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Abstract

Background
T-cell acute lymphoblastic leukemia (T-ALL) predominantly affects individuals in late childhood and young adulthood. Allogeneic hematopoietic stem cell
transplantation (allo-HSCT) is a curative modality particularly in the setting of poor risk genetics and/or persistent minimal residual disease. Limited studies
have directly explored the impact of patient- and transplant-related factors on post-transplant outcomes in T-ALL.

Methods
Using a large dataset from the European Society for Blood and Marrow Transplantation registry, we identified 1907 adult T-ALL patients (70% male) who
underwent their first allo-HSCT in first complete remission (CR1) from matched sibling donors (MSD; 45%), unrelated donors (UD; 43%) or haploidentical
donors (12%) between 2010 and 2021.

Results
The median age at transplant was 33.4 years (18.1–75). The median follow up was 2.9 years. Most patients underwent total body irradiation (TBI)-based
myeloablative conditioning (69%). The 2-year overall survival (OS) was 69.4%, and leukemia -free survival (LFS) was 62.1%. In multivariate analysis, advanced
age at transplant negatively affected LFS (for each 10-year increment, HR = 1.11, p = 0.004), GVHD-free, relapse-free survival (GRFS) (HR = 1.06, p = 0.04), OS
(HR = 1.12, p = 0.002), and non-relapse mortality (NRM) (HR = 1.23, p < 0.001). A later year of HSCT was associated with improved GFRS (For each 3-year
increment, HR = 0.89, p < 0.001), OS (HR = 0.9, p = 0.02), and decreased NRM (HR = 0.82, p = 0.008). TBI improved LFS (HR = 0.79, p = 0.02), GRFS (HR = 0.83,
p = 0.04), and relapse incidence (RI) (HR = 0.65, p < 0.001). Female-to-male transplant negatively affected GRFS (HR = 1.21, p = 0.02) and OS (HR = 1.23, p = 
0.048). In vivo T-cell depletion significantly improved GFRS (HR = 0.74, p < 0.001).

Conclusion
This large study identified prognostic factors, such as age at transplant conditioning regimen, in influencing post-transplant in adult T-ALL patients
undergoing allo-HSCT. Importantly, a significant improvement over time was noted. These findings hold great promise for new adapted treatment strategies
and can serve as a benchmark for future studies in that setting.

Introduction
T-cell acute lymphoblastic leukemia (T-ALL), also known as precursor T-cell acute lymphoblastic leukemia, originates from T-lymphoblasts at various stages
of differentiation and early maturation. It predominantly affects individuals in late childhood and young adulthood [1]. The presence of more than 20% bone
marrow blasts, regardless of extra medullary involvement, is the defining criterion for the diagnosis of T-ALL as opposed to T-cell acute lymphoblastic
lymphoma [2].

The current management of T-ALL has led to outcomes comparable to those of B-cell acute lymphoblastic leukemia (B- ALL) [3]. Notably, outcomes in adult
patients are inferior to those in younger patients due to disparities in genetic expression, mutations, and the utilization of intensive treatments [4]. In the
UKALL XII/ECOG 2993 trial involving 365 adult patients, 94 individuals achieved complete remission (CR), but the five-year overall survival (OS) rate was
merely 48%. Prognostic factors, such as gender, age, and the type of stem cell transplant donor, exerted a significant influence on outcomes. Favorable
prognostic indicators encompassed CD1a positivity, and the absence of CD13, while the presence of complex abnormalities was strongly associated with an
unfavorable prognosis [5]. A study by Trinquand, et. al (2013) [5] in the Group for Research in Adult Acute Lymphoblastic Leukemia (GRAALL) on series of 212
adult patients with T-ALL included in the multicenter randomized GRAALL-2003 and − 2005 trials, identified NOTCH1 and FBXW7 (N/F) mutations in 67% of
the patients were associated with better outcomes (5-year OS: 75% vs 47% with patients without N/F). While K-RAS, N-RAS (N/K-RAS), and PTEN genes were
associated with a poorer prognosis (CIR: 24% in patients with no N/K-RAS mutation or PTEN abnormalities vs 57% in patients with). Another Study by Bond,
et. al (2017) [6] in the same group showed that patients with Early thymic precursor (ETP) T-ALL were associated with higher rates of corticosteroid
resistance and early bone marrow chemotherapy resistance (63.8% and 87% respectively) wherein specifically ETP patients were more likely to have positive
MRD postinduction (71.4% vs 20.9%).

While approximately 80% of adult patients can achieve CR, additional post-remission therapy is necessary [7]. Consolidation chemotherapy is generally
preferred over allogeneic hematopoietic stem cell transplantation (allo-HSCT) for standard-risk patients in first CR (CR1). In high-risk patients, allo-HSCT is
crucial, offering a 10-year survival of 45% compared to only 10% with consolidation chemotherapy [8, 9].

Despite the importance of allo-HSCT, the outcomes and prognostic factors after transplant in these patients remain unclear. A study conducted by the Late
Effects Working Committee of the International Bone Marrow Transplant Registry (IBMTR), which analyzed 1458 patients alive for two years and free of
disease post-transplant, revealed that age above 40 years at transplant, incomplete remission at transplant, and female donor to male recipient combination,
were associated with poorer outcomes. More than 85% of surviving patients had a Karnofsky performance score of more than 90 [8]. The prognostic value of
graft-versus-host disease (GVHD) in the study was complex, as it correlated with shorter post-transplant survival but a lower risk of relapse, potentially
attributable to the graft-versus-leukemia (GVL) effect. The primary causes of death ranked in descending order were relapse, GVHD, new malignancies, and
organ failure [8, 10–13].
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Limited studies have directly investigated the impact of patient characteristics and transplant-related factors on long-term outcomes of allo-HSCT
transplantation for adult patients with T-ALL. This is primarily due to the disease predominantly affecting children, and adult treatment strategies being
extrapolated from pediatric chemotherapy regimens. The present study aims to address this gap by evaluating the impact of patient and transplant
characteristics on post-transplant outcomes in T-ALL patients using a large dataset from the European Society for Blood and Marrow Transplantation (EBMT)
registry.

Methods

Design and selection criteria
This is a retrospective registry-based analysis, approved by the EBMT acute leukemia working party (ALWP). The EBMT registry is a voluntary working group
consisting of more than 600 transplant centers that are required to report annually, all consecutive stem cell transplantations and follow-ups. Audits are
routinely performed to determine the accuracy of the data. All patients who proceeded to transplantation provided written informed consent for the use of
their data for clinical research, in accordance with the local ethics committee and the modified Declaration of Helsinki. The study was approved by the ALWP
of the EBMT.

Inclusion criteria were adult patients (> 18 years old) with T-ALL in first complete remission who underwent their first allo-HSCT between January 2010 and
December 2021 using matched sibling donor (MSD), unrelated donor (UD), or haploidentical donors (haplo). Cord blood transplants were excluded.

Parameters of interest
The measured outcomes of interest included leukemia-free survival (LFS), GVHD-free, and relapse-free survival (GRFS), OS, relapse incidence (RI), non-
relapse mortality (NRM), acute GVHD (aGVHD) grades II-IV, chronic GVHD (cGVHD), and extensive cGVHD. LFS was defined as survival without evidence of
relapse or progression, with relapse defined as the reappearance of blasts in the blood or bone marrow (> 5%) or any extra medullary site. NRM referred to
death without evidence of relapse or progression. OS was defined as the probability of survival regardless of disease status. GRFS encompassed survival
free from events including grade II-IV aGVHD, extensive cGVHD, relapse, or death. All the outcomes have been censored at last follow-up.

Statistical analyses
Standard demographic and transplant-related characteristics were summarized using median and range for continuous variables, and frequency and
percentage for categorical variables. Associations between variables were assessed using appropriate statistical tests, such as Fisher's exact test, χ² test, or
Mann-Whitney test.

To estimate probabilities of OS, LFS, and GRFS, Kaplan-Meier estimation was employed. Cumulative incidence was used to estimate the endpoints of NRM,
RI, aGVHD, and cGVHD, considering competing risks. RI and NRM were mutually competing events. Relapse and death were competing events for GVHD
related outcomes. Proportional-hazards Cox regression was used to estimate hazard ratios (HR) and their corresponding 95% confidence intervals (CI). All
statistical analyses were conducted using a two-sided α level of 0.05. All statistical analyses were performed with R4-3-2 software packages.

Results

Patient characteristics
In this study, a total of 1907 patients met the inclusion criteria (Table 1). The median age at transplant was 33.4 years (18.1–75). Median time between the
diagnosis of T-ALL and allo-HSCT was 5.9 months (0–23.8) (Table 1).
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Table 1
Patient and Transplantation Characteristics in the Study Cohort.

Patient / Transplant Characteristics Number (Percentage)

Patient Sex  

Female

Male

Missing Values

568 (29.8)

1337 (70.2)

2

Donor Sex  

Female

Male

Missing Values

672 (35.6)

1218 (64.4)

17

Female to Male donation  

Yes

No

Missing Values

443 (23.4)

1453 (76.6)

11

Patient CMV status  

Positive

Negative

Missing Values

1250 (66.8)

620 (33.2)

37

Donor CMV status  

Positive

Negative

Missing Values

1055 (57)

796 (43)

56

Karnofsky  

< 90

≥ 90

Missing Values

355 (19.6)

1452 (80.4)

100

Type of Donor  

MSD

MUD

Haplo

MMUD

866 (45.4)

608 (31.9)

225 (11.8)

208 (10.9)

Cell source  

Peripheral blood

Bone marrow

Missing Values

1601 (84)

306 (16)

Myeloablative conditioning  

Yes

No

Missing Values

1639 (86.2)

263 (13.8)

5

TBI  

Yes 1308 (68.6)

Abbreviations: MUD: Matched Unrelated Donor; MSD: Matched Sibling Donor; MMUD: Mismatch unrelated Donor; Haplo: Haploidentical Donor; BuFlu:
Busulfan and Fludarabine; BuCy: Busulfan and cyclophosphamide; FluCy/FluMel: Fludarabine and cyclophosphamide/ Fludarabine and Melphalan; ATG:
Anti-thymocyte globulin; CSA + MTX: Cyclosporin A and Methotrexate; CSA + MMF: Cyclosporine A and Mycophenolate; HSCT: Hematopoietic Stem Cell
Transplantation.
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Patient / Transplant Characteristics Number (Percentage)
No 599 (31.4)

Conditioning regimen  

TBI-based

BuFlu

BuCy

FluCy/FluMel

Other

Missing Values

1308 (68.7)

271 (14.2)

152 (8)

114 (6)

58 (3)

4

PTCy  

Yes

No

Missing Values

295 (15.8)

1570 (84.2)

42

In vivo  

ATG

Campath

No

Missing Values

691 (36.7)

144 (7.6)

1049 (55.7)

23

In vivo T-cell depletion  

Yes

No

Missing Values

835 (44.3)

1049 (55.7)

23

In vitro T-cell depletion  

Yes

No

Missing Values

61 (3.3)

1791 (96.7)

55

GVHD prophylaxis  

CSA + MTX

CSA + MMF

Other

Missing Values

1025 (54.4)

304 (16.1)

554 (29.4)

Secondary ALL  

Yes

No

Missing Values

41 (2.3)

1739 (97.7)

127

Patient / Transplant Characteristics Median (range) [IQR]

Age at transplant 33.4 (18.1–75) [25.2–45.2]

Time period between diagnosis and stem cell transplant (mo) 5.9 (0-23.8) [4.8–7.5]

Year of HSCT 2016 (2010–2021) [2013–2019]

Abbreviations: MUD: Matched Unrelated Donor; MSD: Matched Sibling Donor; MMUD: Mismatch unrelated Donor; Haplo: Haploidentical Donor; BuFlu:
Busulfan and Fludarabine; BuCy: Busulfan and cyclophosphamide; FluCy/FluMel: Fludarabine and cyclophosphamide/ Fludarabine and Melphalan; ATG:
Anti-thymocyte globulin; CSA + MTX: Cyclosporin A and Methotrexate; CSA + MMF: Cyclosporine A and Mycophenolate; HSCT: Hematopoietic Stem Cell
Transplantation.

The majority (70.2%) of patients were male. In terms of cytomegalovirus (CMV) status, 66.8% were CMV-positive at the time of the transplant. Additionally, a
substantial proportion (80.4%) of patients had a good functional status, as indicated by a Karnofsky performance score of 90 or higher.



Page 7/12

Similarly, 64.4% of the donors were male with 23.4% of the transplants involving a female donor to a male patient. In terms of CMV status, 57% of the donors
were CMV-positive at the time of transplant. The donor types were diverse, with the majority being MSD (45.4%), followed by MUD (31.9%), Haplo (11.8%),
and MMUD (10.9%).

The most common (84%) stem cell source was PBSC, with the remainder (16%) being sourced from bone marrow. Most patients (86.2%) underwent a
myeloablative conditioning treatment, with TBI-based regimens being the most common (68.7%). In terms of GVHD prophylaxis, a significant portion of
patients received cyclosporine in combination with either methotrexate (54.4%) or mycophenolate mofetil (16.1%). Only 15.8% of the patients received post-
transplant cyclophosphamide (PTCy). Additionally, while most of the transplants did not undergo in vitro T-cell depletion, a considerable proportion (44.3%)
did so, primarily using anti-thymocyte globulin (ATG) or alemtuzumab (CAMPATH-1H).

Patient Outcomes Following Allogeneic Hematopoietic Stem Cell Transplantation
The median follow-up duration was 2.9 years (95% CI: 2.6–3.1). The 2-year OS was 69.4% (95% CI: 66.9–71.7), while the progression-free survival (PFS) was
62.1% (95% CI: 59.5–64.6) (Fig. 1, Table 2). The RI was 25.6% (95% CI: 23.3–27.9), and the NRM was 12.3% (95% CI: 10.7–14). The 2-year GFRS rate was
45.3% (95% CI: 42.7–47.9). The incidence of aGVHD grades II-IV at 100 days was 32.6% (95% CI: 30.3–34.8), while the incidence of aGVHD grades III-IV at
100 days was 10% (95% CI: 8.6–11.6).

Table 2
Univariate Analyses of Patient Outcomes Following Allogeneic Hematopoietic Stem Cell Transplantation.

Outcomes measured Cumulative incidence (%) [95% CI]

Median Follow-up (y) 2.9 (2.6–3.1)

OS (2 y) 69.4 (66.9–71.7)

LFS (2 y) 62.1 (59.5–64.6)

RI (2 y) 25.6 (23.3–27.9)

NRM (2 y) 12.3 (10.7–14)

GRFS (2 y) 45.3 (42.7–47.9)

aGVHD-II/IV (100 d) 32.6 (30.3–34.8)

aGVHD-III/IV (100 d) 10 (8.6–11.6)

cGVHD (2 y) 37.3 (34.8–39.9)

cGVHD Ext (2 y) 16.8 (14.8–18.9)

Abbreviations: OS: Overall survival; LFS: Leukemia Free Survival; RI: Relapse Incidence; NRM: Non-Relapse Mortality; GRFS: GVHD-free, relapse-free
survival; aGVHD: Acute Graft Versus Host Disease; cGVHD: Chronic Graft Versus Host Disease; cGVHD Ext: Extensive Chronic Graft Versus Host Disease.
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Table 3
Multivariate Analysis of Prognostic Factors Influencing Patient Outcomes Following Allogeneic Hematopoietic Stem Cell Tran

    LFS OS RI NRM AGVH II-IV AGVH III-IV CGVH

    HR
(95%
CI)

p
value

HR
(95%
CI)

p
value

HR
(95%
CI)

p
value

HR
(95%
CI)

p
value

HR
(95%
CI)

p
value

HR
(95%
CI)

p
value

HR
(95%
CI)

p
v

Age at HSCT by 10 years 1.11
(1.03–
1.19)

0.004 1.12
(1.04–
1.21)

0.002 1.05
(0.96–
1.14)

0.26 1.23
(1.09–
1.38)

< 
0.001

1.03
(0.96–
1.12)

0.4 1.01
(0.88–
1.17)

0.85 1.09
(1-
1.18)

0

Year of HSCT by 3 years 0.93
(0.85–
1.01)

0.07 0.9
(0.82–
0.99)

0.02 0.99
(0.89–
1.09)

0.78 0.82
(0.71–
0.95)

0.008 0.83
(0.76–
0.91)

< 
0.001

0.81
(0.69–
0.95)

0.009 0.8
(0.73–
0.88)

<
0

delay from diagnosis to
HSCT

1.01
(0.98–
1.03)

0.68 1.02
(1-
1.05)

0.1 0.97
(0.93–
1.01)

0.14 1.06
(1.02–
1.1)

0.005 1.01
(0.98–
1.04)

0.38 1.03
(0.98–
1.09)

0.18 1
(0.97–
1.04)

0

Female to
male donor

No 1   1   1   1   1   1   1  

Yes 1.11
(0.92–
1.35)

0.28 1.23
(1-1.5)

0.048 1
(0.79–
1.28)

0.98 1.35
(0.98–
1.86)

0.07 1.17
(0.94–
1.44)

0.15 1.27
(0.88–
1.84)

0.2 1.39
(1.13–
1.71)

0

CMV donor Negative 1   1   1   1   1   1   1  

Positive 0.9
(0.74–
1.08)

0.26 0.94
(0.77–
1.15)

0.55 0.98
(0.77–
1.24)

0.86 0.76
(0.55–
1.05)

0.09 0.94
(0.77–
1.16)

0.58 1.08
(0.74–
1.58)

0.69 0.88
(0.71–
1.08)

0

CMV patient Negative 1   1   1   1   1   1   1  

Positive 1.14
(0.94–
1.39)

0.19 1.17
(0.95–
1.44)

0.14 1.02
(0.8–
1.3)

0.89 1.4 (1-
1.98)

0.053 1.04
(0.84–
1.28)

0.74 0.81
(0.55–
1.19)

0.28 1.01
(0.82–
1.26)

0

In vivo tcell
depletion

No 1   1   1   1   1   1   1  

Yes 0.99
(0.81–
1.22)

0.96 1.02
(0.82–
1.28)

0.83 0.99
(0.77–
1.28)

0.94 1
(0.7–
1.43)

1 0.8
(0.63–
1.01)

0.059 0.54
(0.35–
0.83)

0.005 0.51
(0.4–
0.65)

<
0

Cell source BM 1   1   1   1   1   1   1  

PB 1.05
(0.83–
1.33)

0.69 1.06
(0.83–
1.36)

0.63 1.14
(0.84–
1.53)

0.4 0.89
(0.6–
1.31)

0.54 0.86
(0.66–
1.12)

0.27 1.3
(0.8–
2.11)

0.28 1.43
(1.08–
1.88)

0

Type of donor MSD 1   1   1   1   1   1   1  

MUD 1.16
(0.87–
1.54)

0.31 1.24
(0.91–
1.7)

0.17 0.98
(0.69–
1.4)

0.9 1.67
(1.02–
2.72)

0.04 1.5
(1.08–
2.1)

0.02 2.04
(1.17–
3.56)

0.01 0.8
(0.57–
1.14)

0

MMUD 0.97
(0.71–
1.32)

0.85 1.07
(0.78–
1.48)

0.67 0.76
(0.51–
1.14)

0.18 1.51
(0.91–
2.49)

0.11 1.87
(1.35–
2.58)

< 
0.001

2.41
(1.34–
4.34)

0.003 1.42
(1.02–
1.99)

0

Haplo 0.98
(0.79–
1.23)

0.89 1.03
(0.82–
1.31)

0.78 0.88
(0.67–
1.16)

0.37 1.26
(0.85–
1.88)

0.25 1.73
(1.34–
2.22)

< 
0.001

1.83
(1.16–
2.91)

0.01 1.2
(0.93–
1.54)

0

TBI No 1   1   1   1   1   1   1  

Yes 0.79
(0.65–
0.97)

0.02 0.84
(0.68–
1.04)

0.1 0.65
(0.51–
0.82)

< 
0.001

1.2
(0.85–
1.71)

0.31 1.25
(0.98–
1.6)

0.07 0.82
(0.55–
1.22)

0.33 0.96
(0.75–
1.22)

0

Myeloablative
regimen

No 1   1   1   1   1   1   1  

Yes 1.05
(0.82–
1.36)

0.69 1.05
(0.8–
1.38)

0.71 0.98
(0.72–
1.33)

0.89 1.24
(0.79–
1.96)

0.35 1.15
(0.84–
1.57)

0.38 1.8
(0.99–
3.25)

0.052 0.98
(0.72–
1.32)

0

Karnofsky < 90 1   1   1   1   1   1   1  

>= 90 0.9
(0.73–
1.11)

0.34 0.9
(0.72–
1.13)

0.36 0.92
(0.71–
1.2)

0.55 0.89
(0.62–
1.27)

0.51 1.07
(0.84–
1.36)

0.61 0.78
(0.52–
1.18)

0.24 1.19
(0.92–
1.53)

0

The 2-year cumulative incidence of cGVHD was 37.3% (95% CI: 34.8–39.9), and the cumulative incidence of extensive cGVHD was 16.8% (95% CI: 14.8–18.9)
(Table 2).
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Multivariate and Univariate analysis: Impact of Prognostic Factors on Post-transplant
Outcomes

Overall survival and Leukemia free survival
The univariate analysis showed a better OS at two years for patients younger than the median age of 33.4 years (73% [69.6–76.2] vs. 65.8% [62.2–69.2].
Similarly younger patients had better LFS (66% [62.4–69.4] vs. 58.1% [54.4–61.7]. Patient who had undergone TBI based treatment showed better OS (71% vs
65.8%) and LFS (64.8% vs 56.2%).

The multivariate Cox analysis, demonstrated that advanced age at transplant to be associated with poorer outcomes in terms of OS and LFS. Specifically, for
every 10-year increase in age at allo-HSCT, there was a corresponding hazard ratio (HR) of 1.12 (p = 0.002) for OS and HR of 1.11 (p = 0.004) for LFS.

The multivariate analysis also showed Female to Male donation transplants which to have a negative impact on OS (HR of 1.23 (p = 0.048)) and each 3-year
increment in the year period of allo-HSCT was associated with a HR of 0.9 (p = 0.02) for OS.

The use of TBI as part of the conditioning regimen was associated with better LFS outcome where the HR was 0.79 (p = 0.02).

Disease Relapse incidence
The univariate results showed reduced RI for use of TBI (22.5% vs 32.3%).

In the multivariate analysis use of TBI as part of the conditioning regimen was a factor significantly associated with better RI with an HR of 0.65 (p < 0.001).

Non relapse Mortality
The univariate analysis showed lower NRM for patient younger than the median age of 33.4 years (9% [7.1–11.2] vs. 15.5% [13-18.2]).

The multivariate analysis showed that age was a factor significantly associated with NRM, for each 10-year increase in age at allo-HSCT, there was a notable
rise in the HR of 1.23 (p < 0.001) for NRM.

The year period of allo-HSCT was also found to be a significant predictor for NRM. Each 3-year increment in the year period of allo-HSCT was associated with
a HR of 0.82 (p = 0.008).

Graft versus Host disease

AGVH
The univariate analysis showed the cumulative incidence of aGVHD grade II-IV (35.2% [32.1–38.2] vs 29.1% [25.8–32.5]), cGVHD (39.7% [36.3–43] vs. 34.4%
[30.4–38.5]), and of extensive cGVHD (18.6% [16-21.4] vs. 14.4% [11.5–17.7]) decreased over time.

Patients receiving a graft from a female donor had a higher incidence of cGVHD compared to those with a male donor, 42.3% [36.8–47.7] vs. 35.8% [32.9–
38.8].

The use of in vivo T-cell depletion reduced the incidence of aGVHD grade III-IV (8.3% [6.5–10.5] vs. 11.2% [9.2–13.4]), cumulative incidence of cGVHD (29.7%
[26.1–33.4] vs. 43.4% [39.7–46.9]), and cumulative incidence of extensive cGVHD (10.1% [7.9–12.7] vs. 21.9% [18.9–25.1]).

In the multivariate analysis factors, such as type of donor, were significantly associated with GVHD outcomes. For aGVHD grade II-IV, MUD, Haplo, and MMUD
transplants yielded significant HRs of 1.5 (p = 0.02), 1.73 (p < 0.001), and 1.87 (p < 0.001), respectively. In the case of aGVHD grade III-IV, similar significant
HRs were observed for MUD, Haplo, and MMUD transplants, with HRs of 2.04 (p = 0.01), 1.83 (p = 0.01), and 2.41 (p = 0.003), respectively. These findings
highlight the potential influence of donor type on the occurrence and severity of aGVHD.

The use of in vivo T-cell depletion improved aGVHD grade III-IV (HR of 0.54 (p = 0.005)), cGVHD (HR 0.51 (p < 0.001)) and extensive cGVHD (HR of 0.36 (p < 
0.001)), indicating a potential reduction in the risk of developing acute and extensive cGVHD.

Female to Male donation transplants had a negative impact on the development of both global (HRs of 1.39 (p = 0.002)) and extensive cGVHD (HR 1.47 (p < 
0.01)).

The year period of allo-HSCT was also found to be a significant predictor for several outcomes. Each 3-year increment in the year period of allo-HSCT was
associated with a HR of 0.89 (p < 0.001) for GRFS, a HR of 0.83 (p = 0.001) for aGVHD and a HR of 0.8 (p < 0.001) for cGVHD.

GRFS
In univariate analysis, an improvement over time was noted with GFRS increasing from 43.1% [39.8–46.4] to 48.2% [43.9–52.4] for transplants done between
the periods of 2010–2016 and 2017–2021 respectively. And the use of in vivo T-cell depletion reduced the incidence of GRFS (49.7% [45.8–53.5] vs. 42.2%
[38.6–45.7]).

In multivariate Cox analysis, the use of TBI as part of the conditioning regimen was associated with better GFRS outcomes where the HR was 0.83 (p = 0.04).
Female to Male donation transplants had a negative impact on GRFS (HR of 1.21 (p = 0.02)). Advanced age at transplant is associated with poorer outcomes



Page 10/12

in terms of GRFS. Specifically, for every 10-year increase in age at allo-HSCT, there was a corresponding hazard ratio (HR) HR of 1.06 (p = 0.04) for GRFS.
Finaly the use of in vivo T-cell depletion improved GFRS (HR of 0.74 (p = 0.001)).

Discussion
In this EBMT registry-based study we compared outcomes over time of allo-HSCT for adults’ patients with T-ALL in CR1, using different conditioning regimens
and different type of donors. We showed a significant improvement over time in term of GFRS and the cumulative incidence of global and extensive cGVHD.
We noticed over time better NRM, aGVHD, cGVHD, GRFS and OS. Furthermore, our study demonstrated that advanced age at transplant is associated with
poorer outcomes in terms of NRM, LFS, GRFS, and OS.

Over the past few years, significant advancements have been made in the management of patients diagnosed with B-ALL, encompassing both Philadelphia
chromosome-positive (Ph+) and Philadelphia chromosome-negative (Ph-) variants [14]. These notable advances in patient care can be attributed to the
recent approval and integration of innovative therapeutic modalities such as monoclonal or bispecific antibodies, exemplified by inotuzumab ozogamicin, and
blinatumomab [15], chimeric antigen receptor T-cell (CAR-T) therapy, and new-generation tyrosine kinase inhibitors [16]. On the other hand, targeted therapies
in T-ALL is still lacking [17]. Immunotherapeutic modalities are currently the subject of active investigation within the context of T-ALL, wherein specific
antigens, notably CD5, CD7, and CD38, have emerged as prospective targets owing to their demonstrable expression patterns [18]. Nevertheless, the use of
allo-HSCT as primary therapeutic intervention for adult patients with T-ALL remains a subject of deliberation, particularly in light of the ongoing endeavors to
enhance outcomes achieved through conventional-dose chemotherapy [19].

TBI is considered as the backbone for conditioning in ALL. In our study, most patients (86.2%) underwent myeloablative conditioning treatment with TBI-
based regimens. The use of TBI was associated with better LFS and GFRS outcomes, as well as RI. Unfortunately, in our study, we did not have specific data
related to the exact dose of TBI, due to its antileukemic activity which is dose-dependent and therefore the maximum tolerated dose should be preferentially
used [20]. According to the survey performed among the EBMT centers, the total dose of 12 Gy is the most commonly used [21]. Clinical practice varies
among centers with regard to many technical aspects of TBI including dose rate, organ shielding and methods of patient immobilization that may affect both
safety and efficacy of the treatment [22, 23].

Our multivariate analysis revealed the role of other potentially modifiable factors such as donor type, such as female donors to male recipients, which had a
negative impact on GRFS, OS, and the development of both global and extensive cGVHD. The use of in vivo T-cell depletion had potential benefits in terms of
GFRS, aGVHD grade III-IV, cGVHD and extensive cGVHD indicating a potential reduction in the risk of developing acute and extensive cGVHD.

These findings correspond well with a recent report showing inferior outcomes when using PBSC as compared to bone marrow in allo-HSCT from
haploidentical donors for patients with ALL [24]. Increased risk of cGVHD when using PBSC as source of stem cells may be diminished by administration of
ATG as part of the conditioning regimen [25]. Indeed, the use of ATG is recommended in both UD and MSD [25]. Interestingly, recent results of retrospective
analyses focusing separately on patients with both Ph + Ph- ALL demonstrated an increased risk of relapse when using ATG [26], but these findings were not
confirmed in our study showing no increase in the risk of relapse but lower incidence in terms of acute and chronic GVHD among patients treated with in vivo
T-cell depletion.

Other transplant characteristics, such as the use of Haplo and MMUD were associated with high risk of aGVHD grade II-IV but similar incidence in term of
aGVHD grade III-IV compared to MSD and MUD. There is no increased risk of NRM, or reduced risk of relapse, which suggests a more effective Graft versus
Leukemia reaction when using UD. These findings highlight the potential influence of donor type on the occurrence and severity of aGVHD. This observation
corroborates well with previous reports published by our group [27] for adult patients treated between 1993 and 2012 with myeloablative allo-HSCT from
MSD and MUD in CR1. Unfortunately, the results of this study cannot be translated to the Haplo setting.

Our study has some important limitations related to its retrospective and data registry nature. Limitations also include the heterogeneity of the conditioning
regimen type and intensity, the dose of TBI, and the different types of donors. Also, data on minimal residual disease before transplantation were not
available, which did not allow inclusion of this variable in multivariate analyses. Nevertheless, we believe that our findings highlighting the role of the intensity
of conditioning regimens in adults with T-ALL referred for allo-HCT may be of clinical importance.

Conclusion
This large study has identified prognostic factors such as age at transplant, donor type, and conditioning regimen, in influencing key outcomes including OS,
LFS, GVHD incidence, and NRM in adult T-ALL patients undergoing allo-HSCT. Importantly, a significant improvement over time in post-transplant outcomes
was noted. These findings hold great promise for new adapted treatment strategies and can serve as a benchmark for future studies in that setting.
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