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A B S T R A C T

Purpose
Mantle-cell lymphoma (MCL) is an aggressive B-cell non-Hodgkin’s lymphoma with a poor
prognosis. We explored the feasibility, safety, and effectiveness of an aggressive immunochem-
otherapy treatment program that included autologous stem-cell transplantation (ASCT) for patients
up to age 69 years with newly diagnosed MCL.

Patients and Methods
The primary end point was 2-year progression-free survival (PFS). A successful trial would yield a
2-year PFS of at least 50% and an event rate (early progression plus nonrelapse mortality) less than
20% at day �100 following ASCT. Seventy-eight patients were treated with two or three cycles
of rituximab combined with methotrexate and augmented CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisone). This treatment was followed by intensification with high doses of
cytarabine and etoposide combined with rituximab and filgrastim to mobilize autologous
peripheral-blood stem cells. Patients then received high doses of carmustine, etoposide, and
cyclophosphamide followed by ASCT and two doses of rituximab.

Results
There were two nonrelapse mortalities, neither during ASCT. With a median follow-up of 4.7 years,
the 2-year PFS was 76% (95% CI, 64% to 85%), and the 5-year PFS was 56% (95% CI, 43% to
68%). The 5-year overall survival was 64% (95% CI, 50% to 75%). The event rate by day �100
of ASCT was 5.1%.

Conclusion
The Cancer and Leukemia Group B 59909 regimen is feasible, safe, and effective in patients with
newly diagnosed MCL. The incorporation of rituximab with aggressive chemotherapy and ASCT
may be responsible for the encouraging outcomes demonstrated in this study, which produced
results comparable to similar treatment regimens.

J Clin Oncol 27:6101-6108. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Mantle-cell lymphoma (MCL) usually exhibits an
aggressive clinical course and is characterized by a
predominance of males, a tendency to afflict older
people, and a propensity for extranodal involve-
ment.1-3 With anthracycline-based chemotherapy
regimens, the response rate in MCL is high but the
progression-free survival (PFS) and overall survival
(OS) are poor (medians of 1.5 and 3 years, respect-
ively).1-8 Treating MCL has become a formidable
challenge, especially with regard to the affected age
group, and because it currently remains incurable.

MCL cells express CD20 on their surface,
providing a target for immunotherapy with ritu-

ximab.1-2,7,9 Rituximab produces responses in 22%
to 38% of patients with relapsed MCL.10-12 The ad-
dition of rituximab to CHOP (cyclophosphamide,
doxorubicin, vincristine, and prednisone) chemo-
therapy increases the complete remission (CR) rate
and time-to-treatment failure but has no impact on
either PFS or OS in untreated patients with MCL.7

The addition of rituximab to the hyperfractionated
cyclophosphamide, vincristine, doxorubicin, and
dexamethasone (Hyper-CVAD) regimen in MCL
patients appeared to improve outcomes compared
with Hyper-CVAD followed by autologous stem-
cell transplantation (ASCT), but the comparison is
compromised by comparing untreated patients with
untreated and relapsed patients.13,14 The full impact
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of adding rituximab to the treatment of MCL remains unclear but may
be important.

The role of ASCT in MCL remains controversial.14-20 Most pub-
lished trials include untreated and relapsed patients with MCL, ren-
dering conclusions of the effectiveness of ASCT in these studies
uncertain.14,15 Other trials of ASCT in first-remission MCL patients
suggest improved outcomes compared with historical non-ASCT
outcomes.16-19 A prospective randomized trial of ASCT versus alpha-
interferon in first-remission patients found that ASCT improved re-
mission duration and, with long follow-up, OS as well.20,21 The role of
ASCT in untreated MCL may be substantial, but its full contribution is
not yet defined.

The Cancer and Leukemia Group B (CALGB) developed a new
treatment approach for patients with MCL. CALGB 59909 incorpo-
rates high-dose chemotherapy (HDCT) and ASCT with rituximab for
MCL, while acknowledging the older age of afflicted patients. Thus,
the design of CALGB 59909 is intense, but brief. It incorporates
features of traditional chemotherapy for aggressive non-Hodgkin’s
lymphoma (NHL)22: intense immunochemotherapy mobilization
and in vivo purging of autologous peripheral-blood stem cells
(PBSCs)16,17,23-25 and post-ASCT rituximab to eliminate remaining
lymphoma cells.16,26 CALGB 59909 success was dependent on survival
benefits in conjunction with acceptable feasibility and toxicity.

PATIENTS AND METHODS

Eligibility

Patients 18 to 69 years old were eligible provided they had histologic
documentation of MCL with at least one of the following confirmatory find-
ings: coexpression of CD20 (or CD19) and CD5 with a lack of CD23 expres-
sion by immunophenotyping; immunostaining for cyclin D1; t(11;14)(q13;
q32) by standard banding cytogenetic or fluorescent in situ hybridization
analysis; or molecular evidence of the bcl-1/IgH rearrangement. The pathology
of registered patients underwent central review. Patients with mantle zone
histology and those with Ann Arbor stage I or II nodular histology were
ineligible because of the relatively good prognosis of these MCL subgroups.27

Other eligibility criteria included measurable disease, no known hypersensi-
tivity to murine products, negative HIV serology, not pregnant or nursing, left
ventricular ejection fraction � 45%, and serum creatinine (Cr) � 2 mg/dL.
Patients could be enrolled on study if they received a single cycle of chemo-
therapy and/or a single dose of rituximab. Each participant signed an institu-
tional review board–approved informed consent document in accordance
with federal and institutional guidelines. Patients were excluded for symptom-
atic meningeal or parenchymal brain lymphoma and medical conditions re-
quiring the chronic use of corticosteroids.

On-Study Procedures

At the time of study enrollment, patients underwent history and physical
examination; laboratory studies including a complete blood count, differen-
tial, and platelet count; serum electrolytes and chemistries; lactate dehydroge-
nase (LDH); 24-hour urine collection for Cr clearance; ECG; chest radiograph;
lumbar puncture: WBC (differential, glucose, protein, and cytology); com-
puted tomography scan or magnetic resonance imaging of chest/abdomen/
pelvis; and a unilateral bone marrow aspirate and biopsy (BM-Bx) with
cytogenetics. Endoscopy of the GI tract was not routinely performed.

Protocol Treatment

CALGB 59909 has five treatment modules (Table 1). Treatments 1 and 2
are identical, containing rituximab, methotrexate, cyclophosphamide (aug-
mented dose), doxorubicin, vincristine, and prednisone (R-M-CHOP). The
initial methotrexate dose was 3 g/m2 to be given on day 1 after rituximab.
Because of eight unexpected episodes of nonoliguric acute renal failure in the

first 20 patients, the protocol was amended to lower methotrexate to 300
mg/m2 to be given on day 2.

Treatment 3, high-dose etoposide and cytarabine with rituximab
(EAR),23 began 4 weeks after Treatment 2, provided that a BM-Bx showed
� 15% involvement with MCL (otherwise Treatment 2.5 was given, identical
to Treatment 2). Patients receiving Treatment 2.5 had a BM-Bx repeated and if
it still showed more than 15% involvement, they were removed from the
protocol. Treatment 3 functioned as both intense cytoreductive therapy and as
a means to mobilize PBSC.23,28 Treatment 3 could start when neutrophils
were � 1,000/�L, platelets were � 100,000/�L, Cr was less than 2 mg/dL, total
bilirubin was less than two times the upper limit of normal, and AST was less
than three times the upper limit of normal. Cytarabine doses were reduced for
a rising Cr to minimize the risk of CNS toxicity as previously described.29

Leukapheresis began when the WBC rose to 5,000/�L following the chemo-
therapy nadir. The target CD34� cell dose was 5 million/kg (minimal dose for
transplantation, 2 million/kg). The collection and cryopreservation of PBSC
was per institutional standards.

Treatment 4 was high-dose carmustine, etoposide, and cyclophospha-
mide30 followed by ASCT and was intended to begin 4 weeks after the collec-
tion of PBSC. Treatment 5 included two weekly doses of rituximab to begin 6
weeks after ASCT.16,26

Treatment of involved CSF. If the cerebrospinal fluid (CSF) showed
MCL with a CSF WBC � 5 cells/�L, then the patient received intrathecal
methotrexate (12 mg) for 10 instillations spread out over Treatments 1 to 3.
Intrathecal methotrexate was not given concurrently with intravenous meth-
otrexate or cytarabine. For a CSF WBC of more than 5 cells/�L, the patient also
received 24 Gy cranial radiation in 12 fractions.

Supportive care. Filgrastim (granulocyte colony-stimulating factor) and
bacterial (fluoroquinolone) and fungal (azole) prophylaxis were given during
the neutrophil nadirs of Treatments 1 to 4. Pneumocystis carinii prophylaxis
with trimethoprim/sulfamethoxazole was started in Treatment 3 and contin-
ued until 3 months post-ASCT. Herpes/Varicella zoster prophylaxis with acy-
clovir started with Treatment 3 and continued for 12 months post-ASCT.
Febrile neutropenia and transfusion support were managed according to in-
stitutional guidelines. High-dose prednisone (0.5 mg/kg twice daily for 2
weeks, then tapering doses over 4 weeks) was recommended for any patient felt
to be experiencing carmustine-induced pneumonitis.31

Documentation of Response

Patients were restaged at 3 months post-ASCT with history and physical
examination, LDH, computed tomography scan or magnetic resonance imag-
ing of the chest/abdomen/pelvis, BM-Bx, and lumbar puncture (if previously
positive). The International Lymphoma Workshop response criteria were
used as previously published.32 Staging procedures were repeated 1 month
after demonstration of a CR as confirmation of CR. Following ASCT, patients
were seen every 3 months for 2 years, biannually for 3 years, then annually.
Imaging studies were repeated only for a clinical suspicion of progression/
relapse of MCL. Toxicities throughout the protocol were scored using the
National Cancer Institute Common Toxicity Criteria.33

Statistical Considerations

The primary objective of this phase II study was 2-year PFS. Secondary
objectives included determination of response rates, event-free survival (EFS),
OS, and nonrelapse mortality (NRM). Survivals were measured from study
entry and included PFS until documented progression/relapse, EFS until doc-
umented progression/relapse, death from any cause or off-protocol treatment
for any reason, and OS until death from any cause. The goal was to prolong the
PFS of historical controls by one third. Correlations were explored between the
International Prognostic Index (IPI) and mantle-cell IPI (MIPI)34 scores and
survival. A successful trial was prospectively defined as a 2-year PFS statistically
of at least 50% and an event rate (relapse/progression, or NRM) statistically
less than 20% at 100 days post-ASCT. Intent-to-treat analysis was performed.
A stopping rule was applied to close the protocol early if there was evidence of
an event rate greater than 20% at 100 days post-ASCT. With a significance level
of 0.17 and a power of 0.86, the protocol would be stopped if an event occurred
at 100 days post-ASCT in 5 of 15 patients, 11 of 30 patients, or 18 of 45 patients.
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The original accrual goal was 45 eligible patients. Because of a protocol amend-
ment involving methotrexate dose (August 15, 2002), the accrual goal was
increased to 65 to address protocol end points in at least 45 patients receiving
the final treatment design. The Kaplan-Meier method was used to estimate
survivals as previously defined.35

Patient registration and data collection were managed by the CALGB
Statistical Center. Data quality was ensured by review of data by CALGB
Statistical Center staff and the study chairperson. Statistical analyses were
performed by CALGB statisticians.

RESULTS

Patient and Disease Characteristics

Seventy-nine patients were enrolled between June 2001 and Oc-
tober 2004 (Table 2). One patient was removed from analysis because
of lack of any protocol treatment. MCL was confirmed in 77 (99%) of

78 of patients: in 60 (77%) by cyclin D1 expression, in seven (9%) by
demonstration of t(11;14), and in 10 (13%) by both assays. The me-
dian age was 57 years with 82% of the patients being male and 49%
having more than one extranodal disease site. One-sixth of patients
had a blastic histology. Ninety-four percent of patients were Ann
Arbor stage III/IV, and 32% of patients had an elevated LDH.

Study Throughput

Seventy-seven patients (98%) completed Treatments 1 and 2/2.5,
69 (88%) completed Treatment 3, and 67 (86%) completed Treat-
ment 4 (Fig 1). One study patient was taken off protocol treatment for
allogeneic stem-cell transplantation. Four study patients eligible for
ASCT did not receive it because of insurance denial of ASCT as a
policy benefit (one received an ASCT at a non-CALGB institution).
Three otherwise eligible patients refused ASCT. Of the remaining 70

Table 1. Treatment Details

Treatment No. Drugs/Procedures Doses/Schedules

1, 2, 2.5� (R-M-CHOP) Rituximab† 375 mg/m2 IV on day 1
Methotrexate 300 mg/m2 IV over 4 hours on day 2
Leucovorin 50 mg/m2 IV every 6 hours for three doses starting 24 hours after

completing methotrexate, then 10 mg/m2 IV or PO every 6 hours until
serum methotrexate level is � 0.05 �M

Cyclophosphamide 2,000 mg/m2 IV over 2 hours on day 3
Doxorubicin 50 mg/m2 IV on day 3
Vincristine 1.4 mg/m2 IV on day 3 (cap the dose at 2 mg if patient is � 40 years old)
Prednisone 100 mg/m2 PO daily on days 3-7
G-CSF 5 �g/kg SQ daily starting on day 4 until neutrophils � 10,000/�L once or

� 5,000/�L twice
Levofloxacin 500 mg PO daily starting on day 6 until neutrophils � 1,500/�L
Fluconazole 200 mg PO daily starting on day 6 until neutrophils � 1,500/�L

3 (EAR) Etoposide 40 mg/kg IV over 96 hours on days 1-4
Cytarabine 2,000 mg/m2 IV over 2 hours twice daily on days 1-4
Rituximab 375 mg/m2 IV on day 6 and day13 (two total doses)
G-CSF 10 �g/kg SQ daily starting on day 14 until completion of peripheral blood

stem-cell collection
Leukapheresis Begin daily when WBC is � 5,000/�L
Levofloxacin 500 mg PO daily starting on day 7 until neutrophils � 500/�L
Fluconazole 200 mg PO daily starting on day 6 until neutrophils � 500/�L
Acyclovir 200 mg PO three times daily starting on day 6 to continue until 1 year

post-ASCT
4 (CBV) Carmustine 15 mg/kg (maximum, 550 mg/m2) IV over 1 hour on day –6

Etoposide 60 mg/kg IV over 4 hours on day –4
Cyclophosphamide 100 mg/kg IV over 2 hours on day �2
Infusion of peripheral-blood stem cells Day 0
G-CSF 5 �g/kg SQ daily starting on day �4 until neutrophils � 5,000/�L once or

� 1,500/�L twice
Levofloxacin 500 mg PO daily starting on day �2 until neutrophils � 500/�L
Fluconazole 200 mg PO daily starting on day �1 until neutrophils � 500/�L
Acyclovir 200 mg PO three times daily starting on day �2 to continue until 1 year

post-ASCT
Trimethoprim/sulfamethoxazole One double-strength tablet PO twice every Saturday and Sunday to

continue until 3 months post-ASCT
5 (post-ASCT immunotherapy) Rituximab 375 mg/m2 IV weekly for two doses in weeks 6 and 7 after ASCT

NOTE. All chemotherapy doses were based on a corrected body weight (in kilograms) defined as ideal weight �0.25 (actual weight � ideal weight).23 When the
actual weight was less than the ideal weight, the corrected weight was the actual weight. For patients of more than 150% of ideal weight, the corrected weight
was capped at 112.5% of ideal weight. The median days between start of Treatments were as follows: between Treatments 1 and 2, median � 23 days (range,
16-41 days); between Treatments 2/2.5 and 3, median � 30 days (range, 14-52 days); between Treatments 3 and 4, median � 54 days (range, 38-92 days); and
between Treatments 4 and 5, median � 42 days (range, 13-327 days).

Abbreviations: R-M-CHOP, rituximab, methotrexate, cyclophosphamide (augmented dose), doxorubicin, vincristine, and prednisone; IV, intravenous; PO, per os (by
mouth); G-CSF, granulocyte-colony stimulating factor (filgrastim); SQ, subcutaneously; EAR, high-dose etoposide and cytarabine with rituximab; ASCT, autologous
stem-cell transplantation; CBV, high-dose carmustine, etoposide, and cyclophosphamide.

�Treatment 2.5 is given if the pre-Treatment 3 bone marrow biopsy contains � 15% MCL. Ten patients needed Treatment 2.5.
†Rituximab is withheld if circulating mantle cells are � 10,000/�L.
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patients, two experienced NRM before ASCT, and one progressed
before ASCT.

Autologous PBSC Collection

In Treatment 3, the median day to begin collection of PBSC was
day 21 (range, 17 to 57). A median of one stem-cell collection (range,
1 to 6) was needed to acquire the protocol CD34� cell target. The
median number of CD34� cells collected was 15.9 million/kg (range,
1.3 to 289 million/kg).

Response

The best response was ascertained at 3 months post-ASCT
(n � 67). For the 11 patients who did not undergo ASCT, best re-

sponse was determined at the time of removal from protocol therapy.
Response among these 11 patients was CR, two; partial response,
three; stable disease, four; and not evaluable for response, two. The
overall CR rate was 54 (69%) of 78, the partial response rate was 15
(19%) of 78, the stable disease rate was 7 (9%) of 78, and response was
not evaluable in 2 (3%) of 78. For patients receiving the higher meth-
otrexate dose, the CR rate was 66.7%; for those receiving the lower
methotrexate dose, the CR rate was 77.8% (P � .56).

Survival

The median follow-up of survivors was 4.7 years (range, 3 to
6.4 years). The 2-year PFS was 76% (95% CI, 64% to 85%). The
median PFS was not yet reached (Fig 2A and Table 3). The 5-year
PFS was 56% (95% CI, 43% to 68%). The 100-day post-ASCT
event rate was 5.1%. The median EFS was 4.4 years (95% CI, 2.4 to
5.4 years). The OS at 2 years was 87% (95% CI, 77% to 93%), with
the median not yet reached (Fig 2B). The 5-year OS was 64% (95%
CI, 50% to 75%). There was no difference in PFS or OS in patients
receiving low-dose methotrexate (n � 58) versus those receiving
high-dose methotrexate (n � 20; Appendix Figure A1, online
only). The IPI score did not correlate with PFS. The MIPI score did
correlate with PFS: 66.7% of high-risk patients progressed com-
pared with 32.3% of low- plus intermediate-risk patients (P � .02).
The MIPI score also correlated with OS: 67% of high-risk patients
died compared with 25% of low- plus intermediate-risk patients
(P � .03).

Table 2. Patient Demographics and Disease Characteristics

Characteristic
No. of Patients

(n � 78)� %

Prior chemotherapy and/or rituximab 6 8
Sex

Male 64 82
Female 14 18

Age, years
Median 57
Range 37-69

Histology
Blastic 12 15
Diffuse 37 47
Nodular 21 27
Unknown 8 11

B symptoms
Yes 25 32
No 53 68

LDH, U/L
Median 206
Range 117-1493

Elevated LDH
Yes 25 32
No 51 65
Unknown 2 3

Bone marrow involvement
Yes 56 72
No 21 27
Unknown 1 1

CSF involvement
Yes 4 5
No 72 92
Unknown 2 3

IPI score
Low 15 19
Low-intermediate 26 33
Intermediate-high 17 22
High 17 22
Unknown 3 4

MIPI score34

Low 41 53
Intermediate 24 31
High 12 15
Unknown 1 1

Abbreviations: LDH, lactate dehydrogenase; IU/L, international units/liter;
CSF, cerebrospinal fluid; IPI, International Prognostic Index; MIPI, mantle-cell
lymphoma IPI.

�Intent-to-treat.

CALGB 59909 Throughput 

Nonprotocol treatment (n = 1)

Enrolled (N = 79)

Protocol treatment (n = 78)

Treatment 3 (n = 69)

Treatment 4 (n = 67)

Completed protocol treatment (n = 67)

NRM (n = 1)

Progression (n = 1)

Insurance refusal for ASCT (n = 4)

Patient refusal for ASCT (n = 3)

NRM (n = 1)

Allogeneic SCT (n = 1)

Fig 1. The throughput of patients enrolled on Cancer and Leukemia Group
B (CALGB) 59909. NRM, nonrelapse mortality; ASCT, autologous stem-
cell transplantation.
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Toxicity

Every patient experienced at least one grade 4 hematologic tox-
icity during the study (Table 4). Ninety percent of patients experi-
enced a grade 3 or greater nonhematologic adverse event during the
study. Unexpectedly, eight of the first 20 patients experienced acute
renal failure (Cr � 2 mg/dL) during Treatments 1 and 2 (range, 2.1 to
4.6 mg/dL), prompting a change in methotrexate dose and schedule.
Renal failure did not recur after this treatment modification. All cases
of renal failure resolved within 4 weeks without the need for hemodi-
alysis. In three patients, the next dose of methotrexate was halved, and
in one patient, no further methotrexate was given. Treatment 3
yielded no surprises in terms of toxicity, and it proved to be an
excellent mobilizer of autologous PBSC.23,28 Treatment 4 had no
NRMs and only one instance of carmustine pneumonitis that was
successfully managed with corticosteroids. There were two NRMs in
this study (cardiovascular collapse from severe anemia during Treat-
ment 1 and sepsis during Treatment 3).

DISCUSSION

MCL represents 6% of all adult NHL, has an aggressive clinical course,
and is incurable with standard treatment regimens. CALGB 59909 was

designed to be feasible, intense, and brief for untreated patients with
MCL, incorporating HDCT and ASCT with rituximab immunother-
apy. CALGB 59909 was successful because the 2-year PFS was greater
than 50% (observed, 76%), and the probability of an event by day
�100 of ASCT was under 20% (observed, 5.1%). The final 58 patients
receiving lower-dose methotrexate had a 2-year PFS of 73%, recon-
firming the success of this treatment regimen. There is no clear plateau
in the PFS curve, so it remains to be seen if any patients are cured with
this treatment. The only proven potential cure for MCL at this time
remains allogeneic hematopoietic stem-cell transplantation.36

CALGB 59909 produced a high PFS rate. Although relapses con-
tinued to occur between 2 and 5 years following treatment, late re-
lapses appeared to be less frequent than those seen with most other
treatment approaches, but further follow-up will be necessary to de-
termine the long-term impact of this treatment. The reason for a high
PFS is likely a combination of intensified induction chemotherapy, in
vivo purging of the autologous PBSC grafts, the use of HDCT and
ASCT, and the incorporation of rituximab. Our outcomes are similar
to those produced by the M. D. Anderson Cancer Center for MCL
with rituximab added to the Hyper-CVAD regimen (R-Hyper-
CVAD), which did not incorporate ASCT.13,37 Of note, a Southwest
Oncology Group study of R-Hyper-CVAD in MCL patients showed a
CR rate of 58%, a 2-year PFS of 64%, and a continuous pattern of
relapse, results inferior to those of the M. D. Anderson Cancer Center
study.38 Another trial that used R-Hyper-CVAD (without methotrex-
ate/cytarabine) followed by rituximab maintenance produced a 2-year
PFS of 60%.39 Thus, the optimal overall treatment strategy for MCL
remains undefined.

HDCT and ASCT are important components of curing patients
with aggressive NHL after relapse.40 ASCT may be important in the
management of patients with MCL as well. Phase II trials involving
ASCT for newly diagnosed MCL patients have shown 3-year PFS or
EFS rates of 54% or greater, which appear better than most MCL
programs not using ASCT.16-20,22,41,42 These data are biased by select-
ing patients who are candidates for HDCT and ASCT. The Nordic
MCL protocol had a treatment design similar to ours.43 With the
Nordic MCL protocol, the 4-year PFS and OS were 73% and 81%,

Table 3. Survival Probabilities

Survival (year) Probability 95% CI

PFS
2 0.76 0.64 to 0.85
3 0.63 0.50 to 0.73
4 0.61 0.48 to 0.71
5 0.56 0.43 to 0.68

EFS
2 0.73 0.61 to 0.82
3 0.59 0.46 to 0.69
4 0.54 0.41 to 0.65
5 0.46 0.33 to 0.58

OS
2 0.87 0.77 to 0.93
3 0.83 0.72 to 0.90
4 0.74 0.62 to 0.83
5 0.64 0.50 to 0.75

Abbreviations: PFS, progression-free survival; EFS, event-free survival; OS,
overall survival.
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Fig 2. (A) Progression-free survival and (B) overall survival by intent-to-treat
analysis. Patients were censored at the time of last follow-up without an event or
at the time of coming off protocol treatment because of denial of insurance for
autologous stem-cell transplantation (ASCT), patient refusal of ASCT, or alloge-
neic stem-cell transplantation. Dotted lines indicate 95% CIs.
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respectively, with an apparent plateau to the survival curve beyond 5
years. This study, short of allogeneic stem-cell transplantation, is the
only one to demonstrate a plateau in the survival curve, and it led the
authors to speculate about cure. However, preemptive rituximab was
given for molecular evidence of MCL relapse, not scored as a progres-
sion, thus dampening conclusions of curability from the study. An-
other study prospectively randomly assigned first-remission MCL
patients to ASCT or to alpha-interferon.20,21 ASCT resulted in a better

median PFS (39 v 17 months), and after a median 6 years of follow-up,
improved median OS (7.5 v 5.3 years), but there was no plateau to the
OS curve, suggesting a limited benefit from ASCT.21 Our regimen
demonstrates results consistent with these other phase II-III trials
involving ASCT and supports the use of ASCT in the initial treatment
plan of patients under age 70 years with MCL.

The contribution of purging MCL cells from the PBSC graft
to improving outcomes in MCL is not certain. At the time of

Table 4. Toxicity

Parameter

Treatments 1, 2, and 2.5
(n � 78)

Treatment 3
(n � 69)

Treatment 4
(n � 67)

No. % No. % No. %

No. of days for ANC � 500/�L
Median 5 10 9
Range 0-16 0-16 0-39

No. of days for platelets � 20,000/�L
Median 0 7 6
Range 0-52 0-20 0-170

No. of platelet transfusions
Median 0 7 3
Range 0-21 0-37 0-36

No. of RBC units transfused
Median 0 4 2
Range 0-23 0-11 0-22

Days of hospitalization
Median 9 13 20
Range 0-39 3-31 0-67

No. of days of TPN
Median 0 0 0
Range 0-0 0-6 0-15

No. of days of IV narcotics
Median 0 0 0
Range 0-6 0-11 0-61

Maximum total bilirubin, mg/dL
Median 0.8 0.9 0.9
Range 0.2-2.8 0.2-4.7 0.3-5.8

Maximum alkaline phosphatase, IU/L
Median 113 106 109
Range 40-371 10-552 50-351

Maximum creatinine, mg/dL
Median 1.1 1.1 1.1
Range 0.7-5.5 0.7-2.9 0.7-3.2

Needed platelet transfusion 13 17 67 97 61 91
Needed RBC transfusion 25 32 69 93 54 82
Needed hospitalization 76 99 69 100 65 97
Needed TPN 0 0 3 4 9 13
Needed IV narcotics 14 18 24 35 30 45
� Grade 3 (NCI common toxicity criteria)

GI 10 13 15 22 17 25
Hepatic 0 0 5 7 3 4
Pulmonary 2 3 2 3 1 1
Cardiac 4 5 3 4 4 6
Cutaneous 1 1 6 9 0 0
Infection 9 12 21 30 19 28
Febrile neutropenia 12 15 28 41 24 36
CNS 0 0 3 4 0 0
Peripheral nervous system 0 0 0 0 0 0
Metabolic (Cr) 2 2.5 0 0 0 0

Abbreviations: ANC, absolute neutrophil count; RBC, red blood cells; TPN, total parenteral nutrition; IV, intravenous; IU/L, international units per liter; NCI, National
Cancer Institute; Cr, serum creatinine.
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CALGB 59909 design, there were data showing success in purging
contaminating NHL cells from autologous PBSC grafts by the in
vivo administration of rituximab with chemotherapy in individu-
als with informative reverse transcriptase polymerase chain reac-
tion for the rearranged bcl-1/IgH or bcl-2/IgH transcripts.24,25 We
therefore adopted the emerging concept of in vivo purging and
using EAR for MCL.23 We are analyzing the effectiveness of in vivo
purging with EAR, and preliminary information suggests that in
vivo purging is effective and that the degree of in vivo purging is
predictive of relapse.44

Rituximab has shown substantial benefit in patients with low-
grade and aggressive NHL.9,10 Rituximab has a modest response rate
in patients with relapsed MCL as a single agent.11,12 The contribution
of rituximab to our favorable outcomes in untreated MCL cannot be
dissected. The German Lymphoma Study Group found that the addi-
tion of rituximab to CHOP in untreated MCL improved the CR rate
but did not improve either the PFS or the OS.7 Perhaps adding ritux-
imab to HDCT/ASCT is the key to improving outcomes in MCL. It
can be argued that more rituximab is needed in treatment regimens
like ours, not less, as the Nordic trial suggests. The magnitude of the
contribution of rituximab to survival outcomes in CALGB 59909
remains unknown, and the optimal number of rituximab doses is
open for debate.

CALGB 59909 is currently one of several effective treatment
strategies for MCL. Despite its intensity, it was associated with accept-
able morbidity and low NRM. But how do we make further advance-
ment? Bortezomib has activity as a single agent in MCL.45 CALGB
50403 is designed to add maintenance bortezomib for patients with
MCL otherwise receiving the backbone treatment of CALGB 59909.
The addition of post-ASCT bortezomib might improve survival out-
comes compared with those in CALGB 59909, with or without the
expectation of cure. With new approaches and novel agents, progress
in the management of MCL is being made.
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