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Total body irradiation (TBI) at myeloablative doses is superior to chemotherapy-based
regimens in young patients with acute lymphoblastic leukemia (ALL) undergoing alloge-
neic hematopoietic stem cell transplantation (allo-HSCT). However, in elderly and unfit
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patients, in whom reduced-intensity conditioning (RIC) regimens are preferred, whether
a TBI-based or a chemotherapy-based approach is better is unexplored. Thiotepa can be
used as part of ALL conditioning regimens. The current study aimed to compare trans-
plantation outcomes after RIC with TBI-based or thiotepa-based regimens in patients
with ALL. The study cohort comprised patients aged �40 years undergoing allo-HSCT for
ALL in first complete remission between 2000 and 2020 who received an RIC regimen
containing either TBI (4 to 6 Gy) or thiotepa. We identified a total of 265 patients, includ-
ing 117 who received a TBI-based RIC regimen and 148 who received a thiotepa-based
RIC regimen. Univariate analysis revealed no significant differences in the following
transplantation outcomes for TBI versus thiotepa: relapse, 23% versus 28% (P = .24); non-
relapse mortality, 20% versus 26% (P = .61); leukemia-free survival, 57% versus 46%
(P = .12); overall survival, 67% versus 56% (P = .18); graft-versus-host disease (GVHD]/
relapse-free survival, 45% versus 38% (P = .21); grade II-IV acute GVHD, 30% in both
groups (P = .84); grade III-IV acute GVHD, 9% versus 10% (P = .89). The sole exception was
the incidence of chronic GVHD, which was higher in the recipients of TBI-based regimens
(43% versus 29%; P = .03). However, multivariate analysis revealed no differences in
transplantation outcomes between the 2 groups. In patients aged �40 years receiving
RIC, use of a thiotepa-based regimen may represent a valid alternative to TBI-based regi-
mens, as no differences were observed in the main transplantation outcomes.

© 2023 The American Society for Transplantation and Cellular Therapy. Published by
Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
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INTRODUCTION
Total body irradiation (TBI) at myeloablative

doses represents an essential backbone of condi-
tioning regimens in adult patients undergoing
allogeneic hematopoietic stem cell transplanta-
tion (allo-HSCT) for acute lymphoblastic leukemia
(ALL) [1,2]. However, TBI is hampered by short-
and long-term adverse effects that may negatively
impact long-term survival [3]. Therefore, chemo-
therapy-based regimens represent a possible
alternative. Thiotepa is a radiomimetic agent that
has the peculiar characteristic of crossing the
blood-brain barrier, thus exerting its antileukemic
activity even in sanctuary sites [4,5]. Comparative
studies in the adult setting have shown higher
leukemia-free survival (LFS) and a lower relapse
incidence (RI) when using TBI at myeloablative
doses compared to thiotepa-containing myeloa-
blative regimens [6]. However, a high proportion
of patients are not eligible for a myeloablative reg-
imen owing to their advanced age and/or associ-
ated comorbidities, and in these patients, a
reduced-intensity conditioning regimen (RIC) is
preferred [7,8]. Studies comparing transplantation
outcomes with either TBI-based or thiotepa-based
RIC regimens in adults undergoing allo-HSCT are
lacking.
METHODS
This retrospective study is from the Acute Leu-

kemia Working Party (ALWP) of the European
Society for Blood and Marrow Transplantation
(EBMT), a working group of more than 600 trans-
plant centers, mostly located in Europe, that are
required to report annually all consecutive trans-
plantations and follow-up data. Data are entered,
managed, and maintained in a central database
with internet access; each EBMT center is repre-
sented in this database. There are no restrictions
on centers for reporting data, except those
required by law on patient consent and data con-
fidentiality and accuracy. Quality control meas-
ures include several independent systems:
confirmation of validity of the entered data by the
reporting team, selective comparison of the sur-
vey data with MED-A data sets in the EBMT regis-
try database, cross-checking with the National
Registries, and regular in-house and external data
audits. Patients provide informed consent autho-
rizing the use of their personal information for
research purposes. Each patient also provides con-
sent for transplantation according to the ethical
principles of the Declaration of Helsinki. The study
was approved by the Institutional Review Board of
the EBMT ALWP.

Study Design and Eligibility Criteria
The current study included adult patients aged

�40 years at the time of allo-HSCT, diagnosed
with ALL, with available information on immuno-
phenotype and Philadelphia (Ph) chromosome
status and undergoing their first allo-HSCT in first
complete remission (CR) using a RIC regimen.
Only patients receiving either a thiotepa-based

http://creativecommons.org/licenses/by/4.0/
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(THIO group) or a TBI-based (TBI group) RIC regi-
men were included. In the THIO group, thiotepa
doses of 5 and 10 mg/kg were included, whereas
in the TBI group, only doses between 4 and 6 Gy
were included. All donor types (except cord blood
units) and both peripheral blood and bone mar-
row stem cell grafts were included. Ex vivo T cell
depletion was an exclusion criterion. All trans-
plantations were performed between 2000 and
2020. Transplantation outcomes were compared
between the THIO and TBI groups.

Definitions
Performance status was graded according to

the Karnofsky Performance Status (KPS) scale and
was defined as poor when it was <90. The pri-
mary study endpoint was LFS, defined as the
probability of being alive without evidence of
relapse. Secondary endpoints included overall
survival (OS), refined graft-versus-host disease
(GVHD)/relapse-free survival (GRFS), cumulative
incidence of engraftment, cumulative incidence of
GVHD, RI, and nonrelapse mortality (NRM). Acute
GVHD (aGVHD) was graded according to the mod-
ified Glucksberg criteria, and chronic GVHD
(cGVHD) was graded according to the revised
Seattle criteria [9,10].

Engraftment was defined as achieving an abso-
lute neutrophil count �.5 £ 109/L for 3 consecu-
tive days. OS was defined as the time from allo-
HSCT to death, regardless of the cause. Refined
GRFS was defined as being alive with neither
grade III-IV aGVHD nor severe cGVHD nor disease
relapse at any time point [11]. Relapse was
defined as the presence of �5% BM blasts and/or
reappearance of the underlying disease. NRM was
defined as death without evidence of relapse or
progression.

Statistical Analysis
The median value and range or interquartile

range (IQR) were expressed for continuous data,
and frequency and percentage for categorical
data. Patient-, disease-, and transplantation-
related characteristics of the 2 groups were com-
pared using the chi-square or Fisher exact test for
categorical data and the Kruskal-Wallis test for
continuous data. The probabilities of LFS, OS, and
GRFS were calculated using the Kaplan-Meier
method and the log-rank test was used for univar-
iate comparisons of survival [12].

Neutrophil engraftment, aGVHD, cGVHD, RI,
and NRM were calculated using the cumulative
incidence estimator to accommodate competing
risks. For NRM, relapse was the competing event,
and for RI, the competing risk was death without
relapse. For studying aGVHD and cGVHD, relapse
and death were the competing events. Multivari-
ate analyses of the main outcomes were per-
formed using the Cox proportional hazards model
[13]. Most of the variables that differed signifi-
cantly between the 2 groups and clinically rele-
vant factors were included in the multivariate Cox
models. The final Cox model included condition-
ing regimen, ALL subtype, age, year of transplan-
tation, donor type, stem cell source, and female
donor to male recipient combination. Results
were expressed as hazard ratio (HR) with 95%
confidence interval (CI). All P values were 2-sided.
Statistical analyses were performed with R 4.0.2
(R Development Core Team).
RESULTS
Overall, 265 patients who met the inclusion cri-

teria were identified, including 148 in the THIO
group and 117 in the TBI group. Table 1 presents
patient-, disease- and transplantation-related
characteristics. The median patient age was
59 years (range, 40 to 75 years) in the THIO group
versus 56 years (range, 40 to 72 years) for the TBI
group (P = .32). The median year of transplanta-
tion was 2016 in both groups (P = .09). There were
no differences in the distribution of diagnoses
between the groups. Most patients were diag-
nosed with Ph-positive ALL (55% in the THIO
group and 59% in the TBI group), with Ph-negative
B-ALL and T-ALL diagnosed in 28% and 16%,
respectively, in the THIO group and in 19% and
22%, respectively, in the TBI group (P = .14). Thio-
tepa was more frequently associated with busul-
fan and fludarabine (TBF; n = 88), whereas TBI
was more frequently associated with cyclophos-
phamide and fludarabine (n = 52), fludarabine
alone (n = 27), or cyclophosphamide alone
(n = 17) (data not shown). Unrelated donors
were more frequent in the TBI group (58% ver-
sus 44%; P < .04). A female donor for a male
recipient was recorded in 14% of cases in both
groups, whereas a longer interval from diagno-
sis to transplantation was seen in the THIO
group (median, 7 months versus 6 months; P <

.01).
The stem cell source was predominantly

peripheral blood (81% in the THIO group and 94%
in the TBI group; P < .01). The most frequently
used GVHD prophylaxis regimen was cyclospor-
ine with either methotrexate or mycophenolate
mofetil in both groups. In vivo T cell depletion
was used more frequently in the TBI group (54%
versus 40%; P < .03). No imbalances were



Table 1
Patient, Disease, and Transplantation Characteristics According to Conditioning Regimen

Characteristic THIO Group (N = 148) TBI Group (N = 117) P Value

Age at allo-HSCT, yr, median (range) 59 (40-75) 56 (41-72) .32

Age 40-60 yr, n 98 78

Age >60 yr, n 50 39

Sex, female/male, n (%) 71 (48)/77 (52) 52 (44)/65 (56) .57

Main diagnosis, n (%)

Ph- B-ALL 42 (28) 22 (19) .14

Ph+ B-ALL 82 (55) 69 (59)

T-ALL 24 (16) 26 (22)

Female donor to male recipient, n (%) 21 (14) 16 (14) .89

Karnofsky Performance Status <90, n (%) 32 (23) 23 (22) .81

Sorror score, n (%) .19

0 52 (47) 42 (61)

1-2 29 (26) 13 (19)

� 3 30 (27) 14 (20)

Missing 37 48

Patient CMV serology, n (%) .32

Negative 28 (19) 17 (15)

Positive 117 (81) 99 (85)

Missing 3 1

Donor type, n (%) <.04

HLA-identical sibling 52 (35) 36 (31)

Unrelated donor 65 (44) 68 (58)

Haploidentical 31 (21) 13 (11)

Donor CMV serology, n (%) .8

Negative 53 (38) 40 (36)

Positive 88 (62) 71 (64)

Missing 7 6

Interval from diagnosis to allo-HSCT, mo, median (range) 7 (2-22) 6 (1-22) < .01

Stem cell source, n (%) <.01

BM 28 (19) 7 (6)

PB 120 (81) 110 (94)

Reason for choosing an RIC (as reported by centers), n

Age of recipient 51 21

Comorbid conditions 23 17

Protocol driven 25 45

Infection 3 -

Not reported/missing 46 34

TBI, n

4 Gy - 65

6 Gy - 52

In vivo TCD, n (%) 58 (40) 63 (54) <.03

GVHD prophylaxis, n (%) -

CsA 8 (5) 6 (5)

CsA + MTX 57 (39) 57 (49)

CsA + MMF 52 (36) 35 (30)

Other 29 (20) 19 (16)

Missing 2 0

Year of allo-HSCT, median (range) 2016 (2002-2020) 2016 (2000-2020) .09

Follow-up, mo, median (range) 29 (25-37) 25 (24-36) —

CMV indicates cytomegalovirus; BM, bone marrow; PB, peripheral blood; TCD, T cell depletion; CsA, cyclosporine A;
MTX, methotrexate; MMF, mycophenolate mofetil.
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Table 2
Cumulative Incidence of GVHD at 6 Months and 2 Years

Group 6-mo Grade II-IV aGVHD,
% (95% CI)

6-mo Grade III-IV aGVHD,
% (95% CI)

2-yr cGVHD, Any Grade,
% (95% CI)

2-yr cGVHD, Extensive,
% (95% CI)

THIO 30 (22-38) 10 (6-16) 29 (21-37) 13 (7-19)

TBI 30 (22-39) 9 (5-16) 43 (32-53) 13 (7-22)

P value .84 .89 <.04 .99
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observed for either Karnofsky Performance Status
<90 (23% for the THIO group and 22% for the TBI
group; P = .81) or Sorror score.

Univariate Analysis
Results of the univariate analysis are summa-

rized in Tables 2 and 3.

Engraftment, aGVHD, and cGVHD
The cumulative incidence of day 60 neutrophil

engraftment was 96.4% (95% CI, 91.2% to 98.6%)
for the THIO group and 99.1% (95% CI, 89.5% to
99.9%) for the TBI group (P = .30), with a median
time to neutrophil engraftment of 18 days (range,
7 to 42 days) and 19 days (range, 10 to 56 days),
respectively (P = .82).

The cumulative incidence of 180-day grade II-
IV aGVHD was 30% in both groups (P = .84), and
the cumulative incidence of grade III-IV aGVHD
was 10% (95% CI, 6% to 16%) in the THIO group and
9% (95% CI, 5% to 16%) in the TBI group (P = .89). A
higher cumulative incidence of cGVHD of all
grades at 2 years was seen in the TBI compared
with the THIO group (43% [95% CI, 32% to 53%]
versus 29% [95% CI, 21% to 37%] ; P < .04), but the
cumulative incidence of extensive cGVHD was
13% in both groups (P = .99).
Figure 1. Survival outcomes according to thiotepa or TBI use. (A)
relapse.
In the multivariate analysis, no significant dif-
ferences were observed for either aGVHD or
cGVHD according to the conditioning regimen
used (Table 4). Considering TBI as the reference
group, the HR for grade II-IV aGVHD was .97 (95%
CI, .60 to 1.56; P = .89) while for cGVHD of all
grades it was .71 (95% CI, .44 to 1.15; P = .17). Of
note, for cGVHD, regardless of the conditioning
regimen used, female donor to male recipient,
year of allo-HSCT, and the use of matched sibling
donors versus unrelated donors were variables
independently associated with cGVHD.

Relapse and NRM
With a median follow-up of 29 months (range,

25 to 37 months) for the THIO group and 25
months (range, 24 to 36 months) for the TBI group,
no differences were observed between the 2
groups in the cumulative incidence of relapse or
NRM, with relapse at 28% (95% CI, 20% to 36%) in
the THIO group and 23% (95% CI, 15% to 33%) in the
TBI group (P = .24) and NRM at 26% (95% CI, 19% to
34%) and 20% (95% CI, 12% to 29%), respectively
(P = .61) (Figure 1). The main causes of death in the
THIO and TBI groups were recurrence of ALL (43%
in both groups), infections (22% and 23%, respec-
tively) and GVHD (15% and 23%, respectively).
Cumulative incidence of NRM. (B) Cumulative incidence of



Figure 2. Survival outcomes according to thiotepa or TBI use. (A) LFS. (B) OS. (C) GRFS.

95.e6 G. Battipaglia et al. / Transplantation and Cellular Therapy 30 (2024) 95.e1�95.e10
Multivariate analysis showed no differences in
NRM and relapse according to the conditioning
regimen used (Table 4). With TBI as the reference
group, the HR was 1.38 (95% CI, .79 to 2.40;
P = .26) for RI and 1.13 (95% CI, .64 to 1.99; P = .67)
for NRM. Of note, a greater risk of NRM was
observed in recipients of unrelated donors com-
pared to HLA-identical sibling donors (HR, 2.12;
95% CI, 1.11 to 4.06; P < .03).
OS, LFS, and GRFS
No between-group differences were observed

in univariate analyses for LFS, OS, and GRFS
(Figure 2). Higher probabilities of LFS, OS, and
GRFS were observed in the TBI group compared to
the THIO group, but the differences did not reach
statistical significance (P =.12 for LFS, P = .18 for
OS, and P = .21 for GRFS). The same held true in
the multivariate analysis (Table 4): HR for LFS,
1.24 (95% CI, .84 to 1.84; P = .28); HR for OS: 1.28
(95% CI, .83 to 1.96; P = .26); HR for GRFS, 1.18
(95% CI, .83 to .66; P = .35). Regardless of the con-
ditioning regimen, the use of grafts from HLA-
identical sibling donors was associated with lower
LFS (HR, 1.63; 95% CI, 1.05 to 2.62; P < .03) com-
pared to unrelated donors, whereas a diagnosis of
T-ALL compared to Ph-negative B-ALL was associ-
ated with both a better LFS (HR, .53; 95% CI, .29 to
.98; P < .05) and OS (HR, .49; 95% CI, .26 to .92; P
< .03). Furthermore, Ph-positivity was associated
with a better OS compared to Ph-negative B-ALL
(HR, .52; 95% CI, .32 to .84; P < .01).
DISCUSSION
Despite major improvements in transplanta-

tion outcomes for patients with ALL, the use of TBI
or chemoconditioning-based MAC regimens is
associated with high NRM, reaching nearly 36% at
2 years in patients age 35 to 40 years [14]. Fur-
thermore, unfavorable disease characteristics,



Table 3
Two-Year Survival Outcomes

Group LFS, % (95% CI) OS, % (95% CI) GRFS, % (95% CI) RI, % (95% CI) NRM, % (95% CI)

THIO 46 (37-55) 56 (47-65) 38 (29-46) 28 (20-36) 26 (19-34)

TBI 57 (46-67) 67 (56-75) 45 (35-55) 23 (15-33) 20 (12-29)

P value .12 .18 .21 .24 .61

Table 4
Multivariate Analysis for Transplantation Outcomes

Outcome HR (95% CI) P Value

LFS

TBI vs THIO 1.24 (.84-1.84) .28

Ph-negative vs Ph-positive B-ALL .65 (.42-1.01) .06

Ph-negative B-ALL vs T-ALL .53 (.29-.98) <.05

Incremental age (£ 10 yr) 1.11 (.85-1.45) .46

Year of allo-HSCT .97 (.92-1.01) .16

MSD vs UD 1.63 (1.05-2.52) <.03

MSD vs TCR-Haplo donor .78 (.40-1.53) .47

Female donor to male recipient vs other sex combinations .87 (.49-1.52) .62

PB vs BM .58 (.34-1.00) .06

OS

TBI vs THIO 1.28 (.83-1.96) .26

Ph-negative vs Ph-positive B-ALL .52 (.32-.84) <.01

Ph-negative B-ALL vs T-ALL .49 (.26-.92) <.03

Incremental age (£10 yr) 1.15 (.85-1.55) .37

Year of allo-HSCT .96 (.91-1.01) .12

MSD vs UD 1.50 (.94-2.39) .09

MSD vs TCR-Haplo donor .64 (.30-1.39) .26

Female donor to male recipient vs other sex combinations .86 (.46-1.60) .63

PB vs BM .65 (.35-1.18) .16

GRFS

TBI vs THIO 1.18 (.83-1.66) .35

Ph-negative vs Ph-positive B-ALL .70 (.47-1.05) .08

Ph-negative B-ALL vs T-ALL .63 (.37-1.07) .09

Incremental age (£ 10 yr) 1.06 (.84-1.34) .63

Year of allo-HSCT .97 (.93-1.02) .25

MSD vs UD 1.12 (.77-1.64) .55

MSD vs TCR-Haplo donor .65 (.36-1.15) .14

Female donor to male recipient vs other sex combinations .99 (.62-1.56) .95

PB vs BM .67 (.41-1.1) .12

RI

TBI vs THIO 1.38 (.79-2.40) .26

Ph-negative vs Ph-positive B-ALL .55 (.30-1.01) .06

Ph-negative B-ALL vs T-ALL .65 (.29-1.44) .29

Incremental age (£ 10 yr) .90 (.63-1.29) .56

Year of allo-HSCT .97 (.90-1.03) .31

MSD vs UD 1.26 (.69-2.28) .45

MSD vs TCR-Haplo donor .77 (.32-1.83) .55

Female donor to male recipient vs other sex combinations .92 (.44-1.91) .82

PB vs BM .48 (.23-1.00) .06

NRM

(continued)
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Table 4 (Continued)

Outcome HR (95% CI) P Value

TBI vs THIO 1.13 (.64-1.99) .67

Ph-negative vs Ph-positive B-ALL .78 (.41-1.49) .45

Ph-negative B-ALL vs T-ALL .41 (.15-1.07) .07

Incremental age (£ 10 yr) 1.41 (.94-2.13) .1

Year of allo-HSCT .97 (.9-1.04) .37

MSD vs UD 2.12 (1.11-4.06) <.03

MSD vs TCR-Haplo donor .74 (.25-2.16) .58

Female donor to male recipient vs other sex combinations .79 (.33-1.9) .6

PB vs BM .72 (.32-1.63) .43

Grade II-IV aGVHD

TBI vs THIO .97 (.60-1.56) .89

Ph-negative vs Ph-positive B ALL 1.02 (.57-1.82) .95

Ph-negative B-ALL vs T-ALL 1.02 (.49-2.12) .97

Incremental age (£ 10 yr) 1.04 (.74-1.46) .82

Year of allo-HSCT .97 (.92-1.03) .4

MSD vs UD .91 (.53-1.57) .74

MSD vs TCR-Haplo donor 1.05 (.5-2.18) .9

Female donor to male recipient vs other sex combinations 1.11 (.58-2.1) .75

PB vs BM 1.07 (.51-2.24) .86

cGVHD

TBI vs THIO .71 (.44-1.15) .17

Ph-negative vs Ph-positive B-ALL .76 (.42-1.38) .37

Ph-negative B-ALL vs T-ALL 1.46 (.73-2.89) .28

Incremental age (£10 yr) .87 (.63-1.20) .41

Year of allo-HSCT .93 (.88-.99) <.03

MSD vs UD .48 (.28-.83) <.01

MSD vs TCR-Haplo donor .60 (.29-1.24) .17

Female donor to male recipient vs other sex combinations 1.84 (1.07-3.18) <.03

PB vs BM 1.08 (.47-2.46) .86
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such as the presence of adverse cytogenetics, and
increasing age have been reported in one-half of
adults aged �40 years. The development of RIC
regimens incorporating lower doses of TBI and
reduced-toxicity chemotherapies has allowed
older and less fit patients to benefit from allo-
HSCT, lowering NRM [15].

The alkylating agent thiotepa is used exten-
sively in transplantation conditioning regimens
and has found wide application in hematologic
malignancies with central nervous system
involvement [4,5]. Therefore, owing to its radio-
mimetic properties and its ability to cross the
blood-brain barrier, several centers use thiotepa
as an alternative to TBI in both the MAC and RIC
settings for allo-HSCT in ALL [6,16]. Although Eder
et al. [6] showed that the use of thiotepa-based
MAC regimens is associated with inferior trans-
plantation outcomes compared to TBI-based MAC
regimens, no comparative analysis of the 2 RIC
regimens has been reported to date [6]. Therefore,
we used data from the EBMT registry to explore
this issue. Interestingly, we observed no differen-
ces in any transplantation outcome when using
thiotepa or TBI at 4 to 6 Gy, highlighting that both
strategies may represent a valid option when
choosing the conditioning regimen for the elderly
or for patients with comorbidities considered not
eligible for MAC. At 2 years, we observed a NRM
of 26% for the THIO group compared to 20% for
TBI group, in line with results recently reported
from the UKALL14 study, where the use of a flu-
darabine, melphalan, and alemtuzumab-based
conditioning regimen resulted in a 4-year NRM of
20% [17]. Similar to the aforementioned study,
infection was the main cause of NRM in both the
TBI and THIO groups.

Our study adds to the growing body of litera-
ture on RIC regimens for allo-HSCT in ALL, where
the best regimen remains to be defined. Peric et
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al. [18] previously compared 3 RIC regimens in
427 patients age <45 years—fludarabine with
melphalan or busulfan and TBI at 2 Gy—and
showed no differences among the 3 [18]. Impor-
tantly, although in that study, RI was as high as
40% and LFS was 42% to 45% at 2 years, we
observed more encouraging results, with a lower
RI of 28% and 23% and higher LFS of 46% and 57%
in the THIO and TBI groups, respectively. How-
ever, comparisons between the 2 studies are diffi-
cult, and differences may depend not only on the
conditioning regimens used (with TBI regimens at
higher doses in our study), but also on the year of
allo-HSCT, with our study including more recent
transplant recipients, who may have benefited
from the recent improvements in both ALL treat-
ment and allo-HSCT procedures.

Interestingly, more than one-half of the
patients in the THIO group received TBF as the
conditioning regimen. The latter, initially intro-
duced using cord blood and then with expanded
use in the haploidentical setting, has found wide-
spread use in allo-HSCT with all donor types and
in various hematologic malignancies [19,20].
Banet et al. [16] recently reported the efficacy and
feasibility of TBF (both MAC and RIC) in allo-HSCT
for ALL (mostly B-ALL, with only 7% T-ALL) in
patients aged from 17 to 72 years. They included
all disease status and observed very favorable out-
comes with a 5-year NRM of 15% and an RI of 28%
[16]. Taken together, these results further high-
light that chemoconditioning-based regimens
represent a valid alternative to TBI, also facilitat-
ing the logistics of administration generally asso-
ciated with TBI.

Of note, in our series, the use of TBI was also
associated with a higher incidence of cGVHD
(43%, compared to 29% in the THIO group), but
this difference was not observed in the multivari-
ate analysis, where female donor to male recipi-
ent, use of unrelated donors, and year of allo-
HSCT were independently associated with the risk
of cGVHD.

Our results also show no differences in trans-
plantation outcomes between the use of HLA-
identical and haploidentical sibling donors, sug-
gesting that alternative graft sources can be con-
sidered for elderly or frail patients who lack an
HLA-identical sibling donor and who are consid-
ered eligible for RIC allo-HSCT. Despite this, our
results must be taken with caution considering
the sample size, although they are in line with a
previous study from our group showing no differ-
ences in survival in patients age �18 years who
underwent transplantation from an HLA-identical
or haploidentical sibling donor with both MAC
and RIC regimens [21].

Importantly, we also report a higher probabil-
ity of OS in Ph+ compared to Ph- ALL and a trend
toward a lower RI and higher probability of LFS.
This result in part reflects the different behavior
of these 2 B-ALL entities and the significant
impact that TKI may have on transplantation out-
comes, with recent debates and therapeutic
advances in the Ph+ ALL field that even call into
question the use of allo-HSCT in patients with Ph+

ALL in first CR attaining MRD negativity [22].
Our study has several limitations, including

those inherent to a registry-based retrospective
analysis, coupled with sample size limitations and
lack of comprehensive information concerning
disease-related genomic characteristics or MRD
information. Several factors may have guided the
choice to perform HSCT in those patients in first
CR, thus precluding stratifications and subanaly-
ses that might have influenced final outcomes
independently from conditioning regimens. Fur-
thermore, an important study bias is related to
patient selection and to factors guiding the deci-
sion to use an RIC regimen.

CONCLUSION
Our study highlights that in patients with ALL

who are not considered eligible for MAC regi-
mens, both TBI-based and thiotepa-based regi-
mens represent valid alternatives, providing
acceptable long-term disease control and survival.

ACKNOWLEDGMENTS
The authors thank Emmanuelle Polge from the

office of the ALWP of the EBMT, the clinical staff
and investigators involved in this research, and
especially the patients who took part.

Financial disclosure: There is no financial disclo-
sure to report for this study

Conflict of interest statement: There are no con-
flicts of interest to report.

Authorship statement: G.B. designed the study
and wrote the manuscript, M.L. performed the
statistical analysis, M.L., A.N., and M.M. revised
the manuscript, and all the authors reviewed its
final version. S.M., A.R., Z.N.O., J.H.B., W.R., I.Y.A.,
G.G., J.S., W.A., Y.N., N.F., and S.G. were the princi-
pal investigators at the centers recruiting the
highest number of patients into the study.

REFERENCES
1. Giebel S, Marks DI, Boissel N, et al. Hematopoietic stem

cell transplantation for adults with Philadelphia chro-
mosome-negative acute lymphoblastic leukemia in first
remission: a position statement of the European

http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0001
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0001
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0001
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0001


95.e10 G. Battipaglia et al. / Transplantation and Cellular Therapy 30 (2024) 95.e1�95.e10
Working Group for Adult Acute Lymphoblastic Leuke-
mia (EWALL) and the Acute Leukemia Working Party of
the European Society for Blood and Marrow Transplan-
tation (EBMT). Bone Marrow Transplant. 2019;54:798–
809.

2. Cahu X, Labopin M, Giebel S, et al. Impact of condition-
ing with TBI in adult patients with T-cell ALL who
receive a myeloablative allogeneic stem cell transplan-
tation: a report from the acute leukemia working party
of EBMT. Bone Marrow Transplant. 2016;51:351–537.

3. Thomas O, Mah�e M, Campion L, et al. Long-term com-
plications of total body irradiation in adults. Int J Radiat
Oncol Biol Phys. 2001;49:125–131.

4. Kasenda B, Ihorst G, Schroers R, et al. High-dose chemo-
therapy with autologous haematopoietic stem cell sup-
port for relapsed or refractory primary CNS lymphoma:
a prospective multicentre trial by the German Coopera-
tive PCNSL study group. Leukemia. 2017;31:2623–2629.

5. Schorb E, Fox CP, Fritsch K, et al. High-dose thiotepa-
based chemotherapy with autologous stem cell support
in elderly patients with primary central nervous system
lymphoma: a European retrospective study. Bone Mar-
row Transplant. 2017;52:1113–1119.

6. Eder S, Canaani J, Beohou E, et al. Thiotepa-based
conditioning versus total body irradiation as myeloa-
blative conditioning prior to allogeneic stem cell
transplantation for acute lymphoblastic leukemia: a
matched-pair analysis from the Acute Leukemia
Working Party of the European Society for Blood and
Marrow Transplantation. Am J Hematol. 2017;92:
997–1003.

7. Mohty M, Labopin M, Volin L, et al. Reduced-intensity
versus conventional myeloablative conditioning alloge-
neic stem cell transplantation for patients with acute
lymphoblastic leukemia: a retrospective study from the
European Group for Blood and Marrow Transplantation.
Blood. 2010;116:4439–4443.

8. Tanaka J, Kanamori H, Nishiwaki S, et al. Reduced-
intensity vs myeloablative conditioning allogeneic
hematopoietic SCT for patients aged over 45 years with
ALL in remission: a study from the Adult ALL Working
Group of the Japan Society for Hematopoietic Cell
Transplantation (JSHCT). Bone Marrow Transplant.
2013;48:1389–1394.

9. Przepiorka D, Chan KW, Champlin RE, et al. Prevention
of graft-versus-host disease with anti-CD5 ricin A chain
immunotoxin after CD3-depleted HLA-nonidentical
marrow transplantation in pediatric leukemia patients.
Bone Marrow Transplant. 1995;16:737–741.

10. Lee SJ, Klein JP, Barrett AJ, et al. Severity of chronic graft-
versus-host disease: association with treatment-related
mortality and relapse. Blood. 2002;100:406–414.

11. Ruggeri A, Labopin M, Ciceri F, Mohty M, Nagler A. Defi-
nition of GvHD-free, relapse-free survival for registry-
based studies: an ALWP-EBMT analysis on patients
with AML in remission. Bone Marrow Transplant. 2016;
51:610–611.

12. Kaplan EL, Meier P. Nonparametric estimation from
incomplete observations. J Am Stat Assoc. 1958;53:
457–481.
13. Fine JP, Gray RJ. A proportional hazards model for the
subdistribution of a competing risk. J Am Stat Assoc.
1999;446:496–509.

14. Goldstone AH, Richards SM, Lazarus HM, et al. In adults
with standard-risk acute lymphoblastic leukemia, the
greatest benefit is achieved from amatched sibling allo-
geneic transplantation in first complete remission, and
an autologous transplantation is less effective than con-
ventional consolidation/maintenance chemotherapy in
all patients: final results of the International ALL Trial
(MRC UKALL XII/ECOG E2993). Blood. 2008;111:
1827–1833.

15. Shimoni A, Hardan I, Shem-Tov N, et al. Comparison
between two fludarabine-based reduced-intensity con-
ditioning regimens before allogeneic hematopoietic
stem-cell transplantation: fludarabine/melphalan is
associated with higher incidence of acute graft-versus-
host disease and non-relapse mortality and lower inci-
dence of relapse than fludarabine/busulfan. Leukemia.
2007;21:2109–2116.

16. Banet A, Bazarbachi A, Labopin M, et al. Thiotepa, busul-
fan and fludarabine conditioning-regimen is a promis-
ing approach for older adult patients with acute
lymphoblastic leukemia treated with allogeneic stem
cell transplantation. Bone Marrow Transplant. 2023;58:
61–67.

17. Marks DI, Clifton-Hadley L, Copland M, et al. In-vivo T-
cell depleted reduced-intensity conditioned allogeneic
haematopoietic stem-cell transplantation for patients
with acute lymphoblastic leukaemia in first remission:
results from the prospective, single-arm evaluation of
the UKALL14 trial. Lancet Haematol. 2022;9:e276–e288.

18. Peric Z, Labopin M, Peczynski C, et al. Comparison of
reduced-intensity conditioning regimens in patients
with acute lymphoblastic leukemia >45 years undergo-
ing allogeneic stem cell transplantation-a retrospective
study by the Acute Leukemia Working Party of EBMT.
Bone Marrow Transplant. 2020;55:1560–1569.

19. Sanz J, Boluda JC, Martín C, et al. Single-unit umbilical
cord blood transplantation from unrelated donors in
patients with hematological malignancy using busulfan,
thiotepa, fludarabine and ATG as myeloablative condi-
tioning regimen. Bone Marrow Transplant. 2012;47:
1287–1293.

20. Dul�ery R, Bastos J, Paviglianiti A, et al. Thiotepa, busul-
fan, and fludarabine conditioning regimen in T cell-
replete HLA-haploidentical hematopoietic stem cell
transplantation. Biol Blood Marrow Transplant. 2019;25:
1407–1415.

21. Nagler A, Labopin M, Houhou M, et al. Outcome of hap-
loidentical versus matched sibling donors in hemato-
poietic stem cell transplantation for adult patients with
acute lymphoblastic leukemia: a study from the Acute
Leukemia Working Party of the European Society for
Blood and Marrow Transplantation. J Hematol Oncol.
2021;14:53.

22. Ghobadi A, Slade M, Kantarjian H, et al. The role of allo-
geneic transplant for adult Ph+ ALL in CR1 with com-
plete molecular remission: a retrospective analysis.
Blood. 2022;140:2101–2112.

http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0001
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0001
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0001
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0001
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0001
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0002
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0002
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0002
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0002
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0002
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0003
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0003
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0003
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0003
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0004
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0004
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0004
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0004
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0004
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0005
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0005
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0005
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0005
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0005
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0006
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0006
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0006
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0006
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0006
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0006
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0006
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0006
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0007
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0007
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0007
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0007
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0007
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0007
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0008
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0008
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0008
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0008
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0008
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0008
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0008
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0009
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0009
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0009
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0009
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0009
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0010
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0010
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0010
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0011
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0011
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0011
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0011
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0011
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0012
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0012
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0012
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0013
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0013
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0013
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0014
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0014
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0014
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0014
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0014
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0014
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0014
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0014
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0014
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0015
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0015
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0015
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0015
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0015
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0015
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0015
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0015
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0016
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0016
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0016
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0016
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0016
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0016
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0017
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0017
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0017
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0017
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0017
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0017
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0018
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0018
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0018
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0018
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0018
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0018
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0018
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0019
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0019
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0019
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0019
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0019
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0019
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0020
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0020
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0020
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0020
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0020
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0020
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0021
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0021
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0021
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0021
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0021
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0021
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0021
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0022
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0022
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0022
http://refhub.elsevier.com/S2666-6367(23)01582-8/sbref0022

	Thiotepa-Based Regimens Are Valid Alternatives to Total Body Irradiation-Based Reduced-Intensity Conditioning Regimens in Patients with Acute Lymphoblastic Leukemia: A Retrospective Study on Behalf of the Acute Leukemia Working Party of the European Society for Blood and Marrow Transplantation
	INTRODUCTION
	METHODS
	Study Design and Eligibility Criteria
	Definitions
	Statistical Analysis

	RESULTS
	Univariate Analysis
	Engraftment, aGVHD, and cGVHD
	Relapse and NRM
	OS, LFS, and GRFS

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES


