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ABSTRACT

Objective: Similar to other regimens, the specific role of fludarabine-amsacrine-
cytarabine (FLAMSA) regimen before allogeneic transplantation is still unclear. We
compared the results of patients who received either the FLAMSA regimen or the
busulfan-fludarabine (BuFlu) regimen prior to allogeneic transplantation.

Materials and Methods: Patients who underwent allogeneic transplantation and who
administered reduced-intensity conditioning (RIC) regimens before transplantation were
included in to the this study. Patients were divided into two groups (BuFlu and FLAMSA)
according to the applied RIC regimens.

Results: A total of 37 allogeneic transplant patients (13 FLAMSA, 24 BuFlu patients)
were included in this study. The time between diagnosis and transplantation was shorter
in the patients in the FLAMSA group compared to the patients in the BuFlu group
(p<0.001). Although platelet engraftment time was shorter in the FLAMSA group than in
the busulfan-fludarabine group (p=0.048), the neutrophil engraftment time and adverse
events were similar in the two groups (all p>0.05). The estimated median disease-free
survival of the patients in the FLAMSA group was 7.2 months, while it was 3.7 months in
the busulfan-fludarabine group (p=0.778). Similarly, the estimated median overall
survival of the patients in the FLAMSA group was 7.2 months, while 7 months in the
BuFlu group (p=0.815).

Conclusion: BuFlu and FLAMSA are two alternative conditioning regimen options that
provide similar efficacy, toxicity profile and survival as regimens used in allogeneic
transplantation. The FLAMSA regimen may be an alternative to Bu-Flu as a priming
regimen for allogeneic stem cell transplantation. Meta-analyzes should be performed to
evaluate with more patients.

Keywords: Allogeneic stem cell transplantation; Busulfan; Flamsa; Acute leukemia;
Myelodysplastic syndrome

INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (HSCT) is the only potentially
curative treatment for several hematological diseases. Reduced-intensity conditioning
(RIC) regimens were created to decrease the adverse events related to the myeloablative
conditioning (MAC) regimen, particularly in elderly and fragile patients (1). However,
subsequent studies revealed that RIC regimens were remarkably associated with the risk
of relapse (2). Although non-relapse mortality (NRM) appears to be lower with RIC
regimens as compared to MAC regimens, since AML includes a group of chemosensitive
diseases, increasing concerns that RIC preparative regimens may have a negative impact
on the risk of relapse (3). The archetype RIC protocol comprises reduced-dose busulfan-
fludarabine (BuFlu). Requested outcomes were obtained using a busulfan-based reduced
conditioning regimen in myelodysplastic syndromes (MDS) or secondary acute myeloid
leukemia (SAML) (4, 5). Afterward, the efficacy of different dose intensities of busulfan
in the combination of fludarabine has also been compared in the trials (6, 7).
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In the early 2000s, alternative conditioning regimens have
been developed (8). In the beginning, the combination of
fludarabine, amsacrine, and cytarabine (FLAMSA) was
adopted for high-risk MDS and AML patients to unite
advanced anti-leukemic effect with the usefulnesses of RIC
regimen (9, 10). Recently, in a study of 265 patients with
intermediate or poor-risk AML patients using FLAMSA-RIC
as a conditioning regimen before HSCT, promising outcomes
with 2-year disease-free survival (DFS) of 52.8% and overall
survival (OS) 56.1 were obtained (11). There are limited trials
that comparing FLAMSA-RIC with other frequently utilised
RIC regimens (12, 13). For this reason, we compared the
results of AML-MDS and acute lymphoblastic leukaemia
(ALL) patients who received either the FLAMSA regimen or
the BuFlu regimen before transplantation.

MATERIAL and METHODS

Patients who underwent allogeneic HSCT between
01.01.2014 and 31.12.2020 due to the diagnosis of AML,
ALL or MDS and who administered RIC regimens before
transplantation were included in this study. RIC regimens
were applied to the patients because of advanced age,
presence of comorbidity or poor performance status. Patients
were divided into two groups (BuFlu and FLAMSA)
according to the applied RIC regimens. Information such as
age, gender, diagnosis, donor types, used conditioning
regimens, and lifespan of the patients were retrospectively
analysed from electronic patient records. In addition,
neutrophil engraftment (the first day when the neutrophil
count was over 500/mm® for three consecutive days) and
platelet engraftment times (the first day when the platelet
count was around 20000/mm? for three consecutive days) of
patients were calculated. Graft-versus-host disease (GVHD)
and sinusoidal obstruction syndrome (SOS) diagnoses were
made according to determined international criteria (14, 15).
Adverse events due to BuFlu or FLAMSA conditioning
regimens were defined and classified according to the
Common Terminology Criteria for Adverse Events version

The scheme of administration of the BuFlu regimen is as
follows: fludarabine 30 mg/m2 intravenously daily between
days -6 and -2, and busulfan 3.2 mg/kg intravenously daily on
day -3 and -2.

The administration of the FLAMSA regimen is as follows:
fludarabine 30 mg/m2 daily, cytarabine 2 g¢g/m2 daily,
amsacrine 100 mg/m2 daily. All drugs were administered
intravenously for 4 days between -10 and -7 days. All patients
were infused with peripheral blood-derived stem cells
obtained from donors via G-CSF on day 0.

Our study was conducted under the ethical standards, and
approval was obtained from the Inonu University Health
Sciences non-interventional ethics committee before starting
the study (decision no: 2021/1815).

Statistical analysis

Normality analysis of quantitative data such as age, the time
between diagnosis and transplantation, and engraftment times
was performed using the Shapiro-Wilk test. Independent
samples t-test was used to compare the mean age between the
BuFlu and FLAMSA groups, and the Mann-Whitney U test
was used to compare other quantitative data. Chi-square test
was used to compare categorical data such as gender,
diagnosis, comorbidity and adverse event incidences between
BuFlu and FLAMSA groups. A Log-rank test was performed
to compare DFS and OS of patients who received BuFlu or
FLAMSA as a regimen.

RESULTS

A total of 37 allogeneic transplant patients (13 FLAMSA, 24
BuFlu patients) were included in this study. The initial patient
characteristics before transplantation are summarised in Table
1. All patients had a complete response to the treatments
before allogeneic transplantation. The time between diagnosis
and transplantation was shorter in the patients in the
FLAMSA group compared to the patients in the BuFlu group
(p<0.001).

.0.
Table 1. Initial characteristics of two groups who underwent allogeneic transplantation

Busulfan-fludarabine

Age, mean+SD 58.1+7.4
Gender

Male, n 19 (79.2%)
Female, n 5 (20.8%)
Disease

AML, n 17 (70.8%)
ALL,n 3 (12.5%)
MDS, n 4 (16.7%)
Comorbidity

Present, n 17 (70.8%)
Absent, n 7 (29.2%)
ECOG performance scale

1,n 3 (12.5%)
2,n 17 (70.8%)
3,n 4 (16.7%)
Donor type

MRD, n 19 (79.2%)
MUD, n 5 (20.8%)
Time between diagnosis and 40 (27-62)
transplantation, median (day)

Number of CD34+ cells given 7.29x10%kg

before transplantation, median

(5.11x10%/kg-12.15x10°%/kg)

FLAMSA
54.6+8.5 0.199
8 (61.5%) 0.275
5 (38.5%)

12 (92.3%) 0.272
0 (0%) 0.637
1 (7.7%) 0.631
5 (38.5%) 0.118
8 (61.5%)

1 (7.6%) 1

6 (46.2%) 0.261
6 (46.2%) 0.123
12 (92.3%) 0.394
1 (7.7%)

41 (22-85) 0.345
7.93x10%/kg 0.681

(4.6x10%kg-11.7x10%kg)
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The neutrophil engraftment times, platelet engraftment times,
acute and chronic GVHD rates of the two groups, and adverse
events in the early period after transplantation are given in
table 2. None of the patients developed pulmonary or central
nervous system toxicity. Although platelet engraftment time
was shorter in the FLAMSA group than in the busulfan-
fludarabine group (p=0.048), the neutrophil engraftment time,
GVHD and SOS rates, and adverse events were similar in the
two groups (all p>0.05).

Fifteen (62.5%) of the patients in the BuFlu group died after a
median follow-up of 5.5 (1-48.8) months. Eight (61.5%) of
the patients in the FLAMSA group died after a median
follow-up of 7.2 (1-37.9) months. Although the median
follow-up times of the two groups were different, no
statistically significant difference was observed between the
groups (p=0.448).

Of the patients in the BuFlu group, 5 (33.3%) died from
infection, 3 (20%) from relapse, 6 (40%) from organ failure
due to GVHD, and 1 (6.7%) from organ failure due to SOS.
Of the patients in the FLAMSA group, 5 (62.5%) died from
infection, 1 (12.5%)from GVHD-related organ failure and 2
(25%) from SOS-related organ failure.

The estimated median DFS of the patients in the FLAMSA
group was 7.2 months, while it was 3.7 months in the
busulfan-fludarabine group, but no statistically significant
difference was observed between the groups (p=0.778)
(Figure 1). Similarly, the estimated median OS of the patients
in the FLAMSA group was 7.2 months, while it was 7 months
in the BuFlu group, but no statistically significant difference
was observed between the groups (p=0.815) (Figure 2).

Table 2: Comparison of the clinical outcomes and adverse events of the two groups

Neutrophil engraftment time, median (day)
Platelet engraftment time, median (day)
Febrile neutropenia, n

CMV reactivation, n

BK virus reactivation, n

Creatinine elevation, n

Liver enzyme elevation, n

Arrhythmia, n

SOS, n

Acute GVHD, n

Chronic GVHD, n

Busulfan-fludarabine FLAMSA p value
16 (11-21) 16 (11-20) 0.732
15.5 (10-28) 13 (13-15) 0.048
17 (70.8%) 10 (76.9%) 1
14 (58.3%) 7 (53.8%) 1
7 (29.2%) 5 (38.5%) 0.716
3 (12.5%) 2 (15.4%) 1
5 (20.8%) 3 (18.8%) 1
1 (4.2%) 0 (0%) 1
11 (45.8%) 6 (37.5%) 0.747
5 (20.8%) 1 (7.7%) 0.394
3 (12.5%) 3 (23.1%) 0.643

CMV: Cytomegalovirus, SOS: Sinusoidal obstruction syndrome, GVHD: Graft versus host disease
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Figure 1: Disease-free survival of two groups
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Figure 2. Overall survival of two groups

DISCUSSION

Data on the option of the conditioning regimen for patients
who underwent allogeneic HSCT is limited (13). We
compared the consequences of two frequently utilised
conditioning regimens, namely BuFlu and FLAMSA
regimen, in this study. No remarkable difference could be
noticed in regard of DFS, OS, GVHD and SOS. When
looking at engraftment times, the time to platelet engraftment
was shorter in the FLAMSA group than in the busulfan-
fludarabine group (p=0.048). However, there was no
difference between the groups regarding the time to
neutrophil engraftment (p=0.732). RIC protocols were
emerged to decreasing adverse effects and making HSCT
suitable for fragile patients. However, RIC protocols may not
be sufficiently effective for patients with high-risk
characteristics (16). FLAMSA-RIC was introduced in 2005 to
overcome this restriction (8). There is increasing evidence
from studies that non-relapse mortality is lower after RIC
regimens than after MAC regimen (17). However, Scott et al.
demonstrated that RIC regimens had been associated with a
higher relapse rate (51% vs. 15.9%, respectively) compared
with MAC regimens. Also, OS was remarkably better with
MAC rather than RIC (18). The RIC conditioning regimen
BuFlu has appropriate tolerability, and Rambaldi et al.
demonstrated that even the BuFlu MAC regimen (Busulfan
total dose: 12.8 mg/kg) associated with lower 1-year
nonrelapse mortality rather than busulfan/cyclophosphamide
(17.2% vs. 7.9%) According to the results of this trial, the
BuFlu regimen can be selected when potent antileukemic
activity is desired in groups for which consideration of
adverse effects related to the treatment regimen is a priority
(fragile and/or older patients) (19).

Chen et al. compared two different busulfan doses-BuFlu
regimens (3.2 mg/kg vs 6.4 mg/kg) in AML and MDS
patients. Two-year DFS and OS were also similar between
both regimens. Two-year NRM rates were identical for both
regimens (6). Shimoni et al. compared BuFlu MAC regimen
(FB4, total busulfan dose 12.8 mg/kg) and BuFlu RIC
regimen (FB2, total busulfan dose 6.4 mg/kg) in patients with
AML and MDS.
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Shimoni et al. found that NRM and OS rates were similar in
both conditioning regimens (7).

Heinicke et al. found that FLAMSA-TBI resulted in
decreased relapse incidence, rather than BuFlu conditioning
regimen, according to multivariate analysis (p=0.04). Also, a
better DFS rate was observed FLAMSA-TBI regimen group
compared with BuFlu group. In univariate analysis, NRM
was 16.1%, 16.4%, and 26.7%, in the BuFlu, FLAMSA-Total
body irradiation (FLAMSA-TBI), and FLAMSA-Bu groups,
respectively (p<0.01). However, no statistically significant
result was demonstrated between the groups regarding 2-year
OS. The incidence of grade Il-1V acute GVHD is higher in
the BuFlu group than in the FLAMSA-TBI group (21.1% vs
26.9%, p<0.001). However, there was no difference between
the groups in terms of the incidence of chronic GVHD (12).

In a study, treosulfan-based regimen compared to BuFlu plus
thiotepa or FLAMSA-RIC as conditioning regimen for AML
patients no difference was observed with regards to NRM,
DFS, OS rates. Likewise, GVHD rates similar between all
groups (13). These results contradict the argument that the
development of chronic GVHD is associated with busulfan-
induced prolonged dysfunction of anti-infectious immunity
(20).

The limitations of this trial are related to the retrospective
nature of the study. At the same time, the limited number of
patients included in this trial is among the limitations of our
research.

CONCLUSIONS

BuFlu and FLAMSA are two alternative conditioning
regimen options that provide similar efficacy, toxicity profile
and survival as regimens used in allogeneic transplantation.
Conflicting results were obtained in trials comparing the
endpoints (OS, PFS, NRM) of BuFlu and FLAMSA-RIC.
Meta-analyzes should be performed to evaluate with more
patients.
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