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ABSTRACT 

Background: Finding a suitable donor at the optimal time is one of the most challenging issues in many 
transplant centers. We evaluated the clinical outcomes of 248 patients with acute leukemia and without 
matched sibling donors (MSD) who underwent alternative transplantation, including haploidentical (n=118), 
10/10 matched unrelated (MUD, n=91), 9/10 mismatched unrelated (MMUD, n=21), and 9/10 mismatched 
related (MMRD, n=18) between January 2010 and November 2019 in our center. 
Materials and Methods: The myeloablative conditioning regimen was used in most of the patients. Both 
post-transplant cyclophosphamide (40mg/kg at +3, +4) and pre-transplant ATG were used in most of 
Haploidentical transplantations. Patients with unrelated donors received ATG as a part of the conditioning 
regimen.  
Results: The median follow-up was 31.83 months. No significant difference in probability of 3-year leukemia- 
free survival (LFS) and overall survival (OS) as well as 3-year relapse incidence (RI) were noted between 
donor sources.  
A significant difference was found in the 3-year cumulative incidence (CI) of non-relapse mortality (NRM) 
among the donor sources: 37.89%, 24.20%, 24.30%, and 11.48%, for Haplo, 9/10 MMUD, 10/10 MUD, and 
9/10 MMRD (p=0.02). Using the multivariable Cox model, the advanced age of patients and Major-ABO 
mismatched, were two risk factors independently associated with lower OS and DFS as well as higher NRM, 
whereas male donor and AML disease compared to ALL were associated with a better OS and DFS.  
Conclusion: Given that no significant differences were observed in the overall outcome of Haplo with other 
alternative transplantations, suggesting that Haploidentical transplantation is a suitable, accessible, and 
inexpensive option.  
 
Keywords: Allogeneic stem cell transplantation; Haploidentical; Mismatched related donor; Mismatched 
unrelated donor; Cox proportional hazards models 
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INTRODUCTION 
   Over recent years, much progress has been made 
in stem cell transplant procedures and their 
supportive measures1,2. However, finding a suitable 
donor at the optimal time is one of the most 
challenging issues in transplant centers. 
A transplant from an HLA-matched related donor 
(MRD) as the first choice is available for only a third 
of transplant candidates, so most patients have to 
use an alternative donor3.   
Since the compatibility of HLA is the highest priority 
to determine the ideal alternative donor, matched 
unrelated donor (MUD) is often the next preferred 
graft source after MRD,4,5 and the outcomes of the 
MUD is comparable with those of MRD6,7. 
Alternative options, when access to a matched 
related or unrelated donor is not possible, are 
mismatched related or unrelated donors (MMUD, 
MMRD), cord blood units, and haploidentical 
hematopoietic stem cell transplantation (haplo-
HSCT).  
Recent improvements in the outcome of haplo-
HSCT are similar to those of unrelated transplants8. 
Other benefits such as finding a donor more quickly 
and the possibility of recurring donations for donor 
lymphocyte infusions (CD3+) or boost (CD34+),9-11 
has led to a growing by about 300 percent in the 
use of haplo-HSCT in Europe and China.12  
Moreover, using high-dose post-transplantation 
cyclophosphamide to induce immune tolerance 
after haplo-HSCT contributes to reducing GvHD 
incidence, resulting in significantly improved 
outcomes.13-15 
With the increasing popularity of haplo-HSCT, 
several retrospective comparative studies have 
recently evaluated the outcome among haplo, 
MRD, MUD, and MMUD. The combined data was in 
favor of similar outcomes for haplo-HSCT and other 
alternative transplantations15-17, some reports have 
also shown comparable outcomes between haplo-
HSCT and MSD.17-19 
Therefore, this prompted us to perform a 
retrospective study, comparing the outcomes of 
haplo-HSCT to 10/10 MUD, 9/10 MMUD, and 9/10 
MMRD HSCT in our center. 
 
 

MATERIALS AND METHODS 
   The clinical records of all ALL and AML patients 
transplanted from haploidentical, one Locus miss-
matched unrelated, one locus miss-matched 
related, and full matched unrelated donors 
between Jan. 2010 and Nov. 2019 were reviewed. 
All patients were followed up until death, relapse, 
or the end of the expected follow-up time which 
was May 2020.  
Patients followed-up beyond 3 years were censored 
to better compare the two groups because the one 
Locus miss-matched unrelated group had a shorter 
follow-up period than the other three groups. 
This retrospective analysis was approved by the 
institutional review board of Hematology-Oncology 
and Stem Cell Transplantation Research Center, 
Tehran University of Medical Sciences, Tehran, Iran. 
Homogeneity between treatment pairs was 
evaluated using the Chi-square test or Fisher exact 
test for qualitative variables and Student's T-test or 
Wilcoxon rank-sum test for continuous variables.  
The endpoints were OS, DFS, relapse and non-
relapse mortality incidence, and also engraftment 
incidence. 
Kaplan–Meier curves were derived to determine OS 
and DFS, and were compared through the log-rank 
test at each landmark. Median follow-up time was 
established with the reverse Kaplan-Meier method. 
After selection of baseline characteristics and 
clinical variables based on univariable Cox 
proportional hazards models, multivariable Cox 
proportional hazards models were fitted. 
Multivariable predictors of OS and DFS were 
determined based on the P-values at or below 0.2 in 
the univariable Cox proportional hazards models.  
The proportionality of hazards assumption was 
checked using the global proportionality of hazards 
test based on Schoenfeld residuals in each of the 
three multivariable models. There was no departure 
from the proportionality of hazards assumption in 
all multivariable models (results not shown).  
To account for the informative censoring in the 
presence of multiple endpoints, competing risks 
survival analysis was performed utilizing 
nonparametric methods using the cumulative 
incidence competing risk method. CI of relapse and 
NRM were calculated by Gray's method. Death 
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without relapse was considered as a competing 
event for relapse, and relapse was considered as a 
competing event for NRM.  
Cumulative incidence function was also used to 
express neutrophil and platelet engraftment failure 
incidence in competing risks setting where death 
before any of these events or before day 30 was 
regarded as its competing event. 
Fine-Gray proportional hazard regression model 
used to assess the effects of covariates on relapse 
incidence and NRM incidence. Like multivariate Cox 
PH regression, all variables with a P-value at or 
below 0.2 in the univariate Fine-Gray proportional 
hazard regression were included in the 
corresponding multivariate analyses.  
A two-sided P-value of 0.05 or lower was 
considered to be statistically significant. Analyses 
were done with STATA version 11.2 and Packages 
"survival" and "cmprsk" in R software version 3.3.1. 
 
RESULTS 

A total of 248 patients with acute leukemia who did 
not have suitably MRD were included: 118 patients 
underwent an unmanipulated haplo-HSCT, 91 a 
10/10 unrelated donor, 21 a 9/10 unrelated donor, 
and 18 a 9/10 related donor HSCT. 
 
Patients’ and donors’ characteristics 
Patient's and donors' characteristics are shown in 
Table 1. The myeloablative conditioning regimen 
comprised of busulfan and cyclophosphamide in 
combination with ATG is used in most patients 
receiving alternative transplantations in our center. 
For in vivo T cell depletion (TCD) rabbit ATG, 2.5 
mg/kg/day is given for 3 days (-3,-2,-1) in haplo and 
9/10 MMUD, and for 2 days (-2,-1) in 10/10 MUD 
and 9/10 MMRD according to our center protocol. 
All patients received cyclosporine A (CSA) and 
methotrexate (MTX) for GvHD prophylaxis. 
However, in haplo-HSCT, CSA and high-dose post-
transplant cyclophosphamide (PTCy, 40mg/kg at 
+3,+4) were used to prevent GvHD. 
Allelic typing for locus A, B, C, DRB1, and DQB1 is 
available for all patients and donors. Among 38 
patients receiving a 9/10 donor, 18 (47.4 %) were 
mismatched in locus A, 3 (7.9%) in locus B, 3 (7.9 %) 

in locus C, 9 (23.6 %) in locus DRB1, and 5 (13.2 %) 
in locus DQB1.  
Neither grades II-IV acute GvHD nor extensive 
chronic GvHD percentage differ between donor 
types. 
 
LFS and OS 
The median follow-up for the global population was 
31.83 months (95% CI: 6.05 - 57.62). It was 18.2 
(8.59–27.8) for haplo-HSCT and 60.15 (34.5–85.79) 
for MUD 10/10. The probability of 3-year LFS was 
41.18% (95% CI: 31.44–50.65) for haplo-HSCT, 
47.14% (95% CI: 23.24–67.88) for 9/10 MMUD, 
50.52% (95% CI: 38.73–61.17) for 10/10 MUD and 
65.48% (95% CI: 38.69–82.79) for 9/10 MMRD, 
respectively (Figure 1). The probability of OS at 3 
years was 40.28% (30.51–49.84), 45% (20.93–
66.52), 54.20% (42.30–64.66), and 70.1% (42.32–
86.35) for haplo-HSCT, 9/10 MMUD, 10/10 MUD, 
and 9/10 MMRD (Figure 2). No significant difference 
in the probability of 3-year LFS and OS was noted 
among donor types. 
However, multivariate analysis demonstrated that 
compared to the haplo-HSCT (reference), MMRD 
9/10 had a better LFS and OS (Table 2).  
In multivariate analysis for OS, patient’s age at 
transplant and major-ABO mismatched compared 
to ABO-matched (reference) were the two 
predictive factors associated with lower OS (HR = 
1.03, 1.73)  (Table 2). 
Male donors compared to female and AML (as 
primary diagnosis) compared to ALL were 
associated with a better OS. (HR=0.63, 0.65) (Table 
2). 
Similarly, in multivariate analysis for LFS, male 
donor and AML disease were two protective factors 
(HR = 0.62, 0.6) while recipient’s age and major-
ABO mismatched were the hazard factors 
independently associated with lower LFS. (HR = 
1.03, 1.68). 
 
 
 
Relapse incidence and non-relapse mortality 
The relapse incidence (RI) at 3 years were not 
significantly among between haplo, 9/10 MMUD, 
10/10 MUD, and 9/10 MMRD: 16.53% (95% CI: 
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10.04–24.42%), 26.14% (95% CI: 8.59-48.02%), 
15.80% (95% CI: 13.43–32.24%), and 23.33% (95% 
CI: 6.83–45.42%) (p=0.59) (Figure 3). 
In multivariate analysis for RI, AML (as primary 
diagnosis) compared to ALL was the only protective 
factor associated with lower RI (HR=0.43, P<10-3) 
(Table 3). 
 A significant difference was found in the 3-year CI 
of NRM among the donor sources: 37.89% (32.23–
51.51), 24.20% (8.39–44.38), 24.30% (17–36), and 
11.48% (1.74–31.44), for haplo, 9/10 MMUD, 10/10 
MUD, and 9/10 MMRD, (p=0.02) (Figure 4). These 
results were also confirmed in a multivariate 
analysis, showing that 9/10 MMRD was associated 

with lower hazard for NRM compared to the haplo 
(reference) (HR=0.23, 95% CI: 0.08-0.71, P=0.01). 
Multivariate analysis demonstrated that both 
patient's and donor's age and major-ABO 
mismatched were the risk factors associated with 
higher NRM (HR=1.03, P<10-3), (HR=1.02, P=0.002) 
and (HR = 1.64, p = 0.02), respectively (Table 3).  
The 30-day cumulative incidence of engraftment 
was not significantly different among donor types 
(p=0.145). It was 81.35% (95% CI: 72.99–87.34%) for 
haplo, 85.71% (95% CI: 58.54–95.65%) for 9/10 
MMUD, 87.91% (95% CI: 78.96–93.21%) for 10/10 
MUD and 100% for 9/10 MMRD, respectively 
(Figure 5).  

 
    
Table 1: Baseline characteristics of patients and donors 

P MMRD9/10 MMUD9/10 MUD10/10 Haplo  

 18 21 91 118 N 

0.36 38 (29-46) 27 (26-41) 30 (25-40) 36 (25-43) Donor Age Median (IQR) 

0.0001 7.8 (5.5-8) 6.3 (5.9-8) 7.1 (4-8) 8.5 (7-9) Median MNC dose*108/kg (IQR) 

0.21 5.5 (4-8) 4.9 (3.5-6.2) 5.3 (3-7) 5.6 (4-8) Median CD34*108/kg (IQR) 

0.0001 220 (137-318) 257 (156-300) 204 (85-250) 322 (233-386) Median CD3*108/kg (IQR) 

0.06 23 (10-36) 20 (17-33) 19 (12-32) 26 (18-34) Patient. Age(y) Median (IQR)  

0.0018 10 (7-12) 18 (13-55) 14 (11-23) 14 (9-23) Months from DX to HSCT 
Median (IQR)  

0.29 13 (76%) 10 (52%) 42 (52%) 54 (58%) Acute GvHD, Grad(2-4) 

0.36 8 (50%) 11 (78%) 38 (57%) 51 (63%) Chronic GvHD, Extensive 

 
 
< 0.001 

10 (55.6%) 8 (38.1%) 25 (27.5%) 66 (55.97%) Matched ABO 
Matching 4 (22.2%) 11 (52.4%) 32 (35.2%) 22 (18.6%) Minor mismatched 

4 (22.2%) 2 (9.5%) 34 (37.4%) 30 (25.4%) Major  mismatched 

 
0.046 

12 (66%) 7 (33%) 50 (55%) 76 (64%) AML Primary 
Disease 6 (33%) 14 (66%) 41 (45%) 42 (35%) ALL  

 
0.006 

13 (72%) 8 (38%) 52 (57%) 41 (34.7%) CR1 Pre HSCT 
Disease 
Status 

5 (27%) 9 (43%) 29 (32%) 60 (51%) CR2 

0 4 (19%) 10 (11%) 17 (14.4%) CR3 

 
0.42 

3(60%) 5(50%) 18(45%) 17(26.5%) Relapse Causes of 
Death 0 2 (20%) 12 (30%) 19 (29.7%) Infection 

1 (20%) 1 (10%) 6 (15%) 16 (25%) PGF 

0 0 2 (5%) 6 (9.3%) GvHD 

1 (20%) 2 (20%) 2 (5%) 6 (9.3%) Unknown 

Abbreviations: Haplo: haploidentical donors; MUD: matched unrelated donors; MMUD: mismatched unrelated donors; MMRD: mismatched 
related donors; HSCT: hematopoietic stem cell transplantation; CR, complete remission; PGF: poor graft function 
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Figure 1. Kaplan-Meier estimates of leukemia-free survival (LFS) 

 
 

 
Table 2: Univariate and Multivariate regression models for OS and LFS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abbreviations: OS, overall survival; LFS, leukemia-free survival; HR, hazard ratio; CI, confidence interval; CR, complete remission;  
D-R, Donor- Recipient; F: female; M: male 
 
 
 

 Univariable OS Multivariable OS Univariable LFS Multivariable LFS 

HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P 

Matching  

Haplo Ref. --- Ref. --- Ref. --- Ref. --- 

UD 9/10 0.94 (0.48 - 
1.83) 

0.848 0.95 (.46   1.95) 0.884 0.95 (0.49 - 
1.86) 

0.889 1.07 (0.52 - 2.19) 0.862 

UD10/10 0.67 (0.44 - 
1.00) 

0.053 0.81 (0.51  1.30) 0.379 0.73 (0.49 - 
1.09) 

0.122 0.89 (0.56 - 1.40) 0.460 

RD 9/10 0.38 (0.15 - 
0.95) 

0.039  0.44 (0.17 - 
1.12) 

0.014 0.47 (0.20 - 
1.10) 

0.081 0.55 (0.23 - 1.31)       0.055 

 
Recipient 
age  

1.02 (1.01 - 
1.04) 

<0.0001 1.03 (1.02 - 
1.05) 

<0.0001 1.02 (1.01 - 
1.03) 

0.001 1.03 (1.02 - 1.05) < 0.001 

 

Donor age  1.02 (1.00 - 
1.03) 

0.033 1.01 (0.99 - 
1.03) 

0.199 1.01 (1.00 - 
1.03) 

0.506 1.01 (0.99 - 1.03) 0.302 

ABO 
Match 

 

Match Ref. --- Ref. --- Ref. --- Ref. --- 

Minor 1.15 (0.73 - 
1.81) 

0.552 1.27 (0.76 - 
2.11) 

0.365 1.17 (.75 - 1.82) 0.491 1.24 (0.75 - 2.05) 0.400 

Major 1.34 (0.86 - 
2.07) 

0.195 1.73 (1.05 - 
2.86) 

0.031 1.36 (.88 - 2.10) 0.167 1.68 (1.04 - 2.74) 0.035 

Remission  
CR1 Ref. --- Ref. --- Ref. --- Ref. --- 
CR2 1.48 (1.00 - 

2.21) 
0.052 1.32 (0.85 - 

2.05) 
0.211 1.44 (0.98 - 

2.12) 
0.066 1.36 (0.89 - 2.09) 0.153 

CR3/PIF 1.31 (0.73 - 
2.35) 

0.365 1.04 (0.53 - 
2.03) 

0.902 1.27 (0.71 - 
2.27) 

0.412 1.05 (0.54 - 2.03) 0.893 

Disease  

ALL Ref. --- Ref. --- Ref. --- Ref. --- 

AML 0.80 (0.55 - 
1.15) 

0.228 0.65 (0.42 - 
1.00) 

0.05 0.75 (.52 - 1.08) 0.119 0.60 (.39 - 0.91) 0.017 

Sex 
matching 
(D-R) 

 

F-F Ref. --- Ref. --- Ref. --- Ref. --- 

F-M 0.79 (0.47 - 
1.33) 

0.383 0.74 (0.42 - 
1.28) 

0.278 0.81 (0.49 - 
1.36) 

0.437 0.73 (0.42 - 1.27) 0.264 

M-F 0.74 (0.41 - 
1.33) 

0.312 0.66 (0.35 - 
1.24) 

0.198 0.72 (0.40 - 
1.30) 

0.276 0.60 (0.32 - 1.13) 0.026 

M-M 0.58 (0.34 - 
0.99) 

.046 0.63 (0.35 - 
1.12) 

0.027 0.63 (0.37 - 
1.06) 

0.081 0.62 (0.35 - 1.10) 0.010 
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Figure 2. Kaplan-Meier estimates of overall survival (OS) 

 
Table 3: Univariate and Multivariate regression models for RI and NRM 

Abbreviations: RI, relapse incidence; NRM, non-relapse mortality; HR, hazard ratio; CI, confidence interval; CR, complete remission; D-R, Donor- Recipient; F: 
female; M: male 
 
 
 
 
 
 
 

 Univariable RI Multivariable RI Univariable NRM Multivariable NRM 

HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P 

Matching  

Haplo Ref. --- Ref.  Ref.  Ref. --- 

UD 9/10 1.89 (0.91 - 3.90) 0.087 1.48 (0.71 - 3.11) 0.298 0.58 (0.30 - 1.13) 0.107 0.73 (0.36 - 1.48) 0.381 

UD10/10 1.30 (0.82 - 2.09) 0.266 1.30 (0.78 - 2.15) 0.309 0.57 (0.40 - 0.81) 0.002 0.72 (0.49 - 1.07) 0.102 

RD 9/10 1.47 (0.68 - 3.18) 0.330 1.62 (0.71 - 3.68) 0.251 0.23 (0.08 - 0.61) 0.003 0.24 (0.08 - 0.71)  
0.010 

 
Recipient age  1.00 (.99 - 1.02) 0.322 --- --- 1.20 (1.01 - 1.03) < 0.001 1.03 (1.01 - 1.04) < 0.001 
 

Donor age  0.99 (0.971 - 1.00) 0.127   0.98 (0.96 - 1.00) 0.059 1.03 (1.01 - 1.04) < 0.001 1.02 (1.01 - 1.04) 0.002 

ABO Matching  

Match  Ref. --- Ref. --- Ref. --- Ref. --- 

Minor 1.17 (0.70 - 1.95) 0.551 --- --- 1.20 (0.81 - 1.78) 0.357 1.45 (0.93 - 2.28) 0.104 

Major 1.30 (0.78 - 2.15) 0.313 --- --- 1.34 (0.91 - 1.96) 0.139 1.64 (1.08 - 2.50) 0.021 

Remission  
CR1 Ref. --- Ref. --- Ref.  Ref. --- 
CR2 1.42 (0.89 - 2.27) 0.136 1.55 (0.95 - 2.51) 0.076 1.29 (0.92 - 1.80) 0.139 1.04 (0.72 - 1.50) 0.837 

CR3/PIF  2.04 (1.12 - 3.72) 0.019 1.29 (0.64 - 2.61) 0.469 0.82 (.45 - 1.49) 0.514 0.72 (0.38 - 1.35) 0.308 

Disease  

ALL Ref. --- Ref. --- Ref. --- Ref. --- 

AML 0.38 (0.25 - 0.59) < 0.0001 0.43 (0.26 - 0.69) < 0.001 1.80 (.85 - 1.64) 0.318   

Sex matching 
(D-R) 

 

F-F Ref. --- Ref. --- Ref. --- Ref. --- 

F-M 0.82 (0.43 - 1.56) 0.543 --- --- 0.87 (0.55 - 1.36) 0.543 0.85 (0.54 - 1.34) 0.481 

M-F 1.07 (0.55 - 0.09) 0.842 --- --- 0.63 (0.37 - 1.09) 0.101 0.46 (0.25 - 0.87) 0.016 

M-M 1.00 (0.55 - 1.84) 0.987 --- --- 0.55 (0.34 - 0.88) 0.013 0.62 (0.37 - 1.04) 0.070 
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Figure 3. Cumulative incidence of relapse incidence (RI) 

 
 
 
 
 
 

 
Figure 4. Cumulative incidence of non-relapse mortality (NRM) 
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Figure 5. Cumulative incidence (CI) of ANC engraftment 

 
DISCUSSION 
   In the present study, we analyzed and compared 
the outcomes of HSCT in patients with Acute 
Leukemia undergoing alternative donor 
transplantation between 2010 and 2019. Due to 
lack of a MSD, patients underwent haploidentical, 
MUD, MMUD, and MMRD transplantation.  
No statistically significant difference was observed 
in LFS and OS among these alternative transplant 
groups. Our findings are consistent with other 
similar studies that have compared the HSCT 
outcome between different types of donors.15-17 
However, in multivariate analysis, the best clinical 
outcome was observed in the MMRD.  
According to our study, age and sex of donor, 
primary diagnosis, donor sex, and ABO-matching 
are the predictive factors, which are independently 
associated with the outcome of HSCT and must be 
considered for the optimal donor selection.  
The effect of ABO-mismatched on the outcome of 
patients following HSCT remains controversial, but 
our findings show that in cases undergoing 
alternative HCT, major-ABO mismatched 
transplantation has been associated with the 
inferior outcome due to higher transplant-related 
mortality. 
Although haplo-HSCT recipients did not experience 
worse outcomes compared to other alternative 
transplants, at the Gray test, 3-year NRM was 

significantly higher in haplo-HSCT (38%) compared 
with both unrelated groups (24%). The 3-year CI of 
relapse was not different, but a trend for lower 
relapse incidence was observed in haplo-HSCT 
compared to unrelated donors. One hypothesis to 
explain the lower relapse rate in haplo-HSCT 
patients is that the median CD3+ cell dose was 
significantly higher in haplo-HSCT than other 
alternative sources for HSCT (Table 1). 
Although usually one of the two methods of PTCy or 
ATG is used to prevent GvHD in haplo-HSCT, the 
combination of ATG and PTCy in haplo-HSCT has 
been reported in some studies with lower rates of 
GvHD and acceptable rate of relapse.20,21 
The haplo-HSCT protocol at our center also contains 
a combination of a modified dose of PTCy (40mg/kg 
at +3, +4) plus ATG.   
Since the most common cause of death following 
haplo-HSCT in our report was the infection, it can 
be concluded that the combination of ATG and PTCy 
appears to have contributed to increasing infectious 
complications. 
Some reports comparing the effects of ATG and 
PTCy on the outcome of haplo-HSCT recipients 
found that PTCy protocol was associated with lower 
NRM and may be higher disease recurrence22,23, 
while in vivo TCD with ATG was a hazard factor 
associated with a higher incidence of NRM and 
infection24. 
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Due to the growing need for HLA-haploidentical 
bone marrow transplantation, it is suggested that 
more efforts must be focused on the management 
of post-HSCT complication, especially CMV infection 
that remains the major cause of post-
transplantation mortality in high-risk patients.25  
For this reason, it is necessary to pay more 
attention to prevent high-risk infections, pre-
emptive therapy for CMV, timely diagnosis and 
treatment of viral and fungal infections, and if 
possible, early immunosuppression cessation. 
We also have some difficulties with access to 
certain new drugs such as second and third-line 
antiviral in patients with CMV refractoriness or 
severe cytopenia following ganciclovir. 
Another problem we encountered in this study is 
that the exact time of GvHD onset was not 
determined in some cases, so it was not possible to 
calculate the cumulative incidence of acute and 
chronic GvHD.    
Although haplo-HSCT is usually performed as a 
salvage treatment for advanced stage of disease in 
the absence of suitable unrelated donor, the results 
of the current study were not significantly different 
from those of unrelated, especially in terms of DFS.  
 
CONCLUSION 
   The importance of early referral to haplo-HSCT, 
especially those who need an urgent transplant 
procedure, is recommended to prevent high-risk 
patients from developing recurrence or therapy-
related toxicities. 
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