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Yttrium-90 ibritumomab tiuxetan (Zevalin) followed by BEAM (Z-BEAM)
conditioning regimen and autologous stem cell transplantation (ASCT)
in relapsed or refractory high-risk B-cell non-Hodgkin lymphoma (NHL):
a single institution Italian experience
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Abstract
Chemo-refractory NHL has a very poor outcome; the addiction of RIT to salvage regiment pre ASCT had recently demonstrated
promising results.We performed a retrospective sequential study to determine the feasibility of standard Zevalin with BEAM in
high-risk relapse/refractory NHL. A matched cohort analysis with a group treated with standard BEAM without Zevalin was
performed as secondary endpoint. Between October 2006 and January 2013, 37 NHL patients at high risk for progression or early
(< 1 year) or multiple relapses were treated with Z-BEAM and ASCT after R-DHAP or R-ICE as salvage therapy. Clinical
characteristics were 19 refractory and 18 early or multiple relapse; 16 patients received 1, and 21 had 2 or more previous
rituximab-containing chemotherapy. At the end of treatment, response was CR 22 (59%), PR 10 (27%), PD 4 (11%), and toxic
death (TD) 1 (3%). With a median follow up of 61 months, 3-year PFS was 61% and OS 61%. Fifteen patients died, 12 of
lymphoma. Comparison with 21 treated with BEAM alone showed a numerical higher 3-yr PFS rate in favor of Z-BEAM but not
statistically significant (57 vs 48%). With the limitation of the small sample subgroup analysis, a significant benefit was observed
in relapsed patients for PFS (78% Z-BEAM vs 22% BEAM p = 0.016) and OS (83% Z-BEAM vs 22% BEAM p = 0.001). In
relapsed/refractory high-risk NHL, Z-BEAM+ASCT is able to achieve a good ORR. Three-year PFS is promising for early
relapsed patients but is not satisfactory for those with refractory disease.
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Introduction

The combination of rituximab with an anthracycline-containing
regimen as front-line treatment has significantly improved sur-
vival in patients with aggressive Non-Hodgkin Lymphoma
(NHL). However, 20–50%of patients fail to achieve a complete
response (CR) or relapse after first-line chemoimmunotherapy
[1–3]. Salvage chemotherapy followed by high-dose chemo-
therapy with autologous stem cell transplantation (ASCT) is

currently considered the standard of care in relapsed/refractory
aggressive NHL [4].However, a number of studies demonstrat-
ed that the main benefit from ASCT may derive by chemo-
sensitivity to salvage chemoimmunotherapy [5–7]. Chemo-
refractory disease (either upfront or at relapse) has a very poor
outcome, without an evident advantage by ASCT. More effec-
tive strategies have to be proposed for this particular group of
patients. No differences have been showed for chemotherapy-
based preparative regimens for ASCT and, since aggressive
NHL is radiosensitive, total body irradiation (TBI) has been
added to the conditioning regimens for ASCT. In the last years,
to maximize the anti-tumor effect and reduce toxicities, TBI has
been replaced by radio-immunotherapy (RIT) in the condition-
ing regimen for ASCT [8]. Radio-labeled anti-CD20 monoclo-
nal antibody 90Y-ibritumomab tiuxetan (Zevalin) has shown a
significant activity against both, indolent and aggressive B-cell
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non-Hodgkin lymphomas [9]. Recently, RIT has been success-
fully added to preparative regimens for ASCT in patients with
relapsed diffuse large B cell lymphoma (DLBCL) in order to
increase the anti-lymphoma effect and to improve the outcome
of relapsed/refractory aggressive NHL [10–12]. Here, we pres-
ent the data from a single center retrospective sequential trial
focusing on the safety and efficacy of a standard dose of 90Y-
ibritumomab tiuxetan followed by high-dose conditioning reg-
imen BEAM (carmustine, etoposide, citarabine, melphalan)
chemotherapy and ASCT in patients with aggressive NHL re-
lapsed or refractory to a rituximab-containing chemotherapy.

Patients and methods

Eligibility

This study included patients with different histology: DLBCL,
de novo or transformed, mantle cell (MCL), primary medias-
tinal lymphoma (PML), follicular (FL), or indolent lympho-
ma. Patients were considered at high risk and eligible for the
study if they showed a progressive disease or an early relapse
(< 1 year) from previous therapy or those with multiple re-
lapses. Other eligibility criteria included age 18 to 65,
Eastern Cooperative Oncology Group Performance Status
(ECOG PS) of 0–1 at relapse, and adequate cardiac, renal,
and respiratory function. Central nervous system (CNS) lym-
phoma at the time of relapse, history of HIV infection, or
previous ASCTwere considered as exclusion criteria. All pa-
tients were required to be previously treated with rituximab.

Study design, treatment, and response assessment

This is a retrospective study conducted in a single Italian cen-
ter in Turin, approved by the local Ethic Committee, and con-
ducted in accordance with the Declaration of Helsinki. Signed
informed consent was obtained from all patients prior to the
start of salvage chemoimmunotherapy. The study was regis-
tered under the number NCT02992223 in clinicaltrial.gov.

Standard dose DHAP (dexamethasone, cytarabine,
cysplatin) or ICE (etoposide, ifosfamide, carboplatin) plus ri-
tuximab for 2–3 cycles were used as salvage chemotherapy
and mobilizing regimen. On day − 21, patients were given
rituximab 250 mg/m2; on day − 14, patients received
250 mg/m2 rituximab followed by 90Y-ibritumomab tiuxetan
at a fixed dose of 0.4 mCi/kg (with a maximum total dose of
32 mCi) in an outpatient setting. One week later, patients were
given BEAM or FEAM chemotherapy (carmustine 300 mg/
m2 or fotemustine 300 mg/m2 on day − 6, etoposide 200 mg/
m2 on days − 5 to − 2, cytarabine 200 mg/m2 twice a day on
days − 5 to − 2, and melphalan 140 mg/m2 on day − 1) [13].
Autologous stem cells were re-infused on day 0. GCSF 5 μg/
kg/d was started on day + 1 after ASCT until neutrophil

recovery. Adverse events were recorded and graded using
the National Cancer Institute Common Toxicity Criteria for
Adverse Events, version 3.0.

Early treatment-related mortality (TRM) was defined as
death due to any transplantation related-cause other than dis-
ease relapse within 100 days from ASCT.

Baseline assessment, response evaluation,
and follow-up

Before treatment complete baseline staging, including physi-
cal examination, blood count, and serum biochemistry deter-
minations, bone marrow biopsy, echocardiography, and a
whole-body evaluation with CT scan and PET/CT was done.
Intermediate response was planned before Z-BEAM and
ASCTwith whole-body CT scan, PET/CT, and bone marrow
biopsy (if positive at baseline); final response was evaluated
3 months after ASCT, according to 2007 Cheson criteria with
CT scan and total body PET/CT [14]. Follow-up procedures
were done every 3 months for the first-year post-transplant,
and every 6 months thereafter for the next 2 years.

Statistical analysis

The primary endpoints were overall response rate (ORR) and
progression-free survival (PFS) after Z-BEAM and ASCT. PFS
was defined as the time from ASCT to progression/death as a
result of any cause. Overall survival (OS) was defined as the
time from ASCT to death as a result of any cause. Patients who
were still progression-free/alive were censored at the date of last
contact. Probabilities of PFS and OS were estimated using the
Kaplan-Meier method, comparing the two arms by the log rank
test. The Cox proportional hazard model was used to compare
the following risk factors by the Wald test: age (> 60 vs ≤
60 years), gender (female vs male), arm (Z-BEAM vs
BEAM), status at accrual (relapse vs refractory), International
Prognostic Index (IPI) score (3–5 vs 0–2), number of previous
chemotherapy lines (> 2 vs 0–1), bulky disease/B symptoms/
bone marrow involvement (any vs none), disease status before,
after ASCT, and at last follow-up. The effect of the same risk
factors on PFS and OS was assessed by the bivariate Cox mod-
el: as in the univariate ones, disease status at ASCT, after ASCT,
and at the last follo- up were treated as time-dependent vari-
ables. Patient characteristics were tested using the Fisher’s exact
test for categorical variables and the Mann-Whitney test for
continuous ones. All reported p values were two-sided, at the
conventional 5% significance level. Data were analyzed by R
3.1.1 (The R Foundation for Statistical Computing, Vienna-A;
www.R-project.org).

As secondary endpoint, an historical population of high-
risk relapsed/refractory NHL patients with the same character-
istics treated with BEAM alone was compared as control
group to the patients treated with Z-BEAM.
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Results

Patient characteristics

Thirty-seven consecutive patients were enrolled into the study
between January 2006 and January 2013. Median age was
50 years (range18–68). Histology included de novo DLBCL/
PML in 23 patients, follicular grade I–II in 9, MCL in 3 and
indolent lymphoma in 2 patients. At the time of inclusion, 28
patients were at stage III/IV disease, 14 patients had bulky
disease (maximum diameter > 10 cm) and 17 had bone marrow
involvement by lymphoma. All patients were pre-treated with
rituximab-containing regimens.

Twenty-one patients (57%) received more than two previ-
ous rituximab-containing lines of treatment (range 2–5).

Nineteen patients were considered refractory to previous
lines of treatment while 18 showed a relapse.

All patients received salvage therapy as follows: 2–3
courses of R-DHAP or 3 cycles of R-ICE. All patients had
measurable disease at the time of inclusion in the trial, as
defined by PET/CT.

Peripheral blood stem cells (PBSC) were collected in all cases
with the use of G-CSF after salvage chemotherapywith amedian
yield of 6.45 × 106/kg CD34+ cells (range, 3.46–10.65).

A historical control of 21 patients treated with BEAM or
FEAM followed byASCTwithout Zevalin was considered for
comparison with Z-BEAM group. The historical group was
selected with the same high-risk characteristics and treatment,
included rituximab, was performed between December 1999
and February 2006.

Comparative baseline clinical features between Z-BEAM
vs BEAM are shown in Table 1; no significant differences
were shown in the two groups, except for higher number of
previous lines of treatment in those treated with RIT (57% Z-
BEAM vs 9% BEAM) and lower CR rate before ASCT (43%
Z-BEAM vs 86% BEAM).

Early toxicity, TRM, and engraftment

No infusion reactions or hematological toxicities related to
90Y-ibritumomab tiuxetan before ASCT were recorded. All
patients engrafted. The median time from ASCT to neutrophil
engraftment (ANC > 500/mm3) was 10 days (range 9–12),
and median time to platelet engraftment (plts > 20.000/mm3

without platelet support) was 9 days (range 5–15). Fever of
unexplained origin was recorded in eight cases, and sepsis was
documented in four patients during aplastic phase, all resolved
with antibiotic treatment. Grades 3–4 mucositis was shown in
ten patients and non-infectious enteritis in two cases and one
case of intestinal perforation due to intestinal mucositis during
neutropenia were recorded. One toxic death (TD) was record-
ed after 30 days from ASCT due to aspergillosis associated

with H1N1 pneumonia (100 days TRM 2.7%); this patient
was in CR and had reached engraftment at death.

Response and survival

Response was evaluated on an intent-to treat basis. The overall
response rate after R-DHAP/R-ICE (ORR) was 78%. CR with
a negative PET-CTwas recorded in 16 patients (43%), PR in 13
cases (35%). Progressive disease (PD) was documented in eight
cases (22%). At the end of treatment with Z-BEAM and ASCT,
ORR was 87% and response status was CR 22 (59%), PR 10
(27%), PD 4 (11%), and TD 1 (3%). With a median follow-up

Table 1 Comparative clinical characteristics of patients treated with
Z-BEAM or BEAM

Z-BEAM BEAM p

Pts % Pts %

Gender

Male 26 71 12 57 0.3

Female 11 29 9 43

Age > 60 4 11 3 14 0.69

Histology

FL I–II 9 24 2 10

FL III 5 14 5 24

PML/DLBCL 18 49 13 61 0.44

MCL 3 8 1 4

Indolent 2 5 0 0

Stage

I–II 9 24 4 19 0.75

III–IV 28 76 17 81

Disease

Relapse 18 49 9 43 0.78

Refractory 19 51 12 57

Bulky 14 38 3 14 0.07

BM+ 17 46 8 38 0.59

Lines

1 16 43 19 91 0.001

≥ 2 21 57 2 9

LDH above normal 15 42 13 62 0.17

IPI

0–2 34 92 21 100 0.54

3–5 3 8 0 0

Response pre ASCT

CR 16 43 18 86

PR 13 35 2 9 0.007

< PR 8 22 1 5

Response post ASCT

CR 24 67 15 71 0.17

PR 8 22 1 5

< PR 4 11 5 24
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of 61 (range 17–114) months from transplant among surviving
patients, death was documented in 15 patients, 12 of them for
progressive disease; 1 patient died early for aspergillosis asso-
ciated with H1N1 pneumonia, 2 patients died later as detailed in
section Blate effects^. The estimated 3-year OS and PFS were
both 61% (Fig. 1a, b). A significant worse 3-year-OS was
shown in patients with refractory disease (47% refractory vs
83% relapsed, p = 0.006) and impaired performance status
(ECOG > 1 33% vs ECOG 0–1 80%, p = 0.006). Only bad
performance status significantly worsened PFS (ECOG > 1
33% vs ECOG < 1 84%, p < 0.001).

No differences in 3-year-OS and 3-year-PFS were found
between patients according to different histology.

The comparative analysis with the control group treated
with BEAM alone showed a marginal advantage for Z-
BEAM in 3 years. PFS (61% Z-BEAM vs 48% BEAM 95%
CI 0.54–2.50 p = 0.708), without differences in terms of OS
(60% Z-BEAM vs 57% BEAM 95% CI 0.43–2.24, p =
0.965). A significantly different 3-year-PFS (78% Z-BEAM
vs 22% BEAM p = 0.016) and OS (83% Z-BEAM vs 22%
BEAM p = 0.001) in favor of RIT were shown in those with
early relapsed disease at presentation (Fig. 2a, b). Conversely,
the addition of RIT failed to demonstrate a difference in terms
of 3-year PFS (63% Z-BEAM vs 67% BEAM p = 0.164) and
OS (47% Z-BEAM vs 83% BEAM p = 0.04) in patients with
primary refractory disease (Fig. 2c–d).

Late effects

One patient developed a refractory anemia with excess of
blasts (RAEB) 40 months after Z-BEAM, and one patient in

Z-BEAM group died from progressive multifocal
leukoencephalopathy by John Cunningham (JC) virus 1 year
after ASCT. No other significant late effects were recorded.

Discussion

The purpose of our study was to evaluate the efficacy and
s a f e t y o f t h e c omb i n a t i o n o f s t a n d a r d d o s e
radioimmunotherapy with high dose chemotherapy and autol-
ogous stem cell transplantation in patients at high risk of fur-
ther relapse/progression. Our data showed that Z-BEAM is a
safe and effective treatment, with a 3-year PFS and OS both of
61%. Time to engraftment and overall adverse events were
comparable to those usually reported with BEAM alone. In
our study, we enrolled only patients with high risk relapsed/
refractory lymphoma defined as those with multiple relapses
or relapse within 12 months after first line chemotherapy or
who did not achieve a CR pre-ASCT.

Standard dose of yttrium-90 ibritumomab tiuxetan is ap-
proved in Europe without the necessity of imaging studies or a
specific expertise, is considered safe and feasible with an am-
bulatory approach and reduced radiation risk to the patients’
family and to health care providers. In our retrospective study,
primary endpoint was the evaluation of ORR, PFS, and OS in
high-risk patients treated with Z-BEAM. With a median fol-
low up of 61 months, Z-BEAM showed a 3-year PFS of 61%
and an OS of 61%. Our results are similar to those reported by
Shimoni et al. [8] in 21 patients with aggressive lymphoma
with a 2-year estimated PFS and OS equal to 52 and 67%,
respectively. Krishnan et al. [10] published also similar data in

A B

Fig. 1 Overall survival (OS) (a) and progressio-free survival (PFS) (b) of the entire population treated with Z-BEAM
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41 patients with different hystologies (20 DLBCL, 13MCL, 4
FL, and 4 transformed), treated with Z-BEAM, considered
ineligible for total body irradiation because of older age or
previous radiotherapy.With a median follow-up of 18months,
2-year PFS and OS were 69 and 80%. Recently, Briones et al.
[16] published a study on 30 patients with DLBCL de novo or
transformed, primary refractory or resistant to salvage im-
mune chemotherapy treated with RIT and high-dose chemo-
therapy BEAM followed by ASCT. Our results are superim-
posable to this study with 60% of patients in CR after ASCT
and 3-year PFS and OS of 61 and 63% respectively.

Comparative Table 2 shows the results of all studies with
Z-BEAM.

131-I Tositumomab, another radio-immunotherapeutic di-
rected against non-Hodgkin lymphoma, had also shown
promise in phases I and II trials. Despite the initial favorable
results, the phase III trial comparing tositumomab plus BEAM
with rituximab plus BEAM for patients with persistent or
relapsed chemotherapy-sensitive DLBCL yielded similar 2-
year PFS and OS rates [17]. Nonetheless, tositumomab and
ibritumomab tiuxetan are not interchangeable; Zevalin is a
pure beta emitter, whereas tositumomab emits gamma and

A B

C D

Fig. 2 Overall survival (OS) (a) and progression-free survival (PFS) (b) Z-BEAM group (continuous line) vs BEAM group (dashed line) for patients
with early or multiple relapses. Overall survival (c) and progression-free survival (d) for patients with refractory disease
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beta radiation. Potential disadvantages of tositumomab in-
clude in vivo dehalogenation and a half-life (8 days) that is
longer than the period of maximum tumor uptake. Zevalin,
when chelated to antibodies exhibits relative in vivo stability,
a half-life of 2.7 days, and a longer path length than
tositumomab. Pathways of clearance of the isotope in the body
and distribution also differ. The high energy radiation and long
beta paths are advantageous for treating bulky, poorly
vascularized tumors, as well as those with subpopulations
lacking the targeted antigen, which potentially make Zevalin
a more attractive agent.

In our study, even in poor risk patients, the addition of RIT
to standard BEAM regimen showed a good safety profile: all
patients engrafted with a median time to neutrophils and plate-
let recovery comparable to BEAM. Major toxicity was grades
3–4 mucositis, with one early death (2.7%) due to infectious
toxicity. Our early toxicity can be considered superimposable
to 2%TRM shown in study byKrishnan [18] and 4.1% shown
by Vose et al. with Tositumomab [17]. Late toxicities were
mild, with only one heavily pretreated patient showing a
treatment-related myelodysplastic syndrome (t-MDS) and
one with JCV infection. These results compare favorably with
previous published studies [11, 19–21] showing feasibility, no
increased late toxicity in comparison with standard BEAM,
and with a crude incidence of t-MDS/t-AML of about 1–2%.

Secondary end-point of our study was the comparison of Z-
BEAM armwith a control previous group treated with BEAM
alone with same clinical presentation and pretreated with ri-
tuximab in terms of ORR, PFS, and OS.

A numerical higher 3-year-PFS rate in favor of Z-BEAMbut
not statistically significant was shown in the current study (57%
Z-BEAM vs 48% BEAM p = ns), without any significant dif-
ference in terms of OS (60% Z-BEAM vs 57% BEAM p = ns).
With the limits of a non-randomized comparative study, PFS
results appear similar to those presented by Shimoni et al. [12]
in 43 patients with different hystologies (15 DLBCL, 7 trans-
formed by FL, and 1 MCL) aggressive relapsed/refractory
CD20+ lymphoma randomized to Z-BEAM, or BEAM as con-
solidation treatment after salvage therapy. With a median
follow-up of 29 months, the authors reported a trend in favor
of Z-BEAM in PFS (59%Z-BEAMvs 37%BEAM p = 0.2). A
better 2-year OS rate in the RIT arm (91% Z-BEAM vs 62%

BEAM p = 0.05) was explained by the authors as related to
better salvage responses after ASCT relapse. Only patients
who failed to achieve a complete remission after first-line che-
motherapy or relapsed after CR and chemosensitive to salvage
treatment (with a maximum of two prior lines) were allowed in
the study of Shimoni et al. Conversely, in our study, all patients
included had poorer prognostic features as progressive disease
(19/37 patients), or early or multiple relapses (21/37 patients).
Pre-treatment with rituximab, considered as poor prognostic
factor in the salvage setting [15], was primary inclusion criteria
in our study.

Early or multiple relapses are considered an independent fac-
tor that adversely affect response in term of EFS, PFS, andOS in
patients treated with high dose CHT and ASCT. In CORAL
study, patients with relapsed/refractory chemo-sensitive disease
proceeded with ASCTwith a 3-year PFS and OS 53 and 39%.
Early relapse and prior rituximab treatment defined a population
with a poor response rate to the standard treatment with 3-year
PFS only 23% [4]. Furthermore, an analysis from the European
BoneMarrowTransplantationRegistry (EBMT) in patientswith
relapsed DLBCL in CR after salvage CHT and treated with
ASCT, showed a 5-year PFS and OS rates of 44 and 60% for
the entire group and a 3-year PFS of 68% for patients pre-treated
with rituximab [5]. In our study, a significant different 3-year-
PFS (78% Z-BEAM vs 22% BEAM p = 0.016) and OS (83%
Z-BEAM vs 22% BEAM p = 0.001) in favor of RIT were
shown in those with early relapsed disease at presentation. Our
results in BEAM cohort (3-year PFS and OS 48 and 57%)
compare favorably with other pre-published data in high-risk
patients with the limitation of the small number of cases.

Chemo-sensitivity after relapse is considered one of the
most important factors for the success of an autologous stem
cell transplant [22]. Several studies have shown that a positive
PET/CT scan after salvage therapy and before ASCT has a
negative impact on outcome [23–25]. In our trial, all patients
received PET/CT scan as staging and response procedures pre
and post ASCT, and some patients were transplanted with a
positive pre-ASCT PETscan, underlying the unfavorable pro-
file of our cohort.

In our study, the addition of RIT failed to demonstrate a
difference in terms of 3-year- PFS (63% Z-BEAM vs 67%
BEAM p = 0.164) and OS (47% Z-BEAM vs 83 BEAM p =

Table 2 Published studies with Z-BEAM

Type of study Chemotherapy No. of patients Median follow-up OS PFS

Shimoni et al. 2007 [8] Phase II Z-BEAM 23 17 months 3 years 67% 3 years 52%

Krishnan et al. 2008 [10] Phase II Z-BEAM 41 18 months 2 years 89% 2 years 70%

Briones el al. 2014 [16] Phase II Z-BEAM 30 31 months 3 years 63% 3 years 61%

Krishnan el al. 2017 [18] Phase II Z-BEAM 116 48.6 months 3 years 84% 3 years 64%

Shimoni el al. 2012 [12] Phase III randomized Z-BEAM vs BEAM 43 (Z-BEAM 22,
BEAM 21)

29 months 2 years 91 vs
65% (p 0.05)

2 years 59 vs
37% (p 0.2)
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0.04) in patients with primary refractory disease. As previously
documented in other published studies [26], patients with re-
fractory disease remain a poor prognostic subset. SCHOLAR-
1, an international, multi-cohort retrospective non-Hodgkin
lymphoma research study from two-phase III clinical trials,
retrospectively evaluated outcomes in patients with refractory
DLBCL. Refractory status was defined as progressive disease
or stable disease as best response at any point during chemo-
therapy (> 4 cycles of first-line or 2 cycles of later-line therapy).
For patients with refractory DLBCL, the objective response rate
was 26% (complete response rate, 7%) to the next line of ther-
apy, and the median overall survival was 6.3 months. Twenty
percent of patients were alive at 2 years. Outcomes were con-
sistently poor across patient subgroups and study cohorts.

Observational studies may be affected by several and un-
controlled bias. In our study, the retrospective nature, the small
sample size, different hystologies, and the non-randomized
comparison with a historical series may represent some limi-
tations. At the same time, we would like to underline that, in
order to avoid the impact of these bias, we carefully checked
the subjects who were given high dose chemotherapy and
ASCT in the same time frame, and none patient with the same
characteristics received BEAM without Zevalin. The histori-
cal control group was treated in a previous period of time with
the same clinical characteristics of the study group. So, the
two cohorts were treated in different, sequential years.
Performing a full inferential analysis of the classical baseline
characteristics, no critical unbalancing differences were
shown, and patients with Z-BEAM had comparable risk fac-
tors than BEAM ones except for more lines of therapy and
lower CR rate before ASCT in those treated with RIT. The
selection of a more slightly favorable group in BEAM arm
could explain the absent impact on outcome in all patients.

In summary, with the limits of a small series and a compara-
tive non-randomized study, radio-immunotherapy can be safely
added to BEAM regimen followed by ASCT in high-risk pa-
tients with rituximab-exposed, refractory, or early relapsed ag-
gressive lymphoma. This approachmay be associatedwith better
response and PFS rates particularly in a chemo-sensitive relapsed
group. No advantages seem to be shown for primary refractory
patients, for whom alternative approaches are warranted.
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