with
CLL.3 Whether there is still a place for ASCT in this setting is
questionable. Because our trial was designed before monoclonal
antibodies started to be used in CLL, the question arises as to
whether the results might be improved either by incorporating
rituximab in the frontline regimen or by including it as an
additional treatment for persistent or recurrent MRD after
ASCT, as reported for follicular lymphoma.52,53

Figure 4. OS rates according to randomization arm in
the 2 response groups during the first 36 months
after randomization. The lower shaded areas show the
time spent without clinical or blood symptoms of CLL
progression; upper areas show the time between progres-
sion or relapse and death.
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Table 5. Variables predictive of EFS in randomized non-CR patients

Variable N Events HR (95% CI) P* P†

Binet Stage

B 72 33 1

C 22 13 1.3 (0.7; 2.5) .4

Sex

Male 77 37 1

Female 17 9 1.2 (0.6; 2.6) .6

Age, y 1.0 (0.99; 1.09) .2

LDH

� N 51 22 1

� N 39 23 1.7 (0.9; 3.1) .09

Beta2-m

Normal 17 10 1

Abnormal 61 30 0.8 (0.4; 1.7) .6

CD38

� 22 50 19 1

� 22 44 27 1.7 (0.9; 3.1) .08

Karyotype

Normal 28 11 1

At least one abnormality 49 27 1.4 (0.7; 2.9) .3

Translocation

No 52 22 1

Yes (balanced and imbalanced) 25 16 1.8 (0.9; 3.6) .07

Trisomy 12

No 79 39 1

Yes 7 4 1.2 (0.4; 3.4) .7

Deletion (11q23)

No 59 29 1

Yes 25 14 1.2 (0.6; 2.4) .5

Deletion (13q) �

No 32 16 1

Yes 51 26 1.0 (0.5; 2.0) .9

Deletion (17p13)

No 75 35 1

Yes 9 8 5.2 (2.2; 12.1) .0001 .007

IgVH mutation

No 64 37 1

Yes 23 6 0.3 (0.1; 0.8) .01 .03

ZAP70

Negative 15 5 1

Positive 38 29 2.4 (0.9; 6.5) .09

*Models adjusted on the randomization arm and stratified for the Binet stage.
†Multivariable models incorporating all covariates with P values reported, including the randomization arm, with stratification for Binet stage.

Table 6. PBSC mobilization study*

PBSC mobilization
procedure

3 CHOP (lenograstim
10 �g/kg)

3 CHOP � 3 fludarabine
(lenograstim 10 �g/kg)

3 CHOP � 3 fludarabine � DHAP
(lenograstim 150 �g/m2)

Patients (N � 145) 36 50 59

Success (CD34 > 2 � 106/kg) 33 (91.66%) 30 (60%) 50 (84.74%)

1 mobilization 29 15 48

2 mobilizations 4 15 2

Failure (CD34 � 2 � 106/kg) 3 (8.33%) 20 (40%) 9 (15.25%)

Median (CD34 � 106/kg)† 3.30 (2.56-4.33) 1.77 (1.06-3.30) 5.10 (3.50-7.97)

*The best results were observed after DHAP (P � .003 vs fludarabine; P � .0001 vs CHOP), whereas mobilization after CHOP was significantly better than after
fludarabine (P � .001).

†(Q1-Q3) collected at first mobilization.
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Hôpital Victor Dupouy, 69 rue du Lieutenant Colonel Prudhon,
95107 Argenteuil, France; e-mail: laurent.sutton@ ch-argenteuil.fr.

References

1. Kristinsson SY, Dickman PW, Wilson WH,
Caporaso N, Björkholm M, Landgren O. Im-
proved survival in chronic lymphocytic leukemia
in the past decade: a population-based study
including 11,179 patients diagnosed between
1973-2003 in Sweden. Haematologica. 2009;
94(9):1259-1265.

2. Byrd JC, Stilgenbauer S, and Flin IW. Chronic
lymphocytic leukemia. Hematology Am Soc He-
matol Educ Program. 2004;163-183.

3. Gribben JG. How I treat CLL up-front. Blood.
2010;115(2):187-197.

4. Dighiero G, Hamblin TJ. Chronic lymphocytic leu-
kaemia. Lancet. 2008;371(9617):1017-1029.

5. Montserrat E, Gomis F, Vallespi T, et al. Present-
ing features and prognosis of chronic lymphocytic
leukemia in younger adults. Blood. 1991;78(6):
1545-1551.

6. Abrisqueta P, Pereira A, Rozman C, et al. Improv-
ing survival in patients with chronic lymphocytic
leukemia (1980-2008): the Hospital Clinic of Bar-
celona experience. Blood. 2009;114(10):2044-
2050.

7. Klepfish A, Rachmilewitz EA, Sarid M, Schattner
A. Evaluating the impact of age and disease on
survival of chronic lymphocytic leukaemia pa-
tients by a new method. Int J Clin Pract. 2009;
63(11):1601-1603.

8. Mauro FR, Foa R, Giannarelli D, et al. Clinical
characteristics and outcome of young chronic
lymphocytic leukemia patients: a single institution
study of 204 cases. Blood. 1999;94(2):448-454.

9. Rai K, Peterson B, Appelbaum F, et al. Fludara-
bine compared with chlorambucil as primary
therapy for chronic lymphocytic leukemia. N Engl
J Med. 2000;343(24):1750-1757.

10. Leporrier M, Chevret S, Cazin B, et al. Ran-
domised comparison of fludarabine, CAP, and
CHOP in 938 previously untreated stage B and C
chronic lymphocytic leukemia patients. Blood.
2001;98(8):2319-2325.

11. Catovsky D, Richards S, Matutes E, et al. As-
sessment of fludarabine plus cyclophosphamide
for patients with chronic lymphocytic leukaemia
(the LRF CLL4 Trial): a randomized controlled
trial. Lancet. 2007;370(9583):230-239.

12. Eichhorst BF, Busch R, Hopfinger G, et al. Flu-
darabine plus cyclophosphamide versus fludara-
bine alone in first-line therapy of younger patients
with chronic lymphocytic leukemia. Blood. 2006;
107(3):885-891.

13. Byrd J-C, Peterson BL, Morrison VA, et al. Ran-
domized phase 2 study of fludarabine with con-
current versus sequential treatment with ritux-
imab in symptomatic, untreated patients with
B-cell chronic lymphocytic leukemia: results from
Cancer and Leukemia Group B 9712 (CALGB
9712). Blood. 2003;101(1):6-14.

14. Hallek M, Fisher K, Fingerle-Rowson G, et al. Ad-
dition of rituximab to fludarabine and cyclophos-
phamide in patients with chronic lymphocytic leu-

kemia: a randomised open label phase 3 trial.
Lancet. 2010;376(9747):1164-1174.

15. Moreton P, Kennedy B, Lucas G, et al. Eradica-
tion of minimal residual disease in B-cell chronic
lymphocytic leukemia after alemtuzumab therapy
is associated with prolonged survival. J Clin On-
col. 2005;23(13):2971-2979.

16. Rabinowe SN, Soiffer RJ, Gribben JG, et al. Au-
tologous and allogeneic bone marrow transplan-
tation for poor prognosis patients with B-cell
chronic lymphocytic leukemia. Blood. 1993;82(4):
1366-1376.

17. Khouri IF, Keating MJ, Vriesendorp HM, et al. Au-
tologous and allogeneic bone marrow transplan-
tation for chronic lymphocytic leukemia: prelimi-
nary results. J Clin Oncol. 1994;12(4):748-758.

18. Sutton L, Maloum K, Gonzalez H, et al. Autolo-
gous hematopoietic stem cell transplantation as
salvage treatment for advanced B cell chronic
lymphocytic leukemia. Leukemia. 1998;12(11):
1699-1707.

19. Gribben JG, Zahrieh D, Stephans K, et al. Autolo-
gous and allogeneic stem cell transplantations for
poor-risk chronic lymphocytic leukemia. Blood.
2005;106(13):4389-4396.

20. Ritgen M, Lange A, Stilgenbauer S, et al. Unmu-
tated immunoglobulin variable heavy-chain gene
status remains an adverse prognostic factor after
autologous stem cell transplantation for chronic
lymphocytic leukemia. Blood. 2003;101(5):2049-
2053.

21. Milligan DW, Fernandes S, Dasgupta R, et al. Re-
sults of the MRC pilot study show autografting for
younger patients with chronic lymphocytic leuke-
mia is safe and achieves a high percentage of
molecular responses. Blood. 2005;105(1):397-
404.

22. Press OW, Livingston R, Mortimer J, et al. Treat-
ment of relapsed non-Hodgkin’s lymphomas with
dexamethasone, high-dose cytarabine, and cis-
platin before marrow transplantation. J Clin On-
col. 1991;9(3):423-431.

23. Michallet M, Dreger P, Sutton L, et al. Autologous
hematopoietic stem cell transplantation in chronic
lymphocytic leukemia: results of European inter-
group randomized trial comparing autografting
versus observation. Blood. 2011;117(5):1516-
1521.

24. Cheson BD, Bennett JM, Grever M, et al. Na-
tional Cancer Institute-sponsored Working Group
guidelines for chronic lymphocytic leukemia: re-
vised guidelines for diagnosis and treatment.
Blood. 1996;87(12):4990-4997.

25. Moreau EJ, Matutes E, A’Hern RP, et al. Improve-
ment of the chronic lymphocytic leukemia scoring
system with the monoclonal antibody SN8
(CD79b). Am J Clin Pathol. 1997;108(4):378-382.
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