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Abstract

High-dose chemotherapy followed by autologous stem cell transplantation (ASCT) is a standard of care for selected patients
with refractory/relapsed Hodgkin’s lymphoma (HL) or non-Hodgkin’s lymphoma (NHL), and it is also used as first-line clinical
consolidation option for some aggressive NHL subtypes. Conditioning regimen prior to ASCT is one of the essential factors
related with clinical outcomes post transplant. The conditioning regimen of carmustine, etoposide, cytarabine, and melphalan
(BEAM) traditionally is considered the standard of care for patients with lymphoma who are eligible for transplantation.
Replacement of carmustine with bendamustine (BeEAM) was described as an alternative conditioning regimen in the autograft
setting for patients with lymphoma. Several studies have reported inconsistent clinical outcomes comparing BeEAM and
BEAM. Therefore, in the lack of well-designed prospective comparative studies, the comparison of BeEAM versus BEAM is
based on retrospective trials. To compare the clinical outcomes between BeEAM and BEAM, we performed a meta-analysis
of 10 studies which compared the outcomes between BeEAM and BEAM in patients autografted for lymphoma disease
(HL or NHL). We searched article titles and compared transplantation with BeEAM versus BEAM in MEDLINE (PubMed),
Cochrane library, and EMBASE database. Here, we report the results of nine main endpoints in our meta-analysis comparing
BeEAM and BEAM, including neutrophil engraftment (NE), platelet engraftment (PE), overall survival (OS), progression
free survival (PFS), non-relapse mortality (NRM), relapse rate (RR), grade 3 mucositis, renal toxicity, and cardiotoxicity.
We discovered that the BeEAM regimen was associated with a slightly better PFS [pooled odds ratio (OR) of 0.70, 95%
confidence interval (Cl), 0.52-0.94, P = 0.02], lower RR (0.49, 95% ClI, 0.31-0.76, P = 0.002), higher mucositis (3.43, 95%
Cl, 2.29-5.16, P = 0.001), renal toxicity (4.49, 95% Cl, 2.68-7.51, P = 0.001), and cardiotoxicity (1.88, 95% ClI, 1.03-3.40, P
= 0.03). We also discovered that the two groups had equivalent NE (pooled WMD -0.64, 95% CI, —1.46 to 0.18, P = 0.13),
PE (pooled WMD -0.3, 95% CI, —1.68 to 2.28, P = 0.77), OS (0.73, 95% Cl, 0.52-1.01, P = 0.07), and NRM (1.51, 95% ClI,
0.76-2.98, P = 0.24). The results of this meta-analysis show that the BeEAM regimen is a viable alternative to BEAM. More
prospective comparisons between BeEAM and BEAM are required.
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Introduction

High-dose therapy (HDT) with autologous stem cell trans-
plantation (ASCT) has been a standard component of ther-
apy for patients with chemosensitive relapsed/refractory
Hodgkin’s lymphoma (HL) and non-Hodgkin’s lymphoma
(NHL) for decades'. The therapeutic rationale for HDT with
ASCT depends on increased cytotoxicity brought about by

the administration of myeloablative chemotherapeutic doses
or total body irradiation. Traditional criteria for selecting an
HDT regimen have included institutional experience, dis-
ease categories, disease status at transplantation, and comor-
bidities. Several regimens are regarded as standard and are
often used for patients with all histologies of lymphoma?,
The first use of HDT followed by autologous bone marrow
cell infusion for lymphomas was described in the 1960s>. In
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1978, investigators at the National Cancer Institute reported
successful treatment of resistant malignant lymphoma and
Burkitt lymphoma with HDT and ASCT*3. The use of HDT-
ASCT as an effective therapy for individuals with recurrent
HL was originally described in the 1980s°. Subsequent trials
have demonstrated HDT-ASCT as the standard of care for
management of R/R NHL"#, upfront consolidation of a first
remission for mantle cell lymphoma (MCL), or as first-line
consolidation option for high-risk diffuse large B-cell lym-
phoma (DLBCL) and T-cell lymphoma®!!.

Each conditioning program used before ASCT has pros
and cons in terms of effectiveness and toxicity. A topic of
major interest is conditioning regimen and its effect on
results'?. In the past, BEAM (carmustine, etoposide, cytara-
bine, and melphalan) was often utilized all over the world'3.
Other alternative effective regimens include CBV (cyclo-
phosphamide, carmustine, and etoposide), BuCyE (busul-
fan, cyclophosphamide, etoposide), BEAC (carmustine,
etoposide, cytarabine, cyclophosphamide), SEAM (semus-
tine, etoposide, cytarabine, cyclophosphamide) and total
body irradiation (TBI)-containing regimens'*!'%. In recent
years, researchers from all over the world have replaced car-
mustine with alternatives such as bendamustine (BeEAM)
due to its limited availability, high cost, and potential toxicity'®.
BeEAM is a novel HDT regimen, hence efficacy and safety
need to be examined further. It is essential to evaluate the
clinical outcomes of the BeEAM and traditional BEAM
regimens to optimize the conditioning regimen before
ASCT. Here, we want to summarize the most recent research
on the effectiveness of BeEAM for ASCT lymphoma
patients as compared with BEAM. Our primary endpoints
are non-hematologic toxicity, overall survival (OS), pro-
gression free survival (PFS), non-relapse mortality (NRM),
platelet engraftment (PE), neutrophil engraftment (NE), and
relapse rate (RR).

Materials and Methods
Search Strategy

We used the phrases autologous stem cell transplant/trans-
plantation, BeEAM, BEAM, and conditioning regimen to
search the MEDLINE (PubMed), EMBASE, and Cochrane
Registry of Controlled Trials databases (updated December
2022). The PubMed and EMBASE searches were restricted
to humans and English language articles. We permitted
solely comparative clinical research publications. To select

acceptable research, the titles, abstracts, and reference lists
were examined, and blatantly irrelevant papers were deleted.
Furthermore, the reference lists of pertinent research and
reviews were examined to uncover other possibly qualifying
studies.

Study Selection and Data Extraction

All published clinical trials on BeEAM and BEAM condi-
tioning regimens with survival results were included. Studies
were considered if they met the following criteria: patients
with hematologic malignancies, and prospective or retro-
spective trials with more than 10 patients undergoing
BeEAM and BEAM in each group. The data from the
selected studies were extracted separately by two authors.
The following data were retrieved from the included studies:
the first author’s name, the year of publication, the number of
cases, the percentage of male, the age of patients, the research
design, the kind of disease, the type of transplantation, the
number of participants, the type of conditioning regimen, the
length of follow-up, and so on. Engraftment (NE, PE), OS,
PFS, NRM, RR, and non-hematologic toxicity (grade 3
mucositis, renal toxicity, cardiotoxicity) were the primary
endpoints for data synthesis.

Data Synthesis

STATA (version 12.0) software was used for the meta-anal-
ysis. The significance level was set at P < 0.05. To evaluate
publication bias, Egger’s test, Begg’s test, and funnel plots
were utilized. To measure statistical heterogeneity, the I
statistic was utilized, with 2 > 50% selected as the cut-off
to indicate considerable result heterogeneity. Each research
provided hazard ratios (HRs) and 95% confidence intervals
(CIs). When HRs and ClIs were not provided in the publica-
tion, values were computed using Tierney et al.’s?® tech-
nique. Using binary variable fixed-effects analysis, a forest
plot with combined odds ratio (OR) (with 95% Cls) for OS,
PFS, NRM, RR, grade 3 mucositis, renal toxicity, and car-
diotoxicity advantages of BeEAM versus BEAM was gen-
erated. The approach of Luo et al.?! and Wan et al.”> was
used to transform NE and PE time (median, range) to a con-
tinuous variable (mean, standard deviation). Using continu-
ous variable random-effects analysis, a forest plot with
combined Weighted Mean Difference (WMD) (with 95%
ClIs) for NE and PE advantages of BeEAM versus BEAM
was created.
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Figure |. PRISMA flow diagram of meta-analysis.

Results

General Description of Included Studies

The initial search generated 756 articles, 721 of which were
eliminated from the title and abstract review as they were
unrelated to our topic. A total of 35 studies were reviewed in
full; 23 were eliminated because they exclusively examined
patients who received either BeEAM or BEAM, and there
were no direct comparison findings; and 2 articles were

excluded owing to inadequate data. Ten retrospective cohort
studies?>*? were included in the final analysis (Fig. 1). This
includes 1,304 patients who had BeEAM (467 patients) or
BEAM (837 patients) ASCT. Table 1 outlines the features of
the 10 studies that were considered. The median sample size
was 114 patients (range = 60-237). The diseases treated
with ASCT were mostly HL or all types of NHL. One study
enrolled only HL patients®?, only MCL patients were
enrolled in one study?®, another study enrolled mainly HL?,
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Table I. Clinical Characteristics of Patients.

Age, median

Follow-up, median

Study n (range), year Male, % Disease type Disease status at ASCT (range), months
Lachance et al.>°
BeEAM 131 56 (47-65) 64 HD 14%, NHL 86% CR 76%, PR/SD/PD 24% 48
BEAM/BEAC 96 51 (39-63) 55 HD 25%, NHL 75% CR 64%, PR/SD/PD 36% 60
Hueso et al.2
BeEAM 60 59 (36-70) 78 MCL CR 82%, PR/SD/PD 18% 37 (1-49)
BEAM 108 58 (31-69) 84 MCL CR 60%, PR/SD/PD 40% 36 (1-154)
Glover et al.?®
BeEAM 49 59 (23-71) 73 HD 20%, NHL 80% PR/SD/PD 100% 12.8
BEAM 98 59 (23-69) 62 HD 20%, NHL 80% PR/SD/PD 100% 41.2
AlJohani et al.?
BeEAM 17 31 (21-60) 53 HD 76%, NHL 24% CR 6%, PR/SD 94% 14.62 (1.61-19.45)
BEAM 54 23.69 (15.05-59.06) 52 HD 72%, NHL 28% CR 13%, PR/SD 87% 29.88 (0.76—127.11)
Lucijanic et al.?®
BeEAM 17 50 (39-56) 47 HD 13%, NHL 87% NA NA
BEAM 43 52 (38.5-59) 56 HD 14%, NHL 86% NA NA
Frankiewicz et al.?’
BeEAM 63 45 (21.5-72.8) 59 HD 40%, NHL 60% CR 53%, PR/SD/PD 47% 9
BEAM 174 46.5 (19.5-69.4) 60 HD 49%, NHL 51% CR 59%, PR/SD/PD 41% 29
Hahn et al.??
BeEAM 41 55 (43-67) 76 HD 17%, NHL 83% NA NA
BEAM 86 51 (38-64) 58 HD 33%, NHL 67% NA NA
Saleh et al.?!
BeEAM 34 49 (21-68) 62 HD 26%, NHL 74% CR 62%, PR 38% 18 (2-28)
BEAM 68 52.5 (21-71) 62 HD 26%, NHL 74% CR 60%, PR 40% 45 (2-126)
Tsang et al.’?
BeEAM 26 29 (16-66) 54 HD CR/PR 73%, SD/PD 27% 43.2 (10-96)
BEAM 52 32 (17-62) 60 HD CRIPR 73% SDIPD 27%  46.8 (13.2-120)
Garciaz et al.?*
BeEAM 29 58 (19-68) 62 DLBCL 62%, MCL 38% CR 100% NA
BEAM 58 54 (25-65) 69 DLBCL 69%, MCL 31% CR 100% NA

ASCT: autologous stem cell transplantation; BEAC: carmustine, etoposide, cytarabine, cyclophosphamide; BEAM: carmustine, etoposide, cytarabine,
melphalan; BeEAM: bendamustine, etoposide, cytarabine, melphalan; DLBCL: diffuse large B-cell lymphoma; MCL: mantle cell lymphoma; NHL: non-

Hodgkin’s lymphoma.

and the remnant seen studies enrolled mainly NHL
patients?325-27:28.3031 'The majority of patients got the stan-
dard BEAM treatment. ASCT was used to treat first-line
CR, primary refractory, or relapse illnesses. The disease sta-
tus at ASCT of one study was totally complete remission
(CR)*, four studies were mainly CR?63%32 and two studies
were mainly partial remission (PR)/stable disease (SD)/pro-
gressive disease (PD)*?°. Patients in two studies were much
younger than that of the other eight studies.

Meta-Analysis Results

We assessed for publication bias prior to meta-analysis using
Egger’s test, Begg’s test, and funnel plot approach. Except
for renal toxicity, all trials evaluating outcomes such as NE,
PE, OS, PFS, NRM, RR, and mucositis were not statistically

significant (Table 2). The funnel plot likewise indicated that
no publication bias existed for these seven endpoints.

There were eight studies providing NE data, and the inter-
study heterogeneity was considerable (P = 0.000), with /2 =
86%. The combined WMD for NE in a random-effects forest
plot was pooled WMD of —0.64, 95% CI, —1.46 to 0.18, P =
0.13, demonstrating that BeEAM was associated with compa-
rable NE result as BEAM (Fig. 2). PE data could be analyzed
for five trials, and the inter-study heterogeneity was consider-
able (P = 0.000), with 2 = 88.9%. The combined WMD for
PE in a random-effects forest plot was pooled WMD of —0.3,
95% CI, —1.68 to 2.28, P = 0.77, demonstrating that BeEAM
was linked with identical PE result as BEAM (Fig. 3). There
were nine studies containing OS data, and the inter-study het-
erogeneity was non-significant (P = 0.167), with 2 = 32.7%.
The combined OR for OS in a fixed-effects forest plot was
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Table 2. Results of Publication Bias Test.

Endpoints Publication bias, Begg’s P Publication bias, Egger’s P (95% CI)
NE 0.322 0.777 (-2.336 to 2.978)
PE 0.624 0.205 (-2.191 to 6.695)
(ON 0.297 0.508 (—2.236 to 4.104)
PFS 0.652 0.467 (-3.816 to 7.177)
NRM 0.211 0.071 (—0.187 to 3.536)
RR | 0.878 (—10.817 to 12.012)
Grade 3 mucositis 0.142 0.141 (—1.597 to 6.193)
Renal toxicity 0.039 0.355 (—1.422 to 3.140)

Cl: confidence interval; NE: neutrophil engraftment; NRM: non-relapse mortality; OS: overall survival; PE: platelet engraftment; PFS: progression free
survival; RR: relapse rate.

Study %

ID WMD (95% Cl) Weight

|
1

Sylvie (2022) | —— 0.61(-0.18, 1.40) 15.36
1
1
1

Thomas (2019) + -0.58 (-5.70, 4.54) 224
1
1
1

Alexander (2020) 1~ 0.08 (-0.54, 0.70) 16.30
1
1

Naif | (2020) Ho— i -5.19 (-6.92, -3.46) 10.00
1
1
|

Marko (2019) ' [ -0.16 (-0.36, 0.04) 17.77
1
1

Khalil Saleh (2017) b 1.19 (0.01,2.37) 13.07
1
1

Erica S (2018) —_— -0.82 (-2.10, 0.46) 1247
1
1

S Garciaz (2015) —_— -1.84 (-3.07, -0.61) 1279
|

Overall (I-squared = 86.0%, p = 0.000) <>> -0.64 (-1.46,0.18) 100.00
1
|
1

NOTE: Weights are from random effects analysis :
1

T T
-6.92 0 6.92
Favor BeEAM Favor BEAM

Test of WMD=0 : z= 1.52 p = 0.129

Figure 2. Meta-analysis result of neutrophil engraftment. BEAM: carmustine, etoposide, cytarabine, melphalan; BeEAM: bendamustine,
etoposide, cytarabine, melphalan; Cl: confidence interval.

pooled OR 0f 0.73, 95% CI, 0.52—1.02, P = 0.06, demonstrat- heterogeneity was non-significant (P = 0.3), with 2 = 17.1%.
ing that the OS of the two groups was comparable (Fig. 4). In a fixed-effects forest plot, the combined OR for PFS was
PFS data for seven trials were available; inter-study  pooled OR of 0.70, 95% CI, 0.52-0.94, P = 0.02, indicating
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t

Sylvie (2022)

Naif 1 (2020)

T

Marko (2019)

Knalil Saleh (2017)

Erica S (2018)

Overall (I-squared = 88.9%, p = 0.000) <

NOTE: Weights are from random effects analysis
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Figure 3. Meta-analysis result of platelet engraftment. BEAM: carmustine, etoposide, cytarabine, melphalan; BeEAM: bendamustine,

etoposide, cytarabine, melphalan; Cl: confidence interval.

that BeEAM might modestly improve patients’ PFS when
compared with BEAM (Fig. 5). NRM data for nine trials were
evaluable; inter-study heterogeneity was non-significant (P =
0.6), with = 0%. The combined OR for NRM in a fixed-
effects forest plot was pooled OR of 1.51, 95% CI, 0.76-2.98,
P = 0.24, indicating that the NRM of the two groups was
comparable (Fig. 6). There were five studies having RR data,
and the inter-study heterogeneity was non-significant (P =
0.33), with 2 = 13.6%. The combined OR for RR in a fixed-
effects forest plot was pooled OR of 0.49, 95% CI, 0.31-0.76,
P = 0.002, demonstrating that BeEAM was associated with a
reduced RR result when compared with BEAM (Fig. 7). Data
on grade 3 mucositis were available for six research, with
inter-study heterogeneity being non-significant (P = 0.06) and
P = 53.5%. In a fixed-effects forest plot, the combined OR for
grade 3 mucositis was pooled OR of 3.43, 95% CI, 2.29-5.16,
P = 0.001, indicating that BeEAM may increase grade 3
mucositis in patients when compared with BEAM (Fig. 8).
Data on renal toxicity were available for seven research;

inter-study heterogeneity was non-significant (P = 0.39), with
P = 4.1%. The combined OR for renal toxicity in a fixed-
effects forest plot was pooled OR of 4.49, 95% CI, 2.68-7.51,
P = 0.001, demonstrating that BeEAM might increase renal
toxicity in patients compared with BEAM (Fig. 9). Data on
cardiotoxicity were evaluable for four studies; inter-study het-
erogeneity was non-significant (P = 0.23), with 2 = 29.5%.
The combined OR for cardiotoxicity in a fixed-effects forest
plot was pooled OR of 1.88, 95% CI, 1.03-3.40, P = 0.03,
demonstrating that BeEAM might increase cardiotoxicity in
patients compared with BEAM (Fig. 10).

We also performed subgroup meta-analysis including dif-
ferent disease type and disease status at ASCT. Two studies
of mainly HL and eight studies of mainly NHL were ana-
lyzed. Compared with BEAM, in HL-dominated studies,
BeEAM cohort shared comparable OS, PFS, NRM, and RR
except an increased rate of grade 3 mucositis; while in NHL-
dominated studies, BeEAM cohort shared comparable OS
and NRM, decreased RR and increased PFS, and increased
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Study %

D OR (95% Cl) Weight

Sylvie(2022) —_— 0.46 (0.24, 0.89) 32.11

Thomas (2019) —_— 0.38 (0.12, 1.19) 14.18
1

Alexander (2020) _— 0.63 (0.21, 1.84) 11.24
1
1

Naif | (2020) . 0.78 (0.08, 7.51) 226
1
1

Marko (2019) 1 - 16.66 (0.81, 343.34) 0.34
1
1

Andrzej (2018) —_— 1.23 (0.48, 3.16) 9.46
;

Logan (2021) A 1.46 (0.63, 3.39) 10.86
l

Khalil Saleh (2017) —_— 0.43 (0.13, 1.42) 11.78
1

Erica S (2018) _— 0.68 (0.19, 2.38) 7.77
1

Overall (I-squared = 32.7%, p = 0.157) o 0.73 (0.52, 1.02) 100.00
1
1
1
|
1
.

T T
.00291 1 343
Favor BeEAM Favor BEAM
Test of OR=1 : z= 1.85 p = 0.065

Figure 4. Meta-analysis result of overall survival. BEAM: carmustine, etoposide, cytarabine, melphalan; BeEAM: bendamustine,
etoposide, cytarabine, melphalan; Cl: confidence interval; OR: odds ratio.

rate of grade 3 mucositis and renal toxicity. In addition, five
studies of mainly CR status at ASCT and two studies of
mainly PR/SD/PD were also analyzed. In CR-dominated
studies, BeEAM cohort shared better OS, PFS, and RR, and
increased rate of grade 3 mucositis and renal toxicity; while
in PR/SD/PD dominated studies, BeEAM cohort shared
comparable OS, PFS, NRM, and RR, and increased rate of
grade 3 mucositis and renal toxicity (Table 3).

Discussion

High-dose chemotherapy followed by ASCT is the mainstay
of treatment in patients with relapsed or refractory classical
HL or aggressive NHL”%33 1t is also crucial to highlight
that ASCT is a viable upfront consolidation therapy option
for certain histological aggressive NHL, such as high-risk
DLBCL, MCL, or T-cell lymphoma, as suggested by the
European Group for Blood and Marrow Transplantation
(EBMT) or American Society for Transplantation and
Cellular Therapy (ASTCT) guidelines®!°. The fundamental
component of the ASCT technique is a conditioning regimen

consisting of high-dose chemotherapy. A good conditioning
regimen should be both high effective and less toxic. Since
the 1980s, several conditioning programs have been tried
with little evidence of apparent advantage of one regimen
over another. BEAM is one of the most regularly used condi-
tioning procedures for both HL and NHL, with a high effec-
tiveness and an acceptable safety profile, which gives rise to
3-year OS (79%), 3-year PFS (62%) for HL, and 3-year OS
(64%), 3-year PFS (51%) for NHL, respectively. A relatively
lower 1-year mortality of 4% for all lymphoma underwent
ASCT!33336 However, there are concerns regarding carmus-
tine’s rising cost, decreased availability, and high toxicity
profile, notably in second malignancies and interstitial pneu-
monitis*’*%, These reservations indicate the necessity for a
different agent or regimen.

Bendamustine’s molecular structure is unusual in that it
combines the alkylating characteristics of nitrogen mustard
with the antimetabolite activity of purine analogs.
Bendamustine is now a standard therapy for indolent B-cell
lymphoma*’. The optimal alternate conditioning regimen for
individuals with hematologic malignancies who require
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3

Sylvie(2022) . — 0.65 (0.37, 1.14) 28.38
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1
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1
1
1
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1
1
1

Naif | (2020) — 0.84 (0.20, 3.44) 4.06
1
1

Andrzej (2018) - -~ 1.34 (0.67, 2.67) 12,51
i
1

Logan (2021) 4 0.89 (0.39, 2.06) 11.06
1
1
1

Erica S (2018) = 0.57 (0.22, 1.51) 10.20
1

Overall (I-squared = 17.1%, p = 0.299) <> 0.70 (0.52, 0.94) 100.00
1
1
1
1
1
1
;

T T
.155 6.44
Favor BeEAM Favor BEAM
Test of OR=1 : z= 2.39 p = 0.017

Figure 5. Meta-analysis result of disease free survival. BEAM: carmustine, etoposide, cytarabine, melphalan; BeEAM: bendamustine,
etoposide, cytarabine, melphalan; Cl: confidence interval; OR: odds ratio.

ASCT but lack carmustine remains unknown. In terms of
efficacy and tolerance, the various types of alternate regi-
mens have distinct advantages and disadvantages. Visani
et al.'® first designed a phase 1 to 2 study to assess the safety
and efficacy of increasing doses of bendamustine (160 mg/
m?, 180 mg/m?, and 200 mg/m? given on days —7 and —6) in
combination with fixed doses of etoposide, cytarabine, and
melphalan (BeEAM regimen) as the conditioning regimen
for ASCT in R/R lymphoma patients. A total of 43 individu-
als with NHL (r» = 28) or HL (n = 15) were treated consecu-
tively. All patients engrafted, with a 10-day median time to
absolute neutrophil count >0.5X 10%/L. There was no trans-
plant-related death after 100 days. After a median of 18
months of follow-up, 35 of 43 patients (81%) were in full
remission, whereas 6 of 43 relapsed and 2 did not respond.
Gilli et al.*® analyzed 39 lymphoma patients receiving
BeEAM conditioning. The median neutrophil recovery was
11 days, and 15 days for platelet recovery. The most common
grade 3/4 non-hematologic toxicities comprised mucosal
side effects (27 pts.). Pulmonary toxicity was observed in
one patient (2.5%). The CR rate increased from 33% to 74%

100 days after ASCT, 2 years PFS and OS were 69% and
72%. To further improve clinical outcomes of BeEAM regi-
men and reduce relapse post ASCT, Stoffel et al.*! reported
12 DLBCL patients received polatuzumab vedotin (PV, tar-
geting CD79b) plus BeEAM conditioning regimen and
found this novel combination was feasible and safe, but the
limited cohort prevents definite conclusions regarding effi-
cacy. Another group documented 12 CD30+ lymphoma
patients received a single BV dose at three dose levels (DL)
(0.9/1.2/1.8 mg/kg b.w.) prior to standard BeEAM regimen,
and they found addition of brentuximab to standard BeEAM
High-Dose Chemotherapy (HDCT) seemed to be safe with
CR rate of 75% post-ASCT in a highly pretreated population®?.
Nevertheless, in 474 patients who received ASCT, the
Lymphoma Study Association (LYSA) from France reported
observed toxicities related with bendamustine conditioning.
Bendamustine was administered at a median dosage of 196
mg/m?/day on days —7 and —6. The study found a rate of all-
grade acute renal failure of 27.9%, the admission rate to the
intensive care unit (ICU) for patients treated with BeEAM
conditioning was high (24%)*, but these results were argued
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Figure 6. Meta-analysis result of non-relapse mortality. BEAM: carmustine, etoposide, cytarabine, melphalan; BeEAM: bendamustine,
etoposide, cytarabine, melphalan; Cl: confidence interval; OR: odds ratio.

by Isidori et al.* based upon following reasons: (1) The
French experience was not a multicenter study, but rather ret-
rospective data collection made from at least 22 French sites.
Every transplant site had a different policy in terms of hydra-
tion, prophylaxis of infections, supportive care, and manage-
ment of post-transplant complications. (2) High rate of grade
= [II Acute Renal Failure (ARF) was not seen in other con-
trolled phase II studies***. (3) Cytarabine and etoposide
administration method showed discrepancy in different cen-
ters. (4) ICU admission rates could not be considered as an
interesting endpoint and a reliable indicator in the context of
a retrospective study.

Although some retrospective studies compared BeEAM
and BEAM, fewer prospective trials were available. A recent
randomized prospective study directly comparing BeEAM
with BEAM was shown as a presentation at the 2022
American Society of Hematology (ASH) conference by Keil
et al.* The author drew the conclusion that BeEAM was a
feasible, well-tolerated regimen resulting in similar results as
observed with the BEAM regimen. Because there had been

no published meta-analysis comparing clinical results of
patients who received ASCT using BeEAM or BEAM, we
did this meta-analysis to examine clinical outcomes of the
BeEAM or BEAM regimen. In our meta-analysis, we dis-
covered that the BeEAM group was equivalent to BEAM in
terms of four endpoints: NE/PE, OS, and NRM. Interestingly,
the recurrence rate in BeEAM was somewhat lower than in
BEAM, resulting in a longer PFS, although one issue to note
here was that there were more CR status patients in BeEAM
groups, which might generate bias. Non-hematologic toxici-
ties, such as grade 3 mucositis, renal toxicity, and cardiotox-
icity may compromise patient outcomes and negatively
affect life quality; therefore, we examined these three end-
points and discovered that increased rate of grade 3 mucosi-
tis, renal toxicity, and cardiotoxicity could be seen in the
BeEAM cohort, which were controllable and did not result in
increased NRM. Apart from the conditioning regimen, the
disease type and disease status prior to ASCT have a consid-
erable influence on transplant outcome in terms of OS, PFS,
and recurrence incidence. Therefore, we performed subgroup
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Figure 7. Meta-analysis result of relapse rate. BEAM: carmustine, etoposide, cytarabine, melphalan; BeEAM: bendamustine, etoposide,
cytarabine, melphalan; CI: confidence interval; OR: odds ratio.
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Figure 8. Meta-analysis result of grade 3 mucositis. BEAM: carmustine, etoposide, cytarabine, melphalan; BeEAM: bendamustine,
etoposide, cytarabine, melphalan; Cl: confidence interval; OR: odds ratio.
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Figure 9. Meta-analysis result of renal toxicity. BEAM: carmustine, etoposide, cytarabine, melphalan; BeEAM: bendamustine, etoposide,
cytarabine, melphalan; Cl: confidence interval; OR: odds ratio.
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Figure 10. Meta-analysis result of cardiotoxicity. BEAM: carmustine, etoposide, cytarabine, melphalan; BeEAM: bendamustine,
etoposide, cytarabine, melphalan; Cl: confidence interval; OR: odds ratio.
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Table 3. Outcomes of BeEAM Compared With BEAM According to Disease Type or Disease Status at ASCT.

Disease

Disease status at ASCT

HL majoratity

NHL majoratity

CR majoratity PR/SD/PD majoratity

Pooled OR

Endpoint Pooled OR (95% ClI) P (95% Cl) P  Pooled OR (95% Cl) P Pooled OR (95% ClI) P
oS 0.70 (0.23-2.11) 0.53 0.73 (0.51-1.04) 0.08 0.46 (0.29-0.75)  0.002 0.65 (0.25-1.73)  0.39
PFS 0.65 (0.29-1.45) 0.29 0.71 (0.51-0.97) 0.03 0.52 (0.35-0.79)  0.002 0.72 (0.34-1.53)  0.38
NRM I.11 (0.16-7.74) 091 1.57 (0.76-3.27) 0.22 0.70 (0.24-2.03)  0.52 2.5 (0.59-10.55) 0.68
RR 0.80 (0.38-1.67) 0.55 0.38(0.21-0.66) 0.001 0.37 (0.21-0.67)  0.002 1.29 (0.41-4.11)  0.66
Grade 3 mucositis 5.38 (2.16-13.42) 0.001 3.06 (1.94—4.83) 0.001 3.79 (2.35-6.12)  0.001 5.83 (1.50-22.67) 0.0l
Renal toxicity 1.66 (0.28-10.01) 0.58 4.87 (2.82-8.39) 0.001 5.05 (2.48-10.27) 0.001 3.06 (1.32-7.10)  0.009

ASCT: autologous stem cell transplantation; BEAM: carmustine, etoposide, cytarabine, melphalan; BeEAM: bendamustine, etoposide, cytarabine,
melphalan; Cl: confidence interval; DLBCL: diffuse large B-cell lymphoma; HL: Hodgkin’s lymphoma; NHL: non-Hodgkin’s lymphoma; NRM: non-relapse
mortality; OR: odds ratio; OS: overall survival; PFS: progression free survival; RR: relapse rate.

meta-analysis according to different disease type and disease
status at ASCT. Compared with BEAM, in HL-dominated
studies, BeEAM cohort shared comparable OS, PFS, NRM,
and RR except an increased rate of grade 3 mucositis; while
in NHL-dominated studies, BeEAM cohort shared compa-
rable OS and NRM, decreased RR and increased PFS, and
increased rate of grade 3 mucositis and renal toxicity. In
addition, in CR-dominated studies, BeEAM cohort had bet-
ter OS, PFS, and RR, and increased rate of grade 3 mucositis
and renal toxicity; while in PR/SD/PD-dominated studies,
BeEAM cohort had comparable OS, PFS, NRM, and RR,
and increased rate of grade 3 mucositis and renal toxicity.
These findings from subgroup meta-analysis suggest that
both regimens are viable options for HL or NHL patients, but
that the BeEAM regimen may be preferable for CR patients.
There are some limitations to our study: (1) All the studies
included were retrospective clinical trials, which may have
influenced the objectivity and accuracy of the meta-analysis.
(2) Our meta-analysis is limited by the heterogeneity between
different studies, which stems from different indications for
transplant, disease types, pretransplant comorbidities, dis-
ease status at transplant, and bendamustine dosage (ranging
from 160 to 200 mg/m?). Subgroup analysis for parameters
such as bendamustine dosage level should be undertaken.
Furthermore, several studies lacked detailed information or
outcomes related to various diseases types and clinical status
at transplant. This makes subgroup analysis harder. (3)
Variable follow-up period in various studies may affect
meta-analysis results, which is a typical problem in all
meta-analyses.

Conclusion

The findings of this meta-analysis show that the BeEAM con-
ditioning regimen provides equivalent clinical results to
BEAM in terms of NE, PE, OS, and transplant-related mor-
tality (TRM), but is somewhat superior in terms of lowered
RR and longer PFS despite higher grade 3 mucositis, renal

damage, and cardiotoxicity. BeEAM is a viable choice for
patients who are deficient in carmustine. More large-scale,
multi-center, prospective, controlled trials are needed to com-
pare the long-term effects of BeEAM against BEAM, which
will give clinicians unambiguous information to help them
choose the optimum conditioning regimen for ASCT patients.
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