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Abstract
Relapse after autologous stem cell transplantation for low-grade B-cell lymphoma is common
secondary to ineffective conditioning and/or tumor autograft contamination. We investigated high-
dose cyclophosphamide and rituximab without stem cell rescue as first-line or salvage-therapy in
lymphomas. After establishing safety, accrual was increased to evaluate event-free survival (EFS).
81 adults received rituximab [375mg/mm days 1, 4, 8, 11, 45, 52], cyclophosphamide [50mg/kg
days 15-18] and pegfilgrastim (day 20). Forty-two patients had low-grade B-cell lymphoma [grade
I/II follicular (69%), transformed lymphoma (17%), other (15%)]: 45% were treated without
measurable disease. Thirty-nine patients had mantle cell lymphoma: 82% were treated without
measurable disease. All achieved hematopoietic recovery; 46% required brief hospitalizations.
The 5 year EFS and overall survival (OS) for low-grade B-cell and transformed patients was 40%
and 72%, respectively. The 5 year EFS and OS for the MCL patients was 39% and 62%,
respectively. This low-toxicity therapeutic approach obviates the need for stem cell products and
establishes a platform for future therapies.
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Introduction
As conventional cytotoxic therapy often results in a complete response only to be followed
by near universal disease relapse, high-dose chemotherapy to eradicate residual disease has
been extensively studied in low grade B-cell lymphomas. Although numerous autologous
blood and marrow stem cell transplantation (autoSCT) trials have shown a progression-free
and even overall-survival advantage, most patients with low grade B-cell lymphomas
eventually relapse.[1-5] Relapses result from lymphoma cells surviving the conditioning
regimen and/or disease re-introduction at the time of stem cell rescue -- the relative
contribution of each are unknown.

In 2003, we undertook a feasibility study testing whether patients with low grade B-cell
hematologic malignancies could achieve full hematopoietic recovery after high-dose
consolidative therapy and rituximab in-vivo B-cell purging without stem cell rescue. The
theoretic advantage to this high-dose therapy treatment scheme is that high-dose
cyclophosphamide (HDC) does not require autologous stem cell rescue, thus eliminating the
possibility of tumor reinfusion. Normal hematopoietic stem cells express high levels of
aldehyde dehydrogenase (ALDH1), which confers protection against the activity of
cyclophosphamide.[6] Given universal hematopoietic recovery, the study was later amended
for additional accrual as a phase I/II trial.

Patients, Materials, and Methods
Patient eligibility

Patients with the following lymphomas were eligible: follicular (grades I-II) including
associated transformations, marginal zone, small lymphocytic (SLL)/chronic lymphocytic
leukemia (CLL), and mantle cell lymphoma. Eligibility criteria included age ≥ 18 years,
platelet count ≥75,000/mm3, WBC greater ≥3,000/mm3, ≤ 10% lymphomatous bone marrow
involvement, at least a partial response to the most recent therapy, a serum creatinine ≤
2.0mg/dL, total bilirubin ≤2mg/dL, left ventricular cardiac ejection fraction ≥45%, DLCO
>50% predicted, and an ECOG performance status of 0 or 1. Seventy-eight patients
consented for, and participated in, this Institutional Review Board (IRB) approved research
study. The IRB allowed three additional patients into this analysis who had received the
identical treatment: these patients had agreed to participate but could not secondary to
medical insurance limitations. The patients were treated consecutively between October
2003 and September 2009. Patients who chose not to participate in the protocol would have
been considered for conventional autologous stem cell transplantation. As patients were
actively receiving treatment, many of the eligibility criteria were known before protocol
participation was offered; these included: histologic diagnosis, age, peripheral blood counts,
chemotherapy responsiveness, serum chemistries and ECOG performance. Screening
established cardiac ejection fraction, DLCO and percentage marrow involvement. Analysis
was locked in October 2010. The national trial registry number for this study is
NCT00278161.

Treatment schema
Treatment consisted of rituximab (375 mg/m2, days 1, 4, 8, 11, 45 and 52),
cyclophosphamide (50 mg/kg/day, days 15–18), mesna (10 mg/kg/dose, 15 minutes before,
3, 6, and 8 hours after cyclophosphamide) and pegfilgrastim (6 mg, 24-48 hours after last
dose of cyclophosphamide [day 19 or 20]). Rituximab was dosed according to actual body
weight; the cyclophosphamide and mesna were dosed based on the lower of actual or ideal
body weight. Supportive care was administered as per institutional standards including anti-
emetics, prophylactic antimicrobials and transfusions of red blood cells and platelets. All
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treatment was planned as outpatient. Disease status was assessed at baseline and every 3-4
months after treatment.

Statistical analysis
The estimated total accrual for the initial safety phase of this trial was 32 patients. The
primary safety variable of interest was achievement of count recovery within 30 days. A
response of 90% was expected and a response of 75% would have been acceptable to
continue investigation of this treatment combination. An additional safety endpoint was
mortality. It was anticipated the mortality associated with this treatment to be less than 5%.
If more than 1 of the first 32 patients died as a result of the treatment combination, the study
would have been considered for termination.

When the initial safety phase of the trial was completed without stopping for one of the
safety stopping rules, the study accrual was increased to estimate efficacy. The trial was
expanded to 80 patients to better estimate the event-free survival (EFS).

The primary statistical end points were EFS, defined as the interval between the first dose of
rituximab and relapse or death from any cause, and overall survival (OS), defined as the
interval between the first dose of rituximab and the date of death. Event time distributions
were estimated with the method of Kaplan and Meier[7] and compared using the log-rank
statistic,[8] or the Cox proportional hazards regression model.[9] Computations were
performed using the Statistical Analysis Software,[10] version 9.1 (SAS Institute, Carry,
NC).

Results
Patient characteristics

81/94 (86%) of patients screened were proceeded with protocol participation. Of the 13
patients screened who did not proceed with protocol participation, 9 did not meet eligibility
criteria: 6 had less than a partial response, 1 patient had a reduced ejection fraction, 1 patinet
had a low hemoglobin and 2 patients were found to have other concurrent active
malignancies; three screened patients did not wish to participate.

Of the 81 participating patients, 42 had low grade B lymphomas (Table 1). Most of these
patients (29/42, 69%) had grade I/II follicular lymphomas; seven (17%) had large cell
transformations; two (5%) had SLL/CLL; two (5%) had marginal zone lymphoma, and two
(5%) had grade III follicular lymphoma. Their median age at time of protocol participation
was 54 (range 24-71) years. Of these patients, 15 (36%) received protocol treatment as
consolidation after first response: eight (19%) in first partial remission (PR1) and seven
(17%) in first complete remission (CR1). Nineteen (45%) patients received protocol
treatment without residual disease (CR1, CR2, or CR3), and 23 (55%) participated after
achieving only a PR to initial therapy or to salvage therapy. Of the 15 patients who received
treatment immediately after first response (CR1 or PR1), 14 (93%) patients received one
regimen with a median of 6 (range, 2-8) cycles; one (7%) patient received single agent
rituximab therapy and 13 (87%) received R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone). The 27 (64%) patients with relapsed disease
received a median of 3 (range: 1-5) regimens. Their median disease duration between initial
diagnosis and protocol participation was 3.5 years (range, 1.3-14.4 years). One patient with
relapsed grade I/II follicular lymphoma did not receive additional therapy before receiving
protocol therapy.

Thirty-nine patients had mantle cell lymphoma/leukemia (Table 1). Their median age at time
of protocol participation was 58 (range, 40-76) years, including 10 (25.6%) patients > 65
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years of age. All but one of the mantle cell patients received protocol therapy after initial
cytotoxic therapy, most (32, 82%) in CR1. One patient was treated after a PR to salvage
therapy. Thirty-six (92%) received R-CHOP as sole induction therapy, one patient received
HyperCVAD (cyclophosphamide, hydroxydaunomycin, vincristine, dexamethasone,
cytarabine and methotrexate) and 1 patient received R-EPOCH (rituximab, etoposide,
prednisone, vincristine, and hydroxydaunomycin, and prednisone) as initial therapy with a
median of 6 (range: 3-8) cycles. The relapsed patient received R-ICE [rituximab, ifosfamide,
carboplatin, and etoposide] for progression after R-CHOP.

Toxicities
High-dose cyclophosphamide (HDC) induced the expected pancytopenia with an absolute
neutrophil count (ANC) of <100/μL in all patients; most patients also required red cell and
platelet transfusions (Table 2). All patients experienced full hematopoietic recovery. The
median time to an ANC ≥500/μL from the initiation of high-dose cyclophosphamide was 15
(range, 11 to 32) days. The median time to an untransfused platelet count of ≥ 20 × 109/L
from the initiation of cyclophosphamide was 15 (range, 0-43) days; 15 (18.5%) patients
never experiencing a platelet count <20 × 109/L and did not receive platelet transfusions.

There were no treatment related deaths and no unexpected life-threatening toxicities. Fewer
than half (35/81 or 43%) of the patients required hospitalization; two patients were
hospitalized twice. Neutropenic fever resulted in admission for 27 patients: 14 were
associated with bacteremia; 2 admissions were secondary to Parainfluenza 3 infection; no
identifiable infection was found in 11 patients. Ten hospitalizations resulted from non-
febrile complications included: two admissions for dehydration/hypotension, one episode
each of: aseptic arthritis, atrial fibrillation that lasted <24 hours, mild epistaxis, anxiety
induced delirium, tenosynovitis, transient hyponatremia, a syncopal episode from anti-
nausea medications resulting in a fibular fracture, and poor nutritional intake requiring
percutaneous endoscopic gastrostomy tube placement. One patient did not receive post
cyclophosphamide rituximab secondary to elevated liver enzymes. No patient has developed
a secondary leukemia or myelodysplastic syndrome.

Survival Outcomes
Of 42 patients with low-grade B cell tumors, 41 (98%) completed protocol therapy. Twenty
patients have relapsed resulting in 5 deaths from progressive lymphoma. The median follow-
up of the 34 surviving patients is 3.9 years (range, 0.7 – 6.4 years). Their respective EFS at
2, 3, and 5 years were 65%, 49%, and 40% and their respective overall survival at 2, 3, and 5
years were 92%, 86% and 72%. (Table 3, Figure 1A). The median EFS in this group was
35.6 months. Those treated in first response had an EFS of 72% at 24 months as compared
to those treated after first relapse who had an EFS of 60% at 24 months, p=0.17 (Figure 1B).
For those receiving therapy in any complete response, the median EFS has not been reached
and is 56% at 36 months, while those starting protocol therapy not in complete remission
had a median EFS of 24 months, p=0.18 (figure 1C). Of the 20 relapsed patients, 7
underwent non-myeloablative allogeneic bone marrow transplantation and 4 are alive and in
complete remission from 12.2 to 27.5 months.

Of 39 patients with mantle cell histology, 16 patients relapsed resulting in 6 deaths from
progressive lymphoma. The median follow-up for the 33 surviving patients with mantle cell
histology was 3.5 years (range, 0.7 - 6 years). The respective EFS at 2, 3 and 5 years were
73%, 57%, and 39% and the respective overall survival at 2, 3 and 5 years were 100%, 92%
and 62% (Table 3, Figure 2A). The median EFS for mantle cell patients treated in first
complete response was 38 months and 50 months Of forthe with only a partial response
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before patients 16 protocol initiation, p=0.69 (Figure 2B). relapsed patients, 12 (75%)
underwent allogeneic BMT of whom half remain in remission from 4.9-36.3 months.

Discussion
We explored the feasibility of high-dose cyclophosphamide and rituximab in-vivo B-cell
purging without stem cell rescue as an alternative to conventional autoSCT in patients with
low grade B-cell lymphomas. After documenting universal hematopoietic recovery, this
study was expanded from a safety trial to an exploratory efficacy trial in two cohorts: low-
grade B cell lymphomas and mantle cell lymphoma.

A potential advantage of this approach is the ability to avoid reinfusion of lymphoma cells
with the autologous stem cell graft. The concern for autograft graft contamination is not just
theoretic: tumor cells can be found circulating in the blood of most patients with lymphoid
malignancies as well as in autologous stem cell grafts.[11-13] Moreover, autograft
contamination as a contributor to relapse may explain the lower relapse rates observed in
syngeneic and purged autologous SCT as compared to unmanipulated autologous SCT.
[2,3,14,15]

The therapy was well tolerated with no unexpected adverse events. All patients achieved
rapid and full hematologic recovery, similar to that seen with autologous transplantation and
the toxicities of stem cell mobilization were avoided.[16,17] Moreover, adverse events were
mild: fewer than a third of patients developed febrile neutropenia, fewer than half required
hospitalization, nearly a fifth did not require platelet transfusion support and no deaths
occurred.

Despite the lack of a myeloablative preparative regimen, these results are similar to previous
autoSCT reports for low grade lymphoma. Patients with low-grade, non-MCL histologies
exhibited a 5 year EFS and OS of 40% and 72%, respectively. Comparatively, in 693
follicular lymphoma patients (43% with ex-vivo manipulation) Montoto et al, reported a 5
year PFS and OS of 44% and 64% after autoSCT.[5] Similarly, Bierman et al, reported a 5
year PFS and OS of 46% and 62%, in 160 patients who received a purged autoSCT and a 5
year PFS and OS of 37% and 50%, in 427 patients who received an unpurged autoSCT for
low grade NHL.[2]

The 5 year EFS and OS was 39% and 62%, respectively, in our 39 mantle cell patients.
While our current study was neither powered nor designed to be compared to other reports,
contemporary approaches to MCL requires comment. No consensus exists on the optimal
treatment paradigm for MCL. In fact, dichotomous recommendations from deferring initial
therapy to high-dose induction therapy followed by autologous hematopoietic progenitor
cell transplantation (HSCT) in first remission have been published in 2009.[18,19] However,
a single institutional report generated at the MD Anderson Cancer Center supports early
intensive treatment. In their a non-randomized experience, fifty patients who underwent an
autologous HSCT in first remission had a median progression free survival of 42 months
and overall survival of 93 months.[18] The Nordic Lymphoma group, reported in 2008, a 6-
year EFS and OS of 56% and 70% with a non-relapse mortality rate of 5% in 160
consecutive, untreated MCL patients younger than 66 years treated with Maxi-RCHOP-21
×3 alternating with rituximab high-dose cytarabine x3 followed by rituximab in-vivo purged
autologous transplant.[20] Both of these trials suggest that a more aggressive pre-transplant
treatment than CHOP, as used in our patients, is critical to the improved results with
autoSCT.[18,20] While these results argue for immediate and aggressive intervention,
Martin et al, reported on 31 patients with MCL who had a median pre-treatment observation
time of 12 months (range: 4 to 128 months), concluding some patients can be observed and
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even suggested these patients may have an improved overall survival compared with those
who receive early treatment.[19] As a whole, these results suggest patient selection and lead-
time bias can greatly affect treatment result interpretation in mantle cell lymphoma.

Our data suggest high-dose cyclophosphamide with in-vivo rituximab purging may have a
role as an alternative to autoSCT in multiple subtypes of low grade B-cell lymphoma.
Compared to autoSCT, this treatment is simpler, less labor-intensive, and avoids the costs
and risks of stem cell mobilization and processing. Furthermore, the treatment was well
tolerated by older individuals: neither mortality nor unexpected or excessive toxicities were
observed in the 17 patients who were 65 years or older, suggesting this approach may also
be especially well suited for individuals not candidates for intensive cytoreduction followed
by autoSCT. Moreover, this treatment approach does not preclude relapsed patients from
salvage allogeneic transplant, as occurred in 19 patients of whom 10 remain disease-free.
HDC with in-vivo rituximab purging is a well tolerated consolidative therapy that can
provide a platform for the integration of novel molecularly targeted compounds.
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Figure 1.
Survival Curves for low grade B non mantle cell lymphoma patients
1A: Overall event free and survival curves 1B: Event free survival by treatment in first
response versus treatment after first relapse 1C: Event free survival by treatment in any
complete response versus treatment with measurable disease
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Figure 2.
Survival Curves for Mantle Cell Lymphoma Patients
2A: Overall and event free survival for Mantle Cell Lymphoma Patients 2B: Event free
survival by treatment in first complete response versus treatment with measurable disease
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Table 1

Patient Charateristics

Patients

No. %

Total 81 -

Low grade B cell
lymphomas

42 100

Median age 54

Range 24-71

Grade I/II Follicular 29 69

Transformed 7 17

Chronic lymphocytic leukemia 2 5

Marginal Zone 2 5

Grade III Follicular 2 5

Tx in First Response (CR1 or
PR)

15 36

Tx in CR1 7 17

Tx without measurable
disease (CR1, CR2, or CR3)

19 45

PR to initial or salvage therapy 23 55

Mantle Cell 39 100

Median age 58

Range 40-76

≥65 yoa 10 25.6

Tx in First Response (CR1 or
PR)

38 97

Tx in CR1 32 82
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Table 2

Treatment Related Cytopenias and Hospitalizations

Event Number (%) Median Duration i

Time to neutrophil
count >500/μL from
initiation of
cyclophosphamide

80 (99%) 9 (range, 4 to 6) days

Time to untransfused
platelet count of
> 20 × 109/L from
initiation of
cyclophosphamide

66 (81.5%) 15 (range, 0-43) days

Patients Hospitalized 35 (43%)

Cause

Neutropenic
fever 27 events

Non-
infectious 10 events
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