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Abstract: High-dose chemotherapy (HDC) applied together with autologous stem cell transplantation (ASCT) is a 
commonly used treatment modality in patients with malignant lymphoma. At present, there is a limited number 
of studies which compare toxicity and efficacy of various high-dose regimens applied in the treatment of malig-
nant lymphoma. For this reason, the aim of this study was to investigate the efficacy and toxicity of BuCyE (busul-
fan, cyclophosphamide and etoposide) and BEAM (carmustine, etoposide, cytarabine and melphalan) preparative 
regimens in the patients with malignant lymphoma scheduled for autologous stem cell transplantation. Between 
November, 2010 and April, 2015, 42 patients with relapsed or refractory malignant lymphoma who underwent 
autologous stem cell transplantation following BEAM (n=11) and BuCyE (n=31) preparative regimens were ana-
lyzed at Bone Marrow Transplantation Unit of TurgutOzal Medicine Center in Turkey.  The groups were compared in 
terms of patient characteristics, hematopoietic engraftment time, toxicity profiles and survival. No significant dif-
ferences were detected between the groups with regard to age, gender distribution, international prognostic index, 
ASCT indications, disease status at the time of ASCT and type of lymphoma (P>0.05). Median number of infused 
CD34+ cells/kg, neutrophil and platelet engraftment statuses of BuCyE and BEAM groups were found to be similar 
(P>0.05). More patients in BuCyE group developed mucositis and nausea, but this difference was not statistically 
significant (P>0.05). A similar statistically insignificant difference was seen in that infectious complications occurred 
more commonly in BEAM group (P>0.05). Overall survival and event-free survival rates were not significantly differ-
ent between the groups (P>0.05). BuCyE is a conditioning regimen which can be effectively used as an alternative 
to BEAM in the patients with malignant lymphoma undergoing ASCT. Moreover, toxicity rates of both regimens are 
similar. In order to comprehend the effect of each HDC regimen, further evidence-based data obtained from the 
studies involving larger sample sizes are required. 
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Introduction

High-dose chemotherapy followed by autolo-
gous stem cell transplantation is still the stan-
dard treatment modality for malignant lympho-
ma patients which is resistant to initial treat-
ment or has relapsed after initial treatment 
applied [1-3]. At present, no data is available on 
how HDC affects the success of ASCT [4, 5]. 
The most commonly used high-dose condition-
ing regimens in malignant lymphoma patients 
are BEAM (carmustine [BCNU], etoposide, cyta-

rabine, and melphalan), BEAC (BCNU, etopo-
side, cytarabine, and cyclophosphamide), CBV 
(cyclophosphamide, BCNU, etoposide), BuCyE 
(busulfan, cyclophosphamide, etoposide) and 
combination regimen with total body irradia-
tion. BEAM is being the most commonly pre-
ferred HDC regimen among these [6, 7]. Since 
there is no available clinical study comparing 
the toxicity and efficacy of different condition-
ing regimens, we have little information on this 
subject [7, 8]. Favorable long-term survival 
rates have been achieved in malignant lympho-
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ma by BuCyE regimen followed by ASCT [9]. 
Although there are many studies on the side 
effects and toxicity profiles of BEAM [10, 11] 
and BuCyE regimens, there is still lack of infor-
mation about comparative toxicity and efficacy 
profiles of different HDC regimens in the 
patients with malignant lymphoma. In the liter-
ature, only few studies are present comparing 
BuCyE and BEAM regimens [12, 13].

In this study, we aimed to compare toxicity and 
efficacy profiles of BuCyE and BEAM prepara-
tive regimens in the patients with malignant 
lymphoma scheduled for autologous stem cell 
transplantation. 

Materials and methods

This study was conducted between December 
2010 and April 2015 in TurgutÖzal Medical 
Center, Bone Marrow Transplantation Unit of 
Inonu University, School of Medicine and includ-
ed the patients with relapsed or refractory Non 
Hodgkin lymphoma (NHL) or Hodgkin lympho-
ma (HL) who scheduled for autologous stem 
cell transplantation following salvage chemo-
therapy. The patients with relapsed or refracto-
ry NHL and HL who had been diagnosed histo-
pathologically were accepted as suitable candi-
dates for ASCT. All cases enrolled in the study 
were assessed in terms of chemosensitivity. 
The other inclusion criteria of the study were 
age <70 years, adequate heart, lung, liver, and 
kidney reserves, sufficient hematopoietic func-
tion and Eastern Cooperative Oncology Group 
performance status of one or zero prior to 
ASCT. The study involved a total number of 42 
patients with malignant lymphoma scheduled 
for ASCT. Among these patients, 31 cases 
received BuCyE regimen, while BEAM was 
applied to 11 patients as preparative regimen 
prior to ASCT (Table 1). 

Response rates prior to transplantation, trans-
plantation-related antifungal treatment, time of 
engraftment and treatment response rates in 
post-transplantation period were analyzed. 

Post-transplant response rates were evaluated 
by neck, thoracic, abdominal computed tomog-
raphy or positron emission tomography scans 
performed on the 30th day. 

Treatment responses obtained from initial 
induction chemotherapy, salvage chemothera-
py and HDC were evaluated according to 
International Workshop Criteria [14]. Chemo- 
sensitivity was defined as a reduction in the 
measurable disease which at least meets the 
criteria for partial response (PR) after salvage 
chemotherapy prior to transplantation. 

A successful neutrophil engraftment was 
accepted as an absolute neutrophil count of 
≥1×109/L attained for one day, while platelet 
count ≥20×109/L without a need for platelet 
transfusion on the first consecutive three days 
after platelet engraftment was considered to 
be a successful platelet engraftment proce-
dure. Treatment response was firstly evaluated 
one month after ASCT performed, then by 
3-months intervals within the first 2 years, by 
6-months intervals during the next 3 years and 
annually or whenever clinically required 
thereafter. 

Statistical analysis

Categorical variables are expressed as count 
and percentage. The comparison of gender dis-
tribution between groups was made by continu-
ity corrected chi-square test. The groups were 
compared by Fisher’s Exact test due to the 
Lymphoma type, performance status at ASCT, 
indications of ASCT, status of disease at ASCT, 
mucositis, nausea, vomiting, diarrhea, infec-
tious complications, treatment-related mortali-
ty, refractory, complete remission, relapse and 
disease related mortality distributions.

Normal distribution of the continuous variables 
was assessed by Shapiro-Wilk test. Normally 
distributed data were summarized with mean 
and standard deviation, for non-normal data 
median, minimum and maximum values were 

Table 1. BuCyE and BEAM chemotherapy regimens
BuCyE protocol BEAM protocol
Busulfan (mg/kg) 16 (-7, -6, -5, -4. days) BCNU (mg/m2) 200 (-6. day)
Siklofosfamid (mg/kg) 120 (-3, -2. days) Etoposid (mg/m2) 800 (-5, -4, -3, -2. days)
Etoposid mg/m2/day 400 (-3, -2. days) Ara-C (mg/m2) 800 (-5, -4, -3, -2. days)

Melfalan (mg/m2) 140 (-1. day)
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used. The mean age of the groups was com-
pared by independent samples t test. The com-
parison of the number of infused CD34+ cells, 
engraftment time of neutrophils, engraftment 
time of platelets, transfused RBC during ASCT 
and transfused PLT during ASCT distributions 
between groups were made by Mann Whitney-U 
test.

For survival analysis Kaplan-Meier method was 
used and event free survival, survival after 
ASCT and overall survival times of groups were 
compared by Log-Rank test. Event-free survival 
(EFS) was defined as the time from ASCT to dis-
ease progression, relapse or death, or the last 

Among 42 patients who underwent autologous 
stem cell transplantation during the study peri-
od due to malignant lymphoma, 31 patients 
received BuCyE and BEAM regimen was given 
to 11 cases as conditioning regimen. The mean 
age of the study group was 38.40±12.82 years. 
In BuCyE group, there were 14 male patients 
and 17 female patients with a mean age of 
40.87±14.05 years. On the other hand, in the 
group which received BEAM as conditioning 
regimen, 5 patients were female and 6 were 
male, whose mean age was 35.00±11.22 
years. There was no statistically significant dif-
ference between the groups in terms of mean 
age, gender, type of lymphoma, performance 

Table 2. Patient characteristics of all patients (N= 42)
BuCyE BEAM P value

Number of patients 31 11
Mean of age 40.87±14.05 35.00±11.22 0.219
Gender Male 14 (45.2%) 6 (54.5%) 0.854

Female 17 (54.8%) 5 (45.5%)
Lymphoma Type HL 8 (25.8%) 3 (27.3%) 1.000

NHL 23 (74.2%) 8 (72.7%)
Performance status at ASCT 0 11 (35.5%) 3 (27.3%) 0.723

1 20 (64.5%) 8 (72.7%)
Indications of ASCT Refractory 2 (6.5%) 1 (9.1%) 1.000

Relapsed 29 (93.5%) 10 (90.9%)
Status of disease at ASCT Complete Remission 29 (93.5%) 10 (90.9%) 1.000

Partial Remission 2 (6.5%) 1 (9.1%)

Table 3. Transfused red blood cells (RBC) and platelet (PLT) during ASCT, hematopoietic engraftment 
time after ASCT

BuCyE (N= 31)  
median (min-max)

BEAM (N= 11)  
median (min-max)

P value

Number of infused CD34+ cells (x106/kg) 9 (2-42) 11 (2-14) 0.653
Engraftment time of neutrophils >1000/mm3 (days) 12 (8-14) 13 (9-18) 0.873
Engraftment time of platelets >20,000/mm3 (days) 14.5 (10-32) 15 (11-29) 0.552
Transfused RBC during ASCT (units) 2 (0-10) 3 (1-8) 0.822
Transfused PLT during ASCT (units) 3 (1-14) 4 (1-9) 1.000

Table 4. Toxicity associated with BuCyE and BEAM condition-
ing regimen

BuCyE (N= 31)  
count (%)

BEAM (N= 11)  
count (%) P value

Mucositisa 12 (38.7) 3 (27.3) 0.717
Nauseaa 13 (41.9) 4 (36.4) 1.000
Vomitinga 13 (41.9) 5 (45.5) 1.000
Diarrheaa 4 (12.9) 2 (18.2) 0.644
Infectious complications 24 (77.4) 11 (100) 0.161
Treatment-related mortality 2 (6.5) 1 (9.1) 1.000

time point in which a patient was 
known to be in remission. 
Treatment-related mortality was 
defined as death occurred within 
30 days after transplantation pro-
cedure without the role of an 
underlying disease. In all analysis 
significance level was considered 
to be 0.05.

Results
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status at the time of ASCT and ASCT indication. 
The detailed data on the characteristics of the 
groups were presented in Table 2.

Between-group comparison was performed 
with regard to median neutrophil and platelet 
engraftment time, number of infused CD34+ 
cells, transfused red blood cells and transfused 
platelets, which showed no significant differ-
ences between the groups (Table 3).

Toxicities related to the regimens given were 
rated according to National Cancer Institute 
Common Toxicity Criteria version 3.0 grading 
system. In two groups, grade 2 or higher muco-
sitis, nausea, vomiting, diarrhea and infectious 
complications were not statistically significant 
(P>0.05). None of the patients experienced 
veno-occlusive disease in both groups. The 
numbers of the patients who died within 30 
days following transplantation secondary to 
treatment related complications in BEAM and 
BuCyE groups were one and two, respectively 
(Table 4).

Response rates and survival outcomes of two 
groups were compared (Figure 1A-C), which 
showed that survival rate was better in BEAM 
group when compared to BuCyE group, but this 
was not statistically significant (Table 5).

Discussion

High-dose chemotherapy supported by autolo-
gous stem cell transplantation is a commonly 
used procedure in the treatment of malignant 
lymphoma. We have limited information 
obtained from the studies comparing toxicity 
and efficacy profiles of different high-dose regi-
mens applied in the treatment of NHL and HL. 
For this reason, in this study, we performed a 
retrospective analysis of toxicities and effica-
cies of these regimens in two groups of patients 
with similar age, gender distribution, 
International Prognostic Index, ASCT indica-
tions, type of lymphoma and the median num-
ber of infused CD34+ cells/kg. 

In the study by Kim et al., efficacy and toxicity 
profiles of BEAM and BuCyE high-dose chemo-

Figure 1. Survival time (A) and event-free survival 
(B) after high-dose chemotherapy with BuCyE or 
BEAM, followed by autologous stem cell trans-
plantation and overall survival time (C) in both of 
groups from initial treatment.
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therapy regimens applied prior to autologous 
stem cell transplantation were compared in 
patients with non-Hodgkin’s lymphoma. In this 
study, 65 patients with non-Hodgkin’s lympho-
ma received either BEAM (n=43) or BuCyE 
(n=22) regimens. The study concluded that 
there were no statistically significant differenc-
es between the groups in terms of age, gender 
distribution, International Prognostic Index, 
status of disease at the time of ASCT and medi-
an number of infused CD34+ cells/kg. 
Furthermore, a similar ratio of the patients 
experienced mucositis, nausea/vomiting, diar-
rhea, bleeding and infection in both groups. 
The study also revealed that median overall 
and event-free survival rates were not signifi-
cantly different between two groups, while 
hematologic recovery was found to be signifi-
cantly faster in the group who received BuCyE 
as conditioning regimen. The authors conclud-
ed that BuCyE was an effective conditioning 
regimen which had survival outcomes and tox-
icity profile similar to that of BEAM regimen 
[12]. In our study, engraftment time of neutro-
phils and platelets were shorter in BuCyE group, 
but this was not statistically significant.

In the study by Kim JG et al., which was a multi-
center study published in 2005, BuCyE was 
evaluated as a conditioning regimen for autolo-
gous stem cell transplantation in patients with 
non-Hodgkin’s lymphoma. The study sample 
was composed of 64 patients most of whom 
had diffuse large B-cell lymphoma. It was 
reported that median time values to reach neu-
trophil and platelet engraftment were 12 and 
13 days, respectively. The same study also 
revealed that 4 patients had hepatic veno-
occlusive disease, while 15 patients (23.4%) 
developed relapse or progressed within a medi-
an follow-up of 16.4 months. In addition, 13 
patients (20.3%) died of disease and estimated 

3-years overall and progression-free survival 
rates were 72.1% and 70.1%, respectively. The 
authors suggested that BuCyE conditioning 
regimen was well tolerated and provided effec-
tive results in patients with aggressive NHL [8]. 
Among the patients received BuCyE, 9 (29.0%) 
patients died, 2 (6.5%) patients had refractory 
disease, while 3 (9.7%) developed relapse. The 
findings of our study were consistent with the 
results of that study.

A study by Jantunen E. et al. involved 71 con-
secutive patients with NHL and investigated 
drug related toxicity and outcomes. In that 
study, the patients were given either BEAC 
(high-dose BCNU, etoposide, cytarabine and 
cyclophosphamide, n=36) or BEAM (n=35). 
Among these patients, the occurrence of muco-
sitis, diarrhea and septicemia was found to be 
more frequent in the patients receiving BEAM 
and the peak CRP value was also higher in this 
group (140 vs. 113 mg/l, P=0.034). The 
researchers concluded that the levels of anti-
tumor activities of BEAC and BEAM appears to 
be equal in patients with NHL, while BEAM 
seems to have more toxic effects on gastroin-
testinal tract [15]. When we compared the 
results of our study groups in terms of treat-
ment related complications, we found that 
mucositis and nausea were more common in 
BuCyE group, while more patients in BEAM 
group had infectious complications, vomiting 
and diarrhea, but these differences were found 
to be statistically insignificant. Moreover, 
between-group comparison for CRP level was 
not performed.

Hanel M et al. conducted a study on 53 patients 
with HL or NHL who received high dose BuCyE 
conditioning regimen and investigated the effi-
cacy and toxicity of BuCyE used as a prepara-
tive regimen prior to ASCT. 10 of these 53 

Table 5. Response and survival outcomes in both groups
BuCyE BEAM P value

Refractory, number of patients (%) 2 (6.5%) 0 (0%) 1.000
Complete Remission, number of patients (%) 21 (67.7%) 7 (63.6%) 1.000
Relapse, number of patients (%) 3 (9.7%) 1 (9.1%) 1.000
Event  Free Survival, mean ± sem, months 29.91±2.69 47.13±2.69 0.420
Disease related mortality, number of patients (%) 3 (33.3%) 0 (0%) 0.509
Non disease related mortality, number of patients (%) 6 (66.7%) 3 (100%)
Survival After ASCT, mean ± sem, months 24.01±2.97 39.55±7.12 0.691
Overall Survival, mean ± sem, months 49.73±6.09 92.27±14.65 0.441
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patients had HL, while 43 patients had the 
diagnosis of NHL (median age: 46 years, range: 
18-64) and they all received BuCyE prior to 
ASCT. Among these patients, complete 
response or partial remission (n=25) was 
achieved in 50 patients (94%), while 3 patients 
had chemoresistant disease prior to BuCyE. In 
the evaluation of toxicities, mucositis (79%) 
and hepatic toxicity (15%) were found to be the 
most common non-hematological toxicities 
which were seen in 52 subjects, while 3 
patients (5.8%) experienced severe veno-occlu-
sive disease. In that study, the rate of treat-
ment-related mortality was found as 3.8%. The 
authors concluded that BuCyE was an effective 
and well-tolerated conditioning regimen in 
patients with HL and NHL [7]. In our study, none 
of the patients had veno-occlusive disease and 
in BuCyE group, the rate of mucositis was 
38.7% (n=12) and treatment-related mortality 
rate was 6.5%.  

In their study, Copelan EA et al. aimed to inves-
tigate toxicity profile and efficacy of BuCyE as a 
novel preparative regimen and analyzed the 
data of 382 patients with non-Hodgkin’s lym-
phoma who received BuCyE prior to autologous 
transplantation. They concluded that BuCyE, as 
a novel preparative regimen, provided good 
results and low treatment related mortality in 
the treatment of patients with NHL [4].

In the study by Zhang CY et al., 70 patients with 
multiple myeloma who were eligible for ASCT 
were enrolled in the study, 32 of the patients 
were given high dose melphelan, while BuCyE 
was applied as conditioning regimen in 38 
patients. It was concluded that in the patients 
with multiple myeloma who are candidates for 
ASCT, BuCyE conditioning regimen was an 
effective and safe option [16].

Our study has some limitations in that it was a 
retrospective study and included a small sam-
ple size. In addition, the groups were not well-
matched in terms of the rates of lymphoma 
types. However, patient and disease character-
istics and the median numbers of peripheral 
blood stem cells infused were similar in both 
groups. The ASCT protocol applied and support-
ive care given following ASCT were also same in 
both groups. 

Our findings reveal that OS, EFS and toxicity 
profiles of both BuCyE and BEAM preparatory 

regimens were similar. The groups were also 
similar in that mucositis, infectious complica-
tions, VOD and treatment related mortality 
occurred at a similar rate.

In conclusion, BuCyE conditioning regimen may 
be used as an alternative to BEAM conditioning 
regimen in autologous stem cell transplanta-
tion in patients with relapsed and refractory 
lymphoma. It is an effective and feasible strat-
egy with acceptable side effect profile. 
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