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Bendamustine as part of conditioning of autologous stem cell
transplantation in patients with aggressive lymphoma: a phase
2 study from the GELTAMO group
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Summary

We conducted a phase 2 trial to evaluate the safety and efficacy of ben-
damustine instead of BCNU (carmustine) in the BEAM (BCNU, etoposide,
cytarabine and melphalan) regimen (BendaEAM) as conditioning for autol-
ogous stem-cell transplantation (ASCT) in patients with aggressive lym-
phomas. The primary endpoint was 3-year progression-free survival (PFS).
Sixty patients (median age 55 [28-71] years) were included. All patients
(except one who died early) engrafted after a median of 11 (9-72) and 14
(4-53) days to achieve neutrophil and platelet counts of >0.5 x 10°/1 and
>20 x 10”/1, respectively. Non-relapse mortality at 100 days and 1 year
were 3.3% and 6.7%, respectively. With a median follow-up of 67 (40-77)
months, the estimated 3-year PFS and overall survival (OS) were 58% and
75%, respectively. Patients in partial response at study entry had signifi-
cantly worse PFS and OS than patients who underwent ASCT in complete
metabolic remission, and this was the only prognostic factor associated
with both PFS (Relative risk [RR], 0.27 [95% confidence interval {CI}
[0.12-0.56]) and OS (RR, 0.40 [95% CI 0.17-0.97]) in the multivariate
analysis. BendaEAM conditioning is therefore a feasible and effective regi-
men in patients with aggressive lymphomas. However, patients not in com-
plete metabolic remission at the time of transplant had poorer survival and
so should be considered for alternative treatment strategies.
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High-dose therapy (HDT) followed by autologous stem cell
transplantation (ASCT) is the standard of care for patients
with chemosensitive relapsed or primary refractory diffuse
large B-cell lymphoma (DLBCL) and other aggressive lym-
phomas, and is a clinical option for patients with peripheral
T-cell lymphomas (PTCL) in first remission (Majhail et al,
2015; Sureda et al, 2015). Since the 1980s, various condition-
ing regimens have been used for ASCT in lymphomas, none
of which has proved superior in prospective randomized trials.
BEAM (carmustine [BCNU], etoposide, cytarabine and mel-
phalan) conditioning is one of the most commonly employed
regimens (Chen et al, 2015). However, carmustine is currently
unavailable or of very limited availability in some countries
(Garciaz et al, 2016). In addition, it has been associated with
late pulmonary complications, non-relapse-related late death
and secondary tumours (Bhatia et al, 2005; Afessa et al, 2012;
Chen et al, 2015; Isidori et al, 2016). Therefore, the substitu-
tion of carmustine by other agents could increase efficacy and
reduce toxicities associated with the BEAM regimen.

The Benda-EAM (or BeEAM) regimen consists of the
standard BEAM regimen but with carmustine being replaced
by bendamustine, a nitrogen mustard that combines the
alkylating activity of a mustard group with the antimetabolite
activity of a purine analogue (Leoni et al, 2008). Ben-
damustine has a high level of activity in alkylating-resistant
cell lines (Leoni et al, 2008), as well as encouraging high
response rates with acceptable toxicity in patients with refrac-
tory or relapsed DLBCL (Ohmachi et al, 2013) and PTCL
(Damaj et al, 2013). The Benda-EAM regimen was first
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examined by Visani et al (2011) in 43 patients with relapsed or
refractory lymphoma from various histologies (Hodgkin lym-
phoma [HL], n = 15; DLBCL, #n = 15; mantle cell lymphoma
8), and
they showed a favourable safety and efficacy profile of this

[MCL], n = 5; other aggressive B-cell lymphomas, n =

novel HDT regimen. The basis for this regimen arose from
preliminary in vitro analysis performed at our centre on lym-
phoma cell lines that demonstrated the greater efficacy of ben-
damustine in combination with etoposide, cytarabine and
melphalan compared to carmustine (Visani et al, 2011).
Against this background, we conducted a phase 2 trial to eval-
uate the safety and efficacy of the Benda-EAM regimen as condi-
tioning for ASCT in patients with DLBCL or PTCL. Here we
report the final results of the trial after a long-term follow-up.

Methods

Patients

Eligible patients were aged 18-70 years, with a local histological
diagnosis of: (i) DLBCL or grade 3B follicular lymphoma (FL)
with refractory or relapsed disease in partial response (PR) or
complete remission (CR) after salvage therapy, or (ii) DLBCL
transformed from an indolent lymphoma or PTCL (different
from anaplastic large cell lymphoma, ALK-positive) in first or
subsequent PR or CR. There were no specific reccommendations
for treatment before study entry. Patients were required to have
an Eastern Cooperative Group performance status of 0-2, and
adequate cardiac, renal, pulmonary and hepatic functions. All
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TABLE 1. Patient characteristics.

Characteristic N %
Age, years: median (range) 55 (28-71)

Older than 60 years 20 33.3
Male sex 30 50
Histological diagnosis

De novo diffuse large B-cell lymphoma 38 63.3

Grade 3B follicular lymphoma 3 5.0

Transformed diffuse large B-cell lymphoma 13 21.7

Peripheral T-cell lymphoma* 6 10.0
First-line treatment

R-CHOP (14 or 21) 44 73.3

CHOP (14 or 21) 6 10.0

R-EPOCH 3 5.0

Otherst 7 11.7
Second and subsequent lines

R-ESHAP 29 48.3

R-IFE 8 13.3

R-DHAP 5 8.3

ESHAP 3 5.0

R-GEMOX-D 3 5.0

R-CHOP 3 5.0

R-ICE 2 3.3

Rituximab monotherapy 2 3.3

Others} 6 10
Number of treatment lines prior to study entry

Median (range) 2 (1-4)

1 11 18.3

2 41 68.3

34 8 13.3
International Prognostic Index at study entry

0 23 38.3

1 23 38.3

2 13 21.7

3 1 1.7
Disease status at study entry (PET/CT)

Complete remission after first-line treatment 9 15.0

Complete remission after 2 or more lines of treatment 28 46.7

Partial response after first-line treatment 2 3.3

Partial response after 2 or more lines of treatment 21 35.0
Melphalan dose in conditioning regimen

140 mg/m” (according to protocol) 49 81.7

140 mg (flat dose) 11 18.3

BR-CAP, bortezomib, rituximab, cyclophosphamide, doxorubicin, prednisolone; CT, computed tomography; FMC, fludarabine, mitoxantrone,
cyclophosphamide, PET, positron emission tomography; R-BMD, rituximab, bendamustine, mitoxantrone, dexamethasone; R-CHOP, rituximab,
cyclophosphamide, doxorubicin, vincristine, prednisolone; R-CVP, rituximab, cyclophosphamide, vincristine, prednisolone; R-DHAP, rituximab,
dexamethasone, cytarabine, cisplatin; R-EPOCH, rituximab, etoposide, prednisolone, vincristine, cyclophosphamide, doxorubicin; R-ESHAP,
rituximab, etoposide, methyl-prednisolone, cytarabine, cisplatin, R-GEMOX-D, rituximab, gemcitabine, oxaliplatin, dexamethasone; R-GIFOX,
gemcitabine, ifosfamide, oxaliplatin, rituximab; R-ICE, rituximab, ifosfamide, carboplatin, etoposide; R-IFE, rituximab, ifosfamide, etoposide;
R-miniBEAM, rituximab, carmustine, etoposide, cytarabine, melphalan.

*Peripheral T-cell lymphoma not otherwise specified (# = 3), angioimmunoblastic T-cell lymphoma (n = 2), anaplastic large cell lymphoma
ALK- (n =1).

TOne each: BR-CAP, Burkitt lymphoma protocol, chlorambucil, FMC, ICE, R-CVP, R-ESHAP.

1One each: Bortezomib, DHAP, GEMOX-D, R-BMD; R-GIFOX, R-miniBEAM.

patients were required to have undertaken apheresis of inclusion in the study. A retrospective centralized histopathologi-
haematopoietic stem cells, obtaining >2 x 10°/kg CD34+ cells. cal review was carried out of the 40 patients for whom sufficient
All subjects provided written, informed consent before their material was available.
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Study design and treatment

Our open-label, multicentre phase 2 study was performed in
accordance with the declaration of Helsinki and Good Clini-
cal Practice guidelines. It was approved by the national
authorities and the institutional ethics committee of each
participating centre. The trial was registered at ClinicalTri-
als.gov (identifier: NCT01296256).

The conditioning regimen consisted of bendamustine
(200 mg/m?, days —7 and —6), etoposide (200 mg/m?, days
—5 to —2), cytarabine (400 mg/mz, days —5 to —2) and mel-
phalan (140 mg/mz, day —1) (BendaEAM regimen), according
to the Visani protocol (Visani et al, 2011). In the initial proto-
col, no specific support measures were indicated during the
conditioning regimen; each centre followed its institutional
protocols. When the first case of renal failure related to the
administration of bendamustine was detected, the protocol
was amended to recommend minimum hydration of 2000 ml/
m” intravenously, from the day before the start of the condi-
tioning regimen until day —1. All patients received pegfilgras-
tim (6 mg on day +6 from autograft) or filgrastim (5 pg/kg/
day from day +6 until neutrophil recovery). Patients were
nursed in single or double rooms in reverse isolation until
haematological recovery. Assessment of symptoms, physical
examination and laboratory work-up were performed daily
during their hospital stay. Antibiotic prophylaxis and support-
ive care, including transfusions, were provided at the discre-
tion of the treating physician. Cotrimoxazole and acyclovir
after ASCT to prevent Pneumocystis jirovecii and viral infec-
tions, respectively, were recommended in the protocol.

Study endpoints and assessments

The primary endpoint of the study was to assess the 3-year
progression-free survival (PFS), calculated from the date of
stem cell reinfusion until the date of relapse, progression or
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death from any cause. Secondary endpoints included assess-
ment of toxicity of BendaEAM regimen, according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events v4.0 (https://www.eortc.be/services/doc/ctc/
CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf), evaluation
of anti-tumour activity measured by CR and overall response
rates (ORR) and overall survival (OS). Response was assessed
3 months after ASCT, using the 2007 revised response criteria
for malignant lymphoma (Cheson et al, 2007). All patients
were evaluated with computed tomography (CT) and positron
emission tomography (PET) scans. Bone marrow (BM) biopsy
was performed only if the BM was involved by lymphoma at
study entry. During the follow-up, CT scans were performed
every 3 months for the first year and every 6 months during
the following second and third years. PET/CT was performed
any time when there was a suspicion of relapse or progression.
OS was calculated from the date of stem cell reinfusion to the
date of death or of last follow-up. Survival endpoints were
assessed on the date of the last patient contact; the most
recent follow-up was in November 2017.

Statistical considerations

This is a phase 2 study designed according to the Fleming
method. The primary endpoint was the 3-year PFS rate. Tak-
ing 35% as the lowest acceptable rate, and stipulating 80%
power for detecting a significant improvement of >20% and
a 0.05 alpha significance level for a two-sided exact test of a
single proportion, and assuming a 55% target for 3-year PFS
and a 15% dropout rate, the minimum necessary sample size
was calculated to be 57 patients. The intention-to-treat (ITT)
population comprised all patients included in the trial, and
this was the population used for the primary efficacy analy-
sis. Survival rates were estimated by the Kaplan—Meier
method. A two-tailed log-rank test was used to assess the
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Fig 1. Kaplan—Meier estimates of progression-free survival (PFS) and overall survival (OS).
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TABLE II. Univariate analysis of survival.

BendakEAM Regimen in Autologous Transplantation

Prognostic factor N 5-year PES (%) P 5-year OS (%) P

Age at study entry
<60 years 40 55 0.526 72 0.440
>60 years 20 44 58

Sex
Male 30 63 0.060 76 0.102
Female 30 40 60

Diagnosis
DLBCL or Grade 3B FL 41 53 0.820 68 0.494
Transformed DLBCL 13 54 77
PTCL 6 25 50

Time from diagnosis to ASCT
<1 year 36 55 0.511 63 0.595
>1 year 24 45 75

Prior lines of therapy
1 11 53 0.846 81 0.137
2 41 51 61
More than 2 8 50 87

IPI at study entry
0 23 74 0.023 83 0.064
1 23 34 52
2-3 14 42 70

Status at transplant (PET)
Complete remission 37 67 0.001 75 0.036
Partial response 23 26 56

Melphalan dose in BendaEAM
140 mg/m’ 49 53 0.727 67 0.808
140 mg (flat dose) 11 44 73

ASCT, autologous stem cell transplantation; Benda EAM, bendamustine, etoposide, cytarabine, melphalan; DLBCL, diffuse large B-cell lymphoma;

FL, follicular lymphoma; IPI, International Prognostic Index; OS, overall survival; PET, positron emission tomography; PFS, progression-free sur-

vival; PTCL, peripheral T-cell lymphoma.

significance of differences for each prognostic factor in uni-
variate analyses. Covariates with a value of P < 0.1 were
entered stepwise into a multivariate Cox proportional haz-
ards model. All statistical analyses were conducted with SPSS
version 20.0 (IBM SPSS Inc., Armonk, NY, USA).

Results

Patient characteristics

Sixty patients from 22 GELTAMO centres were enrolled
between May 2011 and November 2012. Patient characteris-
tics are summarized in Table I. The median age was 55
(range, 28-70) years. Histological diagnosis according to
local Pathology was as follows: 38 DLBCLs, 3 grade 3B FLs,
13 transformed DLBCLs and 6 PTCLs. Forty-nine patients
(82% of the series) had received two or more lines of treat-
ment prior to ASCT, due to relapsed or refractory disease.
Thirty-seven patients (62%) were in metabolic CR (assessed
by FDG-PET/CT) at study entry and 23 (38%) were in PR.
With respect to the conditioning regimen, 11 patients received
a flat dose of 140 mg melphalan, instead of 140 mg/mz, due
to an internal error at one of the participating centres.

© 2018 British Society for Haematology and John Wiley & Sons Ltd
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Tissue blocks or unstained slides were available for central-
ized review of the histopathological diagnosis in 45 patients
(75%). Five patients had insufficient material to establish a
definitive diagnosis. The other 15 samples were not available
because the material had been exhausted or because the
patients originated from other centres and it was not possible
to obtain the diagnostic sample. Centralized histopathological
diagnoses were concordant with local diagnoses in 33 out of
the 40 cases (DLBCL, n = 31, PTCL/not otherwise specified,
n = 1, angioimmunoblastic T-cell lymphoma, n = 1). The rate
of concordance (82.5%) was similar to those reported in
prospective nation-wide analyses (Proctor et al, 2011; Laurent
et al, 2017). Seven patients with a local diagnosis of DLBCL
or grade 3B FL were centrally diagnosed with low grade FL
(grades 1-2) (n = 4), grade 3A FL (n = 2) or nodular lym-
phocyte predominant Hodgkin lymphoma (n = 1).

Efficacy analysis

The CR and PR rates with Benda-EAM were 75% (45
patients) and 10% (6 patients), respectively. Stable disease
and progressive disease were observed in one and six
patients, respectively, whereas two patients were not
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Fig 2. Kaplan—Meier estimates of progression-free survival (PFS) and overall survival (OS) according to status at transplant: complete remission

(CR, solid line) and partial response (PR, dotted line).

evaluated due to early death. After a median follow-up of
66.4 months (39.6-77.1), the disease had progressed in 24
patients and 20 patients had died, 16 of them after disease
progression. The estimated 3- and 5-year survival rates were
58% and 51%, respectively, for PFS (median not reached),
and 75% and 65% for OS (median not reached) (Fig 1).

Results of the univariate analyses of survival are shown in
Table II. Patients in PR at study entry had significantly worse
PES and OS (Fig 2) than patients who underwent ASCT in
CR, and this was the only prognostic factor associated with
both PFS (hazard ratio 0.29 [95% CI 0.14-0.60], P = 0.001)
and OS (hazard ratio 0.40 [95% CI 0.17-0.97], P = 0.043) in
the multivariate analysis.

Engraftment

The median number of CD34+ cells infused was 4.05 x 10°/
kg (range, 1.69-19.80). All patients (except one who died
early) engrafted after a median of 11 (9-72) and 14 (4-53)
days to achieve neutrophil and platelet counts of >0.5 x 10%/1
and >20 x 107/1, respectively. All patients were required to
have undertaken apheresis of haematopoietic stem cells to
obtain >2 x 10°//kg CD34+ cells. However, 2 of 60 patients
included in the trial received less than this amount. These
patients received 1.69 and 1.93 x 106/kg CD34+ cells,
respectively, both achieving >0.5 x 10°/1 neutrophils after
11 days, and >20 x 10°/1 platelets after 43 and 19 days,
respectively. Fifty-four of 59 patients reached >0.5 x 10°/1
neutrophils between days +9 and +13, and the remaining five
patients engrafted by days +14, +15, +19, +22 and +72. The
last patient, a 61-year-old male pre-treated with two lines of
therapy, had received 10.09 x 10%kg CD34+ cells but had a
primary neutrophil graft failure of unknown origin. Regard-
ing platelet engraftment, 49 of 59 patients reached
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>20 x 10°/1 platelets between days +8 and +20, seven
patients between days +21 and +30, and the remaining three
patients on days +31, +43 and +53. The last patient was a
43-year-old female pretreated with two lines of therapy; she
had received 2.02 x 10°kg CD34+ cells and had a delayed
platelet engraftment of unknown origin. The median number
of days on granulocyte colony-stimulating factor was 6
(range, 1-15 days). Patients received a median of 2 (range,
0-22) red blood cell units. The median time to discharge
from hospital was 26 days (range, 15-59 days).

Serious adverse events and non-haematological toxicity

Thirty-nine serious adverse events (SAEs) were reported
before day 100, including 15 infectious episodes (Table III),
two of which resulted in respiratory failure and the death of
the patient (3.3% of the 100-day transplant-related mortal-
ity). Acute renal failure was another major toxicity, which
developed in four patients (6.7%) after bendamustine admin-
istration (grade 2 in three cases and grade 3 in one). It
proved reversible without dialysis in all cases, but was clini-
cally relevant because these patients required the dose of
their conditioning regimen to be adjusted. Three of these
patients had developed mild renal failure during previous sal-
vage therapy. Other SAEs reported before day 100 were:
thrombocytopenia (grade 4, two episodes), anaemia (grade 3,
two episodes), neutropenia (grade 4, two episodes), rash
(grade 3) and stroke (grade 3). All of these patients recov-
ered after adequate treatment.

The 100-day non-infectious toxicity is reported in
Table IV. Twenty-six (43.3%) patients experienced a grade
M-IV oral mucositis. The incidence of non-gastrointestinal
grade 3—4 toxicities was very low (Table IV). These toxicities
were easily managed with supportive care or adequate

© 2018 British Society for Haematology and John Wiley & Sons Ltd
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TABLE III. Infectious serious adverse events reported by the investigators.

BendakEAM Regimen in Autologous Transplantation

Organ affected Day of Transplant SAE criterion Grade Documentation Evolution
Lung infection +8 Prolongation hospitalization 4 E. cloacae Recovered
Sepsis Corynebacterium sp.
Sepsis +10 Admission ICU 4 No Recovered
Lung infection +13 Death 5 Aspergillosis* Death
Influenza A
Enterocolitis +16 Hospitalization 2 No Recovered
Lung infection} +17 Prolongation 4 Aspergilllosis* Recovered
hospitalization
Lung infection +26 Death 5 No Death
Enterocolitis +36 Hospitalization 2 No Recovered
Enterocolitis +37 Hospitalization 2 No Recovered
Sepsist +40 Hospitalization 4 No Recovered
Enterocolitis +45 Hospitalization 2 C. difficile Recovered
Joint infection +49 Hospitalization 3 E. cloacae Recovered
Herpes zoster +70 Hospitalization 3 No Recovered
Herpes zoster +85 Hospitalization 3 P. aeruginosa Recovered
Urinary tract infection
Enterocolitist +90 Hospitalization 3 No Recovered
Herpes zoster +96 Hospitalization 3 No Recovered
Sepsist +108 Hospitalization 4 S. pneumoniae Recovered
Lung infection} +151 Death 5 Aspergillosis* Death
Sepsis +186 Hospitalization 4 Candida sp. Recovered
Sepsis +338 Hospitalization 4 S. haemolyticus Recovered
Lung infection} +944 Hospitalization 4 No Recovered
Sepsisi
HLH} +964 Hospitalization 3 EBV Recovered
Lung infection} +1003 Hospitalization 5 Influenza A Death after cerebral stroke
Aspergillosis* Autopsy revealed

progression of lymphoma

EBV, Epstein-Barr virus; HLH, haemophagocytic lymphohistiocytosis, ICU, intensive care unit; SAE, serious adverse event.

*Probable invasive aspergillosis according to European Organization for Research and Treatment of Cancer criteria (De Pauw et al, 2008).

TThese episodes correspond to the same patient.
iThese episodes correspond to the same patient.

treatment. No grade III-IV cardiotoxicity was observed. No
episodes of veno-occlusive disease were reported.
Non-relapse mortality (NRM) after day 100 was 3.3%: one
patient died of Wernicke’s encephalopathy on day 154 and
another patient died of infectious complications (probable
invasive aspergillosis) on day 216, although this last patient
had repeated infectious episodes during the early post-trans-
plant period (Table III). No episodes of non-infectious pneu-
monia were reported. Three patients developed a secondary
neoplasm: 2 myelodysplastic syndrome on days 329 and
1434, respectively, and 1 cholangiocarcinoma on day 1232.

Discussion

For this phase 2 clinical trial, we hypothesized that the
replacement of BCNU with bendamustine in the BEAM con-
ditioning regimen (BendaEAM) would improve its efficacy
and reduce its toxicity in patients with aggressive lymphoma
who are candidates for ASCT. Our clinical trial is the second
to use BendaEAM as a conditioning regimen, although the

© 2018 British Society for Haematology and John Wiley & Sons Ltd
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previous study was performed in patients with various his-
tologies, including HL (n = 15), MCL (n = 5) and aggressive
B-cell lymphomas (n = 23) (Visani et al, 2011). Our results
show that this conditioning regimen is feasible and effective.
Considering efficacy, our long-term results indicate that
BendaEAM is an effective regimen, with median PFS and OS
not reached after a median follow-up of 66 (40-77) months,
and an estimated 3-year PFS and OS of 58% and 75%,
respectively. Although 11 out of 60 patients received a dose
of melphalan less than that indicated in the protocol
(140 mg flat dose), no significant differences were found in
PES or OS between this group of patients and the others
(Table II). In the previous prospective clinical trial (Visani
et al, 2014), BendaEAM produced a 72% 3-year PFS,
although their series also included patients with HL, as stated
before. In a single-centre retrospective study, BendaEAM
resulted in a 69% and 72% 2-year PFS and OS, respectively,
although this series (n = 39) was very heterogenous, includ-
ing patients with HL, DLBCL, PTCL, MCL, FL and other
indolent lymphomas (Gilli et al, 2017), so the efficacy results
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TABLE 1IV. 100-day non-haematological and non-infectious toxicity.

Toxicity Grade 1  Grade 2  Grade 3 Grade 4
Cardiac disorders - 5 (8.3) - -
Gastrointestinal disorders

Abdominal pain - 9 (15) 2(33) -

Colonic haemorrhage 1(1.7) - - -

Diarrhoea 28 (46.7) 22 (36.7) 5(8.3) -

Oral mucositis 13 (21.7) 20 (33.3) 18 (30) 8 (13.3)

Nausea 17 (28.3) 8 (13.3) 1(1.7) -

Vomiting 6 (10) 13 (21.7) 1(1.7) -
General disorders

Fever 26 (433) 17 (283) 3 (5) -
Hepatobiliary disorders 2 (3.3) 1(1.7) - -
Metabolism disorders

Acidosis - 1(1.7) - -

Hypokalaemia - 1(1.7) 1(1.7) 1(L7)

Hypomagnesaemia - 3(5) - -

Hyponatraemia - - 1(1.7) -

Hypophosphataemia - 1(1.7) - -
Nervous system disorders 2 (3.3) - - -
Psychiatric disorders

Anxiety - 2 (3.3) 1(1.7) -

Depression 1(1.7) - - -
Renal disorders

Acute kidney injury 3 (5) 9 (15) 2(3.3) -

Noninfective cystitis 2 (3.3) 1(1.7) - -
Respiratory disorders 2 (3.3) 1(1.7) - -
Skin disorders 9 (15) 10 (16.7) - -

All values are reported as n (% of patients).

of these studies are not comparable with ours. Several recent
registry analyses have compared the efficacy of a number of
commonly used conditioning regimens in lymphoma patients
(Chen et al, 2015; Sellner et al, 2016). In these retrospective
studies, the BEAM regimen or thiotepa-based regimens
achieved a 3-year PFS of around 50% in DLBCL patients.
However, the lack of randomized trials and the fact that pub-
lished studies are of several study populations with differing
proportions of histologies makes a comparison very difficult
(Isidori et al, 2016).

In the present trial, patients in CR with a negative FDG-
PET at the time of transplant performed better than patients
in metabolic PR, as measured by both PFS and OS. This was
the single prognostic factor influencing OS in the univariate
and multivariate analysis, although, with only 20 events, any
multivariable analysis of survival is likely to be unreliable.
The prognostic impact of pre-ASCT FDG-PET in patients
with relapsed or refractory DLBCL has been shown previ-
ously in multiple retrospective studies and uncontrolled
prospective series (Schot et al, 2007; Derenzini et al, 2008;
Hoppe et al, 2009; Terasawa et al, 2010; Armand et al,
2013a; Sauter et al, 2015; Ulaner et al, 2015; Adams & Kwee,
2017). Our results confirm this finding in a prospective and
controlled way, and indicate that incorporation of ben-
damustine into the conditioning regimen does not overcome
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the relative chemotherapy insensitivity and poor prognosis of
patients undergoing ASCT in metabolic PR.

Another strategy for improving the preparative regimen is
to incorporate a targeted agent. One major focus has been
the addition of radioimmunotherapy as part of the condi-
tioning regimen for transplantation. Multiple phase 1 and 2
studies using either '*'I-tositumomab or *°Y-ibritumomab
tiuxetan combined with chemotherapy have yielded very
promising results (Press et al, 2000; Krishnan et al, 2008;
Winter et al, 2009; Decaudin et al, 2011; Shimoni et al,
2012; Vose et al, 2013a; Briones et al, 2014). However, a
phase 3 study comparing rituximab/BEAM versus '>'I-tositu-
momab/BEAM (Vose et al, 2013b) showed no benefit from
adding this radioimmunotherapy to BEAM in patients with
chemotherapy-sensitive relapsed DLBCL. Once again, the
only variable that predicted improved outcome was CR (by
either CT or FDG-PET/CT) at the time of transplant. For
this reason, future research should be directed towards
improving salvage therapy so that a greater proportion of
patients achieve metabolic CR, as well as considering post-
transplantation  consolidation or maintenance therapy,
especially for patients receiving their transplant while in
metabolic PR. In this setting, PD-1 (also termed PDCD1)
blockade after ASCT using pidilizumab has shown promising
results in a phase 2 study (Armand et al, 2013b), although
phase 3 studies are needed. In contrast, the results of the sec-
ond random assignment from the CORAL study demon-
strated no benefit from rituximab maintenance after ASCT
(Gisselbrecht et al, 2012).

In the present study, given the heterogenous patient popu-
lation studied and the varying dose of melphalan used, only
the feasibility and toxicity profile of BendaEAM can be firmly
established. The 100-day and 1-year NRM were 3.3% and
6.7%, respectively. These rates are similar to those reported
in prospective clinical trials for rituximab + BEAM (4.1%
100-day treatment-related mortality, TRM) (Vose et al,
2013b) and "*'I-tositumomab/BEAM (4.9% 100-day TRM)
(Vose et al, 2013b), and to those reported in recent registry-
based or non-controlled studies of BEAM (4% 1-year NRM)
(Chen et al, 2015; Sellner et al, 2016), thiotepa-based (2% 1-
year NRM) (Sellner et al, 2016) and fotemustine-based
(2.5% 100-day and 5.9% 1-year NRM) (Musso et al, 2010,
2016) conditioning regimens. In the previous study by Visani
et al (2011) of BendaEAM conditioning, the 100-day TRM
was 0%. In our series, infections were the main source of
toxicity, and TRM was primarily infection-related, as previ-
ously described with the BEAM regimen (Damaj et al, 2013).
The infectious profile in our study (Table III) was similar to
that reported by Visani et al (2011) but is difficult to com-
pare with those of other series in which infectious episodes
were not systematically described, as they are in our trial.

Another major source of toxicity was acute renal failure,
which developed in four patients (6.7%) shortly after ben-
damustine administration. This was reversible in all cases,
but was clinically relevant because these patients required the
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dose of their conditioning regimen to be adjusted. It should
be noted that three of these patients had developed mild
renal failure during previous salvage therapy, so they might
have developed renal failure irrespective of any conditioning
regimen that had been used. In addition, two of these
patients did not receive the hydration recommended in the
protocol. No grade III-IV nephrotoxicity was observed in the
previous BendaEAM trial (Visani et al, 2011). However, a
high rate of grade 3—4 renal toxicity associated with Bend-
aEAM (14% at day 0, reversible in all cases) was also
described in a small (n=29) single-centre retrospective
study (Garciaz et al, 2016). The authors concluded that
hydration should be increased in patients receiving high
doses of bendamustine to avoid the possibility of renal toxic-
ity (Garciaz et al, 2016). We agree with this conclusion and
with the recommendations of Isidori et al (2016) that
patients receiving high doses of bendamustine should be
hyperhydrated with at least 2.5 1/m” liquid per day, starting
hydration 1 day prior to bendamustine administration to
avoid renal toxicities, and that this should be strictly moni-
tored.

Other common acute toxicities observed in our trial, such
as mucositis and gastrointestinal toxicities, were easily man-
aged. No grade II-IV cardiac or hepatic toxicity was
reported. Non-infectious pneumonia and late pulmonary
complications described with the use of carmustine, such as
chronic interstitial fibrosis (Bhatia et al, 2005; Isidori et al,
2016), were not observed in our study. Regarding haemato-
logical toxicity, engraftment data are similar to those previ-
ously reported with the BEAM or BEAC (BCNU, etoposide,

BendakEAM Regimen in Autologous Transplantation

cytarabine, cyclophosphamide) regimens (Caballero et al,
1997; Jo et al, 2008).

In conclusion, our long-term results show that BendaEAM
conditioning is a feasible and active regimen for patients
with aggressive lymphomas. Infectious and renal toxicities
are relatively common and should be carefully monitored. Its
efficacy seems to be similar to that previously reported with
other commonly used regimens like BEAM, although patients
who are not in metabolic CR at the time of transplant tend
to have poor outcomes and so are candidates for receiving
alternative strategies. Future prospective trials testing novel
salvage, preparative and maintenance regimens are needed.
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