
lymphomas and Hodgkin’s disease are thought to be che­
motherapy-responsive cancers, a considerable number 
of patients either relapse or never attain a remission. 
High-dose therapy (HDT) followed by autologous 
stem cell transplantation (ASCT) is often the only 
possibility of cure for most of these patients. However, 
many controversial issues still remain with respect to 
HDT/ASCT for lymphomas, including its role for, the 
optimal timing of transplantation, the best conditioning 
regimen and the potential use of localized radiotherapy 
or immunologic methods to decrease post-transplant 
recurrence. Recently, mainly due to the unavailability of 
carmustine, several novel conditioning protocols have 
been clinically developed, with the aim of improving the 
overall outcome by enhancing the anti-lymphoma effect 
and, at the same time, by reducing short and long-
term toxicity. Furthermore, the better safety profiles of 
novel approaches would definitively allow patients aged 
more than 65-70 years to benefit from this therapeutic 
option. In this review, we will briefly discuss the most 
relevant and recent data available regarding HDT/ASCT 
in lymphomas.
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Core tip: High-dose therapy (HDT) followed by 
autologous stem cell transplantation (ASCT) is consi­
dered the golden standard for the vast majority of 
patients with both Hodgkin and non-Hodgkin lym­
phoma, who either relapse or never attain a remis­
sion. However, several questions about HDT/ASCT still 
remain unanswered, also comprising, but not limited 
to, its role in newly diagnosed patients with advanced 
stage disease. The incorporation of novel drugs in 
both salvage and conditioning regimens has recently 
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Abstract
Although advanced stage aggressive non-Hodgkin’s 
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revitalized the HDT/ASCT area, with several phase I-II 
trials performed during the last 5 years. This review will 
focus on the most recent data regarding HDT/ASCT in 
lymphomas.
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INTRODUCTION
High-dose therapy (HDT) followed by autologous 
stem cell transplant (ASCT) is the therapy of choice for 
patients with chemosensitive, aggressive, relapsed non-
Hodgkin lymphoma, basing on the results of the PARMA 
and CORAL study (NHL)[1,2]. Moreover, HDT/ASCT is 
considered the standard of care for hodgkin lymphoma 
(HL) patients in chemosensitive relapse[3]. Different 
HDT regimens followed by ASCT are able to produce 
rates of disease-free survival (DFS) and overall survival 
(OS) of approximately 30% to 70%. Despite HDT/ASCT 
prolonged DFS, few major drawbacks still limit the 
utility of this approach for a wide patient population. As 
an example, the introduction of Rituximab in every-day 
clinical practice has dramatically reduced the number 
of patients addressed to HDT/ASCT, specially in front-
line therapy. Up to now, no regimen was demonstrated 
to be superior to another in randomized trials[4]. There
fore, novel strategies are urgently required. As a 
consequence, and due to the sudden unavailability 
of carmustine, the International Investigators have 
developed novel HDT/ASCT protocol in resistant/
relapsed aggressive NHL or HD within the last 5 years, 
aiming to improve the outcome while reducing toxicity. 
In this paper, we will discuss the data emerging from 
few recent clinical trials testing HDT/ASCT in aggressive 
lymphomas.

CONDITIONING REGIMENS PRE-ASCT IN 
LYMPHOMAS
High dose chemotherapy and ASCT is the standard of 
care for patients with recurrent HL and NHL who fail 
immunochemotherapy upfront, improving long-term 
survival in 30% to 50%. Several factors impact on 
survival of lymphoma patients after HDT/ASCT. In this 
regard, the most important predictive factor is disease 
status at transplant (chemosensitive vs chemoresistant). 
Nevertheless, transplant related morbidity and mortality 
still remain relevant in influencing the outcome of the 
transplant procedure. Therefore, when planning an 
autologus transplant, the efficacy of HDT to eradicate 
residual disease after salvage therapy may be well 
balanced with toxicity to normal tissues, in order to 

maximize the probabilities of the procedure of being 
successful. Despite the efforts made to further increase 
the therapeutic window of new high-dose regimens, at 
present we do not have an evidence that clearly demon
strates the superiority of a specific HDT regimen to the 
others.

BEAM (carmustine, etoposide, cytarabine, melph
alan) regimen is considered the regimen of choice for 
patients with HL and NHL submitted to ASCT, due to 
its acceptable safety profile and a quite high antitumor 
efficacy. The transplant related mortality (TRM) of 
the BEAM regimen is quite low, depending mainly on 
disease status at transplant, infectious history and prior 
lines of therapy. Early, non-hematological toxicities 
of carmustine, such as nausea, vomiting, mucositis, 
hepatotoxicity, diarrhea and nephrotoxicity are well 
known, and worldwide Clinicians know how to manage 
them. However, late toxicities are still a matter of 
concern, in particular second tumor and interstitial 
non-infectious pneumonitis, which have been reported 
in 16%-64% of patients receiving carmustine-based 
conditioning regimens, being fatal in approximately 9% 
of the patients.

Accordingly, various scientists and cooperative 
groups still continue in this search for the holy Grail, 
focusing mainly on the incorporation of novel drugs, 
radioimmunoconjugates, monoclonal antibodies and/or 
other stimuli for the immunologic system during the 
early pre- and post- transplantation phases. 

Hodgkin lymphoma 
The results of the most important trials with HDT/ASCT 
in HD are listed in Table 1. 

Ramzi et al[5] reported the results of non-cryopre
served ASCT of 45 HL patients receiving an alternative 
CEAM regimen in which iv carmustine was substituted 
by oral lomustine (CCNU: 2 chloroethyl cyclohexyl 
nitrosourea). Forty-five relapsed/refractory HL patients 
underwent conditioning regimen with: lomustine 200 
mg/m2 on day-3, etoposide 1000 mg/m2 on day-3 and 
day-2, cytarabine 1000 mg/m2 on day-3 and day-2, 
melphalan 140 mg/m2 on day-1. All 45 patients showed 
engraftment of infused stem cell. Grade 2 and grade 3 
mucositis was seen in 64.5% of patients. TRM at 100 d 
was 2.2%. Median DFS was 20 mo (range: 4-60 mo). 
After a follow up of more than 2-year, the 2-year DFS in 
30 evaluable patients was 77% and the 2-year OS was 
84% (25/30 patients).

Czyz et al[6] have retrospectively evaluated the 
efficacy of a modified BEAM regimen followed by ASCT 
in 132 patients relapsed/refractory HL patients. The 
10-year OS and progression free survival (PFS) were 
76% and 66%, respectively. Age > 45 years, more than 
one salvage regimens and chemoresistant disease at 
transplant were all predictive for poor OS in multivariate 
analysis.

In 2011 Shafey et al[7] have retrospectively evaluated 
73 patients with refractory/relapsed HL treated in a 15 
year period with a double high-dose therapy consisting 
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of dose intensified cyclophosphamide, etoposide and 
cisplatin reinduction, followed by high-dose melphalan 
and ASCT. TRM was 1%. The 5-year PFS and OS rates 
were 61% and 80%, respectively. In multivariate 
analyses, response to reinduction therapy and DICEP 
and International Prognostic System score at relapse 
were the only factors independently predicting PFS and 
OS. 

As already stated, the standard of care for refractory 
or relapsed HL patients is a salvage therapy followed 
by HDT/ASCT. However, patients whit chemoresistant 
disease after salvage therapy have a small probabilities 
of achieving a long lasting response and a long overall 
survival. In 2006, the Emory Univesity group tested 
in a phase I study, the combination of cytarabine with 
fixed doses of vinorelbine, paclitaxel, etoposide and 
cisplatin (VTEPA) as second salvage therapy in patients 
with resistant/relapsed lymphoma , showing an overall 
response rate (ORR) of 33%[8]. In 2013 the same 
group further examined the effectiveness of VTEPA in 
30 patients with relapsed/refractory HL[9]. Among 27 
evaluable patients, ORR was 70% (7 CR, 12 PR). All but 
1 responding patients (66%) subsequently underwent 
ASCT. This therapeutic strategy (VTEPA + ASCT) 
produced a median PFS and OS of 28 and 38 mo from 
transplant, respectively.

In 2012 Di Ianni et al[10], reported their experience 
with a novel HDT regimen including thiotepa, etoposide 
and carboplatin (TECA) in HL patients. From March 
1999 to December 2005, 58 patients with primary 
refractory or relapsed were enrolled in a phase II study. 
The conditioning regimen consisted of etoposide (250 
mg/m2 days 1-4), thiotepa (166 mg/m2 days 2-4) 
and carboplatin (266 mg/m2 days 2-4). After salvage 
therapy, 46 patients had chemosensitive disease (30 
CR + 16 PR), whereas 12 were chemoresistant.  At 
transplantation, 30 patients were in CR, 16 in PR and 12 
showed a chemoresistance to salvage chemotherapy. 
TRM was 0%. The global ORR was 79.3% (37 CR, 7 
PR), but 12 patients still did not respond to therapy 
neither after HDT/ASCT. The 5-year DFS and OS 
were superior for relapsed patients with respect to 
primary refractory ones. After 5-year of follow-up, 
approximately 75% of patients were alive. Even if the 
idea of combining thiotepa with more conventional 
drugs was interesting, the results of this study are in 
line with other trials, given the high percentage (80%) 

of chemosensitive patients at transplant. Hard-to-
respond, chemoresistant patients (12/58, 20%) did not 
show any benefit from the thiotepa-containing regimen.

Non-Hodgkin lymphoma
The results of the most relevant studies with HDT/ASCT 
in NHL are listed in Table 2.

As for HL, the standard salvage therapy of relapsed/
refractory aggressive NHL mainly relies on HDT/ASCT, 
hopefully in patients with chemosensitive disease. 
Nevertheless, reaching of long lasting DFS remains not 
easy. 

Kim et al[11] reported the results of a novel NEAM 
regimen, administered prior to ASCT, to 69 patients 
with resistant/relapsed NHL. The NEAM regimen, 
another, novel variant of the standard BEAM, consisted 
of mitoxantrone (12 mg/m2 iv on day-6 to day-4), 
etoposide (100 mg/m2) and cytarabine (100 mg/m2 
iv every 12 h from day-6 to day-3), melphalan (single 
140 mg/m2 dose at day-2). TRM at day-100 was 2.9%. 
Median event free survival (EFS) was 17.9 mo, whereas 
estimated 2-year OS was 64.2%.

In 2012 Falzetti et al[12] reported the results of the 
TECA (thiotepa, etoposide and carboplatin) regimen 
administered to 45 patients with NHL at various disease 
stage. TRM was 4.4%. The ORR was 77.8% (30 CR, 
5 PR). Ten patients (22.2%) did not respond. The 
mean 5-year OS was 71.1%. Patients with low (1) 
International prognostic index (IPI) ad diagnosis had 
a better ORR and 5-year OS were than for those with 
intermediate IPI (2 and 3).

Another strategy to increase efficacy of the 
conventional BEAM regimen is to add novel drugs in 
a new reinforced BEAM combo. In this regard, the 
University of Nebraska Medical Center group designed 
a phase I/II trial testing the safety and the efficacy 
of the addition of a proteasome inhibitor to standard 
BEAM prior to ASCT in resistant/relapsed indolent 
or transformed NHL (including T cell lymphomas) or 
mantle-cell lymphoma (MCL, only in first CR)[13]. Patients 
received 4 doses of escalating bortezomib (0.8, 1, 1.3, 
1.5 mg/m2) on day-11, day-8, day-5 and day-2 prior 
to ASCT. After the maximum tolerated dose (MTD, 1 
mg/m2) was defined, other 20 patients entered the 
phase II to determine a preliminary ORR, PFS and OS 
with this regimen. As a whole, 42 (13 + 29) patients 
were enrolled. Non-hematologic side effects were 
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  Ref. Year Patients (n ) Status of HL Regimen TRM (%) PFS (%) OS (%) Follow-up (mo)

  Ramzi et al[5] 2012   45 R/R CEAM 2.2 77 84 24
  Czyz et al[6] 2013 132 R/R Modified BEAM - 66 76 68
  Shafey et al[7] 2012   73 R/R DICEP 1 61 80 56
  Sinha et al[9] 2013   30 R/R VTEPA 0 67 81 32
  Di Ianni et al[10] 2012   58 R/R TECA 0 72 82 60

Table 1  High dose therapy followed by autologous stem cell transplantation in Hodgkin lymphoma

HL: Hodgkin lymphoma; DICEP: Dose-intensive cyclophosphamide, etoposide, cisplatin; VTEPA: Vinorelbine, paclitaxel, etoposide and cisplatin; TECA: 
Thiotepa, etoposide and carboplatin; R/R: Relapsed/refractory; OS: Overall survival; PFS: Progression free survival.
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transplant (chemosensitive vs chemoresistant) was still 
a stron predictor of outcome. Conversely, disease type 
(HL vs NHL) was no longer affecting PFS nor OS[15].    

By riding the same wave, Isidori et al[16] recently 
reported the preliminary data of a phase II study to 
confirm the effectiveness of BeEAM as a preparative 
regimen for autologous stem cell transplantation in 
resistant/relapsed aggressive B-cell non-Hodgkin 
lymphoma patients. Thirty-seven patients (median 
age 56 years, range 19-69) with resistant/relapsed 
aggressive B-cell NHL were enrolled, up to now, in 
the study. Briefly, 27 patients had advanced stage 
disease (III-IV), 12 were primary refractory and 25 had 
relapsed. Thirty-three patients had good performance 
status (WHO 0-1), and 11 patients presented with 1 
or more relevant comorbidities (range: 1-5). Nineteen 
patients were in II or subsequent CR after salvage 
therapy, whereas 16 were in PR and 2 had progressive 
disease. All patients engrafted, with a median time to 
ANC > 0.5 x 109/L of 10 d. TRM at day-100 was 2.7%. 
Eight out of 37 patients presented a fever of unknown 
origin (21.6%), whereas 19 patients (51%) presented a 
clinically documented infection. One patient died due to 
an incomplete hematological recovery after transplant, 
producing an overall transplant related mortality of 
2.7%. Twenty-seven out of 37 patients are evaluable 
up to now for response: 22/27 (81.5%) obtained a CR, 
2/27 a PR, resultin in an ORR of approximately 90%. 
After a median follow-up of 9 mo from transplant (range 
2-24), 5/24 patients relapsed, whereas 19/24 (79.1%) 
are still alive, in continuous CR. The Authors concluded 
that the BeEAM regimen preliminary confirmed its 
safety and its promising efficacy in resistant-relapsed 
aggressive B-cell lymphomas. 

In 2010 Musso et al[17] substituted carmustine with 
the chloroethylnitrosurea fotemustine (150 mg/m2 on 
day-7 and day-6) in the standard BEAM (FEAM regimen). 
84 resistant/relapsed HL and NHL patients were enrolled 
in this study. Non-hematological side effects were 
superimposable to those of the BEAM regimen, with 
7 patients experiencing grade 4 mucositis, without 
any other relevant grade 4 toxicity. TRM at day-100 

comparable to those observed with other regimen, 
with the relevant exception of an increase in grade III 
peripheral neuropathy, related to the use of bortezomib, 
and in grade III gastrointestinal toxicity. TRM at day 
100 was 0%. At 1 year after ASCT, 38 patients were 
evaluable for response; 32 (84%) were in CR and 1 
(3%) was in PR, resulting in an impressive ORR of 
87%. these results were better among patients treated 
in the phase II, for whom ORR was 89% (84% CR, 5% 
PR). PFS was 83% at 1 year and 32% at 5 years. OS 
was 91% at 1 year and 67% at 5 years. The authors 
performed also an exploratory analysis to determine 
whether this regimen was more effective in a given 
histological pattern, finding no statistical difference. 
Conversely, by comparing the results of bortezomib-
BEAM with standard BEAM in an historic cohort of 
patients matched for histology at their Institution, the 
authors showed an advantage in both PFS and OS at 
5 years for MCL patients (57% and 72% vs 43% and 
50%, respectively), even if not statistically significant. 
Even if promising, in particular in MCL patients, the 
bortezomib-BEAM regimen discourages, due to the lack 
of an evident benefit and higher than expected toxicity, 
its further exploration in a randomized, phase III study.

In 2011 Visani et al[14] reported the efficacy of 
increasing doses of bendamustine (160 mg/m2, 180 
mg/m2 and 200 mg/m2 given on day-7 and day-6) 
in addition to fixed doses of etoposide, cytarabine 
and melphalan (BeEAM regimen) administered as 
preparative regimen to ASCT. Forty-three patients 
with resistant/relapsed HL (n = 15) and NHL (n = 28) 
were enrolled, 9 in the phase I and 34 in the phase II 
study. No patients experienced dose limiting toxicity. 
TRM at day 100 was 0%. The follow-up period at the 
time of publication was 18 mo, with 81% being alive 
and disease-free at that time. Disease type (HL vs 
NHL) and disease status at transplant (chemosensitive 
vs chemoresistant) significantly influenced DFS. 
Interestingly, the authors updated their experience in 
2014[15], reporting a 72% PFS at 3 years, that allowed 
them to met the primary end-point of the study. Median 
PFS and OS were still not reached. Disease status at 
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  Ref. Year Patients (n ) Disease Regimen TRM (%) ORR (%) OS (%) Follow-up (mo)

  Kim et al[11] 2012 44 Chemosensitive-NHL NEAM    2.9 79 64 24
  Falzetti et al[12] 2012 45 HR NHL TT-Vp-Car    4.4 77 71 60
  William et al[13] 2014 42 R/R NHL V-BEAM 0 87 91 12
  Visani et al[14] 2011 43 R/R HL and NHL BeEAM 0 82 81 18
  Visani et al[15] 2014 43 R/R HL and NHL BeEAM 0 72 88 41
  Isidori et al[16] 2014 37 R/R NHL BeEAM    2.7 88 94   9
  Musso et al[17] 2010 84 R/R HL and NHL FEAM    2.4 73 88 13
  Kruger et al[19] 2012 16 R/R NHL RIT + BEAM 6 94 75 44
  Winter et al[20] 2009 44 R/R NHL Z-BEAM    2.2 77 60 33
  Shimoni et al[21] 2012 43 R/R NHL Z-BEAM 0 97 91 24
  Briones et al[22] 2014 30 R/R NHL RIT + BEAM    3.5 70 63 31

Table 2  High dose therapy followed by autologous stem cell transplantation in non-Hodgkin lymphoma

HL: Hodgkin lymphoma; RIT: Radioimmunotherapy; BeEAM: Bendamustine, etoposide, ara-C, melphalan; FEAM: Fotemustine plus etoposide, cytarabine 
and melphalan; NEAM: Mitoxantrone, etoposide, cytarabine, and melphalan; NHL: Non-Hodgkin lymphoma; R/R: Relapsed/refractory; OS: Overall survival; 
TT-Vp-Car: Thiotepa, Vepeside, carmustine; V-BEAM: Velcade plus standard BEAM.
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Kruger et al[19] enrolled 16 patients with resistant/
relapsed NHL in a phase II study testing 131I-rituximab-
BEAM and ASCT. A single dose of 131I-rituximab was 
given on day-15, whereas standard BEAM started on 
day-6 prior to ASCT. Non hematological side effects 
were mild in grade, without any grade IV toxicity. All 
patients engrafted, with a 0% TRM at day-100. Results 
were encouraging, with 75% of patients being alive and 
disease free after a median follow-up of 44 mo from 
ASCT (range 4-108). Interestingly, each patient received 
only a limited whole body radiation of only 0.75 Gy.

Winter et al[20] conducted a phase I-II study in 
44 patients with resistant/relapsed NHL, by adding  
yttrium-90 (90Y) ibritumomab tiuxetan to standard 
BEAM and ASCT (Z-BEAM regimen). A significant 
proportion of patients (30%) entering the study had 
chemoresistant disease after salvage therapy. Non 
hematological toxicities were similar to those reported 
with standard BEAM. Two dose limiting toxicities 
occurred at 17 Gy dose level, which made 15 Gy the 
recommended dose for the phase II of the study. After 
a median observation time of 33 mo, the estimated 
3-year PFS and OS were 43% and 60%, respectively. 
When looking at these results, it has to keep in mind 
the significant proportion of chemoresistant patients, 
who perform extremely poor with conventional HDT 
regimen.

Shimoni et al[21] randomized 43 patients with CD20 
positive aggressive B-cell lymphoma to receive either 
Z-BEAM (n = 22) or standard BEAM (n = 21). Ibritu
momab tiuxetan was administered at 0.4 mCi/kg on 
day-14 prior to ASCT. Non hematological toxicities 
were mild and comparable within the 2 groups. TRM at 
day-10 was 0% in both groups. As a whole, Z-BEAM did 
not show a significant advantage in OS with respect to 
standard BEAM. However, there was a trend in 2-year 
PFS and OS in favor of Z-BEAM (59% and 91% vs 37% 
and 62%, respectively. The Authors speculated that 
Z-BEAM could be superior to standard BEAM for patients 
receiving frontline chemoimmuotherapy containing 
Rituximab. However, the sample size of the study was 
very small, and the statistical analysis did not allow 
to draw any conclusion regarding the superiority of a 
regimen to another.

Another study with yttrium-90 Ibritumomab tiuxe
tan was conducted and published by Spanish Group 
in 2013[22]. It was a prospective, multicenter, phase 
II clinical trial which enrolled 30 patients with indu
ction failure or refractory B-cell NHL. Patients received 
90Y-ibritumomab tiuxetan at a fixed dose of 0.4 
mCi/kg, 14 d prior to the BEAM chemotherapy. Non 
hematological toxicities were similar to those reported 
with standard BEAM, and TRM at day-100 was 0%. 
Intriguingly, the vast majority of patients (25/30) 
underwent to HDT/ASCT with chemoresistant disease. 
Therefore, this regimen produce an outstanding ORR of 
70%, with 60% of patients obtaining a CR; estimated 
3-year PFS and OS were 61% and 63%, respectively, 
and the median time of observation for surviving 

was 2.4%. Even if the FEAM HDT regimen showed a 
favorable safety profile, it is not possible to draw any 
conclusion regarding survival or long-term efficacy due 
to the short follow-up period of 17-mo sonly. 

Another question that still remains unanswered is 
related to the relative efficacy of HDT/ASCT in NHL 
patient population treated with chemoimmunotherapy 
comprising rituximab front-line. As a fact, this is really a 
burning question, as all patients with B cell malignancies 
are treated upfront, at present, with anti-CD20 mono
clonal antibody plus chemotherapy. Nevertheless, the 
utility of HDT/ASCT for NHL patients in first CR is still a 
matter of great debate.

Recently, the Southwest Oncology Group tried to 
answer, at least partly, this question by conducting a 
large, randomized trial testing HDT/ASCT as consoli
dation therapy, in comparison to standard chemoim
munotherapy[18]. 397 patients were enrolled, and 
370/397 received five cycles of CHOP with (47%) or 
without (53%) rituximab.  Responding patients (CR 
+ PR) were subsequently randomized to receive 3 
other  cycles CHOP ± Rituximab (control group) or one 
additional cycle of CHOP ± Rituximab followed by ASCT 
(transplantation group), conditioned with standard 
BEAM regimen or total body irradiation (12 Gy). The 
primary efficacy end points were 2-year PFS and OS. 
Of 370 induction-eligible patients, 253 were randomly 
assigned to the transplantation group (125) or the 
control group (128). Like many of the randomized 
trials and several meta-analysis, this study showed 
an improvement in PFS for the combined high-risk 
and high-intermediate risk who are chemosensitive to 
induction therapy. However, again and again, this study 
was not able to demonstrate, in randomized fashion, 
an advantage in OS for HDT/ASCT, neither for high 
risk patients[18]. On the other hand, we have to keep 
in mind that 29% of patients who had a relapse or 
progression after standard therapy, were rescued with 
HDT/ASCT, resulting in a relevant bias for the analysis 
of a statistical OS benefit for HDT/ASCT over the control 
group. Finally, the study was not designed and powered 
to address subgroup-related question, and therefore 
any point in favor of HDT/ASCT for high risk patients is 
merely speculative.

The incorporation of new drugs into HDT regimen 
prior to ASCT in B-cell lymphomas has recently been 
helped by the development of radioimmunotherapy 
(RIT). The potential advantage of using radioimmuno
conjugates, with or without chemotherapy, prior to 
ASCT, relies on the opportunity of delivering localized 
radiation therapy to the site of tumor. This allows to 
minimize the toxicity of total body irradiation, with the 
goal of decreasing relapse rate without adding toxicity 
to the conditioning regimen. At present, no study 
comparing RIT and standard radiation therapy has been 
done. However, few preliminary phase II studies with 
RIT as a part of a preparative regimen have produce 
encouraging results by showing a high safety profile, a 
low TRM and a preliminary efficacy. 
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patients treated with HDT/ASCT between 1985 and 
1998 who survived ≥ 2 years after ASCT, demonstrated 
a risk ratio of second malignancy equal to 6.5 (95%CI: 
3.6-10.7) when compared with the general population, 
but limited to 2.4 (95%CI: 1.4-4.05) when compared 
with patients with HL[28]. In other words, the risk 
of developing a second tumor after HDT/ASCT was 
elevated if compared with the cancer risk in the general 
population, but was less pronounced when compared 
with patients with HL in SEER registry[29]. 

Data on NHL are quite similar, demonstrating a 
higher risk of developing a second malignancy mostly 
for patients receiving TBI as a part of the preparative 
regimen to ASCT. However, to the best of our know
ledge, large studies have not been conducted in this 
patient population.

Our guess is that, in the era of the TBI-free condi
tioning regimens, what really counts for the develop
ment of a second malignancies or a late effect (e.g., 
cardiomyopathy) in lymphoma patients, is mainly the 
type and the dose of chemo- and radiation therapy 
performed before transplant, and only in a minimal 
extent HDT/ASCT.

CONCLUSION
High dose therapy followed by autologous stem cell 
transplantation has still a major role in the treatment 
of resistant/relapsed HL and NHL. The relevant 
advancements made with the incorporation of novel 
drugs and/or radioimmunoconjugates into preparative 
regimens translated in a higher PFS rate with respect 
to the historical standards. Furthermore, TRM and 
overall toxicities seem to be lower. However, data on the 
possible overall survival advantage given by the novel 
agents are still controversial, and probably only large, 
randomized phase III trials could pick a winner between 
the plethora of new drugs recently incorporated in novel 
conditioning regimens. Our personal experience with 
Bendamustine, used both in Phase II trials and everyday 
clinical practice, indicate the favorable safety profile of 
the BeEAM regimen, coupled with a relevant efficacy 
in a hard-to-treat population of resistant/relapsed lym
phoma patients.

A different scenario could be represented by mainte
nance therapy with new drugs, such as Brentuximab 
Vedotin in HL or Ibrutinib or Lenalidomide in aggressive 
NHL, in patients chemoresistant who obtain at least a 
PR after HDT/ASCT. In this setting of patients, the use 
of a drug with a different mechanism of action and a 
manageable safety profile could help the physician in 
the path to cure of a highly resistant subpopulation of 
lymphoma patients. 
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