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SUMMARY

Autologous stem cell transplant (ASCT) can improve outcomes for mantle cell lymphoma (MCL)
patients, yet relapses are frequent. We hypothesized that high-dose anti-CD20
radioimmunotherapy (RIT)-based conditioning could improve results in this setting. We thus
assessed 162 consecutive patients with MCL at our centre undergoing ASCT following high-dose
RIT-based (n = 61) or standard (n = 101) conditioning. RIT patients were less likely to be in first
remission (48% vs 72%; p = 0.002), be in complete remission (CR) (26% vs 61%; p < 0.001) and
have chemosensitive disease (84% vs 96%; p = 0.006). RIT-based conditioning was associated
with a reduced risk of treatment failure (hazard ratio [HR] 0.40; p = 0.001) and mortality (HR
0.49; p = 0.01) after adjusting for these imbalances. This difference increased as disease status
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worsened (from CR to partial remission to stable/progressive disease), with respective HRs of
1.14, 0.53 and 0.04 for mortality, and 0.66, 0.36 and 0.14 for treatment failure. RIT-based
conditioning appears to improve outcome following ASCT for MCL patients unable to achieve
CR after controlling for imbalances in important risk factors. These data support the further study
of RIT and radiation-based strategies in a risk-adapted approach to ASCT for persistent MCL.
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Introduction

Despite advances in treatment, mantle cell lymphoma (MCL) is considered to be incurable
with standard approaches (Dreyling & Hiddemann, 2009). For fit patients with this
diagnosis, combination cytotoxic chemotherapy with rituximab followed by high-dose
therapy (HDT) and autologous stem cell transplantation (ASCT) in first remission is
commonly offered (Dreyling et al, 2005; Geisler et al, 2008; Damon et al, 2009; Le Gouill
et al, 2012; Delarue et al, 2013). Unfortunately, this aggressive strategy yields a median
progression-free survival (PFS) of only about 5-7 years. When ASCT is used for relapsed/
refractory disease, the outcomes are generally worse, resulting in a median PFS closer to 1-2
years (Cassaday et al, 2013; Fenske et al, 2014). Furthermore, ASCT is usually not offered
to patients with certain high-risk clinical features (e.g., chemotherapy-refractory disease).
Thus, methods to reliably prolong remission duration following ASCT are needed.

One potential strategy to achieve this goal is through the use of radioimmunotherapy (RIT),
based on the exquisite radiosensitivity of B-cell malignancies. Prospective studies of anti-
CD20 RIT have demonstrated the efficacy of this approach in newly diagnosed and
relapsed/refractory MCL (Zelenetz et al, 2006; Wang et al, 2009; Smith et al, 2012). Our
group and others have taken advantage of the clear dose-response effect of radiation in
haematopoietic malignancies and maximized the potential anti-tumour efficacy of RIT by
escalating the dose of anti-CD20 RIT as part of high-dose conditioning regimens prior to
ASCT for a variety of B-cell non-Hodgkin lymphomas (B-NHL), either alone or in
combination with chemotherapy (Press et al, 1993; Press et al, 2000; Nademanee et al,
2005; Ferrucci et al, 2007; Gopal et al, 2007; Devizzi et al, 2008; Krishnan et al, 2008;
Winter et al, 2009; Shimoni et al, 2012; VVose et al, 2013; Gopal et al, 2014). High-dose RIT
is made possible by the limited non-haematological toxicity of this technique and the ability
to restore haematopoiesis after myeloablation with ASCT. Randomized studies of standard-
dose anti-CD20 RIT added to chemotherapy-based HDT have provided mixed results for
relapsed/persistent diffuse large B-cell lymphoma, but may have been limited by the
relatively small dose of radiation absorbed to tumour sites (Shimoni et al, 2012; Vose et al,
2013). In contrast, retrospective comparisons of ASCT utilizing high-dose RIT vs
conventional ASCT suggest improved outcomes with the RIT-based approach in patients
with relapsed/refractory indolent and aggressive B-cell lymphoma (Press et al, 2000; Gopal
et al, 2003). Dose-escalation of RIT in MCL has not yet been explored in a comparative
fashion.
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We hypothesized that incorporating high-dose anti-CD20 RIT into the conditioning therapy
for ASCT could improve outcomes for patients with MCL based on the known
radiosensitivity of B-NHL. We also predicted that the maximal benefit would be observed in
patients with persistent disease or high-risk features, such as chemorefractory disease, where
the crossfire amplification could augment localization of the absorbed dose to
haematolymphoid sites and radiation-induced anti-tumour activity would have the most
benefit.

Patients and Methods

Study Cohort

Consecutive patients older than 18 years with MCL receiving ASCT between November
1995 and May 2011 at the Fred Hutchinson Cancer Research Center (FHCRC), University
of Washington Medical Center and Veterans Affairs Puget Sound Health Care System
(Seattle, Washington, USA) were included. Patients who received a planned tandem
autologousallogeneic transplant or a syngeneic transplant were excluded. All patients who
were treated on an investigational study signed a consent form approved by the Human
Subjects Committee of the University of Washington and/or the Institutional Review Board
of the FHCRC in accordance with the Declaration of Helsinki. In addition, separate
institutional approval was obtained for this analysis to retrospectively gather data from
patient records and databases.

Study Variables

Treatment

Baseline demographic information from the time of diagnosis (including age, sex, presence
of B symptoms [fever, night sweats, or >10% unintentional weight loss]) and time of ASCT
(including number and type of prior chemotherapy regimens, prior treatment with rituximab
and disease status) was collected. MCL international prognostic index (MIPI) scores were
calculated using data from diagnosis as well as prior to conditioning therapy for ASCT
(Hoster et al, 2008). Disease response, progression-free survival (PFS) and overall survival
(OS) were defined by standard criteria (Cheson et al, 2007). Patients were considered to
have chemosensitive disease if they achieved either a complete (CR) or partial remission
(PR) to the most recently administered systemic therapy prior to transplantation.

The conditioning regimens used were categorized as either “conventional” or “RIT-based.”
Conventional conditioning regimens included BEAM (carmustine, etoposide, cytarabine and
melphalan), BuMelT (busulfan, melphalan and thiotepa) and 12 Gy of total body irradiation
(TBI) plus cyclophosphamide with or without etoposide, as previously described (Cooney et
al, 2003; Gutierrez-Delgado et al, 2003). For those treated with RIT-based conditioning, all
patients received iodine-131 (1311) conjugated to an anti-CD20 antibody (tositumomab). RIT
was administered alone or in combination with escalating doses of fludarabine or with
cyclophosphamide and etoposide on prospective single-arm clinical trials (FHCRC
Protocols 915, 1366, 1368, and 1943), as previously described (Press et al, 2000; Gopal et
al, 2007; Gopal et al, 2014). Decisions to pursue conventional or RIT-based conditioning
were left to the discretion of the treating physicians, but were probably impacted by

Br J Haematol. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cassaday et al.

Page 4

perceived outcomes with a conventional approach and the availability for timely treatment
on one of the above RIT trials. Other than the eligibility criteria for the respective protocols,
no formal selection process was used to determine what treatment patients received.

Statistical Considerations

Results

Frequencies of characteristics between groups were compared using a chi-square test, while
means were compared using a Wilcoxon rank-sum text. Kaplan-Meier curves were used to
estimate the probabilities of OS and PFS from the time of ASCT. The statistical significance
of differences in event rates was evaluated with the Cox proportional hazards regression
model. A two-step process was used in variable selection for the final model. First, all
variables were tested individually in a univariate analysis. Subsequently, the following
covariates were tested via backwards selection for the multivariate models: gender, age,
blastoid histology, B symptoms, rituximab within 3 months of ASCT, disease status at
ASCT, chemosensitive disease, number of prior therapies, ASCT in first remission, MIPI at
ASCT and peripheral blood or bone marrow involvement at ASCT.

To account for imbalanced covariates in subgroups, adjusted Kaplan-Meier plots were
generated (Storer et al, 2008). To investigate if the treatment effect on PFS and OS was
similar for each level of each covariate, an interaction test was performed separately for each
reasonable interaction (e.g., interaction between chemosensitivity and ASCT conditioning)
in each model. Conclusions were based on the assumption that the treatment effect was the
same for each level of each covariate. All p-values are based on the Wald statistic and are
two-sided, with results < 0.05 deemed statistically significant.

Baseline Characteristics

From November 1995 to May 2011, we identified 162 patients with MCL that received
ASCT. The baseline characteristics of these patients are described in Table I. The majority
of patients were male and aged over 50 years. Nearly half had low-risk MIPI scores at the
time of diagnosis and 9% (n = 14) had blastoid histology. The most common front-line
induction strategies were either CHOP (cyclophosphamide, doxorubicin, vincristine,
prednisone; 55%; n = 89) or hyperCVAD (hyperfractionated cyclophosphamide, vincristine,
doxorubicin, dexamethasone alternating with methotrexate and cytarabine; 36%; n = 59).
Nearly all patients (92%; n = 149) received rituximab within 3 months of ASCT, either as
part of their front-line or salvage therapy. ASCT was used to consolidate first remission in
63% (n = 102).

When divided by conditioning regimen, 38% (n = 61) received RIT-based HDT, with most
of these (89%; n = 54) receiving RIT in combination with chemotherapy (either fludarabine
[n = 20] or high-dose cyclophosphamide and etoposide [n = 34]). RIT patients received a
median of 19.8 GBq (range: 7.6-40.7 GBq) of 131] to deliver a median of 25 Gy (range:
20-27 Gy) absorbed dose to critical organs. ASCT in the RIT group occurred throughout the
range of this study period (i.e., July 1996 to December 2009). In the conventional HDT
group (the “control” group), 60% (n = 61) received TBI in combination with chemotherapy
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(high-dose cyclophosphamide with or without etoposide). The remaining 40% (n = 40)
received HDT with chemotherapy only (either BEAM [n = 35] or BuMelT [n = 5]).

Table | depicts the differences in characteristics between the RIT and control groups.
Several high-risk clinical features were more common among the RIT-treated patients,
including ASCT for relapsed/refractory disease (p = 0.002), greater number of systemic
therapies prior to ASCT (p = 0.007) and more advanced disease status at ASCT (p < 0.001).
Further, patients in the control group were significantly more likely to have chemosensitive
disease at the time of ASCT (p = 0.006). Patients in the control group were also significantly
more likely to have received rituximab within 3 months of ASCT (p = 0.01). HyperCVAD
was used as front-line therapy nearly twice as often in the control group as the RIT group (p
= 0.02). Median age at diagnosis of patients in the RIT group (57 years) was slightly higher
than that in the control group (55 years), a difference that was not statistically significant (p
= 0.06). There was no apparent difference in MIPI scores between the two groups.

Overall and Progression-Free Survival

Univariate comparison—The unadjusted PFS and OS for the control and RIT sub-
groups by Kaplan-Meier analysis are shown in Fig 1. Median follow-up from ASCT for all
surviving patients was 61 months, while the median time to either last follow-up or death for
all patients was 52 months. The 2-year, 5-year and median PFS was 66%, 49% and 64
months (respectively) for the control group compared to 70%, 45% and 54 months
(respectively) for the RIT group (hazard ratio [HR] 1.07 [95% confidence interval (Cl),
0.69-1.64], p = 0.77). The 2-year, 5-year and median OS were 76%, 64% and 126 months
(respectively) for the control group compared to 82%, 62% and 80 months (respectively) for
the RIT group (HR 1.08 [95% ClI, 0.67-1.76], p = 0.75). In summary, the univariate Cox
regression models indicate that the hazards of treatment failure (i.e., death or relapse) and
mortality in the RIT group were similar to those in the control group. We also subdivided
the control group into chemotherapy- and TBI-based conditioning groups; in an unadjusted
comparison to RIT, there were no significant differences in either PFS (p = 0.29) or OS (p =
0.89; data not shown).

Multivariate comparison—We performed a multivariate Cox regression analysis
adjusting for pre-transplant factors that were independently associated with outcome
(chemosensitivity, remission status at ASCT, ASCT in first remission and age). This
allowed us to take in to account the substantial baseline differences in the above groups in
order to obtain a more precise estimate of the true treatment effect. This evaluation found
that patients conditioned with high-dose RIT were significantly less likely to suffer
treatment failure or death compared to the control group (HR 0.40 [95% CI, 0.23- 0.69], p =
0.001; HR 0.49 [95% CI, 0.28-0.86], p = 0.01, respectively) (Table II). Fig 2 provides
adjusted Kaplan-Meier curves accounting for these differences in baseline characteristics
with respect to the same variables included in the Cox proportional hazard models based on
the entire study population.

Impact of remission status—We next evaluated the impact of conditioning regimen by
remission status to evaluate the hypothesis that the greatest benefit of high-dose RIT might
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be observed in those with the greatest disease burden. This assessment indicated that there
was a potential interaction between remission status (CR vs PR vs stable/progressive disease
[SD/PD]) and ASCT conditioning (PFS: p = 0.06, OS: p = 0.09) that warranted further
investigation. Therefore, we performed a separate Cox proportional hazards model for each
of the remission-status groups (CR, PR and SD/PD) for both PFS and OS (Fig 3). The same
adjustment covariates (other than remission status at ASCT) were used from the previous
analyses. This evaluation indicated that the magnitude of benefit of RIT-based conditioning
increased as the pre-transplant disease status worsened, as detailed in Table III.

Non-Relapse Mortality and Secondary Malignancies

Non-relapse deaths were comparable between RIT and non-RIT groups (7%: 4 events [7%]
in the RIT group and 8 events [8%)] in the control group). Multivariate regression analysis to
detect significant differences was limited by the small number of events. Twenty total
secondary malignancies were identified in 11% (n = 18) of patients in this study population
with a median follow up 65 months from the time of ASCT to last contact or death. Of these
20 events, 6 were myeloid malignancies (i.e., myelodysplastic syndrome or acute myeloid
leukaemia). The remaining 14 events consisted of non-melanoma skin cancer (n = 9 [3 of
which occurred in 1 patient]), non-small cell lung cancer (n = 1), pancreas cancer (h = 1),
prostate cancer (n = 1), melanoma (n = 1) and ductal carcinoma in situ of the breast (n = 1).
Within subgroups, 12% of patients in the control group suffered a secondary malignancy (n
= 12), compared to 9.8% in the RIT group (n = 6). Myeloid malignancies occurred in 3.0%
(n =3; 2 with TBI and 1 with chemotherapy) of the control patients and 4.9% (n = 3) of the
RIT patients. For the 3 RIT patients who developed a myeloid malignancy, the time of onset
relative to ASCT was 5, 20 and 24 months (respectively), compared to 20, 49 and 66 months
(respectively) for the 3 control patients. Formal adjusted comparisons for contributing
factors, such as number of prior therapies, was not possible due to the limited number of
events.

Discussion

Since its initial description 20 years ago, anti-CD20 RIT has been investigated in a variety
of settings for the treatment of B-NHL. However, relatively little data exist regarding its use
specifically for MCL. To our knowledge, this work represents the first direct comparison of
RIT-based HDT vs conventional HDT for MCL. The previously published preliminary
results of the first 16 patients with MCL who received RIT-based ASCT at our centre led us
to evaluate a larger sample size with this approach (Gopal et al, 2002). Our current study
specifically addresses the questions raised by this initial publication in the best approach
short of a prospective randomized trial, which would not have been feasible at the time these
studies began since they were among the first clinical trials of RIT-based HDT for MCL.
Not surprisingly, patients who were referred for treatment with high-dose RIT tended to
have MCL with more adverse features than their counterparts treated with conventional
transplant strategies. Despite these differences, the unadjusted outcomes in the groups were
similar. After adjusting for these significant covariates, the use of RIT in the conditioning
regimen was associated with improvements in both PFS and OS following ASCT.
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This method of adjustment is distinct from a matched cohort analysis, which identifies
individuals in the RIT and control groups with similar baseline characteristics and compares
their outcomes. However, considering the spectrum of differences between these groups
(Table 1), it would be challenging to find satisfactory matches between the groups in
sufficient numbers to make any meaningful conclusions. By using the methods described
here, we can account for these differences through regression modelling, which allows us to
consider all patients. With a matched cohort approach, some patients in the control group
would be excluded from our analysis.

Since TBI-based HDT was shown to be superior in a randomized study by the European
MCL Network (Dreyling et al, 2005), ASCT has been considered a standard treatment
option for a large proportion of patients with MCL. That said, nearly all patients will
eventually relapse, with the shortest remission durations observed for those not in CR prior
to transplant (Geisler et al, 2008). These data would suggest that patients not in CR also
experience the most potential benefit from a high-dose RIT-based conditioning regimen.
This observation may be explained by the potential for increased crossfire amplification of
absorbed dose to haematolymphoid sites in patients with persistent disease, or by providing
an alternative therapeutic approach to sites of persistent and thus relatively chemorefractory
disease, either of which could lead to better outcomes than conventionally treated patients.
This finding also corroborates similar data that we have recently reported using standard-
dose yttrium-90 (°°Y)-ibritumomab tiuxetan prior to non-myeloablative allogeneic
transplantation for patients with persistent indolent B-NHL and chronic lymphocytic
leukaemia (Cassaday et al, 2015). However, our findings appear to conflict with the Nordic
MCL3 study, where late intensification of first incomplete remission with standard-

dose 90Y-ibritumomab tiuxetan did not appear to improve results following ASCT compared
to historical controls (Kolstad et al, 2014). These disparate findings may be due to our
inclusion of patients with relapsed or non-responding disease, but is probably best explained
by the use of intensified doses of RIT, which may be more effective than standard doses in
patients with relatively chemoresistant lymphoma.

In view of the similar incidence of non-relapse mortality in either arm, our data would
suggest that the benefits of the RIT-based approach were from improved disease control and
not from less treatment-related mortality than with conventional ASCT. Likewise, secondary
malignancies (particularly myeloid malignancies), one of the more concerning long-term
complications following ASCT, did not appear to be higher than in the non-randomized
control group, as has been previously described (Gopal et al, 2003; Lenz et al, 2004;
Guidetti et al, 2011). This point is highlighted by the long, prospective follow up in the RIT
arm with study-mandated annual bone marrow evaluations to detect early signs of relapse or
secondary myeloid disorders, which should lead to an relative overestimation of events
compared to the control group.

As with any long-term comparison, our data are not able to address the specific impact of
this approach in the current era of effective newer agents, such as bendamustine,
lenalidomide and ibrutinib (Goy et al, 2013; Rummel et al, 2013; Wang et al, 2013).
Nevertheless, none of the recently introduced therapies are thought to be curative, and
improved methods to extend disease control and survival are critical for MCL. While the
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withdrawal of 131|-tositumomab from the U.S. market in 2014 limits the ability to carry
forward this specific strategy, our data demonstrate a “proof of principle” that can be
potentially extrapolated to 20Y-ibritumomab tiuxetan, which is available for future
investigation of these strategies, or to other radioimmunoconjugates in development. At this
time, we also do not yet have data on the impact of rituximab maintenance in this setting (Le
Gouill et al, 2014), though these efforts are forthcoming.

In conclusion, this analysis indicates that the use of high-dose anti-CD20 RIT in the
conditioning regimen for ASCT in MCL is associated with superior PFS and OS relative to
conventional HDT in patients with persistent or refractory disease. Until an approach is
identified that provides long-term remissions with minimal toxicity for the vast majority of
patients, ASCT will probably remain a critical option for patients with MCL. These data
suggest that the use of intensified targeted radiation-based conditioning regimens could be
evaluated in a disease- and response-adapted strategy with the hope to deliver improved
outcomes for those patients with the most adverse prognoses.
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Fig 1.

Ur?adjusted outcomes for patients with mantle cell lymphoma following autologous stem
cell transplantation with or without high-dose radioimmunotherapy-based conditioning.
Progression-free (A) and overall survival (B) for all patients included in this analysis,
depicted as Kaplan-Meier curves. P-values are the results of Cox proportional hazard
models. Tick marks represent censored events. Prob, probability; RIT, radioimmunotherapy.
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Adjusted outcomes for patients with mantle cell lymphoma following autologous stem cell
transplantation with or without high-dose radioimmunotherapy-based conditioning.
Progression-free (A) and overall survival (B) for all patients included in this analysis,
depicted as Kaplan-Meier curves. The Control group acts as a reference while the
radioimmunotherapy (RIT) group is adjusted via the important covariates (chemosensitivity,
remission status at autologous stem cell transplantation [ASCT], ASCT in first remission,
and age). These adjustments incorporate the important covariates along with the hazard ratio
estimates. P-values are the results of Cox proportional hazard models. Tick marks represent

censored events. Prob, probability.
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CR: Adjusted PFS K-M Models: Standard vs RIT
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The benefit of high-dose radioimmunotherapy increases as disease status worsens.
Progression-free (A,C,E) and overall survival (B,D,F) for patients in complete remission
(A,B), partial remission (C,D) or stable/progressive disease (E,F), depicted as Kaplan-Meier
curves. The Control group acts as a reference while the radioimmunotherapy (RIT) group is
adjusted via the important covariates. P-values are the results of Cox proportional hazard
models. Tick marks represent censored events. Prob, probability.

Br J Haematol. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Cassaday et al.

Table |
Baseline demographics.

Patient Characteristic Total (N=162) | RIT(N=61) | Control (N =101) p*
Gender 0.42
Male 133 (82%) 52 (85%) 81 (80%) -
Female 29 (18%) 9 (15%) 20 (20%) -
Age at diagnosis (years) 0.06
Median 56 57 55 -
Range 35-70 35-69 37-70 -

Greater than 60 years 42 (26%) 12 (20%) 30 (30%) 0.16
B symptoms at diagnosis 42 (26%) 12 (20%) 30 (30%) 0.16
MIPI at diagnosis 0.24
Low risk (< 5.7) 71 (44%) 21 (34%) 50 (50%) -
Intermediate risk (all others) 36 (22%) 16 (26%) 20 (20%) -
High risk (= 6.2) 19 (12%) 5 (8%) 14 (14%) -
Missing data 36 (22%) 19 (31%) 17 (17%) -
Histological subtype 0.70
Blastoid 14 (9%) 6 (10%) 8 (8%) -
Other 112 (69%) 42 (69%) 70 (70%) -
Missing data 36 (22%) 13 (21%) 23 (23%) -
Front-line induction therapy 0.02
HyperCVAD 59 (36%) 14 (23%) 45 (45%) -
CHOP 89 (55%) 40 (66%) 49 (49%) -
OtherT 14 (9%) 7 (11%) 7 (7%) -
Disease status at ASCT <0.001
CR 78 (48%) 16 (26%) 62 (61%) -
PR 68 (42%) 36 (59%) 32 (32%) -
SD/PD 16 (10%) 9 (15%) 7 (7%) -
Chemosensitive™ 148 (91%) 51 (84%) 97 (96%) 0.006
Timing of ASCT 0.002
First remission 102 (63%) 29 (48%) 73 (72%) -
Relapsed/refractory 60 (37%) 32 (52%) 28 (28%) -
Number of prior therapies 0.007
Median 1 2 1 -
Range 1-5 1-5 1-5 -
Rituximab within 3 months of ASCT 149 (92%) 52 (85%) 97 (96%) 0.01
MIPI at ASCT 0.31
Low risk (< 5.7) 119 (73%) 42 (69%) 77 (76%) -
Intermediate risk (all others) 35 (22%) 16 (26%) 19 (19%) -
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Patient Characteristic Total (N=162) | RIT(N=61) | Control (N =101) p*
High risk (= 6.2) 6 (4%) 1 (2%) 5 (5%) -
Missing data 2 (1%) 2 (3%) 0 (0%) -

PB/BM Involvement at ASCT 0.38
Positive 30 (19%) 13 (21%) 17 (17%) -
Negative 110 (68%) 38 (62%) 72 (71%) -
Missing data 22 (14%) 10 (16%) 12 (12%) -

Conditioning regimen used -

Chemotherapy only 40 (25%) - 40 (40%) -
Chemoradiation 61 (38%) - 61 (60%) -
RIT only 7 (4%) 7 (11%) - -
RIT + chemotherapy 54 (33%) 54 (89%) - -

RIT, radioimmunotherapy; MIPI, mantle cell lymphoma international prognostic index; HyperCVAD, hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone alternating with methotrexate and cytarabine; CHOP, cyclophosphamide, doxorubicin, vincristine,
and prednisone; ASCT, autologous stem cell transplantation; CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive
disease; PB, peripheral blood; BM, bone marrow

+ .
P-values are from comparisons between the RIT and control groups.

TRIT group: cyclophosphamide, vincristine and prednisone (CVP) (4); cyclophosphamide (1); fludarabine-based combination (1); and ifosfamide,
carboplatin and etoposide (1). Control group: CVP (1), chlorambucil (1), maxi-CHOP (1), rituximab (2) and fludarabine-based combination (2).

iThe number of patients with chemosensitive disease is not the same as the cumulative number in remission (CR + PR) for the following reasons:
In the RIT group, 1 patient with chemosensitive disease was in untested relapse and 2 patients with chemorefractory disease were in remission only
after local interventions (1 underwent splenectomy, 1 received salvage radiotherapy). In the control group, 4 patients with chemosensitive disease
were in untested relapse and 1 patient with chemorefractory disease was in PR only after salvage radiotherapy.
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Univariate and multivariate comparison of high-dose RIT-based vs conventional ASCT.

Table Il

Treatment Failure

Overall Mortality

Comparison | ASCT Conditioning
HR (95% CI P HR (95% CI P
Control 1 - 1 -
Univariate
RIT 1.07 (0.69-1.64) 0.77 1.08 (0.67-1.76) | 0.75
Control 1 - 1 -
Multivariate
RIT 0.40 (0.23-0.69) | 0.001 | 0.49(0.28-0.86) | 0.01

ASCT, autologous stem cell transplantation; HR (95% CI), hazard ratio with 95% confidence interval; RIT, radioimmunotherapy.
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Table llI

Multivariate comparison of high-dose RIT-based vs. conventional ASCT by remission status.

Treatment Failure Overall Mortality
Remission Status | ASCT Conditioning
HR (95% CI P HR (95% CI P
Control 1 - 1 -
CR
RIT 0.66 (0.23-1.86) 0.43 1.14 (0.37-3.50) 0.82
Control 1 - 1 -
PR
RIT 0.36 (0.18-0.73) | 0.004 | 0.53 (0.26-1.08) 0.07
Control 1 - 1 -
SD/PD
RIT 0.14 (0.02-1.17) | 0.07 | 0.04 (0.004-0.41) | 0.007

ASCT, autologous stem cell transplantation; HR (95% CI), hazard ratio with 95% confidence interval; CR, complete remission; PR, partial
remission; SD, stable disease; PD, progressive disease RIT, radioimmunotherapy.
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