EDITORIAL

Enhancing myeloablative fludarabine-busulfan

conditioning with total marrow irradiation in high-risk

myeloid disease

Fernando Molina,? Alberto Mussetti?® and Anna Sureda®**

'Bone Marrow Transplantation Unit, Hospital Britanico, Buenos Aires, Argentina; 2Clinical
Hematology Department, Institut Catala d’Oncologia, Hospitalet de Llobregat, Barcelona,
Spain; °IDIBELL Research Institute, Hospitalet de Llobregat, Barcelona, Spain and *University

of Barcelona, Barcelona, Spain

Maahs et al. present the results of the first prospective
phase Il trial combining high-dose total marrow irradiation
(TMI, 9 Gy) with myeloablative intravenous fludarabine
and busulfan (FluBu4) in adults with high-risk myeloid
neoplasms undergoing allogeneic hematopoietic cell trans-
plantation (allo-HCT).! The study provides initial evidence
that this intensified approach can significantly decrease the
risk of relapse in patients with aggressive disease without
an increase in toxicity, which represents possibly the most
important goal in the conditioning-regimen research area.
Allo-HCT remains a cornerstone in the treatment of high-
risk myeloid neoplasms, such as acute myeloid leukemia,
myelodysplastic syndromes, and myeloproliferative neo-
plasms, especially in patients with adverse cytogenetics
or refractory/relapsed disease. Although relapse rates
decrease with myeloablative conditioning (MAC) regimens,
transplant-related mortality continues to limit the success
of allo-HCT in these cases.? Total body irradiation (TBI)-
based MAC regimens are an example of this concept. De-
spite being well known for their anti-relapse activity, their
toxicity limits their use worldwide.* Some research groups
have addressed this issue by working on less toxic ways
to deliver irradiation, such as TMI, in which critical organs
receive only 20-70% of the prescribed dose compared to
100% with TBI, in order to improve efficacy and reduce
toxicity.*

The study by Maahs et al. demonstrated that the combina-
tion of FluBu4 with TMI 9 Gy in 30 patients with high-risk
myeloid neoplasms (acute myeloid leukemia, myelodys-
plastic syndromes, and chronic myeloid leukemia in blast
phase) undergoing allo-HCT achieved a disease-free sur-
vival of 65% and an overall survival of 72% at 12 months,
with a relapse and transplant-related mortality rate of 20%
over a median follow-up of more than 4 years. Notably,
this regimen was well tolerated. Grade 3-4 extramedullary
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toxicities included mucositis in 57% of patients, nausea/
vomiting in 10%, and diarrhea in 7%, which compare favor-
ably with the toxicities of MAC plus TBI regimens.' Acute
grade 3-4 graft-versus-host disease (GvHD) was observed
in 13% of patients, and moderate/severe chronic GvHD
in 37%. These results on its efficacy and toxicity profile
could be competitive with those of other MAC regimens,
especially considering the selected high-risk population.
MAC regimens remain essential for achieving cure in high-
risk myeloid neoplasms; however, their intensification is
limited by significant organ toxicity. Given this, it is rele-
vant to compare the FluBu4 plus TMI regimen with other
contemporary regimens, as shown in Table 1. In the case
of TBI-based regimens, a prospective, randomized clinical
trial showed no significant differences in 3-year overall
survival (37% vs. 50%; hazard ratio=0.88; P=0.74) between
FluBu4 and FluBu4 plus low-dose TBI (400 cGy) regimens.®
However, the group of patients who received TBI showed a
higher incidence of acute GvHD grades 2-4 (64% vs. 29%;
P=0.02), likely due to more tissue damage from radiation.
In the TBI-free MAC regimen setting, FluBu4 was shown to
be superior to busulfan plus cyclophosphamide (CyBu4)
in a randomized study.® In that study, FluBu4 maintained
the same anti-leukemia activity while improving trans-
plant-related mortality at 1 year (8% vs. 17%; P=0.026). An-
other fundamental randomized study in myeloid diseases
(reduced-intensity setting) showed that treosulfan plus
fludarabine (FluTreo10) was not inferior to reduced-intensity
FluBu2 in acute myeloid leukemia/myelodysplastic syn-
drome patients aged 50 to 70 years. Patients treated with
FluTreo10 had a better 24-month event-free survival (64%
vs. 50%; P<0.01) and overall survival (71% vs. 56%; P<0.01),
a lower transplant-related mortality (12% vs. 28%), without
differences in the rate of relapse/progression.” Because of
these randomized studies, FluBu4 is considered a standard
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Table 1. Comparison of main conditioning regimens in allogeneic hematopoietic cell transplantation for myeloid malignancies.

Relapse rate

Regimen and study at 1-3 years

FluBu4 standard . ado
(Rambaldi et al. 2015) At2 years: 31%
FluTreo . oEo
(Beleen et al. 2020) AR B
TBF

. o,
(Saraceni et al. 2023) At 2 years: 16%

FluBu4 + TMI 9 Gy

. o,
(Maahs et al. 2025) T PRI 207

NRM/TRM
at 1-3 years

2-year NRM: 9%

2-year TRM: 12%

2-year NRM: 19%

1-year TRM: 20%

EFS/DFS

K ) eg®
at 1-3 years ey toxicities

Eao Grade =3 Gl events: 21%;
2-year DFS: 59% grade =3 infections 10%

2-year EFS: 64% Grade 3 Gl toxicity: 11%

2-year DFS: 65% Grade 2-4 acute GvHD: 29%
Grade 3-4 mucositis: 57%;
nausea/vomiting: 10%;
diarrhea: 7%

1-year DFS: 65%

NRM: non-relapse mortality; TRM: transplant-related mortality; EFS: event-free survival; DFS: disease-free survival; FluBu4: intravenous
fludarabine and busulfan (4 days); Gl: gastrointestinal; GvHD: graft-versus-host disease; FluTreo: fludarabine-treosulfan; TBF: thiotepa-bu-

sulfan-fludarabine; TMI: total marrow irradiation; Gy: Gray.

MAC regimen and FluTreo10 a standard reduced-intensity
conditioning for myeloid diseases. In the reduced-toxici-
ty setting, the aim of thiotepa, busulfan, and fludarabine
(TBF), widely used in haploidentical or alternative-donor
transplants with post-transplant cyclophosphamide GvHD
prophylaxis, is to enhance the antitumor effect by incorpo-
rating thiotepa into the regimen. In a retrospective study by
the European Society for Blood and Marrow Transplantation
(EBMT), no significant differences were found between TBF
and treosulfan-based conditioning regarding 24-month
non-relapse mortality (19% vs. 14%; P=0.31), relapse (16%
vs. 18%; P=0.75), and overall survival (73% vs. 76%, P=0.53).8
Although data are still limited, the clinical results of FluBu4
plus TMI suggest that it has greater efficacy than other
commonly used conditioning regimens, especially in the
high-risk population. Considering the adverse profile of
the cohort, the incidence of relapse was low (20% at 12
months), as shown in Figure 1. Despite the data coming
from a small series of patients without haploidentical do-
nors, these results align with experiences accumulated in
other centers regarding promising survival rates and dis-
ease control.* Furthermore, no patient in the FluBu4 plus
TMI group had long-term grade 4 solid-organ toxicities.
These results indicate that TMI, unlike TBI, does not add
significant additional toxicity beyond what already exists
with FluBu4.®

In conclusion, the combination of FluBu4 with high-dose
TMI demonstrates a promising therapeutic profile, with
survival rates, disease control, and low toxicity compara-
ble to those of current regimens, positioning it as a safe
alternative and justifying its investigation in multicenter
trials, possibly using post-transplant cyclophosphamide
GVvHD prophylaxis.
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Figure 1. Comparison of relapse rates by conditioning regimen
in allogeneic hematopoietic cell transplantation for myeloid
malignancies. FluBu4: intravenous fludarabine and busulfan (4
days); FluTreo: fludarabine-treosulfan; TBF: thiotepa-busul-
fan-fludarabine; TMI: total marrow irradiation; Gy: Gray.
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