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Abstract

Thirty-five consecutive patients with follicular lymphoma (FL) receiving SCT at our institution
between January 2000 and December 2010 were included in this study. At the time of
presentation, 30 (86%) had advanced stage disease and 25 (71%) received three or more
chemotherapy regimens prior to transplantation. In all, 12 (34%) patients were in complete
response pre-SCT following salvage therapy. At the time of analysis (median follow-up 6 years
from diagnosis and 4 years from transplantation), 24 patients were alive with an estimated 5-year
OS and PFS of 66.5 and 53%, respectively. OS and PFS in patients receiving auto-SCT (91.7%,
73.3%) were superior compared with patients receiving allo-SCT (53.9%, 43%). Our data support
early use of auto-SCT in patients with FL and suggest the need to improve allo-SCT outcome.
Integrating novel agents in a combined modality approach may improve long-term outcome in FL.
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Introduction

Follicular lymphoma (FL) is the second most common lymphoma diagnosed in the United
States and Western Europe, with an incidence of 15 000 new cases per year in the United
States. Despite advances in therapeutic regimens, FL remains an incurable disease with
Immunochemotherapy alone. A continuous pattern of relapse with short disease-free interval
or histological transformation is commonly encountered, making long-term disease control a
challenge.1

Auto-SCT is feasible with low TRM in FL, but questions remain relating to the optimal
timing of this procedure, type of conditioning regimen, long-term disease control and late
effects. Allo-SCT used mostly in heavily pretreated patients is associated with high TRM
especially after myeloablative conditioning (MST) and is applicable to only a selected
group. To decrease the rate of TRM, reduced-intensity conditioning (RIC) allo-SCT is being
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increasingly performed.® The long-term survival data of patients undergoing auto-SCT
compared with allo-SCT are limited.1:3.6-9

The current study provides comparative long-term outcome of patients receiving SCT for
recurrent FL and supports the need to individualize treatment approach in FL patients
relapsing after initial chemotherapy.

Patients and Methods

Thirty-five consecutive patients >18 years of age with a confirmed diagnosis of FL (grade 1
or 2), receiving high-dose chemotherapy and SCT between January 2000 and December
2010 at Vanderbilt University Medical Center adult transplant program, were included in
this retrospective analysis (Table 1). All patients received planned rituximab-based induction
chemotherapy pre-SCT. Patients were required to have chemotherapy-sensitive disease
documented pre-SCT after salvage chemotherapy. Patients with evidence of transformation
or concomitant presentation with grade 3 FL were excluded. This study was approved by the
Institutional Review Board of Vanderbilt University Medical Center. All patients provided
informed consent in accordance with the Declaration of Helsinki.

Clinical information was reviewed, and baseline characteristics, including common pre-
transplant and transplant variable information, were recorded. Disease progression, OS, PFS,
non-relapse mortality (NRM) and relapse rate were defined by standard criteria.

Stem cells were collected using approved institutional PBSC mobilization protocols. All
patients received standard care per institutional protocol regarding antimicrobial
prophylaxis, surveillance cultures, monitoring for viral infections and treatment.

Transplantation procedures

Auto-SCT—Stem cells were mobilized using high-dose chemotherapy (CY) and G-CSF in
combination. CBV (CY 7200 mg/m?, etoposide 2000 mg/m? and BCNU 400 mg/m?) was
the conditioning regimen in 87% of patients receiving auto-SCT, others received BEAM
(BCNU, etoposide, cytarabine and melphalan) conditioning regimen followed by auto-SCT.

Allo-SCT—In all, 14 patients received RIC (fludarabine plus BU, n=12; others = 2) and 9
received myeloablative regimen followed by a PBSC transplant (minimal residual disease =
17; matched unrelated donor = 6). All patients received GVHD prophylaxis with calcineurin
inhibitor and either MTX (myeloablative conditioning) or mycophenolate mofetil (RIC).
The diagnosis and grading of acute and chronic GVHD were based on standard criteria.

Response criteria

Response criteria were based on guidelines from the International workshop on non-
Hodgkin's lymphoma. CR was defined as complete radiological regression of all previous
measurable disease or BM involvement. Partial response was defined as a reduction of 50%
or greater reduction in the sum of the products of the longest and perpendicular diameter of
measurable lesions within a 30-day period prior to transplant and at days +30 and +100.
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Based on these criteria, all data were individually verified regarding the best response status
prior to SCT.

Statistical analysis

Patient characteristics were compared between the two SCT groups by #test as appropriate.
OS, PFS and NRM were reported using Kaplan-Meier analysis. The difference between
survival curves was tested for statistical significance using log-rank test. The Cox proportion
hazard regression model was used to assess patient characteristics to predict outcome
variables. Univariate analysis was performed on patients, disease and transplantation-related
variables to see the impact on long-term outcome (Table 1). Chi-square test was used to
determine the relationship between all categorical variables. For association between
continuous variables and categories, Mann-Whitney U-rank sum tests were used. All the -
values reported were two-sided, and statistical significance was declared at £<0.05.
Statistical analyses were performed using SPSS software (v.19) (SPSS, Chicago, IL, USA).

Results

The baseline features are listed in Table 1

The median age of patients at the time of transplantation was 54 years (range 35-64), and 24
(69%) were male. At the time of presentation, 2 patients had stage | disease, 3 with stage II,
7 with stage 111 and 23 patients were diagnosed with stage 1V disease. The follicular
international prognostic index was available in a few patients and therefore not reported.

Thirty-four (97%) patients received two or more salvage therapies prior to transplantation.
Three (9%) had auto-SCT prior to allo-SCT. Twelve patients (34%) were in CR at the time
of transplantation and all patients had chemotherapy-sensitive disease before transplantation.
The median stem cell dose prior to auto-SCT was 2.81 x 108 CD34/kg (range: 2.3-9.8), and
for patients receiving allo-SCT the median stem cell dose was 7.35 x 108 CD34/kg (range:
3.87-16.48). There was no significant difference between patient groups receiving auto-SCT
and allo-SCT except that patients receiving allo-SCT were significantly younger (= 0.012)
and received higher stem cell dose (P=0.004) (Table 1).

Outcome analysis
0OS, DFS and NRM—At the time of analysis, 24 patients were alive with an actuarial OS
rate of 66.5%, the estimated 5-year DFS was 53% and NRM was 28.6% for all patients.
Grade 11-1V acute GVHD occurred in 6 (26%) patients and chronic GVHD in 5 (22%)
patients. Three patients had extensive chronic GVHD.

Univariate and multivariate analysis

Age, stage of the disease, the number of chemotherapy regimens, pre-SCT rituximab
maintenance, type of conditioning regimens, disease status (CR or partial response) pre-
SCT, absolute lymphocyte count at day 14 or day 28 and stem cell dose had no impact on
long-term outcome.
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Auto-SCT vs Allo-SCT—The 5-year OS of patients (Figure 1) receiving auto-SCT was
significantly higher than that of patients receiving allo-SCT (91.7 vs 53.9%, £=0.01). The
5-year PFS of auto-SCT and allo-SCT was 73.3% vs 43% (P = 0.07). There was no
significant difference in the rate of relapse among auto-SCT and allo-SCT recipients (26.6%
vs 22.5%). NRM in patients receiving allo-SCT was 42.9%. Patients undergoing auto-SCT
did not experience NRM (Figure 1). These data were also confirmed by the Cox proportion
hazard regression model, which confirmed type of SCT being the only variable affecting
survival in the multivariate analysis (HR 6.2, £#=0.03 for OS and HR 4.3, P=0.052 for
PFS).

Discussion

Our results indicate promising outcome after auto-SCT in selected patients, but post-SCT
relapse remains a challenge. Patients receiving allo-SCT had high NRM. Based on our data,
we cannot definitively conclude which arm is more efficacious because of patient selection
process for either SCT procedure. We are also limited by small sample size. We support
early auto-SCT and need to design safer allo-SCT approach to improve outcome after allo-
SCT in FL.

The B-cell lymphoma-specific non-myeloablative (NST) regimen fludarabine, CY and
rituximab (FCR) is reportedly safe and effective, and this regimen resulted in a TRM of
10%, with 85% patients alive without disease at 8 years.! Similarly, recently published
BMT-CTN results using FCR allo-SCT (7= 8) showed a disease-free survival of 86%.3 Our
limited data in recent years also confirmed (unpublished data) effectiveness of FCR regimen
in recurrent B-cell lymphoid malignancies.1? Currently, there is an ongoing BMT-CTN
study (no. 0701) for relapsed FL patients with the goal of validating the promising results of
FCR allo-SCT.

Favorable outcomes were also reported by the Cancer and Leukemia Group B 109901 trial
in 16 patients with relapsed chemo-sensitive FL using the NST regimen consisting of
fludarabine and CY. This study reported a 3-year EFS and OS of 75% and 81%,
respectively.1l Compared with studies employing NST regimen (such as fludarabine and CY
or FCR), there is no evidence that the more substantial RIC regimens (fludarabine and
melphalan or BU in our study) provide any advantage in disease control in patients with
chemo-sensitive disease. Importantly, RIC allo-SCT appears to be associated with more
severe toxicities, GVHD and NRM.12 The GELTAMO group, for example, has recently
reported the outcome in 37 FL patients who underwent a minimal residual disease using
melphalan and fludarabine conditioning, majority of patients had chemo-sensitive disease
and 40% were in CR at the time of transplantation. After median follow-up of 52 months,
the 4-year DFS for patients with PD, partial response or CR at transplantation were 29%,
48% and 64%, respectively, whereas the 4-year cumulative incidence of NRM were 71%,
33% and 26%, respectively.12 We have made similar observation in our study using
fludarabine, BU RIC allo-SCT.

It is important to obtain a good remission status prior to SCT. The only factor that emerged
as truly predictive of transplant outcomes is disease status at transplantation.1# Furthermore,
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intensified therapies to improve disease control prior to SCT are indeed needed to make SCT
an eligible option. Various strategies are being investigated to improve the outcome in
patients with refractory disease and to prevent relapses after SCT, including incorporating
novel agents into the conditioning regimen to increase effectiveness without increasing
toxicity and enhancing GVL effects through tumor-specific immunization or post-
transplantation immunomodulation.?13-15 Radioimmunotherapy in the peri-transplant
period needs to be evaluated in patients undergoing SCT. We believe that all these need to be
tested in clinical trials and we encourage participation in clinical trials.
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(a) OS, (b) PFS, (c) relapse and (d) NRM of patients undergoing auto-SCT and allo-SCT.
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Table 1

Patient char acteristics

Patients (n = 35) Allo-SCT (n =23) Auto-SCT (n=12) P-value
Median age (year) 52 (35 - 64) 61 (range 50 - 62)  0.012
Gender (male) 16 (70%) 8 (67%) 0.86
Stage 0.69
land Il 1 (4%) 4 (33%)
I and IV 22 (96%) 8 (67%)
Median number of extranodal sites 2(0-3) 1(0-2) 098
Median numbers of chemotherapy regimens 3(1-6) 3(2-5) 071
Rituximab maintenance pre-SCT 0.86
Yes 7 (30%) 4 (33%)
No 16 (70%) 8 (67%)
Disease status pre-SCT 0.93
CR 8 (35%) 4 (33%)
PR 15 (65%) 8 (67%)
Stem cell dose CD34+ cells/kg 7.35 x 106 (range, 3.87-16.48) 2.8 x 10° (range 2.3-9.8)  0.004
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