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Introduction: Autologous hematopoi-
etic stem cell transplantation (auto- 
HSCT) preceded by high-dose che-
motherapy is a mainstay in relapsed/
refractory lymphoma. The study aimed 
to compare the efficacy and adverse 
event profile between BEAM and Ben-
da-EAM (BeEAM) regimens and to 
evaluate prognostic factors for surviv-
al in lymphoma patients undergoing 
auto-HSCT.
Material and methods: We present 
a single-center retrospective analysis 
of 82 lymphoma patients (median age 
52; IQR 38.2–62.2) who received BEAM 
(47.6%) or BeEAM (52.4%) followed by 
auto-HSCT between January 2015 and 
December 2021. 
Results: During the post-HSCT peri-
od 58% of patients experienced fe-
brile neutropenia (51.3% vs. 64.3% 
in BEAM and BeEAM, respectively;  
p = 0.27), 80.5% mucositis (69.2% vs. 
90.7%; p = 0.02), 42.5% bacteremia 
(50% vs. 35.7%; p = 0.26), and 18.8% 
pneumonia (31.6% vs. 7.1%; p = 0.01). 
Patients who received bendamustine 
required more platelet transfusions  
(p = 0.02). In the multivariate Cox 
regression model, C-reactive protein 
level on the first day of hospitaliza-
tion (hazard ratio – HR = 1.03, 95% CI: 
1.01–1.06) and days of agranulocytosis 
(HR = 1.15, 95% CI: 1.00–1.32) were 
predictors of poorer overall survival 
(OS), whereas hemoglobin level at 
the auto-HSCT was a protective factor 
in terms of OS (HR = 0.43, 95% CI: 
0.23–0.78) and progression-free sur-
vival (PFS) (HR = 0.66, 95% CI: 0.45–
0.96). The median OS since auto-HSCT 
was 87 months, while the median PFS 
was 49 months. No differences in PFS 
and OS between BEAM and BeEAM 
regimens were proven. 
Conclusions: Conditioning with BEAM 
and BeEAM regimens is associated 
with comparable post-transplant out-
comes. The toxicity of these regimens 
is comparable; however, BEAM is asso-
ciated with a higher risk of pneumo-
nia, while BeEAM is associated with 
a higher risk of mucositis.

Key words: lymphoma, BEAM, auto- 
HSCT, BeEAM.
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Introduction

The number of hematopoietic stem cell transplantations (HSCTs) is con-
stantly increasing and is currently over 1.4 million [1]. In 2021, the European 
Society for Blood and Marrow Transplantation reported over 47,000 pro-
cedures, with the  predominance of  autologous HSCT (auto-HSCT) (58%). 
The most common indication for the auto-HSCT procedure was plasma cell 
disorders (which includes multiple myeloma and others), constituting 55% 
of all auto-HSCTs, followed by non-Hodgkin’s lymphoma (NHL), constituting 
26%, and Hodgkin lymphoma (HL), constituting 9% [2]. Over the  last few 
decades, there has been a gradual increase in the number of patients diag-
nosed with lymphoma [3]. Approximately 30% of patients with NHL and 20% 
of patients with HL experience relapse after initial therapy [4, 5]. For relapsed/
refractory (r/r) lymphoma, the prognosis of patients treated with convention-
al salvage regimens is unsatisfactory, so auto-HSCT preceded by high-dose 
chemotherapy has continued to be the mainstay of this treatment paradigm 
since the 1990s [6]. Nevertheless, the treatment of r/r lymphoma, as well as 
the choice of conditioning therapy, remains a topic of ongoing discussion.

The safety of the auto-HSCT procedure has improved over the years. How-
ever, this therapy is still associated with a number of potential side effects 
related to conditioning treatment, the most common of which are infections, 
mucositis, and hematologic toxicity [7]. Targeted approaches using checkpoint 
inhibitors, monoclonal antibodies, or potentially CAR-T therapy have filled 
an unmet need regarding the possibility of achieving clinically meaningful 
responses in r/r lymphomas [8]. These new drugs hold promise for changing 
peri-transplant management, as early inclusion of one or more of these agents 
may reduce the need for cytotoxic chemotherapy prior to auto-HSCT [9].

Historically, the  carmustine, etoposide, cytarabine, and melphalan 
(BEAM) regimen was viewed as the standard of care for conditioning prior 
to auto-HSCT in patients with lymphoma. However, the toxicity of carmus-
tine has led researchers to look for other options. One of  them is benda-
mustine, which, combined with cytarabine, induces S-phase blockade and 
triggers apoptosis, enhancing the cytotoxic effect [10]. In further analyses, 
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bendamustine has confirmed its safety and efficacy as an 
alternative to carmustine [11–14]. 

The aim of our study was to compare the adverse event 
profile between BEAM and Benda-EAM (BeEAM) regimens 
and to evaluate predictors and treatment outcomes in 
lymphoma patients undergoing auto-HSCT.

Material and methods

We present a single-center retrospective analysis of pa-
tients with lymphoma who received high-dose BEAM or 
BeEAM followed by auto-HSCT between January 2015 and 
December 2021 at the  Department of  Hematology and 
Transplantology in Lodz, Poland. We analyzed 82 patients 
(median age 52; IQR 38–62) with r/r HL (36.6%), mantle 
cell lymphoma (31.7%), or diffuse large B-cell lymphoma 
(18.3%) who underwent auto-HSCT after BEAM or BeEAM 
conditioning (47.6% and 52.4%, respectively). The  study 
group characteristics are presented in Table 1. Data were 
collected from the electronic medical records.

Patients received treatment according to BEAM following 
the  standard operating procedure adopted at the  clinic 
until 2018. At that time, the  treatment strategy was 
changed to equivalent chemotherapy with bendamus-
tine instead of carmustine because there were emerging 
data on the pulmonary toxicity of carmustine and it was 
a more expensive drug. Patients transplanted after 2018 
were treated according only to the BeEAM regimen. During 
the  COVID-19 pandemic, all patients were treated with 
bendamustine according to the center’s protocol. The pan-
demic did not affect the choice of treatment.

The BEAM conditioning regimen consisted of carmus-
tine 300 mg/m2 on day –7, etoposide 150–200 mg/m2 
twice a  day (BID) on days –6 to –3, cytarabine 200 mg/
m2/d BID on days –6 to –3, and melphalan 140 mg/m2 on 
day –2 In the  BeEAM group carmustine was replaced by 
bendamustine, which was administered on days –8 and 
–7 at a dose of  160–200 mg/m2/day, while the other cy-
tostatics were administered as in the BEAM protocol. All 
medications were administered intravenously. 

All patients received granulocyte-colony stimulating fac-
tor at a dose of 300 μg for body weight < 60 kg and 480 μg 
for body weight ≥ 60 kg starting from day +3 after auto- 
HSCT until the  absolute neutrophil count reached (ANC)  
1 × 109/l for two consecutive days. Engraftment definitions 
were adopted from the Center for International Blood and 
Marrow Transplant Research (CIBMTR) Forms Manual: 
Post-TED. Toxicities were graded using Common Terminol-
ogy Criteria for Adverse Events (CTCAE 5.0).

Prophylactic antimicrobial, antiviral, and antifungal 
treatment was applied in all patients from the beginning 
of chemotherapy to reaching ANC > 0.5 G/l. The prophy-
laxis for all patients consisted of  ciprofloxacin 500 mg 
BID and fluconazole 400 mg once daily during the  peri-
transplantation period; cotrimoxazole 960 mg three times 
a  week from neutrophil recovery until six months after 
HSCT; acyclovir 800 mg BID during the peritransplantation 
period and after engraftment 200 mg three times a day for 
six months after HSCT. 

In addition, all patients underwent environmental pro-
phylaxis, manifesting with increased restriction of aseptic 
and antiseptic regimens in the Bone Marrow Transplanta-
tion Ward, including air-conditioned isolation rooms with 
high-efficiency particulate arrestance air, limited contact 
with visitors, and strict personal hygiene. 

In all patients, a central vascular catheter was implant-
ed before the transplantation procedure. Bacteremia was 
defined as a  positive result of  microbiological culture 
from a single sample or, in the case of Gram-positive bac-
teria infections, from a double blood sample, taken from 
a febrile patient. In the case of  fever in patients with no 
clinically apparent signs of  infection, lack of colonization 
with pathogens, and/or previous infection with a resistant 
pathogen, one of  two empirical treatment options was 
used: cephalosporine with activity against Pseudomonas 
(cefepime or ceftazidime) or piperacillin with tazobactam. 
Patients with a complicated clinical course were adminis-
tered carbapenem combined with glycopeptide/oxazoli-
dine or β-lactam antibiotic acting against Pseudomonas 
together with aminoglycoside combined with glycopep-
tide/oxazolidine. In the  case of  a  severe non-colonized 
condition, the patient was administered carbapenem to-
gether with aminoglycoside and glycopeptide/oxazolidine. 
The presence of colonization and/or a history of infection 
with a  resistant pathogen were the  reasons for imple-
menting colonization-driven antibiotic therapy. The  rec-
ommendations were modified according to the  results 
of microbiological cultures and imaging examinations, and 
the  treatment was continued for at least 72 hours after 
the fever and other symptoms of infection had subsided, 
and the granulocyte system (ANC > 0.5 G/l) had regener-
ated for two days. Patients with fever lasting more than 
72–96 hours despite the  introduction of broad-spectrum 
antibiotic therapy were administered an empirical anti-
fungal treatment with the amphotericin B lipid complex or 
caspofungin [15]. The median duration of hospitalization 
from auto-HSCT was 22 days (range 10–44).

Statistical analysis 

Qualitative parameters were compared using the χ2 test 
with Yates’s correction. Quantitative variables were com-
pared using the  Mann-Whitney U  test or Student t-test, 
depending on the  variable distribution. We assessed 
patient survival and time to engraftment probabilities 
through the Kaplan-Meier method and compared the two 
study groups using the log-rank test. Univariate and mul-
tivariate survival analyses were performed using the Cox 
proportional hazards method. In all analyses, p-values  
< 0.05 were considered significant. In the survival analy-
sis, the confidence interval was set at 95%. Analyses were 
performed using Statistica Version 13 (StatSoft, Tulsa, OK) 
and MedCalc Software.

Results

Treatment outcome

A  total of  82 patients with Hodgkin’s lymphoma or 
NHL receiving conditioning chemotherapy according to 
the BEAM (n = 39; 47.6%) or BeEAM (n = 43; 52.4%) regi-
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Table 1. Patients’ characteristics

Parameters BEAM (n = 39) BeEAM (n = 43) Total (N = 82) p-value Test 

Age at auto-HSCT, median (range) 56.2 (23.8–69.3) 49.6 (24.9–70.0) 52 (23.8–70.0) 0.14 UMW

Gender, n (%) 0.92 χ2 Yates corr.

Female 15 (38.5) 15 (34.9) 30 (36.6)

Male 24 (61.5) 28 (65.1) 52 (63.4%)

Histology, n (%) 0.51 Pearson’s χ2

HL 12 (30.8) 18 (41.9) 30 (36.6)

MCL 15 (38.4) 11 (25.6) 26 (31.7)

DLBCL 6 (15.4) 9 (20.9) 15 (18.3)

Other 6 (15.4) 5 (11.6) 11 (13.4)

Prognostic index UMW

IPS (HL), median (range) 1 (0.0–3.0) 2 (0.0–6.0) 2 (0.0–6.0) 0.37

IPI (DLBCL), median (range) 2 (1.0–3.0) 1 (0.0–3.0) 1 (0.0–3.0) 0.95

MIPI (MCL), median (range) 5.5 (4.0–9.0) 6 (3.0–7.5) 5.9 (3.0–9.0) 0.14

Ann Arbor, n (%) 0.78 Pearson’s χ2

I 2 (5.1) 3 (7.0) 5 (6.1)

II 9 (23.1) 10 (23.3) 19 (23.2)

III 8 (20.5) 14 (32.6) 22 (28.8)

IV 15 (38.5) 15 (34.8) 30 (36.6)

No data 5 (12.8) 1 (2.3) 6 (7.3)

ECOG, n (%) 0.23 Pearson’s χ2

0 10 (25.6) 7 (16.3) 17 (20.7)

1 19 (48.7) 24 (55.8) 43 (52.4)

2 1 (2.6) 6 (14.0) 7 (8.5)

3 0 (0) 1 (2.3) 1 (1.2)

4 0 (0) 1 (2.3) 1 (1.2)

No data 9 (23.1) 4 (9.3) 13 (16.0)

HCT-CI index at the time of auto-HSCT, mean (range) 0.49 (0.0–4.0) 0.49 (0.0–5.0) 0.49 (0.0–5.0) 1.00 UMW

First line treatment regimen, n (%) 0.79 Pearson’s χ2

ABVD 12 (30.8) 17 (39.5) 29 (35.4)

R/–CHOP 12 (30.8) 12 (27.9) 24 (29.3)

R/–CHOP/ R–/DHAP 12 (30.8) 11 (25.6) 23 (28.0)

Other 3 (7.6) 3 (7.0) 6 (7.3)

Prior treatment lines, n (%) 0.42 Pearson’s χ2

1 13 (33.3) 14 (32.6) 27 (32.9)

2 12 (30.8) 12 (27.9) 24 (29.3)

3 9 (23.1) 5 (11.6) 14 (17.1)

4 2 (5.1) 5 (11.6) 7 (8.5)

5 3 (7.7) 7 (16.3) 10 (12.2)

Patients receiving bendamustine in any line 
of treatment preceding auto-HSCT, n (%)

16 (41%) 21 (48%) 37 (45%) 0.54 Pearson’s χ2

Deauville score, n (%) 0.83 Pearson’s χ2

≤ 3 17 (43.6) 17 (39.5) 34 (41.4)

4 7 (17.9) 8 (18.6) 15 (18.3)

5 3 (7.7) 6 (14.0) 9 (11.0)

No data 12 (30.8) 12 (27.9) 24 (29.3)
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Parameters BEAM (n = 39) BeEAM (n = 43) Total (N = 82) p-value Test 

CD34+ cells transplanted (× 106/kg), median (range) 4.1 (1.9–14.1) 3.6 (2.0–14.6) 4.0 (1.9–14.6) 0.19 UMW

WBC at auto-HSCT [G/l], median (range) 5.1 (1.9–12.1) 4.2 (1.5–12.9) 4.7 (1.5–12.9) 0.19 UMW

ANC at auto-HSCT [G/l], median (range) 3.1 (0.4–10.8) 2.8 (1.2–10.3) 3.0 (0.4–10.8) 0.25 UMW

Lymphocytes at auto-HSCT [G/l], median (range) 0.9 (0.0–2.3) 0.8 (0.0–5.1) 0.8 (0.0–5.1) 0.14 UMW

PLT at auto-HSCT [G/l], median (range) 193 (67–616) 171 (58–377) 182 (58–616) 0.42 UMW

Hb at auto-HSCT [g/dl], median (range) 11.8 (8.6–15.5) 11.7 (7.9–17) 11.8 (7.9–17) 0.70 Student 
t-test

NLR (neutrophil to lymphocyte ratio) 3.3 3.9 3.6 0.22 UMW

PLR (platelet to lymphocyte ratio) 188.0 250.0 221.9 0.29w UMW

LDH level on the first day of hospitalization [U/l], 
median (range) [IQR]

182 (126–317) 215 (148–351) 195 (126–351) 0.09 UMW

CRP level on the first day of hospitalization [mg/l], 
median (range) [IQR]

2.5 (0–106.7) 3.5 (0.6–46.0) 2.8 (0–106.7) 0.56 UMW

ANC – absolute neutrophil count, auto-HSCT – autologous hematopoietic stem cell transplantation, CRP – C-reactive protein, DLBCL – diffuse large B-cell lympho-
ma, ECOG – Eastern Cooperative Oncology Group scale, Hb – hemoglobin, HCT-CI – hematopoietic cell transplantation-specific comorbidity index, HL – Hodgkin 
lymphoma, IQR – interquartile range, LDH – lactate dehydrogenase, MCL – mantle cell lymphoma, n – number, OS – overall survival, PFS – progression-free survival,  
PLT – platelets, UMW – Mann-Whitney U test, WBC – white blood cells

Table 1. Cont.

men were included in the analysis. Both the baseline de-
mographic and clinical characteristics of  the  two groups 
were comparable. No significant differences were found 
between variables such as type of 1st line chemotherapy 
regimen (p = 0.79) or number of  lines of  treatment pre-
ceding auto-HSCT (p = 0.42). The Deauville score before 
auto-HSCT did not differ between groups (p = 0.83). A com-
parable number of CD34+ cells was transplanted in both 
arms (median 4.1 × 106/kg in BEAM, and 3.6 × 106/kg in 
BeEAM, p = 0.19). A detailed description and comparison 
of the characteristics of each group are presented in Table 1. 

Median follow-up in the whole cohort was 50 months 
(95% CI: 37–59 months). The median overall survival (OS) 
since auto-HSCT for the whole cohort was 87 months (95% 
CI: 82–88 months); it was not achieved for the BEAM arm, 
and it was 82 months (95% CI: 73–82 months) for the BeE-
AM arm, p = 0.08 (Fig. 1). The  median progression-free 
survival (PFS) since auto-HSCT for the whole cohort was 
49 months (95% CI: 34–58 months), for BEAM and BeEAM 
groups 49 and 46 months, respectively (p = 0.56) (Fig. 2). 
Time to neutrophil engraftment was comparable in both 
BEAM and BeEAM groups; the median was 12 and 11 days, 
respectively (p = 0.38) (Fig. 3).

The early mortality rate (up to 100 days after transplant) 
was 3.7% (3 patients), including 2 patients in the  ben-
damustine arm (4.7%), who died before full hematopoi-
etic recovery, and 1 patient (2.6%) in the carmustine arm 
(death one month after auto-HSCT, already recovered). 
One of  the  fatal cases in the  BeEAM arm was a  patient 
who had experienced SARS-CoV-2-associated pneumonia 
several months before auto-HSCT and suffered a  return 
of  the  virus infection during post-conditioning aplasia 
resulting in death due to respiratory failure. Transplanta-
tion was a form of salvage treatment in the active disease 
phase, as the  patient had not achieved complete remis-
sion of  his lymphoma. Another BeEAM patient died in 
the  post-transplant period due to septic complications, 
and the  one treated with BEAM died after hospital dis-

Fig. 1. Overall survival since autologous hematopoietic stem cell 
transplantation depending on conditioning regimen, log-rank test
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Fig. 2. Progression-free survival since autologous hematopoietic stem 
cell transplantation depending on conditioning regimen, log-rank test
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charge due to pneumonia of undetermined etiology. Only 
one early death directly related to SARS-CoV-2 infection 
was reported.
Comparison of BEAM vs. BeEAM side effect profile

In the  post-HSCT period, gastrointestinal side effects 
were the most common spectrum of complications, which 
occurred in 80.5% of  patients as grade (G) ≥ 1 mucosi-
tis, significantly more frequently in the  BeEAM than in 
the BEAM group (90.7% vs. 69.2%, respectively; p = 0.02). 
There was a higher incidence of severe (G3–4) mucositis 
in the BeEAM group; G3 was reported in 16% of patients, 
G4 in 7% of patients, while in the BEAM group G3 was re-
ported in 10% with no G4 mucositis. 58% of patients ex-
perienced febrile neutropenia and its incidence was com-
parable between groups (51.3% vs. 64.3% in BEAM and 
BeEAM patients, respectively; p = 0.27). Bacteremia was 
found in 42.5% of  cases, and again there was no differ-
ence between conditioning regimens (50.0% in BEAM vs. 
35.7% in BeEAM; p = 0.26). Pneumonia occurred in 18.8% 
of  patients and was significantly more common among 
patients treated with BEAM than BeEAM (31.6% vs. 7.1%; 
p = 0.01). 

Patients in the bendamustine arm required significantly 
more platelet cell concentrate transfusions than patients 
receiving carmustine (median 20.5 vs. 15 (1 pack = 5 units 
or 1 unit from apheresis), p = 0.02). Regarding other hema-
tological side effects, there were no differences between 
conditioning groups in the number of red cell concentrate 
transfusions, duration of G3 and 4 neutropenia, or G3 and 
4 thrombocytopenia. We found that the number of trans-
planted CD34+ cells among patients in the entire cohort 
correlated negatively with the duration of G3 and 4 neu-
tropenia (correlation coefficient: r = –0.29, p = 0.01 for  
G3 neutropenia; r = –0.28, p = 0.01 for G4 neutropenia). 
Number of  days of  hospitalization was similar in both 
groups (Table 2).

Evaluation of outcome predictors

In univariate Cox regression for OS, variables such as 
baseline C-reactive protein (CRP) level on the  first day 
of  hospitalization, hemoglobin (Hb) level at the  time 
of  auto-HSCT, number of  days of  G4 thrombocytopenia, 
and diagnosis of  diffuse large B-cell lymphoma (DLBCL) 
showed an impact on survival. In addition, variables such 
as the number of days of G3 neutropenia and G4 thrombo-
cytopenia, baseline Hb, and age had a significant effect on 
PFS in univariate analysis (Table 3). In the multivariate Cox 
regression model for OS, CRP on the first day of hospital 
stay (hazard ratio – HR = 1.03, 95% CI: 1.01–1.06) and days 
of G4 neutropenia (HR = 1.15, 95% CI: 1.00–1.32) were pre-
dictors of poorer survival, whereas Hb (HR = 0.43, 95% CI: 
0.23–0.78) was a protective factor in terms of OS. Similarly, 
Hb (HR = 0.66, 95% CI: 0.45–0.96) was also a  predictor 
of prolonged PFS (Table 4).

Discussion

Fig. 3. Engraftment time since autologous hematopoietic stem cell 
transplantation depending on conditioning regimen, log-rank test
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Table 2. Hematologic toxicity and treatment outcome

Parameters BEAM (n = 39) BeEAM* (n = 43) Total (N = 82) p-value Test 

Grade 3 neutropenia (days), median (range) 4 (0–18) 4.5 (0–24) 4 (0–24) 0.12 UMW

Grade 4 neutropenia (days), median (range) 9 (1–31) 10 (3–36) 9 (1–36) 0.84 UMW

Grade 3 thrombocytopenia (days), median (range) 8 (2–23) 9 (3–30) 9 (2–30) 0.12 UMW

Grade 4 thrombocytopenia (days), median (range) 6 (2–22) 5.5 (1–40) 6 (1–40) 0.96 UMW

Red blood cell units transfused, median (range) 2 (0–6) 2 (0–18) 2 (0–18) 0.62 UMW

Platelets units transfused
(1 pack = 5 units or 1 unit from apheresis), median (range)

15 (5–45) 20.5 (6–120) 20 (5–120) 0.02 UMW

Time from auto-HSCT to engraftment (days),  
median (range) 

12 (9–20) 11 (8–20) 12 (8–20) 0.38 Log-rank

Hospitalization days since auto-HSCT, median (range) 22 (14–36) 22 (10–44) 22 (10–44) 0.74 UMW

Lymphocyte count 3 months after auto-HSCT, | 
median (range)

1.82 (0.65–9.6) 1.46 (0.59–10.39) 1.73 (0.59–10.39) 0.33 UMW

PFS since auto-HSCT, median (95% CI) (months) 49.3 (33.7–49.3) 46.2 (27.2–57.7) 49.3 (33.7–57.7) 0.56 Log-rank

OS since auto-HSCT, median (95% CI) (months) Not reached 82.4 (72.9–82.4) 86.8 (82.4–87.5) 0.08 Log-rank

auto-HSCT – autologous hematopoietic stem cell transplantation, n – number, OS – overall survival, PFS – progression-free survival, UMW – Mann-Whitney U test
* 38 (88%) of patients in BeEAM group received bendamustine at a dose of 160 mg/m2/day, 3 patients (7%) 180 mg/m2/day, and 2 (5%) – 200 mg/m2/day
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Our study included a  comprehensive comparative 
evaluation of treatment outcomes, predictive factors and 
adverse event profiles between BEAM and BeEAM regi-
mens. As demonstrated in previous studies, we confirmed 
the  lack of  differences in PFS and OS between the  two 
schemes. In an analysis conducted between 2011 and 
2016, Frankiewicz et al. observed comparable probabili-
ties of overall and PFS in both BEAM (n = 174) and BeEAM  
(n = 63) groups [16]. AlJohani et al. also detected no sig-
nificant difference in median OS between groups (BEAM, 
n = 54; BeEAM, n = 17) [11]. Likewise, similar conclusions 

were reached in other centers [10, 17, 18]. In our study,  
3 patients (3.7%; BeEAM – 4.7%; BEAM – 2.6%) experi-
enced transplant-related mortality (TRM) during 100 days 
after auto-HSCT. These results are comparable to those 
presented by other researchers, where TRM for both BEAM 
and BeEAM conditioning is in the range 0–5% [14, 16, 19]. 

The  BEAM and BeEAM conditioning regimens are as-
sociated with different toxicity profiles. Carmustine in 
the  BEAM regimen can cause pulmonary toxicity, which 
is potentially related to the  inhibition of  glutathione re-
ductase in alveolar macrophages [20, 21]. Our analysis re-

Table 3. Univariate analysis for overall survival and progression-free survival

Parameters
 

OS PFS

p-value HR 95% CI p-value HR 95% CI

Lower Upper Lower Upper

Febrile neutropenia  0.263 1.92  0.612  6.038  0.864 0.933 0.422  2.063 

Ann Arbor stage (1, 2 vs. 3, 4)  0.063 6.829 0.897  51.987  0.905 0.950 0.406  2.223 

Grade 3 neutropenia (days)  0.973 0.998 0.903  1.103  0.022 1.067 1.009  1.128 

Grade 4 neutropenia (days)  0.059 1.059 0.998  1.123  0.237 1.032 0.979  1.088 

Grade 3 thrombocytopenia (days)  0.325 1.043 0.959  1.136  0.060 1.058 0.998  1.122 

Grade 4 thrombocytopenia (days)  0.044 1.05  1.001  1.102  0.034 1.044 1.003  1.087 

LDH before auto-HSCT  0.654 1.00  0.991  1.015  0.676 1.002 0.993  1.011 

Hb before auto-HSCT  0.002 0.591 0.424  0.823  0.023 0.754 0.591  0.963 

ANC before auto-HSCT  0.053 0.650 0.420  1.006  0.710 1.040 0.846  1.279 

CRP before auto-HSCT  0.00005  1.042 1.021  1.062  0.124 1.019 0.995  1.044 

Age at auto-HSCT 0.452 1.014 0.978  1.052  0.028 0.969 0.943  0.997 

DLBCL  0.029 3.088 1.120  8.515  0.674 0.793 0.269  2.336 

HL  0.153 0.401 0.114  1.406  0.269 1.56  0.708  3.446 

MCL  0.502 0.679 0.219  2.105  0.209 0.556 0.223  1.389 

Other lymphoma  0.603 1.396 0.397  4.906  0.472 1.433 0.538  3.822 

BeEAM vs. BEAM  0.327 1.645 0.607  4.457  0.172 1.754 0.783  3.929 

Transplanted CD34+ cells  0.207 0.852 0.666  1.092  0.154 0.864 0.707  1.056 

ANC – absolute neutrophil count, auto-HSCT – autologous hematopoietic stem cell transplantation, CRP – C-reactive protein, DLBCL – diffuse large B-cell lymphoma, 
Hb – hemoglobin, HL – Hodgkin lymphoma, HR – hazard ratio, LDH – lactate dehydrogenase, MCL – mantle cell lymphoma, OS – overall survival,  
PFS – progression-free survival

Table 4. Multivariate analysis for overall survival and progression-free survival

Parameters
 

OS PFS

p-value HR 95% CI p-value HR 95% CI

Lower Upper Lower Upper

Age at auto-HSCT 0.480 1.026 0.956  1.100  0.09  0.950  0.895  1.009 

Hb before auto-HSCT 0.006 0.428 0.234  0.783  0.029 0.660  0.454  0.959 

CRP before auto-HSCT 0.022 1.033 1.005  1.062  0.731 1.007  0.970  1.045 

Grade 4 neutropenia (days)  0.045 1.152 1.003  1.323  0.698 1.023  0.913  1.145 

Grade 4 thrombocytopenia (days)  0.189 0.925 0.824  1.039  0.598 1.027  0.930  1.135 

Lugano score (1, 2 vs. 3, 4)  0.406 2.493 0.289  21.59 0.572 0.727  0.240  2.198 

BEAM vs. BeEAM  0.487 1.678 0.391  7.198  0.526 1.442  0.466  4.465 

DLBCL  0.943 1.077 0.143  8.083  0.761 1.316  0.224  7.744 

HL  0.75  0.709 0.082  6.118  0.609 0.677  0.152  3.019 

MCL  0.620 0.628 0.100  3.947  0.637 0.657  0.115  3.760 

auto-HSCT – autologous hematopoietic stem cell transplantation, CRP – C-reactive protein, DLBCL – diffuse large B-cell lymphoma, Hb – hemoglobin at the time 
of auto-HSCT, HL – Hodgkin lymphoma, HR – hazard ratio, MCL – mantle cell lymphoma, OS – overall survival, PFS – progression-free survival
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vealed a significantly higher rate of pneumonia in patients 
treated with BEAM compared to BeEAM (31.6% vs. 7.1%;  
p = 0.01). These results are consistent with various studies 
analyzing treatment regimens using carmustine, in which 
pulmonary toxicity was observed in 5–63% of  patients  
[14, 16, 21–23]. 

The high risk of pulmonary side effects has contributed 
to an active search for replacements for carmustine. Ben-
damustine has proven to be a less costly alternative, which 
moreover offsets the possibility of pulmonary toxicity [11]. 
However, the BeEAM regimen is associated with a higher 
incidence of mucositis and renal impairment [12, 24]. 

In our study, we found a significantly higher incidence 
of mucositis in the group of patients treated with BeEAM 
vs. BEAM (90.7% vs. 69.2%; p = 0.02). The  prevalence 
of  BeEAM-related mucositis varies widely across differ-
ent studies, with rates ranging from 35 to 92% [11, 12, 
14, 17, 19]. In a  study performed on 87 patients, Garciaz 
et al. noted mucositis in 89% of BeEAM patients vs. 76% 
in the  BEAM group [25]. Analysis conducted by Saleh et 
al. on 102 patients undergoing auto-HSCT between 2008 
and 2015 revealed the  presence of  G3–4 mucositis in 
50% of patients in the BeEAM group compared to 38% in 
the BEAM group [17]. 

Acute treatment-related renal impairment can be 
a complication in patients treated with BeEAM. However, 
these disorders are reversible in almost all patients, and 
transient hemodialysis is necessary only in selected cas-
es [24]. In our study, we did not observe any significant 
acute kidney injury (AKI) requiring dialysis in the BeEAM 
group. These results are consistent with analysis by Frank-
iewicz et al., conducted on 237 patients (BeEAM, n = 63) in 
the period 2011–2016 [16]. However, in a study performed 
by Prediletto et al., in 122 lymphoma and myeloma pa-
tients receiving BeEAM between 2013 and 2016, definite 
rAKI (remaining on dialysis) was observed in 2.5% of pa-
tients [24]. The difference from our study may be due to 
the fact that in the above analysis, the total dose of benda-
mustine was used at a higher dose – 400 mg/m2. 

The European Society for Blood and Marrow Transplan-
tation analysis for the period 1980–2001 revealed a signif-
icant increase in the median time of 5-year survival after 
HSCT, related to a decreased number of  lethal infectious 
complications [1, 26]. However, despite anti-infective pro-
phylaxis, infections in the post-auto-HSCT period occur in 
80–100% of  patients [7, 27–29]. A  variety of  risk factors 
for infections after auto-HSCT have been defined, includ-
ing duration and severity of neutropenia induced by treat-
ment (< 7 vs. > 7 days; ANC < 0.5 G/l), virological status, 
and type of cancer [1, 30–32]. More than half of the infec-
tions responsible for TRM after auto-HSCT are associated 
with unspecified etiology. Meanwhile, of  the  known fac-
tors, infections of bacterial origin account for about 35%, 
fungal – 25–30%, viral – 20–30%, parasitic – 3–5%, and 
infections of mixed origin – 12% [7, 33]. Moreover, CIBMTR 
estimates that for auto-HSCT recipients, infections are re-
sponsible for 29% of deaths up to 100 days after HSCT, and 
for 5% in the late post-transplantation period [34]. In our 
study, patients who experienced TRM (3.7%) died of infec-
tion during 100 days after auto-HSCT. This observation is 

consistent with the  findings of  Frankiewicz et al., where 
in all cases the early mortality was caused by infections 
(3 cases in the  BEAM group and 1 in the  BeEAM group;  
p = 0.94) [16]. 

Our research revealed the  presence of  febrile neu-
tropenia in 58% of all patients (BEAM – 51.3%; BeEAM – 
64.3%), and bacteremia in 42.5% (BEAM – 50% vs. BeEAM 
– 35.7%), during the post-HSCT period, with no significant 
difference between BEAM and BeEAM conditioning. In our 
previous research, conducted in 2022 on 115 auto-HSCT 
recipients, bacteremia complicated the  post-transplan-
tation period in 43.5% of  them, and febrile neutropenia 
was found in 77.4% [7]. Both studies by Garciaz et al. and 
Frankiewicz et al. also showed similar rates of  infectious 
complications with BeEAM and BEAM conditioning [16, 25]. 
In the  analysis conducted by Salazar et al., bacteremia 
was described in 31% of patients after auto-HSCT, while in 
the study conducted by Wang et al., the incidence of bacte-
remia reached 20% [35, 36]. As for neutropenic fever after 
auto-HSCT, the results vary widely depending on the un-
derlying disease and the treatment used, usually ranging 
from 50 to 90% [7, 37, 38]. Our results are comparable to 
other published studies and confirm the lack of differences 
in infectious complications in patients receiving BeEAM vs. 
BEAM. 

Moreover, we found that the  higher number of  trans-
planted CD34+ cells among patients in the  entire co-
hort correlated with a  reduction in the  duration of  G3– 
4 neutropenia, thus having a beneficial effect on effective 
neutrophil engraftment. Uysal et al. recently confirmed 
this observation in a  study of  282 auto-HSCT recipients, 
which showed that the  infusion of  > 5 × 106/kg CD34+ 
stem cells may have a favorable effect on short-term out-
comes of transplantation, including short-term neutrophil 
engraftment [39].

Although a  significant proportion of  patients can be 
cured with high-dose therapy with subsequent auto-HSCT, 
unfortunately up to 50% of these patients experience re-
lapse [9]. Information on reliable and consistent predictors 
of  outcome in lymphoma patients who undergo auto- 
HSCT is limited [40]. In our analysis, elevated CRP level 
on the first day of hospitalization and the duration of G4 
neutropenia were predictors of worse survival. In contrast, 
initial higher Hb level was a  protective factor for OS, as 
well as a predictor of prolonged PFS. Other predictors for 
the  prognosis of  auto-HSCT recipients, the  importance 
of  which is most frequently highlighted in the  publica-
tions, include age, number of  transplanted CD34+ cells, 
time to neutrophil recovery, disease status at transplant, 
negative  18F-fluoro-deoxy-d-glucose positron emission 
tomography status, lactate dehydrogenase and albumin 
level [41–43]. An analysis by Luo et al., which included  
113 patients, revealed that low albumin level before trans-
plantation was an independent risk factor in patients with 
lymphoma undergoing auto-HSCT [44]. Many other studies 
have confirmed that higher serum albumin levels at diag-
nosis are associated with better survival outcomes in pa-
tients with lymphoma, but they did not consider the auto- 
HSCT procedure [45–48]. In our study, we did not detect 
a significant effect of initial albumin level on the survival 
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of  auto-HSCT recipients. However, considering the  un-
satisfactory prognosis of  patients with r/r lymphomas 
undergoing auto-HSCT, the  search for prognostic factors 
remains an important issue. The co-occurrence of several 
risk factors in this group may help identify patients with 
a poor prognosis who may potentially benefit from novel 
agents in the pre- or post-transplant period.

Conclusions

Although this analysis has some limitations, including 
the retrospective nature of the study, the relatively small 
number of  patients, and the  predominance of  patients 
with HL and mantle cell lymphoma (MCL), our data indi-
cate that the BEAM and BeEAM regimens are comparably 
effective. 

In terms of  adverse effects, the  BeEAM regimen has 
a  more manageable toxicity profile, involving mainly 
mucositis and the  need for more frequent transfusions. 
The risk of potentially fatal pulmonary toxicity with BEAM, 
on the other hand, creates the need for careful selection 
of patients with a history of pulmonary disease.

Simple laboratory variables, including Hb and CRP, may 
prove to be independent predictors of  OS in auto-HSCT 
recipients. However, these observations need to be con-
firmed in studies on a larger group of patients.
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