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Abstract 

Background: Conditioning regimens for allogeneic Hematopoietic Stem Cell 
Transplantation (allo-HSCT) in adult Acute Lymphoblastic Leukemia (ALL) typically involve 
administering a ≥ 12 Gy dose of Total Body Irradiation (TBI), offering survival benefi ts but with 
potential acute and long-term complications. Within Myeloablative Conditioning (MAC) 
regimens, the optimal TBI dose in terms of outcomes and safety remains unknown, and the 
economic challenges of the standard approaches are pronounced in Low-middle Income 
Countries (LMIC). To address this gap, this study analyzes the outcomes of high-dose versus 
low-dose TBI in adult ALL patients undergoing allo-HSCT in Cali, Colombia. 

Objectives: To compare the clinical outcomes of Myeloablative Conditioning (MAC) 
regimens based on a standard-dose TBI of ≥ 12 Gy (SD-TBI) versus regimens with low-dose TBI ≤ 
4 Gy (LD-TBI) in adult patients with ALL and identical and haploidentical allo-HSCT.

Patients and methods: A retrospective cohort study was conducted with adult patients 
(≥18 years of age) with ALL between 2012 and 2021, who underwent allo-HSCT at a single center, 
in Cali-Colombia. The study population was divided into two MAC therapy groups: SD-TBI (≥ 12 
Gy TBI) plus Flu and LD-TBI (≤ 4 Gy TBI) plus Bu and Flu. The primary outcome was Overall Survival 
(OS). Secondary outcomes included Disease-free Survival (DFS), Cumulative Incidence of 
Relapse (CIR), non-relapse mortality (NRM), Transplant-related Mortality (TRM), and acute and 
long-term transplant-associated complications. Outcomes were assessed at 12 months.

Results: A total of 100 patients were included, 39 received SD-TBI and 61 LD-TBI. Median age 
was 30 years, 97% of patients were classifi ed as high risk, and only 49% were in fi rst Complete 
Response (CR1). OS at 12 months was 59% and 47% in the SD-TBI and LD-TBI groups, respectively 
(p = 0.305). Relapse incidence at 12 months was 29% and 38.5% (p = 0.442). The incidence of 
grade II-IV acute graft versus host disease (aGVHD) was 24% in the SD-TBI vs. 46% in the LD-TBI 
group (p = 0.028). The relative risk (RR) for GVHD in the SD-TBI group was 0.52 (95% CI 0.27-0.98). 
The adjRR for donor type was 0.9 (95% CI 0.45-1.9) for haploidentical transplantation and RR 0.3 
(95% CI 0.08 - 0.82) for HLA identical. 

Conclusion: In ALL patients taken to allo-HSCT between 2012 and 2021, we found no 
signifi cant differences in OS, DFS, TRM, or relapse incidence between SD-TBI and LD-TBI MAC 
regimens. The risk of aGVHD was lower in patients with SD-TBI, particularly those with HLA-
identical donors. These results enhance Latin American representation in transplantation 
studies and have potential clinical implications. This study also serves as a base for future 
prospective studies and cost-effectiveness analyses needed for optimization of allo-HSCT 
conditioning regimens for ALL in LMIC.
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Introduction 

Acute Lymphoblastic Leukemias (ALL) are a group of 
heterogeneous hematologic diseases representing 0.3% 
of all neoplasms [1]. In the management of high-risk ALL, 
allo-HSCT plays a critical role and TBI is an integral part 
of myeloablative conditioning (MAC) regimens before 
transplantation, with a recommended standard dose of 12 
Gy [2]. Some advantages of TBI include the homogeneous 
management of sanctuary sites, such as the Central Nervous 
System (CNS), testis, and medullary niches. However, many 
acute and late complications have been reported, including 
pulmonary, ocular toxicity, and secondary neoplasms 
[2]. Currently, various modalities for TBI delivery exist, 
with differences among centers and countries in terms of 
prescribed doses, patient positioning and immobilization, 
organ shielding, and radiation therapy techniques [3]. 
Therefore, the optimal TBI dose for maximizing beneϐits 
while minimizing toxicity in MAC remains debated due to the 
extreme heterogeneity of the data [4]. 

MAC has also been reported as one of the major 
determinants of overall costs for allo-HSCT [5], mainly due 
to its higher complexity, prolonged hospital stay, and related 
complications [6]. In LMICs, challenges are intensiϐied due to 
limited access to advanced medical technologies and facilities 
for TBI delivery and precise MAC regimens, leading to 
inconsistent treatment protocols and suboptimal outcomes. 
Thus, there is a critical need for conditioning regimens that 
are effective, safe, cost-efϐicient, and feasible to implement in 
LMICs. 

This retrospective study aims to compare the clinical 
outcomes of two distinct Total Body Irradiation (TBI)-
containing Myeloablative Conditioning (MAC) regimens 
in adult patients diagnosed with Acute Lymphoblastic 
Leukemia (ALL) undergoing allogeneic hematopoietic stem 
cell transplantation (allo-HSCT); speciϐically, the study 
evaluates the impact of a standard-dose TBI regimen (≥12 
Gy) combined with ϐludarabine (SD-TBI) versus a low-dose 
TBI regimen (≤4 Gy) combined with busulfan and ϐludarabine 
(LD-TBI). 

The primary objective is to determine whether there are 
signiϐicant differences in overall survival, relapse incidence, 
and treatment-related toxicity between both regimens.

Patients and methods 
A single-center retrospective cohort study was conducted, 

which included all adult patients (≥18 years) with ALL who 
underwent allo-HSCT from 2012 to 2021, at Fundación Valle 
del Lili, an academic hospital and high complexity center in 
Cali-Colombia. Patients who met the inclusion criteria were 
sampled from the total of patients managed in the hospital’s 
hematology clinic during the mentioned period. The study 
was approved by the biomedical research ethics committee 

of the institution (code 2018.1207). The data were obtained 
from electronic clinical records in the institutional software. 

The choice of conditioning regimen was determined 
by clinical judgement of the treating physician based on 
several factors, including the patient’s age, disease status, 
comorbidities, previous treatment history, the toxicity proϐile 
of the regimen, the likelihood of achieving remission, and the 
resources available. Two groups were established: one group 
received SD-TBI ≥ 12 Gy plus ϐludarabine (120 mg/m2), and 
the second group LD-TBI-based regimens, which included <4 
cGy busulfan (3.2 mg/kg, 2 days) and ϐludarabine (30 mg/m2, 
3 days). Per protocol, hematopoietic progenitor cell infusion 
was performed at a dose between 2-10 million hematopoietic 
progenitor cells per kilogram of recipient bodyweight. 

GVHD prophylaxis included cyclosporine from day -1 to 
120, then tapering. Mycophenolate mofetil 500 mg tid from 
day +14 and cyclophosphamide 60 mg/kg/d from day +3 and 
+4 post allo-HSCT. 

The primary outcome analyzed was OS, and the secondary 
outcomes were DFS, NRM, TRM, and acute and long-term 
transplant-associated complications. All outcomes were 
assessed at 12 months. OS was deϐined as the period from 
transplantation to death from any cause, and DFS as the 
period from transplantation to disease relapse or death [7,8]. 
TRM refers to the death of a patient in the ϐirst 100 days from 
the procedure by any cause different from relapse of the 
disease. 

Statistical analysis 

Descriptive analysis was performed for all variables. 
Quantitative variables were summarized using median 
and interquartile range (IQR), while qualitative variables 
were presented with absolute frequencies and percentages. 
Statistically signiϐicant differences were evaluated using 
hypothesis tests, with a p value < 0.05 considered signiϐicant. 
For quantitative variables, the Mann-Whitney test was used, 
and for qualitative variables, the Chi-square test or Fisher’s 
exact test was employed when applicable. The Relative Risk 
(RR) association measure was calculated, and the Mantel-
Haenszel test was used to adjust for potential confounding 
or effect-modifying variables. Overall Survival (OS) and 
cumulative incidence of acute (aGVHD) were calculated 
using the Kaplan-Meier method, with differences between 
groups assessed using the Log-rank test. For the analysis 
related to aGVHD, 97 patients with neutrophil and platelet 
engraftment were considered. Calculations related to chronic 
(cGVHD) included 80 patients who survived up to day 100. 
The statistical analysis was performed using Stata 14.0. 

Results 
From 2012 to 2021, 100 adult patients (≥18 years) 

underwent allo-HSCT for adult ALL. The median age was 30 
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and to platelet engraftment was 16 days (IQR, 13 - 21) in 
the entire cohort, with no statistically signiϐicant differences 
between the groups. 

Overall survival 

The 12-month OS of the entire cohort was 52% (95% CI: 
42-61). For patients receiving SD-TBI, the 12-month OS was 
59% (95% CI: 42-72) compared to 47% (95% CI: 34-59) in 
the group receiving LD-TBI, p = 0.305 (Figure 1). The relative 
risk for all-cause mortality comparing the use of SD-TBI vs. 
LD-TBI was 0.78 (95%CI: 0.5-1.22), p = 0.264 (Figure 2A). 

Secondary outcomes 

There were no signiϐicant differences in relapse incidence, 
DFS, or NRM between the two groups. The 12-month CIR 
in the entire cohort was 35% (95%CI: 25-46), with 29% 
(95%CI:17-48) and 38.5% (95%CI: 26-54) of patients 
relapsing in the SD-TBI and LD-TBI groups, respectively 
(p = 0.4420). TRM in the whole cohort was 13%, with 10% 
in the SD-TBI group and 15% in the LD-TBI group, with no 
signiϐicant differences between the two groups (p = 0.31). 

The overall 12-month DFS was 48.9% (CI95: 39-58), 
56.4% in the SD-TBI (95%CI: 39-70), and 44% in the LD-
TBI group (95%CI: 31-56) (p = 0.2678). The RR for DSF 
comparing the use of SD-TBI vs. LD-TBI was 0.78 (95%CI: 
0.51-1.2), p = 0.236 (Figure 2A).

years (range 18-62 years). Eighty-three percent of patients 
had a diagnosis of ALL type B, 12% were BCR/ABL positive, 
and 12% had CNS involvement at diagnosis. 

In all cases, hematopoietic progenitor cells were obtained 
from peripheral blood of related donors, 44% being HLA 
identical and 56% being haploidentical. At the time of 
transplantation, 49% were in ϐirst complete response, 37% 
were in second complete response or more, 11% had active 
disease, and in 3%, the status could not be established. 
Additional baseline characteristics are shown in Table 1. 

Thirty-nine patients received SD-TBI and 61 received 
LD-TBI-based regimens. All but three patients achieved 
hematopoietic reconstitution; these three patients died 
without engraftment. The median time to neutrophil 
engraftment was 16 days (interquartile range [IQR], 14 - 18) 

Figure 2: Relative risk and 95% confi dence intervals for OS, DSF MRD, 
aGVHD, and cGVHD (A). Stratifi ed analysis for aGVHD by donor type (B).

Figure 1: Overall post-transplant survival (A). Overall survival 
according to the use of TBI ≥ 1200 cGy and TBI ≤ 400 cGy (B).

 Table 1: Clinical characteristics stratiϐied by conditioning regimen.

Variable Total, 
n = 100

TBI (≥ 1200 
cGy) N = 39

TBI (≤ 400 
cGy) N = 61

p -
value

Age      
Median (IQR)

Range (Min - Max)
 30 (24-43) 

18-62 
34 (24-43) 

18-58 
30 (25-42) 

18-62 0.576 

Sex      
Male n (%)  58 (58) 21 (54) 37 (61) 0.501 

CNS involvement, n (%)  12 (12) 4 (10.3) 8 (13) 0.872 
Philadelphia chromosome 

n (%)  12 (12) 3 (7.7) 9 (14.7) 0.289 

Risk stratiϐication (%)     
Standard risk

High risk
 3 (3) 

 97 (97) 
1 (2.6) 

38 (97.4) 
2 (3.3) 

59 (96.7)  

Disease status at the time of transplantation (%)
Not known

1 complete answer
≥2 complete responses

Without establishing

3 (3) 
49 (49) 
37 (37) 
11 (11) 

2 (5) 
22 (56) 
10 (26) 
5 (13) 

1 (1.7) 
27 (44) 
27 (44) 
6 (9.8) 

0.250 

Immunophenotype, n (%)     
LLA-B 
LLA-T 

LLA-Biclonal 
SD 

83 (83) 
7 (7) 
1 (1) 
9 (9) 

32 (82) 
2 (5) 

0 
5 (13) 

51 (84) 
5 (8.2) 
1 (1.6) 
4 (6.6) 

0.572 

Donor Age
Median (IQR)

Range (Min - Max)
33 (25-45) 

9-69 
36 (24-46) 

9-57 
30 (25-42) 

14-69  0.557 

Type of donor, n (%)     
Identical related (9/10 

-10/10) 
Haploidentical related (5/10-

8/10) 

44 (44) 
56 (56) 

23 (59) 
16 (41) 

21 (34) 
40 (66) 0.016 

Donor/recipient sex n (%)     
Male/female

Female/female
Male/male

Female/male

27 (27) 
15 (15) 
43 (43) 
15 (15) 

8 (20) 
10 (26) 
17 (44) 
4 (10) 

19 (31) 
5 (8) 

26 (43) 
11 (18) 

0.079 
 

ABO incompatibility n (%)     
Compatible

Major
Minor

75 (75) 
14 (14) 
11 (11) 

27 (69) 
9 (23) 
3 (8) 

48 (79) 
5 (8) 

8 (13) 
0.096 

CMV IgG n (%)     
D-/R- 
D+/R- 
D-/R+ 
D+/R+ 

0 
1 (1) 

13 (13) 
86 (86) 

0 
1 (2) 
3 (8) 

35 (90) 

0 
0 

10 (16) 
51 (84) 

0.217 

IQR: Interquartile Range; CNS: Central Nervous System; ALL: Acute Lymphoid 
Leukemia; ND: No data; CMV: Cytomegalovirus; D: Donor; R: Recipient.
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differences between the two groups (p = 0.140) (Figure 4). 
There were 77 episodes of bacterial, viral (non-CMV), and 
fungal infections, corresponding to 53 patients during the 
ϐirst 100 days after transplantation. One patient in the SD-
TBI group developed fatal hepatic veno-occlusive disease.

Discussion 
This retrospective study conducted at a single center 

analyzed 100 adult patients with ALL who underwent allo-
HSCT, using two different TBI-based MAC regimens. No 
signiϐicant differences were found in OS (p = 0.305), DFS (p = 
0.23), or cumulative incidence of relapse (p = 0.32) between 
the SD-TBI and LD-TBI groups. The risk of aGVHD was lower 
in patients with SD-TBI, speciϐically in patients with HLA-
identical donors (RR 0.26, 95% CI 0.08-0.82). This suggests 
that SD-TBI MAC regimens have comparable outcomes to LD-
TBI and are associated with a lower incidence of aGVHD. 

The EBMT and EWALL recommend MAC TBI-based 
regimens for ALL patients, a stance also supported by 
the American Society for Transplantation and Cellular 
Therapy [9,10]. These recommendations are based on large 
retrospective studies showing that TBI-based regimens 
signiϐicantly improve PFS and OS compared to chemotherapy-
only conditioning [11–17]. The EBMT reported signiϐicantly 
reduced NRM at 2 years and improved Leukemia-free 
survival (LFS) with TBI-based conditioning in the setting of 
haploidentical HSCT with post-transplant cyclophosphamide, 
although the overall survival beneϐit was not signiϐicant [18]. 
Other studies have found that ϐludarabine-TBI reduced NRM 
compared to thiotepa, busulfan, and ϐludarabine (TBF), but 
increased relapse risk without affecting OS or GVHD. This 
suggests that ϐludarabine could be a reasonable alternative 
to cyclophosphamide and/or etoposide in TBI-based MAC 
[19,20]. However, some controversy exists regarding the 
survival advantage of TBI-based conditioning regimens [3]. 
A randomized study of ALL patients in CR1 receiving either 
Bu-Cy or TBI-Cy found Bu-Cy to be noninferior, with similar 
rates of relapse at 2 years and NRM. There were no signiϐicant 
differences in toxicity, GVHD, or late effects between the 
groups [21]. Thus, multiple conditioning schemes are used 

Toxicity and complications 

The proportion of patients with GVHD II-IV was lower in 
the SD-TBI group (24% vs. 46%; RR 0.52, 95%CI: 0.27-0.97; 
p = 0.028). Table 2, Figure 2A. After adjusting for donor type, 
the adjusted RR is 0.57, 95% CI 0.31-1.03. The RR estimates 
in the stratiϐied analysis for donor type were: Identical c 
and Haploidentical 0.92 (0.45-1.9). The Mantel-Haenzel 
homogeneity test resulted in a value of p = 0.061. Figure 2B. 

cGVHD presented in 33% of patients, with no signiϐicant 
difference between groups. Cumulative incidence according 
to TBI dose regimen, and HLA identical/haploidentical 
donors is shown in Figure 3. The incidence of grade II-IV 
hemorrhagic cystitis was 28% in the entire cohort, with 
23% in the SD-TBI group and 31% in the LD-TBI group. This 
difference was not statistically signiϐicant (p = 0.381).

Cytomegalovirus viremia was detected in 70% of patients, 
24% of whom required treatment. There were no signiϐicant 

Figure 3: Cumulative incidence (AI) of aGVHD (A). Cumulative 
incidence of aGVHD according to the use of TBI ≥ 1200 and TBI ≤ 
400 (B). Cumulative incidence of aGVHD according to the use of 
TBI ≥ 1200 and TBI ≤ 400 in HLA-identical recipients (C). Cumulative 
incidence of GVHD according to the use of TBI ≥ 1200 and TBI ≤ 400 in 
HLA Haploidentical recipients (D).

Table 2: Complications associated with transplantation.

Variable Total, 
n = 100

TBI (≥1200 
cGy) N = 39

TBI (≤400 
cGy) N = 61 p - value

Acute GVHD (n = 97) n (%)
Grade II-IV 36 (37) 9 (24) 27 (46) 0.028

Type of acute GVHD, n (%) 
Cutaneous Gastrointestinal

Hepatic

18 (47)
20 (53)
9 (24)

2 (22)
5 (56)
2 (22)

16 (55)
15 (52)
7 (24)

0.084
0.721
0.992

Chronic GVHD (n = 80) n (%) 
Grade I

Grade II-III

24 (30)
11
17

10 (31)
6
4

14 (29)
5

13
0.842

Hemorrhagic cystitis n (%) 
Grade II-IV

Polyomavirus

28 (28)
11 (39)

9 (23)
1 (11)

19 (31)
10 (53)

0.381
0.036

Cytomegalovirus, n (%) 
Viremia + Treatment

CMV disease

70 (70)
17

24 (61)
6

46 (75)
11 0.140

Figure 4: Complications during 12 months post-TAPH according to 
the use of TBI ≥ 1200 and TBI ≤ 400. CMV: Cytomegalovirus Viremia + 
treatment, VOD: Veno-occlusive Disease.
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today in clinical practice, and the ideal regimen before allo-
HCST in ALL remains controversial. Our results show that 
high-dose Flu-TBI 12 Gy does not signiϐicantly differ in 
outcomes and relapse incidence compared to lower intensity 
TBI (4 Gy) with Bu-Flu myeloablative chemotherapy 
regimens. 

Although TBI has proven advantageous, it has been 
associated with both early and late adverse effects [22]. 
There are various modalities for delivering TBI, with 
signiϐicant differences regarding prescribed doses, patient 
positioning and immobilization, organ shielding, and 
radiation therapy techniques [3]. Consequently, the optimal 
TBI dose for achieving maximum beneϐits while minimizing 
toxicity in MAC remains a topic of debate, owing to the 
extreme heterogeneity of the available data [4]. In this study, 
one fatal case of hepatic veno-occlusive disease due to acute 
toxicity occurred in the SD-TBI group. While no additional 
signiϐicant TBI-related toxicities were reported in the study, 
the occurrence of such severe liver toxicity highlights the 
importance of optimizing conditioning regimens of patients 
undergoing allo-HSCT. Interestingly, we found statistically 
signiϐicant evidence of reduced relative risk for aGVHD grade 
II-IV with TBI ≥ 12 Gy versus TBI ≤ 4 Gy. When performing 
the analysis adjusted by type of donor (identical and 
haploidentical), it is statistically signiϐicant only in patients 
taken to HLA identical transplantation with SD-TBI. This 
study suggests HLA identical allo-HSCT recipients have a 
lower risk of aGVHD when receiving TBI-based regimens ≥ 
12 Gy, although these ϐindings might be inϐluenced by the 
retrospective nature of the study and the sample size.

Globally, the number of allogeneic transplants is 
increasing, particularly in treating conditions like ALL, 
where they offer a curative possibility. However, the cost 
of these procedures, especially in countries with emerging 
economies, poses a signiϐicant challenge for public health 
systems [23]. MAC has also been reported as one of the 
major determinants of overall costs for allo-HSCT. Mainly 
due to its higher complexity, prolonged hospital stay, and 
related complications [24]. At our institution, costs are 
individualized by drug and radiation therapy. Based on 
unpublished intrainstitutional data, we have observed that 
costs are reduced when conditioning TBI > 12 Gy is used. As 
high-cost treatments become accessible to more patients, 
it is crucial not only to evaluate clinical outcomes but also 
to manage ϐinancial costs effectively. Therefore, in LMIC, 
future cost-effectiveness studies are essential to determine 
if certain conditioning regimens offer ϐinancial advantages 
over others.

In the treated population, which consisted entirely of Latin 
American Hispanics, 98% of the patients were classiϐied as 
high-risk based on available clinical and paraclinical criteria. 
Both identical and haploidentical donors were included for 
transplantation, with 49% of the patients being in CR1. As 
a result, this study encompassed patients with very high-

risk proϐiles and poor prognostic factors, which explains the 
lower 12-month survival outcomes in our cohort compared 
to other centers.

Limitations of this study are primarily related to the 
retrospective nature of the data. There was substantial 
heterogeneity in the patient population diagnosis. Access to 
molecular proϐiling is also limited in our context. In addition, 
during the 9 years during which the data were collected, 
management likely changed. This may introduce a potential 
bias. Because this was a retrospective study, there also may 
have been differences in charting and reporting of various 
toxicities.

Conclusion
In ALL patients taken to allo-HSCT between 2012 and 

2021, we found no signiϐicant differences in OS, DFS, TRM or 
relapse incidence between SD-TBI and LD-TBI MAC regimens. 
The risk of aGVHD was lower in patients with SD-TBI, 
particularly those with HLA-identical donors. These results 
enhance Latin American representation in transplantation 
studies and have potential clinical implications. This study 
also serves as a base for future prospective studies and cost-
effectiveness analyses needed for optimization of allo-HSCT 
conditioning regimens for ALL in LMIC. 
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