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Abstract
Background

Allogeneic hematopoietic stem cell transplantation (HSCT) is the only potentially curative treatment for
acute leukemia. Many different parameters have signi�cant impact on the �nal results of HSCT such as
donor type, stem cell source, and the implemented conditioning regimen. In the absence of an HLA-
matched related donor, unrelated donors or haploidentical donors are possible alternatives for patients
with an indication to HSCT. In order to compare the outcomes of HSCT from different donor types, in this
single-center study, using a radiation-free MAC regimen, we compared the results of unmanipulated
peripheral blood stem cell transplantation (PBSCT) from matched and mismatched related and unrelated
donors with haploidentical donors in the children, adolescents and young adults (CAYA) affected by acute
leukemia.

Methods

In this retrospective study, since 2014 to 2021, the outcome of CAYA patients with acute leukemia who
had undergone peripheral blood T cell-replete HSCT from haploidentical donors versus unrelated donors
(including 10/10 or 9/10 HLA-matched) versus related donors (including 10/10 or 9/10 HLA-matched)
were evaluated. The HSCT was based on a radiation-free MAC regimen including Busulfan and
Cyclophosphamide. The GvHD prophylaxis was based on the administration of Cyclosporine A in all
patients, plus rabbit anti-human thymocytes globulins in unrelated and haploidentical donors and post
transplantation cyclophosphamide in haploidentical donors. Adjusted multivariable proportional hazard
Cox and competing risk analyses were performed.

Results

Median follow up time was 28.7 months (95% CI: 21.9-34.9). Three-year overall survival rate (OS) and
GvHD-free/relapse-free survival (GFRFS) rate was 68.81% (95% CI: 60.08%-76.01%) and 44.19% (95% CI:
35.52%-52.49%), respectively. Patients who had undergone HSCT from an unrelated donor had the lowest
OS and GFRFS compared to other donor types. The 3-years NRM in all patients was 7.84% (95% CI 4.36-
12.62). Adjusted multivariable modeling of OS showed that the hazard of death in patients who had
undergone HSCT from an unrelated donor, was 3.6 times more than patients who underwent HSCT from
their haploidentical donors (P=0.05). Likewise, the hazard of NRM after HSCT from unrelated donors was
6 times more than haploidentical donors (P=0.002). However, the relapse incidence was not signi�cantly
different between the two mentioned groups.

Conclusions

In this study, HSCT from haploidentical donors was associated with superior survival rates compared to
HSCT from unrelated donors. So haploidentical peripheral blood derived HSCT could be a practical and
valuable clinical option that offers CAYA patients with acute leukemia needing HSCT and lacking
matched available donors, a reasonable opportunity for disease control.
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Introduction
Allogeneic hematopoietic stem cell transplantation (HSCT) is the only available curative option for acute
leukemia nowadays. Many different parameters have signi�cant impact on the �nal results of HSCT,
especially on the more recently de�ned graft-vs-host disease (GvHD)-free/relapse-free survival (GFRFS)
rate, including the pre-HSCT characteristics such as disease pro�le at diagnosis and the disease status at
the time of transplant, and also the peri-HSCT factors, i.e. donor type, stem cell source, the implemented
conditioning regimen and the potential complications. In an effort to reduce relapse rates after HSCT, the
use of myeloablative conditioning (MAC) regimens with higher intensities using busulfan or total body
irradiation (TBI) has shown promising results.1 Given the higher vulnerability of younger patients to
adverse effects of irradiation, MAC regimens without TBI are preferred.2 Moreover, in view of the relative
unwieldiness for bone marrow collection together with the potentially augmented graft versus leukemia
(GvL) effect, peripheral blood (PB) is preferred as the source of stem cells for allogeneic HSCT ever more.
On the other hand, the increasing number of transplants from human leukocyte antigen (HLA)-
haploidentical donors in patients with acute leukemia due to the absence of a suitable related or
unrelated HLA-matched donor, has raised the necessity of understanding if HSCT outcomes with this
approach are similar to those of more consolidated approaches. Lately, more than a few reports have
shown comparable outcomes between HSCT from haploidentical donors and historical HLA-matched
related or unrelated donors.3 Hence, adding up to the records regarding the comparison of different donor
types could be a guide for the upcoming therapeutic strategies. To address this inquiry, in this single-
center study, using a radiation-free MAC regimen, we compared the results of unmanipulated peripheral
blood stem cell transplantation (PBSCT) from matched and mismatched related and unrelated donors
with haploidentical donors in children, adolescents and young adults (CAYA) affected by acute leukemia.

Subjects And Methods
Patients

Our study included patients undergone �rst allogenic HSCT for acute leukemia in CAYA HSCT department
of Research Institute for Oncology, Hematology and Cell Therapy (RIOHCT), Tehran, Iran, between
January 2014 and January 2021. All data were retrieved retrospectively from clinical records according to
the policy approved by the Committee on Medical Ethics of Tehran University of Medical Sciences
(TUMS) and after obtaining informed consent from patients or their legal guardians. 

In all patients and their donors, high-resolution HLA molecular typing for loci HLA-A, -B, -C, -DRB1, and -
DQB1 were performed. The �rst donor preference was a 10/10 HLA-matched related donor (MRD) or a
9/10 HLA-mismatched related donor (MMRD). If an MRD/MMRD was unavailable, an alternative donor
including a 10/10 HLA-matched unrelated donor (MUD) or a 9/10 HLA-mismatched unrelated donor
(MMUD) or a related haploidentical donor (Haplo) was chosen depending on the availability and
accessibility.
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We proceeded to HSCT if the result of a pre-HSCT bone marrow examination pointed to morphologically
complete remission (CR), regardless of the minimal residual disease status. 

The HSCT was based on a radiation-free MAC regimen including Busulfan (a total dose of 3.2-4.8
mg/kg/day according to patients' ideal body weight, from day −6 to −3) and Cyclophosphamide (60
mg/kg/day, from day −2 to −1). The GvHD prophylaxis was based on the administration of Cyclosporine
A (CsA) in all patients and a short course of Methotrexate in HSCT from matched and mismatched
related and unrelated donors, plus rabbit anti-human thymocytes globulins (ATG-Thymoglobuline, Sano�,
2.5 mg/kg/day, from days −3 to −1) in MMRD, MUD/MMUD and Haplo groups and a high dosage of Pt-
Cy (40 mg/kg/day on days +3 and +4) in the Haplo group. We only included patients receiving
unmanipulated peripheral blood hematopoietic stem cells as graft source. 

Considering the risk of CMV reactivation after HSCT, patients were classi�ed into low risk (donor
[D]-/recipient [R]-), intermediate risk (D+/R-), or high risk (D-/R+ or D+/R+).4

De�nitions and endpoints

The main purpose of this study was to compare the survival rates of acute leukemia patients who had
undergone allogeneic HSCT from different donor types. Overall survival (OS) was de�ned as the
probability of survival irrespective of the disease state at any point in time 

GvHD-free/relapse-free survival (GFRFS) which is an end point more precisely re�ective of health status
and quality of life post transplantation, was de�ned as the probability of survival with complete disease
remission, with sustained donor cell engraftment and with neither grade III–IV acute GvHD nor chronic
GvHD requiring immunosuppressive treatment.5 Non-relapse mortality (NRM) was de�ned as the
probability of death without the occurrence of relapse after HSCT. Relapse incidence (RI) was de�ned as
the probability of having had a disease relapse.

Donor chimerism was determined at day +15, +30, +60 and +90 after HSCT, and then when clinically
indicated, on whole bone marrow mononuclear cells by quantitative PCR of informative short tandem
repeats in the donor and recipient.6 Sustained donor cell engraftment was de�ned as the presence of
more than 0.5×109/L neutrophils and more than 20×109/L platelets for three consecutive days without
transfusion support. Graft rejection was de�ned as a lack of initial engraftment of donor cell graft
(primary) or loss of donor cell engraftment (secondary), independently from the peripheral cell blood
count. Acute (aGvHD) and chronic GvHD (cGvHD) were diagnosed and graded according to the published
criteria.7 The mentioned HSCT outcomes were compared between the three categorized groups of
different donor types including HLA-matched (10/10) related and HLA-mismatched (9/10) related donors
(MRD/MMRD), HLA-matched (10/10) unrelated and HLA-mismatched (9/10) unrelated donors
(MUD/MMUD) and HLA-haploidentical (Haplo) donors.

Statistical analysis
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Patients followed-up beyond 36 months were censored for better comparison between groups because
some sub-groups had shorter follow-up periods than the other sub-groups. 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, GFRFS,
relapse, and non-relapse mortality incidence. Kaplan–Meier curves were derived to determine OS and
GFRFS, and were compared through the log-rank test. 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 �tted .

Variables in the multivariable OS and GFRFS were determined based on the P-values at or less than 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 without relapse was considered as a competing event for relapse, and relapse was
considered as a competing event for NRM. Fine-Gray proportional hazard regression model used to
assess the effects of covariates on relapse incidence and NRM incidence. Like multivariable Cox PH
regression, all variables with a P-value at or less than 0.2 in the univariable Fine-Gray proportional hazard
regression were included in the corresponding multivariable analyses. A two-sided P-value of 0.05 or
lower was considered to be statistically signi�cant. Analyses were done with STATA version 16 and
Packages "survival" and "cmprsk" in R software version 3.3.1.

Results
Patients

The study included 180 patients (120 males and 60 females) with a median age of 12 years (ranging
from 4 months to 24 years) at the time of HSCT, and 123 (68.3%) patients were transplanted ≤ 15 years
of age. Donor type was matched (n=103) and mismatched (n=2) relative including sibling ((n=94) and
other relatives (n=11) in a total of 105 (58.3%) patients, matched (n=20) and mismatched (n=10)
unrelated in a total of 30 (16.7%) patients and haploidentical in 45 (25%) patients. The patients’
characteristics are summarized in table 1. 

The median follow-up time of patients enrolled in the study and who were still alive at the end of the
study was 28.7 months (range: 21.9-34.9). A total of 96 patients presented with B-cell lineage acute
lymphoblastic leukemia (ALL), 22 with T lineage ALL and 62 patients with acute myeloblastic leukemia
(AML). Totally, 12 patients suffered from Philadelphia chromosome-positive ALL. All patients were in
complete morphologic remission before HSCT, among which a total of 93 (51.7%) patients were
transplanted in their �rst complete remission (CR1), 67 (37.2%) patients in their second complete
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remission (CR2), and 20 (11.1%) patients had experienced more than 2 times of relapse before HSCT. A
pre-HSCT cytomegalovirus (CMV) serologic analysis showed that more than 90% of the patients were
high risk (recipient [R]+, donor [D]+) for CMV reactivity after HSCT.

Donor cell engraftment 

All (180/180) patients achieved neutrophil counts above 0.5×109/L at a median time of 11 (range: 7–16)
days. A total of 178 patients achieved platelet counts above 20×109/L with a median time of 11 (range:
0–130) days, and 4 patients died before platelet engraftment (table 2). The median time for neutrophil
and platelet engraftment in Haplo vs MUD/MMUD vs MRD/MMRD was 12.20 and 14.67 days vs 12.17
and 16.21 days vs 10.73 and 14.30 days, respectively. Two patients  from the Haplo group experienced
secondary graft failure following CMV reactivation with high viral load after HSCT; one patient was
successfully rescued through second haploidentical HSCT from the same haploidentical sibling donor,
whereas the other received a second allograft from the other parent with sustained engraftment and
hematopoietic recovery.

Acute and chronic GVHD

Grade II to IV of aGvHD was developed in 70 (38.9%) patients with a median time of 15 days after HSCT.
Cumulative incidence of aGVHD at day 100 was highest in the MUD/MMUD group compared to Haplo
and MRD/MMRD, but this difference was not statistically signi�cant [31.6% (±11.8) versus 10.5% (±7.0)
versus 27.3% (±6.0), respectively (P=0.845)].         

Among the 165 patients who survived more than 100 days after HSCT, 27 (15%) patients experienced
cGvHD and we observed a lower incidence of 3-year cGVHD in the haploidentical group compared to the
MUD/MMUD group [7.0% (±5.0) versus 22.5% (±10.3), respectively]. Table 2 represents the comparison of
GvHD in three donor types.

Relapse incidence (RI)

The 1-year and 3-year RI of the entire study population was 20.47% (95% CI 14.66-26.97) and 33.85%
(95% CI 25.81-41.98), respectively. The 3-year RI in patients of the Haplo group was higher compared to
MUD/MMUD and MRD/MMRD: 40.95% (95% CI 18.41-62.44) versus 32.94% (95% CI 11.92-56.01) versus
33.17% (95% CI 23.64-42.99), respectively (table 3). This difference was not statistically signi�cant
(P=0.902). In the Cox analysis performed, in both univariable and multivariable analysis, RI was not
signi�cantly different among the three donor type groups (table 5). In adjusted multivariable modelling of
RI, the hazard of relapse in patient from the MUD/MMUD group was only 10% lower than patients from
the Haplo group [HR=0.90 (95% CI 0.37-2.19), P=0.826]. 

Survival rates and post-HSCT complications

The 3-year OS and GFRFS rates for the entire study population were 68.81% (95% CI 60.08-76.01) and
44.19% (95% CI 35.52-54.49), respectively. Patients in the MUD/MMUD group had the lowest OS and
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GFRFS compared to other donor types (table 4). The 3-year OS rates were 73.58% (95% CI 62.98-81.59),
54.21% (95% CI 29.61-73.49), and 64.18% (95% CI 39.76-80.79) for MRD/MMRD, MUD/MMUD, and Haplo
groups, respectively (P=0.08); The 3-year GFRFS rates were 47.11% (95% CI 36.48-57.02), 30.89% (95% CI
10.70-53.80), and 42.46% (95% CI 20.41-63.01) for MRD/MMRD, MUD/MMUD, and Haplo groups,
respectively (P=0.26).  In the Cox analysis performed, in both univariate and multivariate analysis, OS and
GFRFS were not signi�cantly different among the three donor type groups (table 6). Adjusted
multivariable modeling of OS based on the variables selected in unadjusted unviariable models (the
above-mentioned scenario in the methods section) showed that hazard of death in patients who received
HSCT from MUD/MMUD was about 3.6 times more than the hazard of death in patients who received
HSCT from the haploidentical donors, and this was statistically signi�cant (P=0.05). Moreover, in those
who received HSCT from MRD/MMRD, the hazard of death was 12 percent higher than those who
received HSCT from haploidentical donors [HR=1.12, (95% CI 0.34-3.67), P=0.84].

The 3-years NRM in all patients was 7.84% (95% CI 4.36-12.62). Patients who had undergone
MUD/MMUD HSCT showed statistically higher NRM compared to patients undergoing Haplo and
MRD/MMRD transplant (table 3): 21.40% (95% CI 8.36-38.36) versus 10.61% (95% CI 3.21-23.14) versus
3.06% (95% CI 0.81-8.01), respectively (P=0.003). 

Considering the causes of NRM, among patients who died in disease remission in the MUD/MMUD group,
we observed six cases of infection and one case of heart failure. In the Haplo group, one patient dying
from NRM had aGvHD and four others had infection. In the MRD/MMRD group one case experienced
death due to aGvHD, three cases owing to infection and one case because of unknown reason.

Adjusted multivariable modeling of NRM showed that hazard of death in patients who received HSCT
from MUD/MMUD was 6 times more than the hazard of death in patients who received HSCT from the
haploidentical donors, and this was statistically signi�cant (P=0.002). In those who received HSCT from
MRD/MMRD, the hazard of death was not statistically signi�cant higher than those who received HSCT
from haploidentical donors (P=0.23).

Although the pre-HSCT estimated risk of CMV reactivation was high in most of the patients, CMV
reactivation after HSCT occurred in a total of 61 (33.9%) of patients. CMV reactivation after HSCT
occurred signi�cantly more often in the Haplo and MUD/MMUD group compared with the MRD/MMRD
group (55.6% and 43.3% versus 21.9%, respectively, P=0.001). It is worth knowing that post HSCT CMV
reactivation decreased OS and GFRFS in all three groups but it was not statistically signi�cant (P=0.09). 

Hemorrhagic cystitis (HC) was another documented complication post-HSCT which occurred in 36 (20%)
patients, and it involved mostly the patients in the Haplo and MUD/MMUD group compared with the
MRD/MMRD group (35.6% and 33.3% versus 9.5%, respectively, P=0.000). Sinusoidal obstruction
syndrome (SOS) only happened in 5 patients, one from the Haplo group, two from MUD/MMUD and two
from the MRD/MMRD group.
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Discussion
Allogeneic HSCT has augmented the potential of cure in patients with acute leukemia.8 Although HLA-
compatible related and unrelated donors have been traditionally used for treating acute leukemia patients
in need of an allograft, there is a signi�cant proportion of patients for whom it is not possible to identify
an HLA-identical acceptable donor. For these patients the use of a haploidentical donor together with
alloreactive T-cell elimination by Pt-Cy is the most widely adopted strategy.9 Our study showed that for
children, adolescent and young adults (CAYA) affected by acute leukemia, in terms of NRM and survival
rates, haploidentical HSCT followed by Pt-Cy can offer a better and more accessible chance of cure
compared with HSCT from unrelated donors who are hardly reachable especially in the COVID-19
pandemic era . 

Different studies have reported that haploidentical HSCT could have similar results to those of MUD and
MMUD.10  Several reports have even shown comparable outcomes between Haplo and historical MRD,
MUD, and MMUD series.11 In our study, in consistent with most studies, the MRD/MMRD group had the
best survival rates between three donor types, nevertheless, surprisingly, survival rates were higher in the
Haplo group compared to MUD/MMUD group. 

Saglio et al. using a TBI-based conditioning regimen have reported similar OS rates for Haplo and
MUD/MMUD in CAYA patients.12 In our study, OS rates were much higher in the Haplo group compared to
the MUD/MMUD group. Likewise, in our patients who had undergone haploidentical HSCT, GFRFS was
higher and NRM was much lower than the results attained after HSCT from MUD/MMUD.   

In terms of GvHD, it has been emphasized that Pt-Cy is able to signi�cantly eliminate the alloreactive T-
cells and so reduce the incidence of GvHD, especially in its acute form.13 In addition, ATG has been
observed to reduce the rate of severe acute and chronic GvHD in the case of matched or mismatched,
unrelated allogeneic HSCT.14 Chronic GvHD is the leading cause of late illness and death after allogeneic
HSCT and one of the risk factors for its development is the use of PB stem cells as a graft source, since T-
cell levels in grafts are higher than those in the marrow.15 The low incidence of GvHD, particularly chronic
GvHD, in our patients compared to other reports in the literature, despite implementation of a MAC
regimen together with using PB as graft source, could be attributed to including high dose of ATG in the
conditioning regimen for patients undergoing Haplo and MUD/MMUD HSCT. In our study, the rate of
acute and chronic GvHD were even lower in the Haplo group compared with the patients in the
MUD/MMUD group. This is accredited to dual in-vivo T-cell depletion caused by ATG and Pt-Cy in the
Haplo group. However, adopting a highly effective GvHD prophylaxis, may potentially lead in to increased
risk of relapse. This was true in our study, as we had the highest RI in the Haplo group. However, it should
be noted that the difference in RI among our three donor types was not statistically signi�cant. It is
designated that the HLA disparity could be considered as a contributing factor to allo-reactivity and
GvL.16 In the matched donor transplant setting, the frequency of donor T-cell precursors directed against
leukemia-speci�c antigens that mediate GvL may be more limited.17 Other studies who have
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implemented less rigorous GvHD prophylaxis strategies compared to us, have reported similar RI in Haplo
and MUD/MMUD HSCT.18  

In consideration of transplant toxicity, our data con�rm that patients undergoing Haplo HSCT have much
lower NRM rates compared to patients undergoing MUD/MMUD HSCT, and the rate of complications
such as HC and SOS seem to be comparable between the two groups. Previous studies comparing NRM
rates in Haplo (with Pt-Cy) with MRD and MUD transplants (with standard GvHD prophylaxis) have
reported inconsistent results. Whereas some studies reported a higher rate of NRM in Haplo HSCT.19

This study was limited by its retrospective design, the inability to adjust for unknown factors, the
heterogeneity in conditioning regimens and supportive therapy that may have affected the study
outcomes.

Conclusions
Our study shows that incorporation of ATG in the myeloablative conditioning regimen before
transplantation of PB stem cells from MUD/MMUD and Haplo donors reduces the rate of chronic GvHD
and graft failure, concomitantly. The rates of OS and GFRFS were higher in the Haplo group compared to
MUD/MMUD, hence, our data supports that haploidentical PB- derived HSCT is a practical and valuable
clinical option that offers CAYA patients with acute leukemia needing HSCT and lacking matched
available donors, a reasonable opportunity for disease control. However, further progress is needed to
decrease relapse rate in these patients.
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Tables
Table 1 Patients and transplantation characteristics 

  Total (n=180) Haplo 
(n=45)

MUD/MMUD
(n=30)

MRD/MMRD
(n=105)

P-value

Gender Female 60 (33.3%) 12 (26.7%) 10 (33.3%) 38 (36.2%) 0.526
Male 120 (66.7%) 33 (73.3%) 20 (66.7%) 67 (63.8%)

Leukemia type B-ALL 96 (53.3%) 20 (44.4%) 23 (76.7%) 53 (50.5%) 0.070
T-ALL 22 (12.2%) 7 (15.6%) 1 (3.3%) 14 (13.3%)
AML 62 (34.4%) 18 (40.0%) 6 (20.0%) 38 (36.2%)

WBC at diagnosis (× 109/l) ≤50  69 (59.0%) 18 (62.1%) 14 (58.3%) 37 (57.8%) 0.984
50-100  19 (16.2%) 5 (17.2%) 4 (16.7%) 10 (15.6%)
>100  29 (24.8%) 6 (20.7%) 6 (25.0%) 17 (54.7%)

Disease status at HSCT  CR1 93 (51.7%) 17 (37.8%) 11 (36.7%) 65 (61.9%) 0.021
CR2 67 (37.2%) 23 (51.1%) 15 (50.0%) 29 (27.6%)
CR≥3 20 (11.1%) 5 (11.1%) 4 (13.3%) 11 (10.5%)

Relapse site No relapse  94 (52.2%) 18 (40%) 11 (36.7%) 65 (61.9%) 0.084
BM/BM+  62 (34.4%) 22 (48.9%) 14 (46.7%) 26 (24.8%)
Extramedullary 24 (13.3%) 5 (11.1%) 5 (16.7%) 14 (13.3%)

Age at HSCT (year) ≤15 123 (68.3%) 26 (57.8%) 23 (76.7%) 74 (70.5%) 0.174
>15  57 (31.7%) 19 (42.2%) 7 (23.3%) 31 (29.5%)

R/D blood group matching Matched 113 (62.8%) 36 (80%) 9 (30%) 68 (64.8%) 0.001
Major MM 42 (23.3%) 4 (8.9%) 11 (36.7%) 27 (25.7%)
Minor MM 25 (13.9%) 5 (11.1%) 10 (33.3%) 10 (9.5%)

Donor age (year) ≤30  128 (71.5%) 22 (50%) 13 (43.3%) 93 (88.6%) 0.001
>30  51 (28.5%) 22 (50%) 17 (56.7%) 12 (11.4%)

CD34+ Cell dose infused
(× 106/kg)

≤ 6  125 (70.2%) 19 (42.2%) 23 (76.7%) 83 (80.6%) 0.001
6-8  24 (13.5%) 6 (13.3%) 5 (16.7%) 13 (12.6%)
>8  29 (16.3%) 20 (44.4%) 2 (6.7%) 7 (6.8%)

CD3+ Cell dose infused
(× 106/kg)

≤ 250  79 (44.4%) 12 (26.7%) 19 (63.3%) 48 (46.6%) 0.006
>250  99 (55.6%) 33 (73.3%) 11 (36.7%) 55 (53.4%)

ALL: acute lymphoblastic leukemia, AML: acute myeloblastic leukemia, BM: bone marrow, BM+: involvement of bone marrow
together with other sites, CR: complete remission, Haplo: HLA-haploidentical donors, MM: mismatched, MRD/MMRD: HLA-
matched related and HLA-mismatched related donors, MUD/MMUD: HLA-matched unrelated and HLA-mismatched unrelated
donors, R/D: recipient/donor, WBC: white blood cell.
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Table 2 Comparison of engraftment and GVHD in different donor types.
  Total Haplo MUD/MMUD MRD/MMRD P-

value
Neutrophil
recovery

Mean duration (95% CI) 11.34 (11.10-
11.58)

12.20 (11.76-
12.64)

12.17 (11.71-
12.63)

10.73 (10.43-
11.03)

0.000

N (%) 180 (100%) 45 (100%) 30 (100%) 105 (100%)

Platelet recovery  Mean duration (95% CI) 14.70 (12.64-
16.76)

14.67 (11.89-
17.45)

16.21 (10.99-
21.42)

14.30 (11.31-
17.30)

0.809

N (%) 176 (97.7%) 42 (93.3%) 29 (96.6%) 105 (100%)

Grade II-IV acute
GvHD 

Cumulative incidence at day
100 (SE)

23.8% (4.5) 10.5% (7.0) 31.6% (11.8) 27.3% (6.0) 0.845

N (%) 70 (38.9%) 17 (37.8%) 13 (43.3%) 40 (38.1%) 0.860

Chronic GvHD  Cumulative incidence at 3
years (SE)

20.3% (3.9) 7.0% (5.0) 22.5% (10.3) 23.3 (4.9) 0.105

N (%) 27 (15%) 2 (4.4%) 4 (13.3%) 21 (20%) 0.048

GvHD: graft versus host disease, Haplo: HLA-haploidentical donors, MM: mismatched, MRD/MMRD: HLA-matched related and
HLA-mismatched related donors, MUD/MMUD: HLA-matched unrelated and HLA-mismatched unrelated donors.

Table 3 One and three-year RI and NRM.
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  1-year RI (95% CI) 3-year RI (95% CI) P-
value

1 and 3-year NRM %
(95% CI)

P-
value

Leukemia type B-ALL 22.78% (14.57-
32.12)

34.87% (23.89-
46.05)

0.902 10.24% (4.96-17.75) 0.497

T-ALL 43.60% (21.45-
63.92)

53.86% (24.62-
76.09)

5.12% (0.30-21.80)

AML 8.70% (3.15-
17.81)

25.22% (13.55-
38.71)

5.05% (1.30-12.80)

WBC at diagnosis (×
109/l)

≤50  16.74% (8.44-
27.46)

21.52% (11.55-
33.52)

0.178 7.19% (2.22-16.18) 0.647

50-100  24.88% (6.94-
48.39)

35.64% (10.58-
62.26)

10.52% (1.65-29.05)

>100  32.51% (15.86-
50.38)

40.62% (18.89-
61.45)

10.69% (2.60-25.43)

Relapse site No relapse  14.27% (7.76-
22.69)

14.27% (7.76-
22.69)

0.049 6.13% (2.24-12.82) 0.134

BM/BM+ 20.13% (10.17-
32.49)

20.13% (10.17-
32.49)

14.0% (5.99-25.31)

Extramedullary 44.71% (21.73-
65.42)

44.71% (21.73-
65.42)

4.82% (0.29-20.59)

Disease status at
HSCT

CR1 14.44% (7.85-
22.95)

29.70% (19.09-
41.07)

0.122 4.88% (1.57-11.14) 0.181

CR2 30.14% (19.15-
41.88)

40.24% (26.67-
53.43)

12.94% (5.92-29.72)

CR≥3 15.31% (3.59-
34.68)

29.80% (9.78-
53.22)

5.0% (0.31-21.10)

Gender Male 25.42% (17.62-
33.94)

39.47% (28.88-
49.47)

0.035 6.39% (2.79-12.08) 0.318

Female 10.73% (4.31-
20.51)

23.63% (12.26-
37.10)

10.68% (4.25-20.50)

Age at HSCT
(year)

≤15  21.36% (14.40-
29.25)

34.73% (25.31-
44.31)

0.582 4.31% (1.59-9.20) 0.01

>15  18.44% (8.96-
30.58)

32.32% (17.37-
48.25)

16.48% (7.53-28.45)

Donor type Haplo 25.82% (12.12-
41.94)

40.95% (18.41-
62.44)

0.902 10.61% (3.21-23.14) 0.003

MUD/MMUD 18.33% (6.36-
35.18)

32.94% (11.92-
56.01)

21.40% (8.36-38.36)

MRD/MMRD 19.69% (12.58-
27.98)

33.17% (23.64-
42.99)

3.06% (0.81-8.01)

R/D ABO matching Matched 18.12% (11.38-
26.11)

35.81% (25.24-
46.49)

0.979 5.65% (2.29-11.24) 0.427

Major MM 22.51% (10.95-
36.59)

29.43% (15.42-
44.93)

10.13% (3.13-21.98)

Minor MM 26.76% (10.50-
46.25)

32.73% (13.76-
53.31)

13.58% (3.16-31.52)

Donor age (year) ≤30  19.44% (12.84-
27.07)

32.87% (23.64-
42.38)

0.812 6.65% (3.08-12.12) 0.475

>30  23.04% (12.12-
36.01)

36.10% (20.91-
51.51)

10.48% (3.77-21.16)

CD34+ Cell dose
infused

≤ 6 23.21% (15.94-
31.29)

34.39% (25.28-
43.66)

0.318 6.84% (3.17-12.42) 0.137
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(× 106/kg) 6-8 9.01% (2.23-
21.81)

27.66% (9.81-
49.09)

16.38% (5.55-32.24)

>8 25.22% (7.29-
48.45)

53.26% (13.96-
81.75)

0

CD3+ Cell dose
infused
(× 106/kg)

≤ 250 18.73% (10-78-
28.39)

36.02% (23.13-
49.06)

0.923 9.57% (4.14-17.75) 0.471

>250 22.31% (14.24-
31.51)

33.44% (22.99-
44.21)

6.60% (2.67-13.01)

ALL:  acute lymphoblastic leukemia, AML: acute myeloblastic leukemia, BM: bone marrow, BM+: involvement of bone marrow
together with other sites, CR: complete remission, Haplo: HLA-haploidentical donors, MM: mismatched, MRD/MMRD: HLA-
matched related and HLA-mismatched related donors, MUDMMUD: HLA-matched unrelated and HLA-mismatched unrelated
donors, NRM: non-relapse mortality, R/D: recipient/donor, RI: relapse incidence, WBC: white blood cell. 
 
Table 4 One and three-year OS and GFRFS.
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  1-year OS
(95% CI)

3-year OS (95%
CI)

P-
value

1-year GFRFS
(95% CI)

3-year GFRFS
(95% CI)

P-
value

Leukemia type B-ALL 74.22% (63.38-
82.29)

63.49 (51.0-
73.61)

0.002 53.6% (42.32-
63.62)

39.35% 27.77-
50.71)

0.032

T-ALL 59.48% (34.69-
77.50)

47.59% (20.04-
70.96)

47.03%
(24.92-66.40)

35.27% (12.26-
59.61)

AML 91.51% (80.76-
96.38)

83.11% (68.06-
91.49)

73.55%
(59.91-83.18)

55.0% (39.83-
67.82)

WBC at diagnosis
(× 109/l)

≤50  83.93% (71.14-
91.38)

78.69% (64.23-
87.83)

0.145 61.78%
(47.56-73.19)

54.07% (39.24-
66.75)

0.133

50-100  62.64% (34.15-
81.57)

62.64% (34.15-
81.57)

48.58%
(22.13-70.78)

38.86% (14.09-
63.39)

>100  70.83% (49.88-
84.29)

70.83% (49.88-
84.29)

44.87%
(25.72-62.31)

34.9% (14.20-
56.68)

Relapse site No relapse  86.54% (76.96-
92.33)

79.11% (67.20-
87.10)

0.010 68.47%
(57.17-77.37)

49.39% (36.80-
60.78)

0.053

BM/BM+ 72.53% (58.89-
82.31)

57.92% (41.74-
71.08))

53.15%
(39.14-65.31)

38.24% (24.56-
51.78)

Extramedullary 61.48% (37.17-
78.73)

53.80% (28.72-
73.49)

40.45% (20.0-
60.11)

40.45% (20.0-
60.11)

Disease status at
HSCT

CR1 87.71% (78.32-
93.21)

80.18% (68.25-
88.01)

0.002 69.41%
(58.11-78.23)

50.07% (37.35-
61.51)

0.0358

CR2 65.78% (52.22-
76.34)

54.51% (39.23-
67.47)

46.39%
(33.22-58.54)

36.57% (23.60-
49.61)

CR≥3 77.78% (50.52-
91.17)

62.85% (34.19-
81.80)

58.34%
(33.65-76.59)

43.75% (19.98-
65.42)

Gender Male 77.74% (68.55-
84.54)

64.53% (53.15-
73.81)

0.264 54.78%
(44.79-63.71)

39.38% (29.02-
49.56)

0.073

Female 79.65% (66.11-
88.24)

77.0% (62.71-
86.38)

69.19%
(55.03-79.68)

53.37% (37.77-
66.71)

Age at HSCT
(year)

≤15  79.85% (71.18-
86.17)

70.59% (60.21-
78.73)

0.447 67.04%
(57.55-74.87)

49.87% (39.34-
59.51)

0.008

>15  74.87% (59.71-
85.01)

63.96% (45.94-
77.36)

41.11%
(26.73-54.94)

29.98% (15.99-
45.31)

Donor type Haplo 77.55% (59.67-
88.23)

64.18% (39.76-
80.79)

0.082 58.23%
(39.73-72.84)

42.46% (20.41-
63.01)

0.268

MUD/MMUD 63.24% (42.01-
78.50)

54.21% (29.61-
73.49)

47.06%
(26.87-64.91)

30.89% (10.70-
53.80)

MRD/MMRD 82.8% (73.76-
88.96)

73.58% (62.98-
81.59)

63.17%
(52.90-71.80)

47.11% (36.48-
57.02)

R/D ABO matching Matched 84.07% (75.20-
89.98)

74.40% (63.09-
82.71)

0.080 65.33%
(55.22-73.69)

47.96% (36.76-
58.31)

0.364

Major MM 72.50% (55.76-
83.77)

62.19% (44.04-
75.96)

53.47%
(36.47-67.81)

42.23% (25.27-
58.26)

Minor MM 63.06% (39.29-
79.65)

54.05% (28.17-
74.17)

45.70%
(24.45-64.71)

29.38% (9.70-
52.57)

Donor age (year) ≤30  80.85% (72.29-
87.0)

71.63% (61.34-
79.63)

0.308 61.43%
(51.84-69.67)

45.04% (34.74-
54.80)

0.872

>30  72.95% (57.90-
83.36)

62.48% (45.0-
75.80)

55.47%
(39.99-68.46)

42.13% (26.19-
57.25)

CD34+ Cell dose
infused

≤ 6 76.53% (67.61-
83.30)

66.88% (56.65-
75.22)

0.654 55.43%
(45.74-64.08)

42.85% (33.01-
52.30)

0.593
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(× 106/kg) 6-8 77.19% (57.40-
88..62)

77.19% (57.40-
88..62)

68.24%
(48.41-81.77)

49.63% (27.06-
68.70)

>8 92.31% (56.64-
98.88)

63.30% (21.45-
87.30)

68.32%
(39.69-85.47)

42.70% (12.82-
70.29)

CD3+ Cell dose
infused
(× 106/kg)

≤ 250 73.48% (61.48-
82.27)

66.13% (52.09-
76.94)

0.446 60.14%
(47.81-70.44)

39.51% (25.91-
52.80)

0.601

>250 81.91% (72.07-
88.55)

69.97% (57.74-
79.27)

58.26%
(47.10-67.86)

47.20% (35.68-
57.88)

ALL:  acute lymphoblastic leukemia, AML: acute myeloblastic leukemia, BM: bone marrow, BM+: involvement of bone marrow
together with other sites, CR: complete remission,  GFRFS: GvHD-free/relapse-free survival, Haplo: HLA-haploidentical donors,
MM: mismatched, MRD/MMRD: HLA-matched related and HLA-mismatched related donors, MUDMMUD: HLA-matched unrelated
and HLA-mismatched unrelated donors, OS: overall survival, R/D: recipient/donor, WBC: white blood cell. 

Table 5. Covariates with significant impact in Cox analysis of RI and NRM
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  RI NRM
Univariate Multivariate Univariate Multivariate

HR 95%
CI

P-
value

HR 95%
CI

P-
value

HR 95%
CI

P-
value

HR 95%
CI

P-
value

Donor type Haplo 1.00   0.893 1.00     1.00   0.001 1.00    
MUD/MMUD 0.85 (0.43-

1.66)
0.90 (0.37-

2.19)
0.826 1.98 (0.78-

4.99)
6.18 (1.98-

19.26)
0.002

MRD/MMRD 0.92 (0.57-
1.48)

0.76 (0.42-
1.38)

0.371 0.27 (0.09-
0.77)

0.49 (0.15-
1.56)

0.230

Leukemia
type

B-ALL 1.00   0.001 1.00     1.00   0.404  
T-ALL 2.20 (1.27-

3.81)
2.04 (0.95-

4.36)
0.064 0.54 (0.12-

2.34)
AML 0.57 (0.36-

0.92)
0.35 (0.10-

1.14)
0.082 0.56 (0.22-

1.44)
Gender Female 1.00   0.004 1.00     1.00   0.368

Male 1.97 (1.23-
3.14)

2.83 (1.37-
5.84)

0.005 0.69 (0.30-
1.54)

WBC at
diagnosis
(× 109/l)

≤50  1.00   0.012 1.00     1.00   0.521
50-100  1.83 (0.88-

3.79)
1.95 (0.77-

4.91)
0.156 2.00 (0.60-

6.65)
>100  2.21 (1.22-

4.0)
1.99 (0.92-

4.17)
0.078 1.18 (0.35-

3.94)
Disease
status at
HSCT

CR1 1.00   0.004 1.00     1.00   0.104 1.00    
CR2 1.84 (1.22-

2.80)
2.60 (1.01-

6.65)
0.046 2.47 (1.03-

5.90)
14.30 (3.16-

64.6)
0.001

CR3+ 1.12 (0.56-
2.24)

0.59 (0.09-
3.7)

0.575 1.16 (0.24-
5.60)

4.29 (0.39-
46.6)

0.231

Relapse
location

No relapse 1.00   0.001 1.00     1.00   0.272 1.00    
BM/BM+ 1.33 (0.85-

2.09)
0.61 (0.26-

1.43)
0.258 1.85 (0.79-

4.31)
0.24 (0.07-

0.79)
0.020

Extramedullary 3.02 (1.77-
5.17)

1.00     0.79 (0.17-
3.60)

0.12 (0.02-
0.77)

0.025

Age at
HSCT
(year)

≤15 1.00   0.390   1.00   0.001 1.00    
>15 0.82 (0.53-

1.28)
4.94 (2.10-

11.5)
8.80 (2.82-

27.4)
0.001

Donor age
(year)

≤30 1.00   0.771 1.00   0.188 1.00    
>30 1.06 (0.69-

1.63)
1.70 (0.76-

3.80)
0.65 (0.22-

1.94)
0.451

ALL: acute lymphoblastic leukemia, AML: acute myeloblastic leukemia, BM: bone marrow, BM+: involvement of bone marrow
together with other sites, CR: complete remission, Haplo: HLA-haploidentical donors, MRD/MMRD: HLA-matched related and HLA-
mismatched related donors, MUDMMUD: HLA-matched unrelated and HLA-mismatched unrelated donors, NRM: non-relapse
mortality, RI: relapse incidence, WBC: white blood cell. 

Table 6 Covariates with significant impact in Cox analysis of OS and GFRFS
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  OS GFRFS
Univariate Multivariate Univariate Multivariate

HR 95%
CI

P-
value

HR 95%
CI

P-
value

HR 95%
CI

P-
value

HR 95%
CI

P-
value

Donor type Haplo 1.00   0.190 1.00     1.00   0.428 1.00    
MUD/MMUD 1.48 (0.61-

3.56)
3.59 (0.97-

13.2)
0.055 1.42 (0.71-

2.86)
2.66 (1.02-

6.90)
0.044

MRD/MMRD 0.73 (0.34-
1.53)

1.12 (0.34-
3.67)

0.843 0.96 (0.55-
1.67)

1.22 (0.55-
2.70)

0.620

Leukemia
type

B-ALL 1.00   0.003 1.00     1.00   0.036 1.00    
T-ALL 1.90 (0.89-

4.07)
2.06 (0.68-

6.17)
0.195 1.49 (0.78-

2.81)
1.00 (0.39-

2.57)
0.994

AML 0.39 (0.17-
0.86)

0.19 (0.03-
0.94)

0.042 0.62 (0.37-
1.02)

0.44 (0.19-
1.02)

0.057

Gender Female 1.00   0.169 1.00     1.00   0.045 1.00    
Male 1.58 (0.80-

3.14)
1.88 (0.67-

5.25)
0.228 1.62 (0.99-

2.64)
1.70 (0.83-

3.47)
0.142

WBC at
diagnosis (×
109/l)

≤50  1.00   0.200 1.00     1.00   0.191 1.00    
50-100  2.54 (0.94-

6.90)
3.68 (1.24-

10.9)
0.019 1.71 (0.80-

3.68)
2.12 (0.95-

4.73)
0.064

>100  1.56 (0.60-
4.03)

1.99 (0.68-
5.84)

0.208 1.67 (0.88-
3.17)

2.01 (0.98-
4.12)

0.054

Disease
status at
HSCT

CR1 1.00   0.004 1.00     1.00   0.052 1.00    
CR2 2.95 (1.52-

5.72)
1.05 (0.29-

3.71)
0.938 1.77 (1.11-

2.82)
2.06 (0.77-

5.50)
0.147

CR3+ 2.03 (0.78-
5.29)

0.51 (0.07-
3.62)

0.507 1.43 (0.71-
2.88)

1.60 (0.42-
6.09)

0.485

Relapse
location

No relapse 1.00   0.011 1.00     1.00   0.062 1.00    
BM/BM+ 2.33 (1.19-

4.56)
1.97 (0.59-

6.58)
0.267 1.52 (0.95-

2.45)
1.16 (0.47-

2.85)
0.735

Extramedullary 2.87 (1.25-
6.59)

1.00     1.99 (1.05-
3.75)

1.00    

Age at
HSCT
(year)

≤15  1.00   0.391   1.00   0.009 1.00    
>15  1.31 (0.70-

2.46)
1.85 (1.18-

2.90)
2.81 (1.42-

5.54)
0.003

Donor age
(year)

≤30  1.00   0.271 1.00   0.817  
>30  1.42 (0.76-

2.62)
1.05 (0.66-

1.69)

ALL: acute lymphoblastic leukemia, AML: acute myeloblastic leukemia, BM: bone marrow, BM+: involvement of bone marrow
together with other sites, CR: complete remission,  GFRFS: GvHD-free/relapse-free survival, Haplo: HLA-haploidentical donors,
MM: mismatched, MRD/MMRD: HLA-matched related and HLA-mismatched related donors, MUDMMUD: HLA-matched unrelated
and HLA-mismatched unrelated donors, OS: overall survival, WBC: white blood cell.

Figures
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Figure 1

A. Overall survival, B. GvHD-free Relapse-free survival, C. Relapse incidence, D. Non-relapse mortality of
patients included in the study. (Haplo: HLA-haploidentical donors, MRD/MMRD: HLA-matched related and
HLA-mismatched related donors, MUDMMUD: HLA-matched unrelated and HLA-mismatched unrelated
donors)


