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A B S T R A C T
The optimal myeloablative conditioning (MAC) for patients undergoing haploidentical hematopoietic cell trans-
plantation (haplo-HCT) is unknown. We studied the outcomes of total body irradiation (TBI)-based versus chemo-
therapy (CT)-based MAC regimens in patients with acute lymphoblastic leukemia (ALL). The study included 427
patients who underwent first haplo-HCT with post-transplantation cyclophosphamide (PTCy), following TBI-
based (n = 188; 44%) or CT-based (n = 239; 56%) MAC. The median patient age was 32 years. Fludarabine-TBI (72%)
and thiotepa-busulfan-fludarabine (65%) were the most frequently used TBI- and CT-based regimens, respectively.
In the TBI and CT cohorts, 2-year leukemia-free survival (LFS) was 45% versus 37% (P = .05), overall survival (OS)
was 51% versus 47% (P = .18), relapse incidence (RI) was 34% versus 32% (P = .44), and nonrelapse mortality (NRM)
was 21% versus 31% (P < .01). In the multivariate analysis, TBI was associated with lower NRM (hazard ratio [HR],
0.53; 95% confidence interval [CI], 0.33 to 0.86; P = .01), better LFS (HR, 0.71; 95% CI, 0.52 to 0.98; P =.04), and
increased risk for grade II-IV acute graft-versus-host disease (GVHD) (HR, 1.59; 95% CI, 1.08 to 2.34; P = .02) com-
pared with CT-based MAC. The type of conditioning regimen did not impact RI, chronic GVHD, OS, or GVHD-free,
relapse-free survival after adjusting for transplantation-related variables. TBI-based MAC was associated with
lower NRM and better LFS compared with CT-based MAC in patients with ALL after haplo-HCT/PTCy.

© 2020 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. All rights
reserved.
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INTRODUCTION
Allogeneic hematopoietic cell transplantation (allo-HCT) is a

potentially curative treatment modality for patients with acute
lymphoblastic leukemia (ALL) [1]. Multiple conditioning regi-
mens are being used in practice. The goals of conditioning

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtct.2020.10.008&domain=pdf
mailto:Bhagirathbhai.R.Dholaria@vumc.org
https://doi.org/10.1016/j.jtct.2020.10.008
https://doi.org/10.1016/j.jtct.2020.10.008
http://www.tctjournal.org
https://doi.org/10.1016/j.jtct.2020.10.008


171.e2 B. Dholaria et al. / Transplantation and Cellular Therapy 27 (2021) 171.e1�171.e8
therapy before hematopoietic cell infusion are to eradicate
residual leukemia clones and create a favorable immune envi-
ronment to allow successful engraftment in a recipient. These
regimens can be categorized based on their perceived regimen-
related toxicities into myeloablative conditioning (MAC),
reduced-intensity conditioning (RIC), or nonmyeloablative
(NMA) conditioning [2]. Examples of MAC include total body
irradiation (TBI) �5 Gy in a single dose or busulfan (Bu)
>8 mg/kg. Multiple registry-based studies and a prospective
randomized study have established the advantage of MAC in
young, fit patients undergoing allo-HCT for acute leukemia [3-7].
TBI-based versus chemotherapy (CT)-based MAC has been com-
pared in observational and prospective studies in patients
undergoing allo-HCT from a full HLA-matched sibling donor
(MSD) or a matched unrelated donor (MUD) [8-10]. TBI-based
MAC appears to be associated with superior leukemia-free sur-
vival (LFS) owing to lower relapse incidence (RI) and comparable
nonrelapse mortality (NRM) among patients with ALL [11-16].

Allo-HCT from a haploidentical related donor has emerged
as a suitable alternative in the absence of an MSD or MUD
[17-19]. In retrospective analyses, T cell-replete haploidentical
related donor allo-HCT (haplo-HCT) with post-transplantation
cyclophosphamide (PTCy) has shown comparable clinical out-
comes to MUD allo-HCT, with a significantly lower risk of
chronic graft-versus-host disease (cGVHD) [20-27]. The ideal
MAC regimen for adult ALL patients undergoing haplo-HCT
remains to be defined. Small single-center noncomparative
retrospective studies have shown the safety and efficacy of
TBI-based MAC in the setting of haplo-HCT [28,29].

In this study, we compared the outcomes of patients with
ALL who underwent TBI-based versus CT-based MAC followed
by haplo-HCT/PTCy. We used a transplantation registry data-
base to study the factors impacting haplo-HCT outcomes to
determine which patients would benefit from a TBI- or CT-
based MAC regimen.

METHODS
Study Design and Data Collection

This was a retrospective multicenter analysis using the dataset of the
Acute Leukemia Working Party of the European Society for Blood and Mar-
row Transplantation (EBMT) registry. The EBMT is a voluntary working group
of more than 600 transplantation centers that are required to report all con-
secutive stem cell transplantations and follow-ups once yearly. Audits are
routinely performed to determine the accuracy of the data. Eligibility criteria
for this analysis included adult patients age �18 years with ALL who under-
went a first haplo-HCT with PTCy and a MAC regimen between 2010 and
2018. A haploidentical donor was defined as a �2 HLA-mismatched related
donor. The exclusion criteria were receipt of allo-HCT from another donor
type (MSD, MUD, mismatched-unrelated donor, or cord blood), previous his-
tory of allo-HCT, use of ex vivo T cell-depleted hematopoietic cell grafts, use
of alemtuzumab or antithymocyte globulin, or lack of information on condi-
tioning regimen. Data collected included recipient and donor characteristics
(age, sex, cytomegalovirus serostatus), disease characteristics, disease status
at transplantation, year of transplantation, type of conditioning regimen,
stem cell source (bone marrow [BM] or peripheral blood [PB]), and GVHD
prophylaxis regimen. The conditioning regimen was defined as MAC based
on the reports from individual transplantation centers according to previ-
ously established EBMT criteria [2]. GVHD prophylaxis regimens were
according to institutional protocols, but all patients received PTCy. Grading of
acute GVHD (aGVHD) was performed using established criteria [30]. cGVHD
was classified as limited or extensive according to published criteria [31]. For
this study, all necessary data were collected according to the EBMT guide-
lines, using the EBMT minimum essential data forms. A list of institutions
reporting data included in this study is provided in Supplementary Table S1.

Ethics Approval and Consent to Participate
All required data for the current survey were collected according to EBMT

guidelines. The scientific board of the Acute Leukemia Working Party of the
EBMT approved this study. Also, the study protocol was approved by the
institutional review board at each site and complied with country-specific
regulatory requirements. All patients gave informed consent to use their ano-
nymized personal information for research purposes. The study was
conducted in accordance with the Declaration of Helsinki and Good Clinical
Practice guidelines.

Statistical Analysis
The study endpoints were overall survival (OS), LFS, RI, NRM, engraft-

ment, aGVHD, and cGVHD incidence, as well as GVHD-free, relapse-free sur-
vival (GRFS). All endpoints were measured from the time of transplantation.
OS was defined as time to death from any cause. LFS was defined as survival
with no evidence of relapse or progression. We used modified GRFS criteria
and GRFS events were defined as the first event among grade III-IV aGVHD,
extensive cGVHD, relapse, and death from any other cause [32,33].

Patient, disease, and transplantation-related characteristics were com-
pared between the 2 groups (TBI and CT cohorts) using the Mann-Whitney
Utest for numerical variables, chi-square, or Fisher’s exact test for categorical
variables. The probabilities of OS, LFS, and GRFS were calculated using the
Kaplan-Meier (KM) estimator. The RI and NRM were calculated using cumula-
tive incidence curves in a competing-risk setting, with death in remission
treated as a competing event for relapse. The median duration of follow-up
was calculated using the reverse KM estimator, with being alive as the event
and death censored. Early deathwas considered a competing event for engraft-
ment. To estimate the cumulative incidence of aGVHD or cGVHD, relapse and
death were considered as competing events. Univariate analyses were done
using the log-rank test for LFS and OS, while Gray’s test was used for cumula-
tive incidence. Multivariate analyses were performed with the Cox propor-
tional hazards regression model. All variables differing significantly between
the 2 groups, or potential risk factors were included in the model. All p-values
were two-sided with a type 1 error rate fixed at 0.05. Statistical analyses were
performed with SPSS 24.0 (SPSS Inc, Chicago, IL, USA) and R 3.4.1 [R Core Team
(2017). R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.]

Data Sharing Statement
Please contact the EBMT for the original data used for this study (www.

ebmt.org).

RESULTS
Patient, Transplantation, and Disease Characteristics

Baseline patient, transplantation, and disease characteris-
tics were comparable in the 2 study cohorts (Table 1). A total
of 427 patients met the study inclusion criteria. TBI-based
MAC was used in 188 patients (44%), and CT-based MAC was
used in 239 (56%). Overall, the median patient age was
31 years, and 36% were female. The Karnofsky Performance
Status (KPS) score was �90 points in 72% of the patients, and
the Hematopoietic Cell Transplantation Comorbidity Index
(HCT-CI) was 0 in 68% of the patients. The median duration of
follow-up after haplo-HCT was 20.7 months (IQR, 11.7 to 35.3
months) in the TBI cohort and 26.2 months (IQR, 10.2 to 41.0
months) in the CT cohort (P= .59). The primary diagnosis was B
cell ALL in 291 patients (75%). Philadelphia chromosome-posi-
tive disease was reported in 91 patients (27%). The disease sta-
tus before haplo-HCT was complete remission (CR) 1 in 208
patients (49%), �CR2 in 135 (32%), and advanced in 84 (20%).
The most common TBI- and CT-based MAC regimens were flu-
darabine-TBI (Flu-TBI; n = 136; 72% of the TBI cohort) and thio-
tepa-Bu-Flu (TBF; n = 156; 65% of the CT cohort), respectively.
The median i.v. Bu dose (n = 210 patients) was 9.6 mg/kg
(range, 9.6 to 12.8 mg/kg). Two patients received oral Bu, one
with a total dose of 12 mg/kg and the other with a total dose of
16 mg/kg. The median thiotepa dose (n = 176 patients) was 10
mg/kg (range, 5 to 20 mg/kg). The median TBI dose was 12 Gy
(range 7.5 to 16 Gy) in 188 patients. A complete list of the con-
ditioning regimens is provided in Supplementary Table S2.

There was a trend toward frequent use of TBI-MAC in high-
volume centers (�10 cases/center) compared with low-vol-
ume centers (P= .008). Cyclosporine A plus mycophenolate
mofetil was the most common GVHD prophylaxis regimen (in
68% of TBI patients and 61% of CT patients). There was no sta-
tistically significant difference between the 2 cohorts in the
proportion of patients who received PB grafts versus BM grafts
(P= .72).

https://www.R-project.org/
http://www.ebmt.org
http://www.ebmt.org


Table 1
Baseline Patient, Disease, and Transplantation Characteristics

Characteristic CT Cohort (N = 239) TBI Cohort (N = 188) P Value

Follow-up (reverse KM), mo, median (IQR) 26.2 (10.2-41.0) 20.7 (11.7-35.3) .59
Patient age at haplo-HCT, yr, median (range) [IQR] 32.1 (18.1-65.3) [24.9-46] 32 (18.1-68.2) [23.6-44.4] .41
Year of haplo-HCT, median (range) 2016 (2010-2018) 2016 (2011-2018) .96
Philadelphia chromosome status, n (%)

Negative 138 (72.6) 114 (74.5) .70
Positive 52 (27.4) 39 (25.5)
Missing 49 35

Immunophenotype, n (%)
B cell 162 (73.0) 129 (76.8) .39
T cell 60 (27.0) 39 (23.2)
Missing 17 20

Donor age, yr, median (range) [IQR] 39 (8.2-74.3) [26.9-50.6] 40.3 (13.2-67) [28.6-50.7] .98
Missing, n 39 14

Disease status before haplo-HCT, n (%)
CR1 113 (47.3) 95 (50.5) .65
�CR2 80 (33.5) 55 (29.3)
Advanced 46 (19.3) 38 (20.2)

Patient sex, n (%)
Male 146 (61.3) 129 (68.6) .12
Female 92 (38.7) 59 (31.4)
Missing 1 0

Donor sex, n (%)
Male 123 (51.5) 114 (60.6) .06
Female 116 (48.5) 74 (39.4)
Missing 0 0

Female donor to male recipient, n (%)
No 165 (69.3) 138 (73.4) .36
Yes 73 (30.7) 50 (26.6)
Missing 1 0

Patient CMV serostatus, n (%)
Negative 57 (24.0) 36 (19.6) .28
Positive 181 (76.1) 148 (80.4)
Missing 1 4

Donor CMV serostatus, n (%)
Negative 52 (22.5) 50 (27.5) .25
Positive 179 (77.5) 132 (72.5)
Missing 8 6

Graft source, n (%)
BM 130 (54.4) 99 (52.7) .72
PB 109 (45.6) 89 (47.3)

KPS score, n (%)
<90 61 (26.9) 53 (29.0) .64
�90 166 (73.1) 130 (71.0)
Missing 12 5

HCT-CI score, n (%)
0 106 (68.0) 77 (68.8) .99
1 or 2 21 (13.5) 15 (13.4)
�3 29 (18.6) 20 (17.9)
Missing 83 76

GVHD prophylaxis, n (%)
CSA 5 (2.1) 5 (2.7) <.01*
CSA + MTX 5 (2.1) 2 (1.1)
CSA + MMF 146 (61.1) 128 (68.1)
MMF + Tacrolimus 49 (20.5) 45 (23.9)
Other 34 (14.2) 8 (4.3)

Conditioning regimen, n (%)
TBF 156 (65.3) 0
Flu-TBI 0 136 (72.3)
BuFlu 27 (11.3) 0
FluCyTBI 0 20 (10.6)
FluBuCy 24 (10.0) 0
CyTBI 0 16 (8.5)
Other CT-MAC 32 (13.4) 0
Other TBI-MAC 0 16 (8.5)

CSA indicates cyclosporine A; MTX, methotrexate; MMF, mycophenolate mofetil.
* By Fisher’s exact test.
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Univariate Analysis of TBI versus CT Outcomes
The cumulative incidence of absolute neutrophil count

>500 cells/mL at 30 days after transplantation was higher in
the TBI cohort compared with the CT cohort (92% versus 84%;
P = .08). Graft failure or loss was reported in 6 patients (3%)
who received TBI-based MAC and in 19 (8%) who received CT-
based MAC (P= .09, Fisher’s exact test). Univariate analysis
showed that TBI-based MAC was associated with a better
2-year LFS compared with CT-based MAC (45% versus 37%;
P= .05) (Supplementary Table S3, Figure 1). There was no



Figure 1. Transplantation outcomes in the TBI and CT cohorts.
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statistically significant difference in 2-year RI (P= .44), OS (P=
.18), or GRFS (P= .32) between the 2 cohorts (Supplementary
Figure S1). TBI was associated with a trend toward an
increased incidence of 100-day grade II-IV aGVHD (38% versus
30%; P= .07), but the difference was not statistically significant.
Type of conditioning did not impact 100-day grade III-IV
aGVHD, 2-year overall cGVHD, or extensive cGVHD rates.

A subgroup analysis of patients age <40 years (n = 279)
showed no statistically significant differences in RI, LFS, or OS
between the 2 cohorts but lower NRM in the TBI cohort (18.7%
versus 27.6%; P= .04). A similar analysis for patients who were
not in CR1 (�CR2 or advanced-disease status; n = 219) before
haplo-HCT showed no difference in RI, LFS, or OS between the
2 cohorts but lower NRM in the TBI cohort (22% versus 35.6%;
P= .02). Unfortunately, we did not have information on mea-
surable residual disease (MRD) status before transplantation in
most patients, and thus we were not able to perform a sepa-
rate outcome analysis by MRD status.
NRM and Causes of Death
Univariate analysis showed a lower 2-year NRM in the TBI

cohort compared with the CT cohort (21% versus 31%; P< .01)
compared to CT (Figure 1). A total of 78 patients in the TBI
cohort and 114 patients in the CT cohort died during the study
period. Table 3 presents the cumulative incidence for the main
causes of death in the 2 cohorts, with the competing risk of
death from another cause for all endpoints. Disease relapse
was a common cause of death in both cohorts. The cumulative
incidence of GVHD-related death was lower in the TBI cohort
(20% versus 31%; P = .004) (Table 3). There was no statistically
significant difference in other causes of death between the 2
groups, but the rate of infection-related deaths was lower in
the TBI cohort (13% versus 16%; P= .53). Death due to veno-
occlusive disease (VOD) was reported in 4 patients in the TBI
cohort and in 8 patients in the CT cohort. Death due to graft
failure/rejection and second malignancy was reported in 3 and
2 CT patients, respectively (Supplementary Table S4).
Multivariate Analysis of TBI versus CT Outcomes
A Cox regression model was used to investigate the individ-

ual effects of baseline, patient, and transplantation characteris-
tics on the outcome measures (Table 2). TBI was associated
with lower NRM (HR, 0.53; 95% CI, 0.33 to 0.86; P= .01) and
better LFS (HR, 0.71; 95% CI, 0.52 to 0.98; P= .04) compared
with CT. TBI was also associated with a higher risk of grade II-
IV aGVHD (HR, 1.59; 95% CI, 1.08 to 2.34; P= .02). There were
no associations between MAC regimen type and rates of RI, OS,
aGVHD III-IV, overall cGVHD, or GRFS. The use of PB grafts was
associated with higher NRM, resulting in lower LFS, OS, and
GRFS. Advanced disease and �CR2 status at the time of haplo-
HCT were associated with higher RI, resulting in lower LFS, OS,
and GRFS. A post hoc subgroup analysis focused on the 2 most
common conditioning regimens (Flu-TBI versus TBF) was per-
formed. The multivariate analysis results were consistent with
the entire population, but the difference did not reach signifi-
cance in terms of LFS and aGVHD (Supplementary Table S5).
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Table 3
Cumulative Incidence of Major Causes of Death

Cause of Death CT, % TBI, % P Value

Infection 15.7 (11.1-21.1) 12.8 (8.2-18.5) .53
GVHD 31.1 (24.9-37.4) 20.3 (14.3-26.9) .004
Disease relapse 18.7 (13.3-25) 19.1 (13-26.2) .87
Veno-occlusive disease 3.4 (1.6-6.3) 2.3 (0.8-5.5) .45
Interstitial pneumonitis 2 (0.7-4.8) 1.8 (0.5-4.8) .75
Multiorgan failure 1.8 (0.6-4.2) 1.8 (0.3-6.2) .45
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DISCUSSION
In this multi-institutional registry-based observational

study of patients with ALL who underwent haplo-HCT with
PTCy, a TBI-based MAC regimen was associated with signifi-
cantly lower NRM, resulting in better LFS, compared to with
CT-based MAC. We also found TBI-based MAC to be safe and to
lead to comparable RI, OS, and GRFS compared with CT-based
MAC. There was an increased risk for grade II-IV aGVHD with
TBI-based MAC but no significant impact on cGVHD rates com-
pared to CT-based MAC.

The intensity of conditioning regimens plays an important
role in relapse prevention after allo-HCT [5]. Four prospective,
randomized trials have compared Bu/Cy with Cy/TBI in mye-
loid malignancies [34-37]. All patients in these trials received
BM grafts from MSDs. The results were not consistent across
these trials. In some studies, Cy/TBI performed better than Bu/
Cy [34,35]. whereas in other studies, the 2 regimens were com-
parable [36,37]. TBI may have a selective advantage over CT-
based conditioning in patients with lymphoid malignancies
[1]. Preclinical animal studies have shown little effect of Bu on
lymphoid organs, whereas TBI was able to suppress B cell and
T cell activity [38].

TBI-based MAC also may reduce the risk of central nervous
system relapse. A single-center study showed better LFS and
OS with TBI-MAC compared with Bu-based MAC in ALL
patients age <40 years [39]. A registry-based study showed an
increased RI (HR, 1.78; P = .03) and similar OS with thiotepa-
based MAC versus TBI-based MAC in ALL patients [13]. A simi-
lar analysis limited to T-ALL patients who underwent matched
donor allo-HCT in the EBMT database showed the superiority
of TBI-based conditioning in younger adults (age <35 years),
with better LFS and OS compared with CT-based MAC [12].
The Center for International Blood and Marrow Transplant
Research (CIBMTR) compared i.v. Bu-based MAC with TBI-
based MAC in ALL patients who underwent allo-HCT from
MSD or MUD and found lower NRM and cGVHD and similar OS
with Bu-based regimens compared with TBI-based regimens
[40]. There has been no prospective trial comparing TBI-based
versus CT-based MAC in adult ALL patients. The variation in
these study results could be related to differences in GVHD
prophylaxis, disease characteristics, and the use of T cell deple-
tion. We note that none of these studies had TBF as their main
CT-MAC regimen, as used in the present study. Previous EBMT
studies have shown comparative outcomes with TBF-based
versus Bu-based conditioning in the setting of matched donor
allo-HCT in patients with acute myelogenous leukemia (AML)
[41,42].

The experience with TBI-based MAC in the setting of T cell-
replete haplo-HCT is limited to small studies in a heterogeneous
patient population. A group from Peking University retrospec-
tively compared the outcomes of patients with AML and ALL
who received TBI-based MAC or CT-based MAC in the setting of
T cell-replete haplo-HCT, using antithymocyte globulin and
combined granulocyte colony-stimulating factor-mobilized PB
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plus BM grafts [43]. In that study, TBI was associated with a
lower incidence of liver toxicity and hemorrhagic cystitis com-
pared with CT, with no significant difference in LFS, OS, NRM, or
RI. Recently, PTCy has emerged as an important in vivo T cell
depletion strategy that significantly reduces the risk of cGVHD
by eliminating alloreactive donor T cells and promoting graft
tolerance in the setting of haplo-HCT [44]. PTCy also may help
reduce the risk of cGVHD, which is greater after TBI-based MAC,
as reported in the previous CIBMTR study [40]. In our study, TBI
was associated with an elevated risk of grade II-IV aGVHD but
not of more clinically significant grade III-IV aGVHD when used
with PTCy. More importantly, the incidence of cGVHD, which
has been shown to significantly impair the quality of life in
long-term allo-HCT survivors, was comparable in the 2 study
cohorts [45]. We also noted a lower cumulative incidence of
GVHD-related deaths in TBI recipients, which could be due to
center effect and other unmeasured factors, such as number of
organs involved and response to GVHD therapies.

Previous experience with TBI-based MAC in haplo-HCT/
PTCy has been limited to single-center retrospective studies
[28,29,46]. Solomon et al. [29] studied outcomes of 82 patients
with various hematologic malignancies (ALL, n = 27) who
underwent haplo-HCT/PTCy after conditioning with fludara-
bine plus TBI (12 Gy) and found a 4-year OS of 67%, disease-
free survival of 60%, RI of 27%, and NRM of 13% [29]. Bacigalupo
et al. [46] analyzed the outcomes of 148 patients (TBI, n = 56)
after MAC haplo-HCT/PTCy and found an NRM of 13% and an
incidence of aGVHD grade II-IV of 24% for the whole study
population. A recent CIBMTR analysis by Solomon et al. [14]
including 526 patients who underwent MAC haplo-HCT (TBI,
n = 222; CT, n = 304) for AML, ALL, or myelodysplastic syn-
drome found no difference in disease-free survival between
TBI-based MAC and CT-based MAC. However, this study was
not designed to investigate TBI versus CT outcomes, and the
majority of patients had a myeloid malignancy. We recently
compared TBI-based and CT-based MAC in AML haplo-HCT/
PTCy recipients and found an increased risk of cGVHD with
TBI-MAC but similar RI, NRM, LFS, and OS in the 2 cohorts [47].
Differences in baseline demographic characteristics of the
study populations and in the potential impact of pre-HCT ther-
apies may explain the discrepancies between these 2 studies.
The combination of multiple alkylating agents during condi-
tioning may increase the risk of hepatic injury [10], especially
in the recipients of PTCy. In our study, TBI-based MAC was
associated with relatively fewer VOD-related deaths compared
to CT-based MAC (albeit not statistically significant), with TBF
the most common regimen, which included 3 alkylating drugs
with PTCy.

In the present study, the cumulative incidence of graft fail-
ure was higher in the CT cohort compared with the TBI cohort,
likely related to better host immunosuppression with TBI-
MAC. These results are in line with previous retrospective
reports [48,49]. The lower NRM with TBI in our study appears
to be driven by fewer GVHD-related and infection-related
deaths. It is plausible that TBI-MAC in the setting of PTCy may
result in better immune reconstitution compared with CT-
based MAC, as indicated by the greater neutrophil engraftment
and lower incidence of graft failure in this analysis. Further
studies are needed to prospectively compare subsets of T cells,
B cells, and natural killer cells at various time points after TBI-
based MAC versus CT-based MAC.

Our analysis was limited by the study’s retrospective
nature. Our inability to adjust for unknown or unmeasured fac-
tors might have affected the transplantation outcomes. In
addition, some prognostic groups had a small number of
patients, reducing the statistical power in the multivariate
analysis. Information on MRD, exposure to tyrosine kinase
inhibitor therapy, donor chimerism, and comorbidities other
than KPS and HCT-CI were missing in a subset of the patients
included in the study. There was also marked heterogeneity in
the TBI dose and schedule among the EBMT centers, as noted
in our previous study [50]. We relied on standard EBMT condi-
tioning regimen criteria and reports from transplantation cen-
ters about specific conditioning regimen intensity. The limited
follow-up duration might have resulted in underestimation of
the long-term adverse effects of TBI, such as cardiovascular
events and second malignancies. The database lacked informa-
tion on the incidence of VOD and hemorrhagic cystitis, 2 com-
mon complications seen after MAC haplo-HCT with PTCy.
Bazarbachi et al. [27] recently reported no impact of RIC versus
MAC in patients with T cell ALL after haplo-HCT with PTCy, but
the limited number of TBI-MAC cases did not allow a separate
outcome analysis of patients with T cell ALL in our study. We
noted an interaction between choice of conditioning regimen
and volume of cases per center. There is a possibility that high-
volume (and thus more experienced) centers may have lower
NRM compared with low-volume centers.

In conclusion, in this registry-based study, the use of TBI-
based MAC was associated with improved LFS and reduced
NRM compared with CT-based MAC in patients with ALL who
underwent T cell-replete haplo-HCT with PTCy. However, the
choice of conditioning regimen did not impact other outcomes,
such as RI, OS, and GRFS. A prospective study with uniform
conditioning regimens is warranted to validate these findings.
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