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Abstracts
Background: Following shortage of Carmustine, BeEAM regimen (Bendamustine, Etoposide, Cytarabine and Melphalan) was used before autologous transplant in
relapsed/refractory lymphoma patients. We evaluated safety and eﬃcacy of BeEAM compared to BEAM.
Patients and methods: Ninety consecutive patients receiving BeEAM (30pts) (Bendamustine 100, 120 or 200 mg/m²/d) or BEAM (60 pts) were retrospectively
analyzed.
Results: In the BEAM group, 68% had NHL and 32% HL compared to 87% and 13% in the BeEAM group (p = 0,014). Pts were in CR or PR at time of transplant. There was
no difference regarding hematologic recovery and transfusion requirements. Highest dose of Bendamustine were associated with grade ≥ 2 kidney toxicity. We observed
a significant higher incidence of symptomatic HHV-6 infection (53.3% versus 8.3%), digestive toxicity (36.6% versus 15%) and prolonged hospitalization (25 versus 21
days) with BeEAM. After a median follow up of 61 and 49 months for BEAM and BeEAM, 5y-OS and PFS (76% versus 67% and 56% versus 70%) and TRM (0% versus 3%)
were not different.
Conclusions: BeEAM with the highest doses of Bendamustine was associated with increased risk of HHV-6 infection, longer duration of hospitalization, higher rate of
digestive toxicity and increased acute kidney failure while survival was comparable.
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Introduction
High-dose chemotherapy (HDC) followed by autologous stem cell transplantation (ASCT) is a well-established
treatment for patients with relapsed or refractory (R/R)
lymphomas after salvage therapy [1-4]. Many HDC regimens
with different drug combinations have been used and the BEAM
(BCNU/Carmustine, etoposide, cytrabine, melphalan) regimen
has become the most commonly used combination before ASCT
[5-6]. In France, due to BCNU shortage for several months
and based on the results reported by Visani and colleagues
[7], Bendamustine was used in combination with Etoposide,
Cytarabine and Melphalan (BeEAM) in a new high dose
conditioning regimen before ASCT in R/R lymphoma patients.
Few studies have been conducted on the feasibility and efficacy
of this regimen in patients with aggressive lymphomas. The
toxicity profile is similar even though it seems to have a higher
incidence of acute kidney failure [8-13]. In this study, we report
our experience on the efficacy and safety of BeEAM compared
to the classical BEAM regimen before ASCT in R/R lymphoma
patients.

Patients and methods
This retrospective and monocentric study was conducted
between December 2013 and September 2015. Patients with B or
T-cell Non Hodgkin Lymphoma (NHL) and Hodgkin Lymphoma (HL) in complete (CR) or partial (PR) response either after
first-line or salvage chemotherapy regimen were included.
All patients were evaluated for response with Computed
Tomography (CT) or positron emission tomography (PET) scan
before and after ASCT (around day 90), according to Cheson’s
2014 criteria [14].
Patients received HDC with BEAM from December 2013 to
January 2015, and BeEAM from February to September 2015
followed by ASCT. BEAM Consisted of Intravenous (IV) BCNU
(carmustine) 300 mg/m2 on day −6, Continuous Infusion (CI)
of Etoposide 200mg/m2/24h and cytarabine 400mg/m2/24h
from day −5 to day −2, and IV Melphalan 140 mg/m2 on day
−1. BeEAM consisted of IV Bendamustine 200 mg/m2/d on
day −7 and -6; Etoposide, Cytarabine and Melphalan were
administered according to the previous schedule. Peripheral
Hematopoietic Stem Cells (PHSC) were reinfused on day 0.
All patients were monitored for toxicity and complications.
Patients with febrile neutropenia were treated with broadspectrum antibiotics after bacteriological samples.
Platelet and blood transfusions were administered to
maintain a hemoglobin level > 8 g/dL and a platelet count > 10
x 10 /L. All patients received growth factor support (filgastrim,
9

5μg/kg/d) starting on day 5 and continuing until neutrophil
recovery (ANC > 1000/mm3).
On the basis of our experience regarding HHV-6 infection
in the context of ASCT following BEAM conditioning regimen,
HHV-6

DNA

monitoring

was

systematically

performed

by quantitative PCR (qPCR) in whole blood specimens for
symptomatic patients with clinical symptoms (e.g. rash, fever)

or biological abnormalities and specifically in case of prolonged
or recurrent cytopenias. Active and specific HHV-6 infection
was defined as 2 consecutive determinations with DNAemias
≥ 450 copies/Ml.
The main objective of this study was to evaluate the safety
profile of the two conditioning regimens. Secondary objectives
were Event-Free Survival (EFS), Overall Survival (OS),
hematologic recovery and amount of blood and platelet units
transfused in each group.
Categorical variables were compared using a Pearson’s
Chi-scared test and continuous variables were compared using
Mann-Whitney test. OS and EFS were estimated using the
Kaplan-Meier method and compared using the log rank test.
The analyses were performed with SPSS version 12.0.

Results
Patient’s disposition
Ninety patients (M/F ratio = 52/38) were included in this
study (BEAM = 60, BeEAM = 30). Median age was 53.8 years in
the overall population, 50 years (range: 18.5-66.1) and 56 years
(range: 19.9-66.8) in the BEAM and BeEAM groups respectively.
There was no statistical difference between the groups in terms
of age, sex ratio, number of prior chemotherapy regimens,
disease status or renal status at the time of transplant, and
median number of CD34+ cells infused.
There were more patients with HL in the BEAM group (30%
versus 13.3%, p= 0.014). Among the patients with NHL, there
were 35 patients with diffuse large B-cell lymphoma (DLBCL)
(22 vs 13), 16 patients with follicular lymphoma (FL) (12 vs 4),
10 pts with mantle-cell lymphoma (MCL) (7 vs 3) and 7 pts
with T-cell NHL (1 vs 6). Eighteen patients received HDC in
first remission (8 and 10), and 72 in second or subsequent
remissions (52 and 20) (47 after a second line (32 and 15) and
25 after 3 or more lines (20 and 5)). More patients in the BEAM
group received a platine-based chemotherapy regimen (95% vs
66.7%, p=0.001). Patients in the BeEAM group did not receive
the same doses of Bendamustine: the first 6 patients received
Bendamustine at a dose of 200mg/m2/day and the dose was
then reduced due to a high incidence of acute renal failure.
The next 3 patients received 100mg/m2/day with no significant
toxicity leading to increase the dose to 120mg/m2/day for the
following 21 patients received. The main characteristics of the
patients are summarized in Table 1 Figure 1.

Safety and toxicity
Fifty-seven patients in the BEAM group (95%) and all
the patients in the BeEAM group experienced neutropenic
fever. Microbiological identification was found in 61.6%
(n=37/60) and 93.3% (n=28/30) patients respectively. There
was no difference between the two groups in the incidence
of bacterial infections (56.6% vs 70%, p=NS). However, there
was a significant difference in terms of viral infection mainly
due to a high incidence of Human-Herpes virus 6 (HHV6) reactivation in the BeEAM group (16/30 (53.3%) vs 5/60
(8.3%), p < 0.00001). Sixteen patients showed a positive HHV039
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Table 1: Patients Characteristics.
BEAM

BendaEAM (mg/m²)
100 (n=3)

120 (n=21)

200 (n=6)

p

Age, median (range)

50 (18.5-66.1)

56 (19.9-66.8)

NS

M/F Ratio

37/23 (H =61%)

15/15 (H=50%)

NS
NS

Median weight, median
Histological subtypes

71.50

75.60

HL

18/60 (30%)

4/30 (13.3%)

NHL

41/60 (68%)

26/30 (86.6%)

HL+NHL

1/60 (2%)

0%

Chronic renal failure

0.014

2/60 (3.3%)

0%

2 (1-5)

2 (1-3)

8
32
20

10
15
5

Platine-based treatment

57/60 (95%)

20/30 (66.7%)

0.001

Platine toxicity

4/57 (7%)

0/20 (0%)

< 0.00001

Complete remission

28/60 (46.7%)

17/30 (56.7%)

Partial response

32/60 (53.3%)

13/30 (43.3%)

Creatinine (μmol/l)

64

68

NS

Creatinine clearance (ml/min)

111

99

0.098

4.99

5.6

NS

Number of previous regimen, median (range)
- 1st line
- 2nd line
- ≥ 3rd line

Disease status before transplantation
Renal status before transplantation

Median number of CD34cells reinfused (106/kg)

NS

NS

NS

m2 for the following 3 patients where no renal toxicity was
observed. Then, the dose of Bendamustine was again increased
to 120 mg/m2 (usually used in multiple myeloma) for the
remaining 21 patients. Among these last patients, only 1 had
a grade 1 acute renal failure. The main non-hematological
toxicities are summarized in Table 2.
When analyzing the risk factors for renal failure, we found
a strong correlation between patients who received the highest
doses of Bendamustine (200 mg/m2) and the risk of acute renal
failure compared both to the two others doses (p < 0.00001) and
to patients in the BEAM group (p=0.005) Figure 2.

Figure 1: Progression-free survival (PFS) after HDC with BEAM or BeEAM, followed
by ASCT after a median follow up of 61 and 49 months respectively.

6 qPCR in the BeEAM group and 10 patients (62.5%) required
treatment with foscarnet with a median duration of treatment
of 8 days. Six patients did not receive antiviral therapy because
of spontaneous resolution of symptoms or cytopenias. There
was no significant difference in the occurrence of concomitant
serious adverse events or in the number of patients transferred
to an intensive care unit between the two groups.
Grade 3 or 4 mucositis were similar between the two groups
with 38 patients in the BEAM group (73.1%) and 24 patients
(82.5%) in BeEAM group (p = 0.16). Grade 3-4 neutropenic colitis
occurred in 9 patients in the BEAM group (15%) and 11 patients
in the BeEAM group (36.6%) with a significant difference (p=
0.03). There were no cases of veno-occlusive disease or grade 3
-4 skin toxicity reported.
Acute renal toxicity occurred in 5 patients (8.3%) in the
BEAM group (only 1 patient with chronic renal history), and
4 patients (13.3%) in the BeEAM group but this difference was
not significant. However, among the 6 patients who received
Bendamustine at 200 mg/m2, 3 patients had an acute renal
failure. Consequently Bendamustine was reduced to 100 mg/

Time for engraftment was similar between the two groups
(median absolute neutrophil count (ANC) recovery of 11 days,
(9-22) in the BEAM group and (7-19) in the BeEAM group).
The median time for platelet recovery (>20 x 109/L) was 12.5
and 12 days for BEAM and BeEAM respectively, p = NS). The
median number of red blood cells (RBC) and platelet (PLT)
units transfused was similar between the two groups (3 RBC
units’ vs 2 and 3 PLT unit’s vs 3.5 in the BEAM and BeEAM
groups respectively).
Hospitalization duration was longer in the BeEAM group
(median time of 25 days (range 18-59)) than in the BEAM
group (median time of 21 days (range 18-32)) (p=0.001).
Two patients died (only in the BEAM group). The first
patient died of multiple organ failure secondary to intestinal
obstruction with neutropenic colitis on day 9 post-transplant,
prior to neutrophil engraftment. The second patient died of
sepsis with multi-organ failure (primarily respiratory) on day
42 after transplant.

Response and survival
At the time of transplant, 28 (46.7%) patients were in
CR and 32 (53.3%) in PR in the BEAM group. In the BeEAM
group, 17 (56.7%) and 13 (43.3%) patients were in CR and PR
respectively.
040
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Table 2: Toxicities and outcome in each group.
BEAM
Acute renal failure
Mucositis

5/60 (8,3%)

BendaEAM
100mg/m2 (n=3)

120mg/m2 (n=21)

200mg/m2 (n=6)

4/30 (13.3%)
0

1/21 (4,7%)

3/6 (50%)

p
NS

all grade

52/55 (96, 6%)

29/30 (94, 5%)

≥ grade 3/4

38/52 (73, 1%)

24/29 (82, 5%)

NS

9/60 (15%)

11/30 (36,6%)

0,03

Neutropenic colitis (≥ grade 3/4)

NS

Transfer to intensive care unit

9/60 (15%)

2/30 (6,6%)

NS

Fever

57/60 (95%)

30/30 (100%)

NS

Patients with at least one bacteriological identification

34/60 (56, 6%)

21/30 (70%)

NS

Patients with at least one virological identification

8/60 (13, 3%)

16/30 (53, 3%)

< 0,00001

PCR HHV-6 +

5/60 (8, 3%)

16/30 (53, 3%)

< 0,00001

Patients with at least one fungal identification

1/60 (1, 5%)

2/30 (6, 6%)

NS

Median time for engraftment (ANC > 500/mm3) (range)

11 (9-22)

11 (7-19)

NS

Median time to ANC<500/mm3 (range)

9 (5-17)

8 (4-21)

NS

Median time to platelet < 20G/l (range)

12,5 (5-18)

12 (2-48)

NS

Median duration of hospitalization (range)

21 (18-32)

25 (18-59)

0,001

Overall survival

50/58 (86%)

28/30 (93%)

NS

Toxicity related mortality

2/60 (3%)

0/30 (0%)

NS

Event free survival

44/57 (78%)

25/30 (83%)

NS

Bendamustine is nitrogen mustard with proven clinical
activity in R/R B-cell malignancies, such as indolent
lymphomas and CLL [25-29]. The first report by Visani et al,
using the BeEAM conditioning regimen (bendamustine at the
dose of 200mg/m2, days -7 and -6) in 43 patients with R/R
lymphoma (HL, n = 15; NHL, n = 28) resulted in a median PFS
of 19 months with a TRM of 0% after a median follow-up of 18
months [7]. These data were confirmed after a longer followup of 41 months with a 3-year PFS of 72% and a median OS still
not reached [8]. Other studies evaluating the same regimen
have shown similar results with 3-year PFS and OS rates of
approximately 70% and 85%, respectively [11,12]. In our study,
PFS and OS rates were in line with those previously reported.
Figure 2: Overall survival (OS) after HDC with BEAM or BeEAM, followed by ASCT
after a median follow up of 61 and 49months respectively.

After a median follow-up of 61 months (range: 14-72) in
the BEAM group and 49 months (range 8-61) in the BeEAM
group after transplantation, the 5 year PFS and OS were not
statistically different between the two groups (56% vs 70% for
PFS and 76% vs 67% for OS respectively).

Discussion
High-dose chemotherapy followed by ASCT is the standard
of care of patients with relapsed/refractory NHL or HL [14,15-18]. Several HDC regimens have been used but the BEAM
regimen remains the most widely used before ASCT [20,21].
Many studies have been performed in order to compare different
HDC regimens and to define the best combination able to target
residual malignant cells with the minimal impact on normal
tissues and the lowest risk of secondary malignancies [21]. Even
broadly used, the BEAM regimen is nevertheless associated
with significant side effects during aplasia (severe mucositis,
nausea and vomiting, gastrointestinal tract toxicity with
severe diarrhea in some cases, hepatotoxicity, nephrotoxicity),
leading to a treatment-related mortality (TRM) ranging from 0
to 18% according to studies [6,21-24].

In our study, we confirm the renal toxicity with acute
renal failure occurring in 3 patients among the 6 who
received Bendamustine at the dose of 200mg/m2. Acute renal
complications after high dose Bendamustine have already been
reported in several studies [8-13,30,32-34]. More recently,
Chantepie et al identified 3 independent risk factors for acute
renal failure after BeEAM: pretransplant chronic renal failure,
age > 55 years and Bendamustine dose over 160mg/m2 [31].
Our 3 patients with acute renal failure were all over 55 years of
age and 1 of them had chronic renal failure before transplant).
Thus, dose reduction of Bendamustine (100 and 120 mg/m2)
resulted in a significant decrease in the risk of acute renal
failure.
Furthermore, we report a high and significant incidence
of active HHV-6 infection in the group of patients receiving
the BeEAM conditioning regimen with 53.3% of patients being
tested positive compared to13.3% in the BEAM group. HHV6 infection was systematically investigated in patients with
clinical symptoms (rash, fever) or biological abnormalities
(prolonged or recurrent cytopenias). HHV-6 is a roseolovirus
that is well-known in the exanthema subitum childhood disease
with usually favorable outcome. Like other herpsesviruses,
HHV-6 has a life-long latency in many organs with a
strong tropism for hematopoietic CD34+ progenitor cells in
041
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particular. HHV-6 reactivation occurs more commonly in
immunocompromised hosts like allogeneic hematopoietic
stem cell transplant recipients [35]. A recently published data
evaluated prospectively the incidence of HHV-6 infection
in patients undergoing ASCT [36]. Among 196 patients,
active HHV-6 infection was detected in 22 patients (11.2%)
predominantly after BEAM conditioning regimen. These
results are in line to those reported in our study where 8.3% of
patients in the BEAM group had an HHV-6 infection.
To our knowledge, this high rate of HHV-6 reactivation has
not been or very rarely reported in previous studies evaluating
the BeEAM regimen, and only in a some patients who did not
require anti-viral therapy [31]. Neither has this been reported
with Bendamustine in other lymphoid malignancies receiving
Bendamustine alone or in association with other cytotoxic
agents.
Additionally, several studies showed an increased digestive
toxicity mainly with mucositis and colitis after the BeEAM
regimen [31,33]. Our study is consistent with these observations
with more patients with neutropenic colitis in the BeEAM
group.
Finally, we observed prolonged hospitalization duration
in the BeEAM group. The length of hospitalization and the
differences between both regimens found here are similar to
what is reported in the literature [31-37]. This could be explained
by the severity of complications (particularly hematological
toxicity with delayed ANC and platelets recoveries) together
with the need for HHV-6 infection treatment. However, despite
prolonged hospitalization, the rate of ICU admission was
similar in both groups [30,31].
In conclusion, this study confirms the BeEAM regimen
efficacy. However, even if renal toxicity can be avoided by
adjusting the dose of Bendamustine, the safety profile of the
BeEAM regimen did not appear to be as good as the BEAM
regimen due to the high rate of HHV-6 reactivation. Considering
the high toxicity rate of Bendamustine which did not translate
into a clinical benefit compared to the classical BEAM regimen,
we do not recommend the use of BeEAM outside of clinical
trials.
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