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Abstract

High-dose chemotherapy before autologous transplantation is a therapeutic option as consolidation in primary or relapsed
lymphoma. Even if BEAM conditioning is generally used, alternative conditioning regimens have been published. The purpose
of this study was to assess the outcome of 177 adult patients with lymphoma whose conditioning treatment included a BAM
(busulfan, aracytine, and melphalan) regimen. With a median follow-up of 17.4 months, 2-year estimates of overall survival and
progression-free survival for the entire group were 87% and 70.5%, respectively. Mucositis was the main reported complications
and infectious episodes were described in 80.2% of patients. According to multivariate analysis, high performance status and age
at diagnosis were adverse factors for survival and increased the risk of disease relapse and death. Despite its limitations, this
retrospective study suggests that BAM combination is a valid conditioning regimen in lymphoma patients, with an acceptable

rate of toxicity.
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Introduction

Despite advanced non-Hodgkin lymphomas (NHL) and
Hodgkin lymphomas (HL) being considered as
chemotherapy-sensitivity tumors, many patients relapse or
are never in remission (R/R) after standard induction treat-
ment. These situations are associated with poor outcome and
necessitate other therapeutics. High-dose chemotherapy sup-
ported by autologous hematopoietic stem cell transplantation
(ASCT) is the preferred therapeutic option for R/R lymphoma
patients, considering that both disease-free and overall surviv-
al are improved in patients with chemosensitive-relapsed lym-
phomas [1-7].

Adequate conditioning regimen is important to optimize
better control of R/R NHL and HL with the aim to target
residual malignant cells with minimal toxicity [4-6]. The
choice of regimen is based on institutional experience.
BEAM (carmustine (BICNU), etoposide, cytarabine, and mel-
phalan) conditioning is usually the preferred regimen for the
treatment of R/R NHL and HL [2, 7]. Recently, BICNU was in
short supply in French centers. Moreover, BICNU has a high
cost and BEAM or other carmustine-containing regimens are
not a good option for all physicians around the world. With
regard to these situations, alternative regimens are needed.

In this context, the Francophone Society of Bone Marrow
Transplantation and Cellular Therapy (SFGM-TC) and the
Lymphoma Study Association (LYSA) established a collabo-
rative working group to discuss alternative regimen to BEAM.
Different conditioning or drug options were discussed.
However, as no prospective comparative studies were done,
it has been difficult to preferentially recommend one condi-
tioning regimen or another [8, 9].

Little is known regarding the use of different specific reg-
imens, in particular for BAM (busulfan, aracytine, and mel-
phalan) conditioning [10, 11]. Based on these considerations,
the SFGM-TC/LYSA collaborative working group has pro-
posed to evaluate different regimens to update data. In this
study, we conducted a retrospective analysis of all patients
treated in the SFGM register participating centers between
2000 and 2015 with BAM conditioning before ASCT.

Patients and methods
Patients

We identified 177 French patients treated between 2000 and
2015. Inclusion criteria were age less than 70 years, Hodgkin
or non-Hodgkin lymphomas, and BAM conditioning used for
a first ASCT. Data were retrospectively collected from the
ProMISe (Project Manager Internet Server) database with a
second check in all patients’ files. Histological diagnosis was
based on local review.
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Transplantation procedures

Conditioning-associated busulfan per os (4 mg/kg/day) or in-
travenous (3.2 mg/Kg/day) for three consecutive days,
cytarabine 6 g/m? total dose and melphalan 140 mg/m?. In
practice, the median dose for busulfan was 700.8 mg
[590.4-792.0], 11.3 g [10.2-12.0] for cytarabine, and
257.6 mg [231.7-280.0] for melphalan. All grafts were pe-
ripheral blood stem cells (PBSC). The median infused cell
dose was 4.79 x 10° CD34+/Kg (min 1.53; max 19.86).
Medical care after transplantation was provided in accordance
with the centers’ practices.

Definition and evaluation

Outcomes included neutrophil and platelet engraftment,
progression-free survival (PFS), non-relapse mortality
(NRM), and overall survival (OS). Time to neutrophil engraft-
ment was defined as the first of three consecutive days on
which neutrophils exceeded 0.5 x 10%/L. Time to platelet en-
graftment was defined as the first of three days with 20 x 10/
L platelets without platelet transfusion during a 5-day period.
Disease progression or relapse (if complete remission had
been achieved before ASCT) was defined by reappearance
of signs of the disease with cytology or histology confirma-
tion. We designated NRM as death from any cause without
evidence of relapse/progression of the disease. OS was calcu-
lated from the date of ASCT to the date of death from any
cause and censored at the date of the last follow-up. PFS was
calculated from ASCT date to disease progression or death
(regardless of cause of death), whichever comes first.
Toxicities including mucositis, infection, cardiac, pulmonary,
gut, or other complications were retrospectively graded ac-
cording to Common Terminology Criteria for Adverse
Events (CTCAE). Febrile neutropenia without documentation
was denied by the onset of isolated fever, in absence of local
inflammation evocative for clinical infection, and without mi-
crobial documentation of the episode.

Statistical analysis

Patient, disease, and treatment characteristics were summa-
rized with continuous variables described by median and
range as well as categorical variables described by frequen-
cy and percentage. All survival durations were measured
from the date of treatment to the date of event or the date of
the last contact (censored data). The probability of OS and
PFS was calculated using Kaplan—Meier estimator and the
log-rank test was used for univariate comparisons. Hazard
ratios and 95% confidence intervals were estimated.
Hazard ratios for NRM were calculated using the
subdistribution hazards model to accommodate competing
risks and univariate comparison was made using the Fine—
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Table 1 Baseline characteristics of patients

Characteristics

N=177

Median age of patients, yr. (range)
Gender of patients
Male
Female
Diagnosis
NHL
Hodgkin
Lymphoma WHO classification (2015)
DLBCL
Mantle cell lymphoma
Hodgkin
Low grade NHL
T cell lymphoma
B cell lymphoma, NOS
Burkitt lymphoma
Performance status
ECOG 0-1
ECOG >2
Unknown
Comorbidities
No
Yes
Prior solid tumor
Diabetes requiring treatment
Infection at transplantation
unknown
Median interval from diagnosis to transplantation, days (range)
Number of lines before transplantation
1
2
3 or more
Unknown
Previous monoclonal antibodies
No
Yes
Unknown
Previous radiotherapy
No
Yes
Unknown
Disease status at transplantation
CR
PR
Relapse
Progression
Unknown
BAM conditioning regimen
Median dose of ARA-C/cytarabine, g (range)
Median dose of busulfan, mg (range)
Median dose of melphalan, mg (range)

51.9 (38.0-60.1)

122 (68.9)
55 (3L.1)

147 (83.1)
23 (13.0)

53(29.9)
41 (23.2)
25 (14.1)
26 (14.7)
16 (9.0)
8 (4.5)

8 (4.5)

145 (81.9)
3(1.6)
29 (16.4)

131 (74.0)

33 (18.6)

15 (8.5)*

14 (7.9)

1(0.6)

13 (7.3)

272 (172.5-760)

80 (45.2)
81 (45.8)
11 (6.2)
5(2.8)

38 (21.5)
126 (71.2)
13 (7.3)

146 (82.5)
17 9.6)
14 (7.9)

113 (63.8)
47 (26.6)
7 (4.0)
5(2.8)
5(2.8)

11. 3 (10.2-12.0)
700.8 (590.4-792.0)
257.6 (231.7-280.0)

Values are total number of cases with percent in parentheses, unless otherwise noted

NHL, non-Hodgkin lymphoma; DLBCL, diffuse large B cell lymphoma; NOS, not otherwise specified; PS, performance status; CR, complete remission;
PR, partial remission; BAM, busulfan-aracytin-melphalan. Comorbidities were defined according to the EBMT forms registry (prior solid tumor,
inflammatory bowel disease, rheumatologic, upus nephritis, infections, diabetes, gonadal dysfunction, growth impairment, other)

*Patients might have multiple solid tumors

Gray model. Multivariable analyses were performed using
Cox proportional hazards regression or the Fine—Gray
method. Variables with univariate P < 0.2 were entered into
the multivariate model with subsequent application of a
model selection algorithm. Backward elimination

procedure based on AIC criteria was used to select signif-
icant covariates. Interactions between significant covari-
ates were examined. All calculations were performed using
R software (version 3.2.5). Statistical significance was set
at P < .05 level; all P values were two-sided.
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Fig. 1 Kaplan—Meier probability
of overall survival after ASCT
with BAM conditioning. The 3-
year OS rate was 74% and the
median OS was not reached
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Results
Patient characteristics

Patient demographics and disease characteristics are pre-
sented in Table 1. A total of 177 patients were included.
The median age at diagnosis was 51.9 years (range, 38.0—
60.1). The median time from diagnosis to ASCT was
272 days (range, 172.5-760). Indications for transplanta-
tion were diffuse large B cell lymphoma (DLBCL)
(29.9%), mantle cell lymphoma (MCL) (23.2%),
Hodgkin’s lymphoma (HL) (14.1%), low-grade NHL
(14.7%), T cell lymphoma (9%), B cell lymphoma non-
specified (4.5%), and Burkitt lymphoma (4.5%). For the
136 B cell lymphomas, 126 received rituximab before
ASCT. Only 17 patients received prior radiotherapy be-
fore ASCT. The median number of treatment before
ASCT was 2 (range, 1-5). Patients received 1 (45.2%),
2 (45.8%), 3, or more (6.2%), unknown (UK) (2.8%)
treatment lines before ASCT. At time of transplantation,
disease status was complete remission (63.8%), partial
remission (26.6%), relapse (4.0%), progression (2.8%),
or UK (2.8%) (Table 1).

40 60 80 100 120 140

Months

Transplant-related toxicity

During neutropenia period, mucositis occurred in 130
patients (78.5%). The WHO toxicity grading was 2
(33.1%), 3 (36%) and 4 (19.4%). Moreover, infectious
complications were described in 142 patients (80.2%).
Febrile neutropenia without documentation was the prin-
cipal diagnosis (60.6%). Other complications were pneu-
monia (15.5%), sepsis (9.2%), gut infections (4.9%),
catheter infection (4.9%), urinary tract (2.8%), or un-
known (2.1%). Digestive complications were described
in 135 patients (76.3%). Seventy-two patients (40.7%)
presented with diarrhea or colitis with a maximum tox-
icity grading of 1-2 (23.7%), or grade>3 (14.1%). The
median duration was 7 days (range, 5-10). Pulmonary
toxicity (different from pneumonia) was reported in 12
patients (6.8%), with 8 cases of respiratory distress syn-
drome. No detail was provided for the reason in these
cases. Two cases were fatal, one of those occurred more
than 6 months after ASCT and salvage treatment for
subsequent relapse/progression. An overview of the main
extra-hematological toxicities is detailed in
Supplementary Table 1. In the first 100 days, 10 patients

1.0

Fig. 2 Kaplan—Meier probability
of progression-free survival after
ASCT with BAM conditioning.
The 3-year PFS rate was 65.2%
and the median PFS was

71.5 months
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Table 2 Univariate analysis for OS, PFS, and NRM
Variable (0N PFS NRM
HR 95% C1 P value HR 95% C1 P value SH 95% CI P value
Age 1.03 1.01-1.06 0.008°* 1.03 1.01-1.04 0.003*
<40 1.00
40-60 1.73 0.32-9.26 0.52
> 60 2.15 0.37-12.4 0.39
Gender 0.855 0.869 0.45
Female 1.00 1.00 1.00
Male 0.93 0.43-2.00 1.05 0.59-1.87 1.77 0.4-7.86
Diagnosis 0.202 0479 0.72
Hodgkin 1.00 1.00 1.00
NHL 2.29 0.54-9.65 1.36 0.58-3.18 1.42 0.21-9.8
Performance status <0.001* 0.007* 0.0025%*
ECOG 0-1 1.00 1.00 1.00
ECOG >2 4.84 1.82-12.89 2.84 1.29-6.27 6.43 1.26-32.68
Comorbidities 0.201 0.473 0.0028*
No 1.00 1.00 1.00
Yes 1.75 0.73-4.17 1.28 0.65-2.5 8.26 2.06-33.01
Number lines of treatment 0.255 0.853
1 1.00 1.00 1.00
2 1.82 0.78-4.23 1.17 0.66-2.06 1.84 0.32-10.57 0.5
3 or more 2.49 0.66-9.38 1.2 0.41-3.5 3.12 0.4-24.09 0.27
Previous monoclonal Ab 0.018%* 0.047%* 031
No 1.00 1.00 1.00
Yes 0.41 0.19-.88 0.55 0.3-1.0 0.49 0.12-1.93
Previous radiotherapy 0.189 0.748
No 1.00 1.00 1.00 0.057
Yes 1.85 0.73-4.68 0.87 0.38-2.0 3.62 0.96-13.6
Pre-transplant disease status 0.38 0.67
CR 1.00 1.00 1.00
PR 1.38 0.6-3.16 1.28 0.71-2.32 0.44 0.05-3.92 0.46
Relapse or progression 2.1 0.74-5.98 1.26 0.53-2.96 1.9 0.34-10.49 0.46
Number of the disease status 0.583 0.627
First 1.00 1.00 1.00
Second 1.2 0.55-2.65 0.78 0.42-1.45 0.84 0.17-4.16 0.83
Third or more 2.09 0.48-9.08 1.29 0.4-4.2 3.54 0.77-16.19 0.1

Ab, antibodies; NHL, non-Hodgkin lymphoma

died with 2 cases of relapse and 3 cases related to tox-
icity (1 respiratory distress and 2 multivisceral failures).
For the 5 other cases, causes of death were not docu-
mented. Secondary cancers were described in 7 patients
(4% of the total population) (2 lung cancers, 1 epider-
moid cancer, 2 pancreatic cancers, 1 finger adenocarci-
noma, and 1 leukemia). However, no death was due to
secondary neoplasia in the study period. The cumulative
incidence of NRM was 3.03% at 24 months.

Post-transplant outcomes

Engraftment was effective for 175 patients. For all these pa-
tients, neutrophil recovery was described with a median time
of 11 days (range, 10~12). Median time of platelet (>20.10°/
L) recovery was 13 days (range, 11-17). Median follow-up
was 17.4 months (range, 11.7-30.5). At the end of the follow-
up, 145 patients (81.9%) were alive and 42 (23.7%) patients
had relapsed. Cumulative incidence of relapse or progression
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Table 3 Multivariate analysis for OS, PFS, and NRM
Variable (N} PFS NRM
HR 95% CI P value HR 95% CI P value SH 95% CI P value
Performance status 0.022* 0.034* 0.004*
ECOG 0-1 1.00 1.00 1.00
ECOG >2 4.07 1.32-12.53 2.59 1.15-5.83 15.73 2.38-103.83
Number lines of treatment 0.058 - -
1 1.00 - - -
2 34 1.15-10.1 - - -
3 or higher 1.02 0.11-9.62 - - - -
Previous monoclonal antibodies 0.021* 0.09 -
No 1.00 1.00 - -
Yes 0.28 0.1-0.79 0.52 0.25-1.07 - -
Age at diagnosis 1.1 1.04-1.17 <0.001* 1.04 1.01-1.07 0.003* - - -

was 5.4% at 3 months and 15.6% at 12 months. Relapse rates
at 2 years were 22.0%, 23.2%, and 28.6%, for the whole
cohort, Hodgkin lymphoma, and non-Hodgkin lymphoma,
respectively. At the end of the study, the main causes of death
were disease progression (n =16, 9.0%) and toxicity (after
ASCT or after treatment of relapse) (n =10, 5.6%). The me-
dian OS was not reached and the median PFS was 74 months
(range, 55.3—NR) (Figs. 1 and 2). The 2-year OS rate was
87% and 70.5% for the 2-year PFS rate.

We evaluated factors influencing outcomes of the cohort.
Details are presented in Tables 2 and 3. In univariate analysis,
performance status (ECOG >2 vs 0—1), previous monoclonal
antibodies (yes vs no) therapy, and age at diagnosis were the
only factors that predicted survival (Table 2). None of the
other characteristics listed in Table 1 were significant predic-
tors of OS and PFS. The multivariate analysis for the OS, PFS,
and NRM showed that performance status ECOG >2 is asso-
ciated with a worst outcome (OS: HR, 4.07; P=0.022; PFS:
HR, 2.59; P=0.034) (Table 3). Age at diagnosis has also an
influence on the survival (OS: HR, 1.1; P= <0.001; PFS: HR,
1.04; P=<0.003). Of note, these outcomes were not affected
by the disease sub-type either on univariate or multivariate
analysis.

Discussion

In this work, we found that BAM regimen used in lymphoid
malignancies is of acceptable toxicity (hematologic and diges-
tive), with a constant hematopoietic recovery. Even if BEAM
regimen is the most used conditioning regimen, few data are
available comparing this regimen with other possibilities [7,
12—15]. Discussion is still ongoing to elect relevant therapeu-
tic options combining better association of drugs for the dis-
ease control with less toxicity [6, 16]. Little data, especially
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prospective studies, were published while comparing different
alternatives. Recently, we have proposed an exhaustive review
of these alternative possibilities [12]. Interestingly, BAM reg-
imen is a well-known conditioning for ASCT but unfortunate-
ly, very few data are available with only two studies published
to date [10, 11]. While the main objective of the first study was
the feasibility of the use of fresh low dose of CD34+ cells
infusion [15], the second study focused on the usage of
BAM regimen for unfavorable Hodgkin disease as the second
part of multiple transplant programs [14]. We focused our
discussion in comparison with BEAM conditioning because
it is probably better described in the literature.

Little is known regarding BAM toxicity [11]. Mucosal tox-
icity is a common complication of busulfan, melphalan, and
cytarabine chemotherapies. Accordingly, in our cohort, muco-
sitis was the most important adverse effect and we depicted a
similar incidence of colitis as compared to BEAM regimen [6,
7, 12-14, 17]. The incidence of febrile neutropenia (60.6%)
was comparable to those described with BEAM (67%) or
ByCyE (77%) conditioning (18). We have also found that 12
patients (6.8%) presented pulmonary symptoms, including 8
patients with distress syndrome. Pulmonary toxicity has not
been well-documented in studies related to BEAM regimen,
except for pulmonary fibrosis that has been previously linked
to busulfan. This type of complication has not been monitored
in the present study. In our cohort, one pulmonary fatal case
was described after treatment of relapse after ASCT but was
probably not related directly to ASCT. With two alkylating
agents in the conditioning regimen and high-dose chemother-
apy, sinusoidal obstruction syndrome (SOS) was also a com-
plication to monitor. Despite heavy treatment before trans-
plantation, only 2 patients presented non-fatal SOS. Overall,
NRM at 12 months was estimated at 3.03%. This result is
similar after BEAM ASCT [9, 18]. However, caution has to
be made for secondary neoplasia as few data are available
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after autologous transplantation. In fact, we have noted seven
secondary cancers (4%) with a short follow-up; no death was
attributed of secondary cancer. Bhatia and co-workers previ-
ously described late mortality with 7% of death because of
secondary cancers. However, different hematological diseases
were studied and no details of conditioning were provided
[18]. Overall, our results did not differ as compared to pub-
lished data for other conditioning, even though our study is
retrospective with a short follow-up.

Engraftment was efficient with rapid neutrophil (11 days)
and platelets (13 days) reconstitution. Despite short follow-up,
OS and PFS at 2 years were similar with BEAM-conditioning
data in the literature [2, 5, 6, 14, 15, 17, 18]. Best results were
noted for patients with fewer lines of treatment before trans-
plantation and if performance status was good. The number of
lines of treatment might also be biased, depending whether
one could consider a refractory status before transplantation
either with multiple lines of treatment or with a single line of
treatment to achieve a treatment response. It is also notewor-
thy to consider that, even though practice (e.g., oral busulfan
or intravenous injection), indications or supportive care has
changed during the timeframe of the study. The majority of
patients were indeed treated in the recent period of time, with
119 patients from 2013 to 2015.

In conclusion, BAM conditioning before ASCT is proba-
bly a good alternative in the treatment of lymphomas. Disease
control seemed correct without an excess toxicity. Further
studies, including extended follow-up and prospective co-
horts, are therefore needed in order to compare BAM and
BEAM-conditioning regimens and to draw conclusive
reports.
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