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Abstract

Purpose—We evaluated the effect on long-term survival of adding rituximab (R) to BEAM
(carmustine, etoposide, cytarabine, and melphalan) conditioning with or without yttrium-90
ibritumomab tiuxetan (°°Y1T) in patients with relapsed diffuse large B-cell lymphoma (DLBCL)
undergoing autologous stem cell transplant (ASCT).

Experimental design—~Patients were enrolled on three consecutive phase 2 clinical trials.
Patients received two doses of rituximab (375 mg/m? and 1000 mg/m?) during mobilization of
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stem cells, followed by 1000 mg/m? on days +1 and +8 after ASCT with R-BEAM or 9YIT-R-
BEAM (0YIT dose of 0.4 mCi/kg) conditioning.

Results—One hundred thirteen patients were enrolled, with 73 receiving R-BEAM and 40
receiving 90YIT-R-BEAM. All patients had a prior exposure to rituximab. The median follow-up
intervals for survivors were 11.8, 8.1, and 4.2 years in the three trials, respectively. The 5-year
disease-free survival (DFS) rates were 62% for R-BEAM and 65% for 0YIT-R-BEAM (P=0.82).
The 5-year overall survival rates were 73%, and 77%, respectively (P= 0.65). In patients with de
novo DLBCL, survival outcomes of the germinal center/activated b-cell histologic subtypes were
similar with 5-year OS rates (£ = 0.52) and DFS rates (P = 0.64), irrespective of their time of
relapse (< vs. > 1 year) after initial induction chemotherapy (P=0.97).

Conclusions—Administering ASCT with rituximab during stem cell collection and immediately
after transplantation induces long-term disease remission and abolishes the negative prognostic
impact of cell-of-origin in patients with relapsed DLBCL. The addition of 0¥ 1T does not confer a
further survival benefit.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common type of B-cell non-Hodgkin
lymphoma, constituting up to 35% of all cases worldwide (1). Currently, a 5-year disease-
free survival of 70% is achievable for patients with favorable prognostic factors at diagnosis
(2). Unfortunately, about one-third of patients will eventually experience relapse. For these
patients, the Parma trial established the use of high-dose chemotherapy with autologous
stem cell transplant (ASCT) as the standard of care (3). The combination of carmustine,
etoposide, cytarabine, and melphalan (BEAM) is commonly used as a conditioning regimen
for these patients (4). However, in more than 50% of patients undergoing ASCT, disease
relapse remains the cause of treatment failure (3-5). None of the different tested
chemotherapy-based conditioning regimens have proven superior to any other.

DLBCL is a heterogeneous disease that includes at least three major subtypes: germinal
center B-cell-like (GCB), activated B-cell-like, and primary mediastinal large B-cell
lymphoma; and these subtypes differ in their activation of signaling pathways, and clinical
outcomes (6,7). In recent years, studies have suggested that patients who were previously
exposed to rituximab, or had experienced a relapse within one year of induction
chemotherapy, or had de novo DLBCL of hon-GCB histologic subtype, have been associated
with poor outcomes after ASCT with BEAM alone, without rituximab (8).

A major concern in the use of ASCT is the potential presence of occult tumor cells in the
harvested stem cells that may contribute to disease relapse (9, 10). Studies have shown that
in vivo therapy with rituximab is highly effective in purging B-cells from clonal cancer cells
(11, 12) We have previously reported that concurrent administration of rituximab with stem
cell collection and immediately after ASCT results in significantly improved overall survival
(OS) (80% vs 53%, £=0-002) and disease-free survival (DFS) (67% vs 43%, £=0.004)
(13). Furthermore, radiolabeled anti-CD20 monoclonal antibodies, such as yttrium-90
ibritumomab tiuxetan (°°Y1T), have been added to the conditioning regimen with the
premise of enhancing the antitumor effects for DLBCL. While several prospective phase 1
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and 2 reports showed promising safety profiles and responses (14-17), multi-center
randomized trials failed to show improved survival compared with standard BEAM (18, 19).
However, none of these studies incorporated rituximab for in vivo purging and none have
addressed whether the addition of rituximab with or without radio-immunotherapy could
overcome the negative prognostic factors described that include non-GCB histologic
subtype, especially in patients who were previously exposed to rituximab or experienced a
relapse within one year of induction chemotherapy. Herein, we report long-term survival
outcomes of the use of rituximab from two prospective phase 2 trials and one randomized
phase 2 investigator-initiated trial, with or without the addition of 20YIT to the conditioning
regimen.

Materials and Methods

Study design and eligibility criteria
This study represents the combined analysis of 113 adult patients with persistent or relapsed
DLBCL who received ASCT on two consecutive phase 2 trials and one randomized phase 2
investigator-initiated trial conducted at The University of Texas MD Anderson Cancer
Center (Houston, TX, USA). The trials included one using rituximab with BEAM, or R-
BEAM (1999-2003), and reported on 57 patients with relapsed DLBCL (group A); a second
trial (NCT01538472; 2004-2006) of 0YIT with R-BEAM, or P0YIT-R-BEAM (26 patients)
(group B); and a randomized phase 2 trial (NCT00591630; 2007-2010) comparing R-BEAM
to 00YIT-R-BEAM (16 [group C] and 14 [group D] patients, respectively). The first trial has
been published (13) and additional follow-up is provided here after excluding 10 patients
who had follicular lymphoma in the original report. The phase 2 randomized clinical trial
was monitored by the Data and Safety Monitoring Board at our institution and was closed
early due to slow accrual. Patients were then grouped into those receiving the R-BEAM
conditioning regimen (n = 73, groups A and C) and those receiving the °YIT-R-BEAM
conditioning regimen (n = 40, groups B and D).

The eligibility criteria were similar in all three trials. Patients with CD20-positive DLBCL
with persistent or relapsed disease chemosensitive to salvage treatments were included.
Other inclusion criteria were age 18-65 years (later changed to 70 years in groups C and D);
less than 10% bone marrow involvement by lymphoma at the time of study entry as defined
by bone marrow histologic examination; an Eastern Cooperative Oncology Group
performance status score of 0-2; adequate liver function with serum bilirubin level of <1.5
mg/dL and liver enzyme concentrations no more than 2 times the upper limit of normal;
adequate renal function with a serum creatinine level of <1.6 mg/dL; adequate cardiac
function defined as an ejection fraction higher than 50%; and adequate pulmonary function
defined as higher than 50% of predictive value. In addition, patients enrolled on %0Y|T-
containing trials were required to have a platelet count of > 100 x10%/L and an absolute
neutrophil count of > 1.5 x10%/L.

The treatment trials and this study analysis were reviewed and approved by the Institutional
Review Board. They were conducted in accordance with the principles of the Declaration of
Helsinki. Written informed consent was obtained from all patients.

Clin Cancer Res. Author manuscript; available in PMC 2019 May 15.
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All patients received rituximab at a dose of 375 mg/m? the day before chemo-mobilization
(which consisted of ifosfamide [3.33 g/m? daily for 3 days] and etoposide [150 mg/m? twice
per day, or bid, for 3 days] in most patients) and again at 1000 mg/m? 7 days later and on
days +1 and +8 after transplant (13). The BEAM conditioning regimen before transplant was
prescribed previously (13). In addition to this R-BEAM regimen, patients in groups B and D
received 90YIT. On day —21 before ASCT, rituximab (250 mg/m?2) was followed
immediately by a dosage of the murine monoclonal anti-CD20 IT radioiodinated with 5 mCi
indium-111 (*3InIT) infused intravenously over 10 minutes, for radioimaging. Next, a
90Y T infusion at a therapeutic dosage (0.4 mCi/kg) was performed on day —14 before the
transplant. The BEAM regimen was started on day —7. Stem cells were infused on day 0.

The histologic findings in all cases were reviewed by a hematopathologist for confirmation
of the diagnosis. The cell-of-origin was mainly determined using the Hans
immunohistochemical algorithms in coordination with Visco and/or Choi algorithms in 52 of
70 (74%) patients with de novo DLBCL and available biopsy specimens from lymph nodes
(20-22). Disease stage was evaluated using Ann Arbor criteria, and each patient was
assigned an International Prognostic Index (IPI) score (23) at the time of study entry.
Patients enrolled in the randomized phase 2 trial underwent pre-transplant measurement of
rituximab serum concentrations by an enzyme-linked immunosorbent assay. Whole body
fluorine-18 fluorodeoxyglucose positron emission tomography (PET)-x-ray computed
tomography (CT) scanning was routinely performed for all patients at our center starting in
December, 2002. Patients were assessed by CT of the neck, chest, abdomen, and pelvis or
whole body PET-CT imaging 1, 3, 6, and 12 months after the end of treatment, then every 6
months for 5 years, and then yearly afterwards using the criteria of Cheson et al (23, 24).

Statistical analysis

The primary objective of this study was to compare the conditioning regimens R-BEAM and
90y |T-R-BEAM across three consecutive protocols at MD Anderson with regard to 5-year
overall survival (OS) and disease-free survival (DFS) rates for ASCT in patients with
relapsed DLBCL. The secondary objectives were determining predictors of OS and DFS,
including histologic subtypes of DLBCL, time of relapse from initial induction
chemotherapy, types of salvage therapy received, and evaluating treatment-related mortality.

The covariates of patient and disease characteristics were compared using the Wilcoxon
rank-sum test, chi-square test, or Fisher exact test, as appropriate. OS was defined as the
time from transplant to death from any cause. DFS was defined as the time to disease relapse
or progression, or death, measured from the time of transplant, with patients censored at
time of last contact.

The survival times (OS and DFS) were calculated in years from the date of transplant.
Survival times were compared at 5 years after transplant to ensure the longest comparable
follow-up intervals from the three trials.

A univariate analysis was conducted for each covariate of interest. Multivariate survival
analysis was then conducted using backward elimination on the basis of the likelihood ratio

Clin Cancer Res. Author manuscript; available in PMC 2019 May 15.
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test and including the conditioning regimens and all the factors with £< 0.1 in the univariate
analyses. Kaplan-Meier survival analysis was used to calculate the median survival time
estimations. Relapse mortality was assessed in a competing risk framework. All statistical
analyses were conducted with SAS 9.4 (SAS Institute, Cary, NC) and R software. The
statistical tests were two-sided, and P < 0-05 was considered statistically significant.

Results

Patient selection

Between June, 2000 through May, 2010, 113 patients with persistent or relapsed DLBCL at
MD Anderson were enrolled on two phase 2 trials (one for R-BEAM [group A] and one for
90y |T-R-BEAM [group B]) and one randomized trial comparing these two conditioning
regimens - R-BEAM and %0YIT-R-BEAM (groups C and D). Patient demographic
characteristics and baseline disease characteristics of the four groups are listed in Appendix
Table Al. The median number of prior lines of chemotherapy at study entry was the only
covariate that differed significantly between the four groups, with the R-BEAM arms being
more heavily pre-treated (Supplementary Table Al). Patients were grouped into those
receiving the R-BEAM conditioning regimen (n = 73, groups A and C) and those receiving
the 90YIT-R-BEAM conditioning regimen (7= 40, groups B and D). There were no
significant differences in demographic or disease characteristics between the groups with
and without 20YIT (Table 1).

Engraftment

Peripheral-blood progenitor cells were the source of the autologous grafts for 111 (98%)
patients, in the four groups. Two patients in Group A received marrow cells. The median
numbers of CD34-positive cells infused in the °YIT-R-BEAM and R-BEAM groups were
5.7 x 10%/kg and 5.5 x 10%/kg, respectively (2= 0.46). The median times to recovery of
absolute neutrophil count to = 0.5 x 109 cells/L in the OYIT-R-BEAM and R-BEAM groups
were 9.5 days (range, 7-30) and 11 days (range, 8-30), respectively (P < 0.001), and the
median times to a platelet count of >20 x 109 cells/L were 11.5 days (range, 2-30) and 11
days (range, 6-30), respectively (P= 0.64).

Survival

The median follow-up intervals for surviving patients was 11.8 years for group A, 8.1 years
for group B, 4.8 years for group C, and 4.1 years for group D. There were no significant
differences in survival outcome between the R-BEAM and 90Y I T-R-BEAM groups, with 5-
year DFS rates of 62% (95% confidence interval [CI], 0.50-0.73) and 65% (95% ClI,
0.50-0.80), respectively (P=0.82; Fig. 1A) and 5-year OS rates of 73% (95% CI, 0.62-0.83)
and 77% (95% ClI, 0.64-0.90), respectively (P=0.65; Fig. 1B). We found no differences in
5-year DFS (P=0.99, Supplementary Fig. Al) or OS rates (P= 0.46) between the four
groups analyzed separately.

We also compared survival outcomes between histologic subtypes, although this covariate
was not part of the objectives of the original protocols. We observed similar 5-year OS rates
(P=0.52) and DFS rates (P = 0.64) for patients with transformed DLBCL or for patients

Clin Cancer Res. Author manuscript; available in PMC 2019 May 15.
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with mediastinal DLBCL, or DLBCL with a GCB or non-GCB immunophenotype (Fig. 2A
and B).

Prognostic factors

On univariate analysis, OS was significantly worse for patients with a serum beta,-
microglobulin level of >2 mg/L, IPI score of >0 prior chemo-mobilization, prior
chemotherapy regimens >3, and PET positivity at the time of study enrollment (Table 2). All
of these factors except betap,-microglobulin level remained predictors of OS on multivariate
analysis (Table 3).

Potential predictors of DFS were also analyzed by univariate analysis, which showed that
elevated LDH, IPI score of >0 prior chemo-maobilization, number of prior chemotherapy
regimens, and PET positivity were significant prognostic factors for DFS (Table 2). The
number of prior chemotherapy regimens and IPI score remained significant predictors of
DFS on multivariate analysis (Table 3). We observed no significant effect on DFS or OS for
salvage chemotherapy regimen or histologic subtype.

Seventy patients had de novo DLBCL. Twenty-nine (41.4%) patients experienced a relapse
within one year of their initial induction chemotherapy, and 41 (58.6) beyond one year. We
observed no significant difference in 5-year DFS or OS between the two groups (Table 2;
Fig. 2C). Similar results were observed, when analysis was limited to those patients with
known GCB and non-GCB histologic subtypes.

Causes of death

At the time of data analysis, death had been reported in 28 patients (24.8%). The most
common cause of death was progression or relapse (7= 23), followed by non-relapse-
related mortality (7= 5). The 5-year rate of secondary hematologic malignancies in all
patients was 6.2%. Four additional patients developed secondary solid-organ malignancies,
with a cumulative incidence of 3.5%. There was no significant difference in the rates of
secondary malignancies between patients receiving R-BEAM and those receiving 0YIT-R-
BEAM.

Discussion

This report shows that the addition of in vivo therapy with rituximab during autologous stem
cell collection and immediately after ASCT in patients with chemotherapy-sensitive relapsed
DLBCL offers 5-year DFS and OS rates of 62% and 73%, respectively. These results
confirm those reported previously by our group in 2005 (13), in a study of 57 DLBCL
patients also included in the present report and who have a median follow-up time of 11.8
years for those surviving. All patients in our study were exposed to rituximab prior to ASCT,
a feature that was reported by others to have a negative impact on survival. Our data suggest
that the treatment can overcome the negative prognosis associated with non-GCB subtype
and time to relapse from induction chemotherapy in patients with de novo DLBCL. The
addition of 90YIT to R-BEAM did not have any additional benefit.

Clin Cancer Res. Author manuscript; available in PMC 2019 May 15.
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Studies have shown that high-dose (25) or more frequent doses (26) of rituximab may
increase the response rate in B-cell malignancies. In the study by O’Brien and colleagues
(25), fifty patients with chronic lymphocytic leukemia or other mature B-cell lymphoid
leukemia were treated with four weekly infusions of rituximab. The first dose was 375
mg/m2 for all patients; dose escalation began with dose 2 but was held constant for each
patient. Escalated doses were from 500 to 2,250 mg/m2. Response rates of 22% to 75%
were found to correlate with dose (P= 0.007). Similarly, significant dose-response
relationships to rituximab have been described in clinical or murine models of non-Hodgkin
lymphoma (27). The important in vivo purging role of rituximab was evaluated prospectively
by Magni et al (11) in 15 patients with CD20+ mantle cell or follicular lymphoma who
received two cycles of intensive sequential chemotherapy, each of which was followed by 2
doses of rituximab and a growth factor for the purpose of autologous stem cell collection.
The harvested cells were negative for clonal cells in 93% of cases compared to 40% of
controls (P=0.007) who received chemotherapy alone without - or with just two doses of
rituximab. Our approach using high-dose rituximab with ASCT also has been reported to
significantly decrease the risk of relapse (2= 0.02) in mantle cell lymphoma patients who
underwent ASCT (28). We believe that the use of high-dose rituximab in our trials as part of
the stem cell collection and immediately after ASCT for just two doses could target occult
residual disease in harvested stem cells and treat minimal residual disease after
transplantation. There is an increasing body of evidence that high-dose rituximab may also
impact OS rates after allogeneic transplantation. In a recent multi-center study involving
patients with follicular lymphoma who received an allogeneic transplant (29), OS was
significantly higher among patients who had a higher median serum rituximab concentration
versus a lower serum concentration at day +28 after their transplant with a 2-year OS of 96%
(95% ClI, 0.77-0.10) vs. 67% (95% ClI, 0.47-0.82), respectively, = 0.01.

Relapsed disease was the major reason for failure in our study as in others. In our study, the
encouraging survival outcomes in our study were independent of cell-of-origin or timing of
relapse after induction chemotherapy. Instead, IP1 > 0 immediately preceding stem cell
collection and the number of chemotherapy regimens received prior to transplantation were
predictive of OS, DFS and relapse. Innovative strategies such as the use of immunotherapy
post-transplantation in this setting are currently undertaken at our center (30).

Secondary hematologic malignancies remain a non-negligible complication after high-dose
radioimmunotherapy or high dose chemotherapy followed by ASCT, with comparable 5
years incidence ranging between 5-15%. In our report, 5 cases of myelodysplasia and 2
cases of acute myelogenous leukemia were identified at 5-year follow-up after the
transplantation procedure. There was no significant difference in the rates of secondary
malignancies when radioimmunotherapy was added to the conditioning.

In conclusion, this study shows that conditioning with rituximab during stem cell collection
and immediately after ASCT produces high survival rates in patients with relapsed DLBCL
undergoing ASCT who were previously exposed to rituximab. Our results were independent
of the cell-of-origin or timing of relapse after induction chemotherapy. The addition of
radioimmunotherapy to the conditioning does not provide additional benefit. Continuous
randomized trials are ongoing to establish the dose of rituximab in this setting.

Clin Cancer Res. Author manuscript; available in PMC 2019 May 15.
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Translational Relevance

The outcomes of autologous stem cell transplantation (ASCT) in patients with relapsed
diffuse large B cell lymphoma (DLBCL) have not significantly changed over the last 15
years with a cure rate of less than 40%. The activated b-cell histologic subtype has been
described to be associated with poor survivals.

Occult disease during stem cell collection may contribute to relapse. In a prior study, we
have shown that concurrent administration of rituximab with stem cell collection for in
vivo purging and immediately after autologous stem cell transplantation for two doses
could induce promising results with a 2-year overall survival rate of 80% and a disease-
free survival rate of 67%, significantly better than those who did not receive rituximab.
The short follow-up and small numbers of patients included could not provide, however,
firm conclusions. In addition, there is a paucity of information regarding the impact of
this strategy in patients with activated b-cell histologic subtype and whether the addition
of radio-immunotherapy could further improve the outcomes in patients with poor
prognosis.

In this manuscript we report confirmatory results of 11.8-years median follow-up time on
our initial trial, with additional confirmatory results from the 2 subsequent prospective
trials using the same eligibility criteria with or without the addition of radio-
immunotherapy to the conditioning. All patients had been previously exposed to
rituximab. We also evaluated the outcomes in histologic subtypes of DLBCL and found
similar survival outcomes, irrespective of their timing of relapse (< vs. > 1 year) after
their initial induction chemotherapy, or type of salvage therapy pre-ASCT. The addition
of radio-immunotherapy did not confer a further survival benefit. Hence the addition of
rituximab pre-and post-transplantation has a clear effect on outcomes in DLBCL patients
undertaking ASCT.
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Figurel.
(A) Kaplan-Meier survival curves of disease-free survival with and without

radioimmunotherapy. (B) Kaplan-Meier survival curves of overall survival with and without
radioimmunotherapy.
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Figure2.
(A) Kaplan-Meier survival curves of disease-free survival according to histologic

immunophenotypes. (B) Kaplan-Meier survival curves of overall survival according to
histologic immunophenotypes. (C) Kaplan-Meier survival curves of overall survival in
patients with de novo DLBCL according to time of relapse <1 vs > 1 year) from their
induction chemotherapy
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Table 1

Demographic characteristics and baseline disease characteristics

Characteristic Conditioning regimen P
R-BEAM (N=73) 9Y|T-R-BEAM (N = 40)
Age
Median 52.4 years 52.4 years 0.662
Range 19.6-69.7 years 30.9-69.4 years
Sex, no. (%)
Male 41(56.2) 25(62.5) 0518
Female 32(43.8) 15(37.5)
Disease status at transplant, no. (%)
PR 35(47.9) 20(50.0) 0.95¢
CR 35(47.9) 18(45.0)
SD 3(4.1) 2(5.0)
No. of prior chemother apies
No., median 73,20 40, 2.0 0.084
Range 1.0-5.0 1.0-4.0
<2, no. (%) 44(60.3) 30(75.0) 0126
>2, no. (%) 29(39.7) 10(25.0)
<3, no. (%) 66(90.4) 39(97.5) 0.26¢
>3, no. (%) 7(9.6) 1(2.5)
Salvage ther apy pre-transplant, no. (%)
AP 21(28.8) 12(30.0) 0550
ICE/IE 37(50.7) 23(57.5)
Other 15(20.6) 5(12.5)
LDH level at transplant
Normal, no. (%) 61(83.6) 32(80.0) 0.640
Elevated, no. (%) 12(16.4) 8(20.0)
Beta,-microglobulin level, mg/L
No., median 2.2 2.0 0.084
Range 1.3-8.0 1.2-6.5
Histologic subtype, no. (%)
De novo 45(61.7) 25(62.5) 0.380
-GCB -11(15.1) -10(25.0)
-Non-GCB -23(31.5) -8(20.0)
-Unknown -11(15.1) -7(17.5)
PMBL 5(6.8) 4(10.0)
Transformed 23(31.5) 11(27.5)
Relapse < 1 year (De novo histology) 20(44.4) 9(36.0) 0.270

IPI scoreat transplant, no. (%)
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Characteristic Conditioning regimen P

R-BEAM (N=73) 9VY|T-R-BEAM (N = 40)

0 49(67.1) 32(82.1) 0,092
>0 24(32.9) 7(17.9)

PET statusat transplant, no. (%)
Negative 26/34(76.5) 34(85.0) 0350
Positive 8/34(23.5) 6(15.0)

CD34-positive cellsinfused, 106/kg
Median 5.5 5.7 0.464
Range 097173 2.8-35.4

aWiIcoxon rank-sum test;
b .

Chi-square test;

Fisher exact test; R-BEAM, carmustine, etoposide, cytarabine, and melphalan with rituximab; 90YIT, yttrium-90 ibritumomab tiuxetan; PR,
partial response; CR, complete response; SD, stable disease; LDH, lactate dehydrogenase; GCB, germinal center B-cell-like; PMBL, primary
mediastinal large B-cell lymphoma; IPI, International Prognostic Index; PET, positron emission tomography; ICE, ifosfamide, carboplatin, and

etoposide; IE, ifosfamide and etoposide; AP, high-dose cytarabine and cisplatin.

*
Graft from bone marrow
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