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Patients and methods
In this retrospective study performed since 2014 to 2021,

Summary

Allogeneic hematopoietic stem cell transplantation
(HSCT) is the only potentially curative treatment for
acute leukemia. Various parameters have significant im-
pact on the final results of HSCT, such as donor type,
stem cell source, and the applied conditioning regimen.
In the absence of HLA-matched related or unrelated do-
nors, haploidentical donors present a possible alternative
for the patients with indications for HSCT. The present
single-center study compared the outcomes of HSCT
from different donor types using a radiation-free MAC
regimen. We compared the results of unmanipulated pe-
ripheral blood stem cell transplantation (PBSCT) from
matched, or mismatched related, and unrelated donors
with those from haploidentical donors in the children,
adolescents and young adults (CAYA) treated for acute
leukemia.
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we have evaluated the clinical outcomes among CAYA
patients with acute leukemia who underwent peripheral
blood T cell-replete HSCT from haploidentical donors
versus unrelated donors (including 10/10 or 9/10 HLA-
matched), and versus related donors (including 10/10 or
9/10 HLA-matched). The myeloablative conditioning
for HSCT was performed as irradiation-free regimen in-
cluding busulfan and cyclophosphamide. GvHD proph-
ylaxis was based on administration of cyclosporine A in
all the patients, accomplished by rabbit anti-human thy-
mocyte globulin in HSCT from unrelated and haploi-
dentical donors, and post-transplant cyclophosphamide
in cases of haploidentical donors. For statistical evalua-
tion, an adjusted multivariable proportional hazard Cox
and competing risk analyses were used.
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Results

Median follow-up time period was 28.7 months (95%
CI: 21.9-34.9). Three-year overall survival rate (OS) and
GvHD-free/relapse-free survival (GFRFS) rate were
68.81% (95% CIL: 60.08%-76.01%) and 44.19% (95%
CI: 35.52%-52.49%), respectively. The patients who un-
derwent HSCT from unrelated HLA-matched donors
had the lowest OS and GFRFS compared to other do-
nor types. The 3-year non-relapse mortality (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 for the
patients who underwent HSCT from their haploidenti-
cal donors (P=0.05). Likewise, the hazard of NRM after
HSCT from unrelated donors was 6 times more than
with haploidentical donors (P=0.002). However, the re-
lapse incidence was not significantly different between
the two mentioned groups.

Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
is the only available curative option for acute leukemia
nowadays. Many different parameters have significant im-
pact on the final results of HSCT, especially on the more
recently defined graft-versus-host disease (GvHD)-free/re-
lapse-free survival (GFRFS) rate, including the pre-HSCT
characteristics, such as disease profile at diagnosis and the
disease status at the time of transplant, as well as the peri-
HSCT factors, i.e. donor type, stem cell source, implemented
conditioning regimen and potential post-transplant com-
plications. Aiming to reduce the relapse rates after HSCT,
myeloablative conditioning (MAC) regimens at higher dose
intensity using busulfan or total body irradiation (TBI) has
shown promising results [1]. However, due to higher vulner-
ability of younger patients to adverse effects of therapeutic
irradiation, MAC regimens without TBI are preferred [2,
3]. Moreover, in view of relative complexity for bone mar-
row collection procedure, along with potentially enhanced
graft-versus-leukemia (GvL) effect, peripheral blood (PB) is
the preferred source of stem cells for allogeneic HSCT ever
more. On the other hand, the increasing number of trans-
plants from human leukocyte antigen (HLA)-haploidentical
donors in the patients with acute leukemia is performed due
to the absence of suitable related or unrelated HLA-matched
donors, thus raising the necessity of understanding, whether
HSCT outcomes with this approach are similar to those of
more common modes. Over last years, several reports have
shown comparable outcomes between HSCT from haploi-
dentical donors and historical HLA-matched related or un-
related donors [4-6]. Hence, additional reports regarding
the comparison of different donor types could be a guide to
the upcoming therapeutic strategies. To address this issue,
we carried out a single-center study, using HSCT with ra-
diation-free MAC regimen, in order to evaluate the results
of unmanipulated peripheral blood stem cell transplantation
(PBSCT) performed from matched and mismatched related

Conclusions

In this study, HSCT from haploidentical donors was as-
sociated with superior survival rates compared to HSCT
from unrelated HLA-matched donors. Hence, haploi-
dentical transplantation with peripheral blood stem cells
could be a practical and valuable clinical option that of-
fers a reasonable opportunity for the disease control in
CAYA patients with acute leukemia requiring HSCT and
lacking matched available donors.

Keywords

Acute leukemia, allogeneic hematopoietic stem cell
transplantation, matched related donors, unrelated do-
nors, haploidentical donors, clinical outcomes.

and unrelated donors compared with haploidentical donors
in children, adolescents and young adults (CAYA) affected
by acute leukemia.

Patients and methods

Patient characteristics

Our study included 180 patients who underwent first alloge-
neic HSCT for acute leukemia in the CAYA HSCT Depart-
ment of the Research Institute for Oncology, Hematology
and Cell Therapy (RIOHCT), Tehran, Iran, between January
2014 and January 2021. All data were retrieved retrospec-
tively from clinical records according to the policy approved
by the Committee for Medical Ethics of Tehran University
of Medical Sciences (TUMS) and after obtaining informed
consent from the patients, or their legal guardians.

HSCT parameters

In all patients and their donors, high-resolution HLA mo-
lecular typing for HLA-A, -B, -C, -DRBI1, and -DQBI loci
was performed. The first donor preference was a 10/10 HLA-
matched related donor (MRD), or a 9/10 HLA-mismatched
related donor (MMRD). In absence of related donors, an
alternative donor including 10/10 HLA-matched unrelated
donors (MUD), or 9/10 HLA-mismatched unrelated donors
(MMUD), or a related haploidentical donor (Haplo) was
chosen, depending on their availability and accessibility.

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 procedure was based on irradiation-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, day -2 to
-1). The GvHD prophylaxis was based on administration of
cyclosporine A (CsA) in all the patients, and a short course
of methotrexate (10 mg/m? on day +1, 6 mg/m2 on day
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+3, 46, and +11) in HSCT from matched and mismatched
related and unrelated donors, plus rabbit anti-human thy-
mocytes globulins (ATG-Thymoglobuline, Sanofi, 2.5 mg/
kg/day from days -3 to -1) in MMRD, MUD/MMUD and
haplo-HSCT groups, and high-dose Pt-Cy treatment (40 mg/
kg/day on days +3 and +4) in the Haplo group. We only in-
cluded patients who received unmanipulated peripheral
blood hematopoietic stem cells as graft source.

Considering hazards of CMV reactivation after HSCT, the
patients were classified, according to their serological status,
into low-risk (donor [D]-/recipient [R]-), intermediate-risk
(D+/R-), or high-risk groups (D-/R+ or D+/R+) [7].

Definitions and endpoints

The main purpose of this study was to compare the survival
rates of acute leukemia patients who had undergone alloge-
neic HSCT from different donor types. Overall survival (OS)
was defined as the probability of survival, irrespective of the
disease state at any point in time. GvHD-free/relapse-free
survival (GFRFS) which is regarded as an endpoint more
precisely reflective of health status and quality of life
post-transplant, was defined as the probability of survival at
complete remission of the disease, with sustained donor cell
engraftment and absence of either grade ITII-IV acute GVvHD,
or chronic GvHD requiring immunosuppressive treatment
[8]. Non-relapse mortality (NRM) was defined as probability
of death without a relapse after HSCT. The relapse incidence
(RI) was defined as the probability to develop a disease re-
lapse.

Donor chimerism was determined on day +15, +30, +60 and
+90 after HSCT, and then, if clinically indicated, in whole
bone marrow mononuclear cells by means of quantitative
PCR of informative short tandem repeats in the donor and
recipient [9]. Sustained donor cell engraftment was defined
at >0.5x10°/L neutrophils and >20x10°/L platelets for three
consecutive days without blood transfusion support. Graft
rejection was defined as a lack of initial engraftment of donor
cells (primary), or loss of donor cell engraftment (second-
ary graft failure), regardless of peripheral cell blood counts.
Acute GvHD (aGvHD) and chronic GvHD (cGvHD) were
diagnosed and graded according to the published criteria
[10, 11]. The mentioned HSCT outcomes were compared be-
tween the three categorized groups of different donor types,
i.e., the patients transplanted from HLA-matched related
(10/10), HLA-mismatched related (9/10) donors (MRD/
MMRD), HLA-matched unrelated (10/10), HLA-mis-
matched (9/10) unrelated donors (MUD/MMUD), and
HLA-haploidentical (Haplo) donors.

Statistical evaluation

The patients followed-up beyond 36 months were censored,
for better comparison between the groups because some
sub-groups had shorter follow-up periods than the other
sub-groups. Homogeneity within treatment pairs was eval-
uated using the Chi-square test or Fisher exact test for qual-
itative variables and Student's T-test, or Wilcoxon rank-sum
test for continuous variables. The endpoints were as follows:
OS, GFRES, relapse-associated, and non-relapse mortality
incidence. Kaplan-Meier curves were derived to determine
OS and GFREFS, having been compared with log-rank test.
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Median follow-up time was established by means of reverse
Kaplan-Meier method. After selection of baseline character-
istics and clinical variables based on univariable Cox pro-
portional hazards models, multivariable Cox proportional
hazards models were fitted.

Variables in the multivariable OS and GFRFS were deter-
mined, as based on the P-values of <0.2 in the univariable Cox
proportional hazards models. The proportionality of hazards
assumption was checked using the global proportionality
of hazard test based on Schoenfeld residuals in each of the
three multivariable models. There were no deviations from
the proportionality of hazards assumption in all multivaria-
ble models (results not shown). To account for informative
censoring in presence of multiple endpoints, the competing
risks in survival analysis were evaluated with nonparamet-
ric methods using the cumulative incidence competing risk
method. CI for relapses and NRM were calculated by Gray's
method. Death beyond relapses was considered a competing
event for relapse, and the relapse was considered a compet-
ing event for NRM. The Fine-Gray proportional hazard re-
gression model was used to assess the effects of covariates
on the relapse frequency and NRM incidence. Like multi-
variate Cox proportional hazard regression, all the variables
at P values of <0.2 in the univariate Fine-Gray proportional
hazard regression were included in appropriate multivariate
analyses. A two-sided P-value of <0.05 was considered to be
statistically significant. The data evaluation was done with
STATA version 16 and the packages "survival" and "cmprsk"
in R software version 3.3.1.

Results

Patients

The study included 180 patients (120 males and 60 females)
at a median age of 12 years (4 months to 24 years) at the time
of HSCT, and 123 patients (68.3%) were transplanted at the
age of <15 years. The donor types were as follows: matched
(n=103) and mismatched (n=2) relatives including siblings
(n=94) and other relatives (n=11) for a total of 105 cases
(58.3%); matched (n=20) and mismatched (n=10) unrelat-
ed donors (a total of 30 patients, 16.7%), and haploidentical
donors for 45 patients (25%). The patients’ characteristics are
summarized in Table 1.

The median follow-up time was 28.7 months for the patients
enrolled into the study who were still alive at the end of the
study (range: 21.9-34.9). A total of 96 patients presented with
B-cell lineage acute lymphoblastic leukemia (ALL); 22 cases,
with T-lineage ALL, and 62 patients had acute myeloblas-
tic leukemia (AML). A total of 12 patients suffered from Ph
chromosome-positive ALL. All the patients were in complete
hematological remission before HSCT, including 93 patients
(51.7%) transplanted in their first complete remission (CR1),
67 patients (37.2%) in the second complete remission (CR2),
and 20 patients (11.1%) had experienced more than 2 re-
lapses before HSCT. A pre-HSCT cytomegalovirus (CMV)
serology showed that more than 90% of the patients were at
high risk (recipient [R]+, donor [D]+) for CMV reactivation
after HSCT.
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Table 1. Characteristics of the patients and transplant procedure

Parameters of the patients and Total (n=180) Haplo MUD/MMUD MRD/MMRD Pvalue

transplants (n=45) (n=30) (n=105)
Female 60 (333%) 12 (26.7%) 10 (33.3%) 38 (36.2%)

Gender 0.526
Male 120 (66.7%) 33 (73.3%) 20 (66.7%) 67 (63.8%)
B-ALL 96 (53.3%) 20 (44.4%) 23 (76.7%) 53 (50.5%)

Leukemia type T-ALL 22 (12.2%) 7 (15.6%) 13.3%) 14 (13.3%) 0.070
AML 62 (34.4%) 18 (40.0%) 6 (20.0%) 38 (36.2%)
<50 69 (59.0%) 18 (62.1%) 14 (58.3%) 37 (57.8%)

WBC at diagnosis o o o o

(x10%/]) 50-100 19 (16.2%) 5 (17.2%) 4 (16.7%) 10 (15.6%) 0.984
>100 29 (24.8%) 6 (20.7%) 6 (25.0%) 17 (54.7%)

) (R1 93 (51.7%) 17 (37.8%) 11 (36.7%) 65 (61.9%)

gfﬁgﬁ status (R2 67 (37.2%) 23 (511%) 15 (50.0%) 29 (27.6%) 0.021
(R=3 20 (11.1%) 5 (11.1%) 4 (133%) 11 (10.5%)
No relapse 94 (52.2%) 18 (40%) 11 (36.7%) 65 (61.9%)

Relapse site BM/BM+ 62 (34.4%) 22 (48.9%) 14 (46.7%) 26 (24.8%) 0.084
Extramedullary | 24 (13.3%) 5(11.1%) 5 (16.7%) 14 (133%)

Age at HSCT <15 123 (68.3%) 26 (57.8%) 23 (76.7%) 74 (70.5%) 0174

(year) >15 57 (31.7%) 19 (42.2%) 7 (233%) 31 (29.5%) '
Matched 113 (62.8%) 36 (80%) 9 (30%) 68 (64.8%)

R/D blood group . o o o o

T Major MM 42 (23.3%) 4 (8.9%) 11 (36.7%) 27 (25.7%) 0.001
Minor MM 25 (13.9%) 5 (11.1%) 10 (33.3%) 10 (9.5%)
<30 128 (71.5%) 22 (50%) 13 (43.3%) 93 (88.6%)

Donor age (year) 0.001
>30 51 (28.5%) 22 (50%) 17 (56.7%) 12 (11.4%)

D34+ Cell dose <6 125 (70.2%) 19 (42.2%) 23 (76.7%) 83 (80.6%)

infused 6-8 24 (13.5%) 6 (13.3%) 5 (16.7%) 13 (12.6%) 0.001

(x10%/kg) >8 29 (163%) 20 (44.4%) 2 (6.7%) 7 (6.8%)

(D3* Cell dose <250 79 (44.4%) 12 (26.7%) 19 (63.3%) 48 (46.6%)

infused 0.006

(x10%/kg) >250 99 (55.6%) 33 (13.3%) 11 (36.7%) 55 (53.4%)

Notes: 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.

Table 2. Engraftment terms and GVHD incidence for the different donor types

Total Haplo MUD/MMUD MRD/MMRD P-value
Neutrophil | Mean duration 95% C) | 1134 (110-1158) | 1220 (176-264) | 1207 (L7263 | 1073 0043-103) | |
recovery | y () 180 (100%) 45 (100%) 30 (100%) 105 (100%) '
Plateler | Mean duration (5% ) | 1470 (2641676) | 1467 (185-1745) | 16210099-2142) | W30 M311730) |
recovery | (%) 176 (97.7%) 42 (933%) 29 (96.6%) 105 (100%) '
Grade Lomfie e RENNE | o e o0 105% (7.0 316% (118 273% (6.0 0.845
II-IV acute | at day 100 (SE) B% (43) % (0) % 18) 3% (60) '
GuHD N (%) 70 (38.9%) 17 37.8%) 13 (433%) 40 (38.1%) 0.860
Cumulative incidence o o o

Eh:ﬁ;ﬂc T 203% (39) 7.0% (5.0) 225% (103) 233 (49) 0105

v N (%) 27 (15%) 2 (4.4%) 4 (133%) 21 20%) 0.048

Notes: 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.
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Figure 1. Clinical outcomes in the cohort of young patients subjected to HSCT from different types of donors.
A. Overall survival, B. GvHD-free, relapse-free survival, C. Relapse incidence, D. Non-relapse mortality of patients

included in the study. Abscissa, observation terms

Note: Haplo: HLA-haploidentical donors, MRD/MMRD: HLA-matched related and HLA-mismatched related donors, MUDMMUD: HLA-

matched unrelated and HLA-mismatched unrelated donors.

Donor cell engraftment

All the patients (180/180) achieved neutrophil counts over
0.5x10°/L at a median time of 11 days (range: 7-16). A total
of 178 patients achieved platelet counts above 20x10°/L, with
a median time of 11 days (range: 0-130), and 4 patients died
before the 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 by the second
haploidentical HSCT from the same sibling donor, whereas
other patient received a second allograft from other parent
followed by sustained engraftment and hematopoietic reco-
very.

Acute and chronic GVHD

Grade II to IV of aGvHD was diagnosed in 70 patients
(38.9%), being developed at the median term of 15 days after
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HSCT. Cumulative aGVHD incidence at day 100 was highest
in the MUD/MMUD group compared to Haplo and MRD/
MMRD, but this difference was not statistically significant
[31.6% (+11.8) versus 10.5% (+7.0) versus 27.3% (+6.0), re-
spectively (P=0.845)].

Among 165 patients who survived more than 100 days af-
ter HSCT, 27 patients (15%) developed cGvHD, and we
observed lower incidence of 3-year cGVHD in the haploi-
dentical group compared to the MUD/MMUD group [7.0%
(£5.0) versus 22.5% (+10.3), respectively]. Table 2 represents
the comparison for GvHD incidence in the 3 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 when 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
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Table 3. One- and three-year relapse incidence (Rl) and non-relapse mortality (NRM) following HSCT

1-year RI (95% CI) | 3-year RI(95% Cl) | P-value ]/a&iigf)ar NRM 1 p_value
B-ALL 22.78% (1457-3212) | 34.87% (23.89-46.05) 10.24% (4.96-17.75)
Leukemia type | T-ALL 4360% (21.45-63.92) | 53.86% (24.62-76.09) | 0.902 5.12% (0.30-21.80) 0.497
AML 8.70% (3.15-17.81) 25.22% (13.55-38.71) 5.05% (1.30-12.80)
WBC <50 16.74% (8.44-27.46) | 21.52% (11.55-33.52) 719% (2.22-16.18)
at diagnosis 50-100 24.88% (5.94-4839) | 35.64% (10.58-6226) | 0.178 10.52% (1.65-29.05) | 0.647
(x10°/1) 5100 3251% (15.86-50.38) | 40.62% (18.89-61.45) 10.69% (2.60-25.43)
No relapse 14.27% (1.76-22.69) | 14.27% (1.76-22.69) 6.13% (2.24-12.82)
Relapse site BM/BM+ 20.3% (10.17-3249) | 2013% (10.17-3249) | 0.049 | 14.0% (5.99-2531) 0.134
Extramedullary | 44.71% (21.73-65.42) | 44.71% (21.73-65.42) 4.82% (0.29-20.59)
(RI 14.44% (1.85-22.95) | 29.70% (19.09-41.07) 4.88% (1.57-11.14)
Disease status o o o
2t HSCT (R2 30.14% (19.15-41.88) | 40.24% (26.67-53.43) | 0122 1294% (5.92-29.72) | 0181
(R=3 1531% (3.59-34.68) | 29.80% (9.78-53.22) 5.0% (0.31-2110)
Male 25.42% (17.62-33.94) | 39.47% (28.88-49.47) 6.39% (2.79-12.08)
Gender 0.035 0.318
Female 10.73% (431-20.51) | 23.63% (12.26-37.10) 10.68% (4.25-20.50)
Age at HSCT <15 2136% (14.40-29.25) | 34.73% (2531-4431) 058 431% (1.59-9.20) -
(year) >15 18.44% (8.96-30.58) | 32.32% (17.37-48.25) 16.48% (7.53-28.45)
Haplo 25.82% (1212-4194) | 40.95% (18.41-62.44) 10.61% (3.21-23.14)
Donor type MUD/MMUD 18.33% (6.36-35.18) | 32.94% (1.92-56.01) | 0.902 21.40% (8.36-38.36) | 0.003
MRD/MMRD 19.69% (12.58-27.98) | 33.17% (23.64-42.99) 3.06% (0.81-8.01)
Matched 1812% (11.38-2611) | 35.81% (25.24-46.49) 5.65% (2.29-11.24)
:a Dt 3]":‘[?9 Major MM 2251% (10.95-36.59) | 29.43% (1542-44.93) | 0979 10.13% (3.13-21.98) 0.427
Minor MM 26.76% (10.50-46.25) | 32.73% (13.76-5331) 13.58% (3.16-31.52)
Donor age <30 19.44% (12.84-27.07) | 32.87% (23.64-4238) 08D 6.65% (3.08-12.12) 04T
(year) >30 23.04% (1212-36.01) | 36.10% (20.91-51.51) 10.48% (3.77-21.16)
<6 B.21% (1594-3129) | 34.39% (25.28-43.66) 6.84% (3.17-12.42)
(D34+ Cell dose ¢ _g 9.01% (2.23-21.81) 27.66% (9.81-49.09) | 0318 16.38% (5.55-3224) | 0.37
infused (x10¢/kg)
>8 2522% (1.29-48.45) | 53.26% (13.96-81.75) 0
D3+ Cell dose <250 18.73% (10-78-2839) | 36.02% (23.13-49.06) 9.57% (4.14-17.75)
infused (x10°/kg) | 5250 231% (1424-3151) | 33.44% (22.99-44.2)) 0323 6.60% (2.67-13.01) 047

Notes: 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 mor-

tality, R/D: recipient/donor, RI: relapse incidence, WBC: white blood cell.

significant (P=0.902). In the Cox analysis, using both uni-
variate and multivariate approaches, RI was not significant-
ly different among the three donor type groups. In adjust-
ed multivariable RI modeling, the hazard of relapse in the
patients from MUD/MMUD group was only 10% lower
than for the patients from 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 GFREFS rates for the entire study cohort
were 68.81% (95% CI 60.08-76.01), and 44.19% (95% CI
35.52-54.49), respectively (Fig. 1). Patients in the MUD/
MMUD group had the lowest OS and 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, using both univariate and multivariate ap-
proaches, OS and GFRFS were not significantly different
among the 3 donor type groups. Adjusted multivariable
modeling of OS based on the variables selected in unadjust-
ed univariate models (see Patients and methods) showed
that hazard of death in the patients who received HSCT from
MUD/MMUD was about 3.6 times higher than in cases of
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Table 4. One- and three-year overall survival (0S) and GFRFS rates following HSCT in young patients

1-year 0S 3-year 0S P_value 1-year GFRFS 3-year GFRFS P-value
(95% Cl) (95% Cl) (95% CI) (95% Cl)
B-ALL 74.22% (6338-8229) | 63.49 (51.0-73.61) 53.6% (4232-6362) | 3935% (27.77-50.71)
:;::em'a T-ALL 59.48% (34.69-7750) | 47.59% (20.04-7096) | 0.002 | 47.03% (2492-66.40) | 35.27% (1226-59.61) | 0.032
AML 91.51% (80.76-96.38) | 83.11% (68.06-91.49) 7355% (59.91-8318) | 55.0% (39.83-67.82)
WEC <50 83.93% (7114-9138) | 78.69% (64.23-87.83) 61.78% (47.56-7319) | 54.07% (39.24-66.75)
at diagnosis | 50-100 6264% (3415-8157) | 6264% (3415-8157) | 0145 | 4858% (2213-70.78) | 38.86% (14.09-6339) | 0.133
<10%/1
(10°71) 5100 70.83% (49.88-8429) | 70.83% (49.88-84.29) 44.87% (2572-6231) | 34.9% (14.20-56.68)
No relapse | 86.54% (76.96-9233) | 79.1% (67.20-87.10) 68.47% (57.17-T7.37) | 4939% (36.80-60.78)
Relapse site | BM/BM+ | 7253% (58.89-823]) | 57.92% (4174-71.08)) | 0010 | 5315% (3914-6531) | 38.24% (2456-5178) | 0,053
meet(rjz_llarg 61.48% (37.17-7873) | 53.80% (28.72-73.49) 40.45% (20.0-60.11) | 40.45% (20.0-60.1)
Dicense CRI 87.71% (1832-9321) | 80.18% (68.25-88.01) 69.41% (5811-7823) | 50.07% (37.35-61.51)
status (R2 6578% (5222-76.34) | 5451% (3923-67.47) | 0.002 | 4639% (3322-5854) | 36.57% (23.60-49.61) | 0.0358
t HSCT
e (R=3 77.78% (50.52-9117) | 62.85% (3419-81.80) 58.34% (33.65-76.59) | 43.75% (19.98-65.42)
Male 77.74% (6855-8454) | 6453% (5315-73.81) 54.78% (44.79-6371) | 39.38% (29.02-49.56)
Gender 0264 0.073
Female 79.65% (66.11-8824) | 77.0% (62.71-86.38) 69.19% (55.03-79.68) | 5337% (37.77-66.71)
Age at HSCT | <15 79.85% (7118-8617) | 70.59% (6021-78.73) 67.04% (5755-74.87) | 49.87% (39.34-59.5])
0.447 0.008
(year) 515 74.87% (59.71-85.01) | 63.96% (45.94-7736) M1N% (26.73-5494) | 29.98% (15.99-4531)
Haplo 77.55% (59.67-88.23) | 6418% (39.76-80.79) 58.23% (39.73-72.84) | 42.46% (20.41-63.01)
MUD/ . . . .
Donor type |y 6324% (42.01-78.50) | 5421% (2961-7349) | 0082 | 47.06% (26.87-6491) | 30.89% (10.70-5380) | 0268
MRD/
MMRD 82.8% (13.76-88.96) | 73.58% (6298-8159) 6317% (5290-71.80) | 47.11% (36.48-57.02)
Matched | 84.07% (7520-89.98) | 74.40% (63.09-82.71) 6533% (55.22-73.69) | 47.96% (36.76-5831)
:a Dtg]'?l?g Major MM | 7250% (55.76-83.77) | 6219% (44.04-7596) | 0.080 | 53.47% (36.47-67.81) | 4223% (2527-5826) | 0364
Minor MM | 63.06% (3929-79.65) | 54.05% (2817-7417) 45.70% (24.45-64.7) | 2938% (9.70-5257)
<30 80.85% (7229-87.0) | 71.63% (61.34-79.63) 61.43% (51.84-69.67) | 45.04% (34.74-54.80)
Donor age
0308 0.872
(year) 530 7295% (57.90-83.36) | 62.48% (45.0-75.80) 55.47% (39.99-68.46) | 4213% (2619-57.25)
L 76.53% (67.61-8330) | 66.88% (56.65-75.2) 55.43% (45.74-64.08) | 42.85% (33.01-5230)
dose infused | 6-8 7719% (57.40-88.62) | 7719% (57.40-88.62) | 0.654 | 6824% (48.41-81.77) | 49.63% (27.06-68.70) | 0.593
<1057k
(x107kg) >8 9231% (56.64-98.88) | 6330% (21.45-87.30) 68.32% (39.69-85.47) | 42.70% (12.82-70.29)
CD3* Cell <250 73.48% (61.48-8227) | 66.3% (52.09-76.94) 60.14% (47.81-70.44) | 39.51% (25.91-52.80)
dose infused 0.446 0.601
(105/kg) 5250 81.91% (72.07-88.55) | 69.97% (57.74-79.27) 58.26% (47.10-67.86) | 47.20% (35.68-57.88)

Notes: 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, MUD/MMUD: HLA-matched unrelated and HLA-mismatched.
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HSCT from haploidentical donors, and this difference was
statistically significant (P=0.05). Moreover, in those patients
who received HSCT from MRD/MMRD, the hazard of death
was 12 percent higher than for those who received HSCT
from haploidentical donors [HR=1.12, (95% CI 0.34-3.67),
P=0.84].

The 3-year NRM in all patients was 7.84% (95% CI 4.36-
12.62). The patients who underwent MUD/MMUD HSCT
showed significantly higher NRM compared to the patients
who received Haplo and MRD/MMRD transplants (Ta-
ble 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 from MUD/
MMUD group who died in the disease remission, we ob-
served six cases of infection and one case of heart failure.
In the Haplo group, one patient deceased from NRM had
aGvHD, and four others developed infection. In the MRD/
MMRD group, one patient was lost due to aGvHD, three pa-
tients died with infectious complications, and one case, due
to unknown reason.

Adjusted multivariable modeling of NRM showed that haz-
ard of death in the patients who received HSCT from MUD/
MMUD was 6 times higher than the hazard of death for the
patients who received HSCT from haploidentical donors.
This difference was statistically significant (P=0.002). In
those patients who received HSCT from MRD/MMRD, the
hazard of death was not higher than in those who received
HSCT from haploidentical donors (P=0.23).

Although the estimated risk of CMV reactivation prior to
HSCT was high in most patients, CMV reactivation after
HSCT was detected in a total of 61 cases (33.9%). CMV re-
activation after HSCT occurred significantly more often in
Haplo and MUD/MMUD group compared with the MRD/
MMRD group (55.6% and 43.3% versus 21.9%, respective-
ly, P=0.001). Worth of note, the CMV reactivation post-
HSCT was associated with decreased OS and GFRFS in all
three groups, being, however, statistically non-significant
(P=0.09).

Hemorrhagic cystitis (HC) was another documented com-
plication post-HSCT which occurred in 36 patients (20%),
and it mostly affected the patients from Haplo and MUD/
MMUD groups compared with MRD/MMRD group (35.6%
and 33.3% versus 9.5%, respectively, P=0.000). Sinusoidal
obstruction syndrome (SOS) was documented in only 5 pa-
tients, i.e. one case from Haplo group, two patients trans-
planted with MUD/MMUD grafts, and two, from the MRD/
MMRD group.

Discussion

Allogeneic HSCT has augmented the potential of cure in
patients with acute leukemia [12-15]. Although HLA-com-
patible related and unrelated donors have been traditionally
used for treating acute leukemia patients requiring an allo-
graft, there remains a significant proportion of patients for
whom HLA-identical acceptable donor is not available. For
these patients, the use of a haploidentical donor combined
with alloreactive T cell elimination by Pt-Cy is the most

widely adopted strategy [16]. Our study has shown that, for
children, adolescents and young adults (CAYA) affected by
acute leukemia, haploidentical HSCT followed by Pt-Cy may
offer a better and more accessible chance of cure in terms of
NRM and survival rates when compared with HSCT from
unrelated donors who are hardly available, especially in the
COVID-19 pandemic era.

Different studies reported that haploidentical HSCT could
provide similar results to those of MUD and MMUD [17-19].
Several reports have shown, at least, comparable outcomes
between Haplo and historical MRD, MUD, and MMUD se-
ries [20-23]. In our work, in consistence with most studies,
the MRD/MMRD group had the best survival rates within
the three donor types. Nevertheless, surprisingly, the surviv-
al 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 [24]. In our study, OS rates were much high-
er in 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 significantly eliminate alloreactive T cells and, therefore,
to reduce the incidence of GvHD, especially its acute form
[25]. In addition, ATG has been shown to reduce the rates
of severe acute and chronic GvHD in cases of matched or
mismatched, unrelated allogeneic HSCT [26, 27]. Chronic
GvHD is the leading cause of late complications and death
after allogeneic HSCT. Usage of peripheral blood stem cells
as a graft source presents a sufficient risk factor for its devel-
opment, since the T-cell levels in allografts are higher than
those in bone marrow [28-30]. Low incidence of GvHD, par-
ticularly chronic GvHD, in our patients, as compared to oth-
er reports in the literature, despite application of MAC regi-
men, along with usage of peripheral blood stem cells, could
be attributed to high doses of ATG in the conditioning regi-
men for HSCT in the patients undergoing Haplo and MUD/
MMUD HSCT. In our study, the rates of acute and chronic
GvHD were even lower in the Haplo group than among the
patients in MUD/MMUD group. This could be ascribed to
dual in vivo T-cell depletion caused by ATG and Pt-Cy in
the Haplo group. However, adoption of the highly effective
GvHD prophylaxis may potentially lead to increased risk
of relapse. It seems to be true in our study, as we had the
highest relapse incidence (RI) in the Haplo group. However,
one should note that the difference in RI among our three
donor types was not statistically significant. It is presumed
that HLA disparity could be considered a contributing fac-
tor to allo-reactivity and GvL [31]. In the matched donor
transplant setting, the frequency of donor T-cell precursors
directed against leukemia-specific antigens mediating GvL
may be more limited [32]. Other studies with less rigorous
GvHD prophylaxis strategies compared to our approaches,
have reported similar RI in Haplo and MUD/MMUD HSCT
[24, 34].

With respect to transplant toxicity, our data confirm that
the patients undergoing Haplo HSCT have much lower
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NRM rates compared to patients undergoing MUD/MMUD
HSCT, and the rates of complications, such as hemorrhag-
ic cystitis and sinusoidal obstruction syndrome, seem to be
comparable within the two groups. Previous studies compar-
ing NRM rates in Haplo (with Pt-Cy) with MRD and MUD
transplants (with standard GvHD prophylaxis) have report-
ed inconsistent results. Meanwhile, some studies reported a
higher NRM rates in Haplo HSCT [17, 35, 36].

This study was limited by its retrospective design, inability
to adjust for unknown factors, the heterogeneity for condi-
tioning regimens and supportive therapy that could affect
the study outcomes.

Conclusions

Our study shows that inclusion of ATG into the myeloab-
lative conditioning regimen before transplantation of pe-
ripheral blood stem cells from MUD/MMUD and Haplo
donors is associated with reduced rates of chronic GvHD
and graft failure, concomitantly. The rates of OS and GFRES
were higher in the Haplo group compared to MUD/MMUD,
hence, our data supports the view that haploidentical HSCT
with peripheral blood stem cells is a practical and valuable
clinical option that offers CAYA patients with acute leukemia
requiring HSCT and lacking matched available donors, a
reasonable opportunity for the disease control. However,
further progress is necessary to decrease the relapse rate in
these patients.

Declarations

The study was approved by the Committee on Medical Eth-
ics of Tehran University of Medical Sciences (TUMS) and
informed consent was obtained from patients or their legal
guardians. Authors provide a consent for publication. Pri-
mary data and materials are available on request.

Authors' contributions: TR designed and coordinated the
study, and managed the patients. AK, MR and NA participat-
ed in the management of patients. AK carried out statistical
evaluation. SA conceived of the study. All the authors read
and approved the final manuscript.

Acknowledgements

We would like to thank Ashraf Sadat Hoseini and other
nursing staff for their undeniable assistance in care for our
patients.

Competing Interests

None of the authors have any relevant conflict of interest to
disclaim about the present article. No funding support for
the study is declared.

References

1. Solomon SR, Sizemore CA, Sanacore M, Zhang X,
Brown S, Holland HK, et al. Total body irradiation-based
myeloablative haploidentical stem cell transplantation is a
safe and effective alternative to unrelated donor transplanta-
tion in patients without matched sibling donors. Biol Blood

32 CTT JOURNAL | VOLUME 11 | NUMBER 1 | JANUARY-MARCH 2022

CLINICAL STUDIES |

Marrow Transplant. 2015; 21(7):1299-1307. doi: 10.1016/j.
bbmt.2015.03.003

2. Friebert SE, Shepardson LB, Shurin SB, Rosenthal GE,
Rosenthal NS. Pediatric bone marrow cellularity: are we ex-
pecting too much? ] Pediat Hematol/Oncol. 1998; 20(5):439-
43. doi: 10.1097/00043426-199809000-00006

3. Muschler GF Nitto H, Boehm CA, Easley KA. Age- and
gender-related changes in the cellularity of human bone
marrow and the prevalence of osteoblastic progenitors.
J Orthop Res. 2001; 19(1):117-125. doi: 10.1016/S0736-
0266(00)00010-3

4. Raiola AM, Dominietto A, di Grazia C, Lamparelli T,
Gualandi F, Ibatici A, et al. Unmanipulated haploidentical
transplants compared with other alternative donors and
matched sibling grafts. Biol Blood Marrow Transplant. 2014;
20(10):1573-1579. doi: 10.1016/j.bbmt.2014.05.029

5. Bashey A, Zhang XU, Sizemore CA, Manion K, Brown
S, Holland HK, et al. T-cell-replete HLA-haploidentical
hematopoietic transplantation for hematologic malig-
nancies using post-transplantation cyclophosphamide re-
sults in outcomes equivalent to those of contemporaneous
HLA-matched related and unrelated donor transplanta-
tion. J Clin Oncol. 2013; 31(10):1310-1316. doi: 10.1200/
]CO.2012.44.3523

6. Di Stasi A, Milton DR, Poon LM, Hamdi A, Rondon
G, Chen J, et al. Similar transplantation outcomes for acute
myeloid leukemia and myelodysplastic syndrome patients
with haploidentical versus 10/10 human leukocyte anti-
gen-matched unrelated and related donors. Biol Blood
Marrow Transplant. 2014; 20(12):1975-1981. doi: 10.1016/j.
bbmt.2014.08.013

7. George B, Pati N, Gilroy N, Ratnamohan M, Huang G,
Kerridge I, Hertzberg M, Gottlieb D, Bradstock K. Pre-trans-
plant cytomegalovirus (CMV) serostatus remains the most
important determinant of CMV reactivation after allogeneic
hematopoietic stem cell transplantation in the era of surveil-
lance and preemptive therapy. Transplant Infect Dis. 2010;
12(4):322-9. doi: 10.1111/§.1399-3062.2010.00504.x

8. Balavarca Y, Pearce K, Norden J, Collin M, Jackson G,
Holler E, et al. Predicting survival using clinical risk scores
and non-HLA immunogenetics. Bone Marrow Transpl.
2015; 50(11):1445-1452. doi: 10.1038/bmt.2015.305

9. Thiede C, Florek M, Bornhiuser M, Ritter M, Mohr B,
Brendel C, et al. Rapid quantification of mixed chimerism
using multiplex amplification of short tandem repeat mark-
ers and fluorescence detection. Bone Marrow Transpl. 1999;
23:1055-1060. doi: 10.1038/sj.bmt.1701779

10. Armand P, Kim HT, Logan BR, Wang Z, Alyea EP, Kala-
ycio ME, et al. Validation and refinement of the disease risk
index for allogeneic stem cell transplantation. Blood. 2014;

123:3664-3671. doi: 10.1182/blood-2014-01-552984

11. Glucksberg H, Storb R, Fefer A, Buckner CD, Nei-
man PE, Clift RA, et al. Clinical manifestations of graft-
versus-host disease in human recipients of marrow from
HL-A-matched sibling donors. Transplantation. 1974;
18:295-304.

@ cttjournal.com


http://doi.org/10.1016/j.bbmt.2015.03.003
http://doi.org/10.1016/j.bbmt.2015.03.003
http://doi.org/10.1097/00043426-199809000-00006
http://doi.org/10.1016/S0736-0266%2800%2900010-3
http://doi.org/10.1016/S0736-0266%2800%2900010-3
http://doi.org/10.1016/j.bbmt.2014.05.029
http://doi.org/10.1200/JCO.2012.44.3523
http://doi.org/10.1200/JCO.2012.44.3523
http://doi.org/10.1016/j.bbmt.2014.08.013
http://doi.org/10.1016/j.bbmt.2014.08.013
http://doi.org/10.1111/j.1399-3062.2010.00504.x
http://doi.org/10.1038/bmt.2015.305
http://doi.org/10.1038/sj.bmt.1701779
http://doi.org/10.1182/blood-2014-01-552984

| CLINICAL STUDIES

12. Afify Z, Hunt L, Green A, Guttridge M, Cornish J, Oakh-
ill A. Factors affecting the outcome of stem cell transplanta-
tion from unrelated donors for childhood acute lymphoblas-
tic leukemia in third remission. Bone Marrow Transpl. 2005;
35:1041-1047. doi: 10.1038/sj.bmt.1704958

13. Balduzzi A, Valsecchi MG, Uderzo C, De Lorenzo P,
Klingebiel T, Peters C, et al. Chemotherapy versus alloge-
neic transplantation for very-high-risk childhood acute
lymphoblastic leukaemia in first complete remission: com-
parison by genetic randomisation in an international pro-
spective study. Lancet. 2005; 366:635-642. doi: 10.1016/
S0140-6736(05)66998-X

14. Cornish J, Oakhill A. The management of relapsed acute
lymphoblastic leukaemia. Bone Marrow Transpl. 2001;
28(1):S9. https://doi.org/10.1038/sj.bmt.1703167

15. Klingebiel T, Cornish J, Labopin M, Locatelli E Darby-
shire P, Handgretinger R, et al. Results and factors influenc-
ing outcome after fully haploidentical hematopoietic stem
cell transplantation in children with very high-risk acute
lymphoblastic leukemia: impact of center size: an analy-
sis on behalf of the Acute Leukemia and Pediatric Disease
Working Parties of the European Blood and Marrow Trans-
plant group. Blood. 2010; 115:3437-3446. doi: 10.1182/
blood-2009-03-207001

16. Nagler A, Ruggeri A. Haploidentical stem cell transplan-
tation (HaploSCT) for patients with acute leukemia — an
update on behalf of the ALWP of the EBMT. Bone Marrow
Transplant. 2019; 54(2): 713-718. doi: 10.1038/s41409-019-
0610-5

17. Piemontese S, Ciceri E, Labopin M, Arcese W, Kyrcz-Krze-
mien S, Santarone S, et al. A comparison between allogeneic
stem cell transplantation from unmanipulated haploidenti-
cal and unrelated donors in acute leukemia. ] Hematol On-
col. 2017; 10(1):1-8. doi: 10.1186/s13045-017-0394-2

18. Sun Y, Beohou E, Labopin M, Volin L, Milpied N,
Yakoub-Agha I, et al. Unmanipulated haploidentical versus
matched unrelated donor allogeneic stem cell transplantation
in adult patients with acute myelogenous leukemia in first re-
mission: a retrospective pair-matched comparative study of
the Beijing approach with the EBMT database. Haematologi-
ca. 2016; 101:e352-4. doi: 10.3324/haematol.2015.140509

19. Lorentino F, Labopin M, Bernardi M, Ciceri E Socié G,
Cornelissen JJ, et al. Comparable outcomes of haploidentical,
10/10 and 9/10unrelated donor transplantation in adverse
karyotype AML in first complete remission. Am ] Hematol.
2018; 93:1236-1244. doi: 10.1002/ajh.25231

20. Raiola AM, Dominietto A, di Grazia C, Lamparelli T,
Gualandi F, Ibatici A, et al. Unmanipulated haploidentical
transplants compared with other alternative donors and
matched sibling grafts. Biol Blood Marrow Transplant. 2014;
20(10):1573-1579. doi: 10.1016/j.bbmt.2014.05.029

21. Bashey A, Zhang XU, Sizemore CA, Manion K, Brown
S, Holland HK, et al. T-cell-replete HLA-haploidentical
hematopoietic transplantation for hematologic malig-
nancies using post-transplantation cyclophosphamide re-
sults in outcomes equivalent to those of contemporaneous

HLA-matched related and unrelated donor transplanta-
tion. J Clin Oncol. 2013; 31(10):1310-1316. doi: 10.1200/
1CO.2012.44.3523

22.Di Stasi A, Milton DR, Poon LM, Hamdi A, Rondon
G, Chen ], et al. Similar transplantation outcomes for acute
myeloid leukemia and myelodysplastic syndrome patients
with haploidentical versus 10/10 human leukocyte anti-
gen-matched unrelated and related donors. Biol Blood
Marrow Transplant. 2014; 20(12):1975-1981. doi: 10.1016/j.

23.Luo Y, Xiao H, Lai X, Shi ], Tan Y, He J, et al. T-cell-re-
plete haploidentical HSCT with low-dose anti-T-lymphocyte
globulin compared with matched sibling HSCT and unre-
lated HSCT. Blood. 2014; 124(17):2735-2743. doi: 10.1182/
blood-2014-04-571570

24. Saglio F, Berger M, Spadea M, Pessolano R, Carraro E
Barone M, et al. Haploidentical HSCT with post transplan-
tation cyclophosphamide versus unrelated donor HSCT in
pediatric patients affected by acute leukemia. Bone Marrow
Transpl. 2021; 56(3): 586-595. doi: 10.1038/s41409-020-
01063-2

25. Wachsmuth LP, Patterson MT, Eckhaus MA, Venzon
DJ, Gress RE, Kanakry CG. Posttransplantation cyclophos-
phamide prevents graft-versus-host disease by inducing al-
loreactive T cell dysfunction and suppression. J Clin Invest.
2019; 129:2357-2373. doi: 10.1172/]C1124218

26. Finke ], Bethge WA, Schmoor C, Ottinger HD, Stelljes M,
Zander AR, et al. Standard graft-versus-host disease proph-
ylaxis with or without anti-T-cell globulin in haematopoietic
cell transplantation from matched unrelated donors: a ran-
domised, open-label, multicentre phase 3 trial. Lancet Oncol.

2009; 10(9): 855-864. doi: 10.1016/S1470-2045(09)70225-6

27. Bacigalupo A, Lamparelli T, Bruzzi P, Guidi S, Alessan-
drino PE, Di Bartolomeo P, et al. Antithymocyte globu-
lin for graft-versus-host disease prophylaxis in transplants
from unrelated donors: 2 randomized studies from Gruppo
Italiano Trapianti Midollo Osseo (GITMO). Blood. 2001;
98(10):2942-2947. doi: 10.1182/blood.V98.10.2942

28. Wingard JR, Majhail NS, Brazauskas R, Wang Z, Sob-
ocinski KA, Jacobsohn D, et al. Long-term survival and
late deaths after allogeneic hematopoietic cell transplan-
tation. J Clin Oncol. 2011; 29(16):2230. doi: 10.1200/JCO.
2010.33.7212

29. Martin PJ, Counts Jr GW, Appelbaum FR, Lee SJ, Sanders
JE, Deeg HJ, et al. Life expectancy in patients surviving more
than 5 years after hematopoietic cell transplantation. J Clin
Oncol. 2010; 28(6):1011. doi: 10.1200/JC0O.2009.25.6693

30. Arai S, Arora M, Wang T, Spellman SR, He W, Couri-
el DR, et al. Increasing incidence of chronic graft-versus-
host disease in allogeneic transplantation: a report from the
Center for International Blood and Marrow Transplant Re-
search. Biol Blood Marrow Transplant. 2015; 21(2):266-274.

doi: 10.1016/j.bbmt.2014.10.021

31. Shimoni A, Labopin M, Finke J, Ciceri F, Deconinck E,
Kroger N, et al. Donor selection for a second allogeneic stem
cell transplantation in AML patients relapsing after a first

CTT JOURNAL | VOLUME 11 | NUMBER 1 | JANUARY-MARCH 2022 33


http://doi.org/10.1038/sj.bmt.1704958
http://doi.org/10.1016/S0140-6736%2805%2966998-X
http://doi.org/10.1016/S0140-6736%2805%2966998-X
http://doi.org/10.1038/sj.bmt.1703167
http://doi.org/10.1182/blood-2009-03-207001
http://doi.org/10.1182/blood-2009-03-207001
http://doi.org/10.1038/s41409-019-0610-5
http://doi.org/10.1038/s41409-019-0610-5
http://doi.org/10.1186/s13045-017-0394-2
http://doi.org/10.3324/haematol.2015.140509
http://doi.org/10.1002/ajh.25231
http://doi.org/10.1016/j.bbmt.2014.05.029
http://doi.org/10.1200/JCO.2012.44.3523
http://doi.org/10.1200/JCO.2012.44.3523
http://doi.org/10.1016/j.bbmt.2014.08.013
http://doi.org/10.1016/j.bbmt.2014.08.013
http://doi.org/10.1182/blood-2014-04-571570
http://doi.org/10.1182/blood-2014-04-571570
http://doi.org/10.1038/s41409-020-01063-2
http://doi.org/10.1038/s41409-020-01063-2
http://doi.org/10.1172/JCI124218
http://doi.org/10.1016/S1470-2045%2809%2970225-6
http://doi.org/10.1182/blood.V98.10.2942
http://doi.org/10.1200/JCO.2010.33.7212
http://doi.org/10.1200/JCO.2010.33.7212
http://doi.org/10.1200/JCO.2009.25.6693
http://doi.org/10.1016/j.bbmt.2014.10.021

transplant: a study of the Acute Leukemia Working Party of
EBMT. Blood Cancer Journal. 2019 ; 9(12):1-9. doi: 10.1038/
s41408-019-0251-3

32. Distler E, Bloetz A, Albrecht J, Asdufan S, Hohberger
A, Frey M, et al. Alloreactive and leukemia-reactive T cells
are preferentially derived from naive precursors in healthy
donors: implications for immunotherapy with memo-
ry T cells. Haematologica. 2011; 96(7):1024. doi: 10.3324/
haematol.2010.037481

33. Bertaina A, Zecca M, Buldini B, Sacchi N, Algeri M, Saglio
E etal. Unrelated donor vs HLA-haploidentical a/f T-cell- and
Bcell-depleted HSCT in children with acute leukemia. Blood.
2018; 132:2594-2607. doi: 10.1182/blood-2018-07-861575

34. Versluis ], Labopin M, Ruggeri A, Socie G, Wu D, Volin
L, et al. Alternative donors for allogeneic hematopoietic stem
cell transplantation in poor-risk AML in CRI. Blood Adv.
2017; 1(7):477-485. doi: 10.1182/bloodadvances.2016002386

KOHKYPEHTHOr0 pUCKa

CLINICAL STUDIES |

35. Baron E Labopin M, Ruggeri A, Cornelissen JJ, Meijer
E, Sengeloev H, et al. Impact of donor type in patients with
AML given allogeneic hematopoietic cell transplantation
after low-dose TBI-based regimen. Clin Cancer Res. 2018;
24(12):2794-2803. doi: 10.1158/1078-0432.CCR-17-3622

36. Rashidi A, Hamadani M, Zhang M], Wang HL, Ab-
del-Azim H, Aljurf M, et al. Outcomes of haploidentical vs
matched sibling transplantation for acute myeloid leukemia
in first complete remission. Blood Adv. 2019; 3(12):1826-
1836. https://doi.org/10.1182/bloodadvances.2019000050

TpaHcnnaHTaumMa reMono3TUYEeCKMX KNeTok
nepudepnyeckoin KpoBMU OT rannonaeHTUYHbIX

N HepPOJCTBEHHbIX AOHOPOB MpPW OCTPbIX JIeNKO3aX
y JleTeil, NoAPOCTKOB N MOJIOAbIX B3POUIbIX: aHANM3

Taxepex Pocramn !, Moxamap P. Poctamu 2, A3agex Koetomapcn !, Amup Kasasiian 3, Hega Anumxanu 4,
Xoceitn K. ®ymanu %, Copyw Pap 2, [TaByn ba6axanu %, Tanas Baxpu 2, Moxammap Baesu 2, Mapuam Baxoppmap 2,

Ceiien A. Mupxocceitnn %, Ceiien, A. Moycasu 2

! Otgmen knerouHoit Teparmu y gereit, HV onxonoruy, remaronoruu u kinerounoit repanuu (RIOHCT), HlapuaTckui
rOCIIUTaNb, Terepanckuii yuuBepcuteT MeguunHcknux Hayk (TUMS), Terepan, VMpan
> HMW oHKosoruy, reMaTo/IOTMY ¥ KIeTO4HON Tepanuy, [llapuarckmit rocninTans, TerepaHcKuil yHUBEPCUTET MEAUIITHCKIX

Hayk (TUMS), Terepan, Vpan

* Orpen 6uoctatvcTrky u snugemuosnoruy, HVY oHkonoruy, reMaTonorum 1 K1eTouHoi Tepanui, llapuarckuit rocouans,
Terepanckuit ynuepcuteT MeguiHckux Hayk (TUMS), Terepan, Vpan
* Otpen nngexunonnsix 6onesneit, lapuarckuit rocrrans, TerepaHckuit yHuBepcuteT MeguunHcKux Hayk (TUMS),

Terepan, Vpan

Pe3slome

TpaHcITaHTaIMsA  Q/UIOTEHHBIX TeMaTOIIO3TIYECKIX
knerok (amno-TI'CK) saBngercsa equHCTBEHHON IIOTEH-
I[MaJIbHOJI BO3MOXKHOCTBIO M3J/IEYEHUs OCTPOIO JIel-
K03a. MHorme napaMeTpbl CYIIECTBEHHO B/IMSIOT Ha
xoHeuHblit ucxop TT'CK, B T.4. TUII JOHOpa, MCTOUHUK
CTBOJIOBBIX KJIETOK ¥ IIpYMEHAEMBIN PeXMM KOHAMIIN-
onnpoBanua. Ilpm orcyrctBum HLA-coBmecTimoro
POOCTBEHHOTO [IOHOPa, BO3MOXXHBIMM KaHJUAATaMM
MOTYT OBITb HEPOLCTBEHHBIE COBMECTVIMBIE MU TaIljIo-
VAEHTUYHbIE JOHOPBI /IS MAIVIEHTOB C IIOKa3aHMAMMI K
TI'CK. Ins Toro, 406561 conmocTaButb ucxonbl TTCK ot
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TOHOPOB Pas/IMYHOTO THIA C KOHAUIVOHMPOBaHIeM 6e3
006/Ty4eHNs1, Mbl CPABHIWIM B PaMKaxX OffHOLIEHTPOBOTO
VICCIIEiOBAaHNs Pe3y/IbTaTbl TPAHCIUVIAHTALIMM MHTAKT-
Heix ['CK mepudepudeckoil KpoBM OT COBMECTMMBIX
VI HECOBMECTVMBIX, POJICTBEHHBIX ¥ HEPOJICTBEHHBIX
TOHOPOB, M TaIVIOUEHTUYHBIX [JOHOPOB peIMIINeH-
TaM JIeTCKOTO, MOZPOCTKOBOTO BO3PACTOB U MOJIOJBIM
B3POCIIBIM C OCTPBIMU JICKO3aMI.

MaumneHTbl U MeToAbI

B maHHOM peTpOoCIeKTMBHOM MCCIIefOBAHUN, TPOBOJUB-
memcsa ¢ 2014 o 2021 1., b1 oueruBany ucxonbl TT'CK
¢ pemnenyeit T-TMMQOLNTOB OT TaIIONAEHTUIHBIX
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[IOHOPOB WM HEPOJCTBEHHBIX MOHOPOB (COBMECTH-
mocTh — 10/10 mnm 9/10), a Tak>Ke B CpaBHEHUY C HEPOJI-
CTBEHHBIMU IOHOPaMI Y AI[VIEHTOB C OCTPBIMMU JIEHKO-
3aMM 9TMX BO3PAcTHHIX rpymm. KoHpunmonmpopaHue
mpu TT'CK mpoBogun ¢ npuMeHeHreM MUenoadIaTiB-
HOTO pexxuma ¢ OycymbpaHoM U Lukaopochamumom
u 6e3 moHmsmpyiomero obmyderns. IIpo¢mrakTuka
PTIIX BKIIOYasIa HasHaueHMe IVKIOCIOPVMHA A BCeM
HaIYIeHTaM, KPOINYMil aHTUTUMOLMTAPHBII ITTOOYINH
IIA HEepPOACTBEHHBIX ¥ TAIUVIOMJEHTUYHBIX JIOHOPOB,
n uuknodpocamun npu TTCK oT rammongeHTIIHBIX
HoHOpoB. CTaTMCTMYECKYI0 00pabOTKYy IPOBOIMIM C
[IOMOII[PI0 MHOTOBAPMAHTHOTO IIPOIOPLIMOHAIBHOTO
aHa/mM3a pUCKOB 1o KoKcy 1 aHanmm3 KOHKYpPUPYIOLINX
PUCKOB.

Pe3synbrartsl

Cpenuuit cpok HabmofeHnst coctasisit 28,7 mec. (95%
CI: 21,9-34,9). TpexneTHsist o61ast BbpKuBaeMocTb (OB)
u BeDKMBaeMocTy 6e3 PTIIX u pequauBoB ObUIN, COOT-
BETCTBEHHO, 68,81% (95% CI: 60,08%-76,01%) 1 44.19%
(95% CI: 35,52%-52,49%). ITaumenTsr mocne TTCK ot
HEPOJICTBEHHBIX COBMECTMMBIX HOHOPOB MMenu Gojee
Huskre ypoBau OB u BepxmBaemocty 6e3 PTIIX u pe-
IVJIVIBOB IO CPaBHEHUIO C JPYTMMM TUIIAMV JOHOPOB.
TpexmeTnre nmokasatenu 6e3perNBHON T€TaTbHOCTU
(NRM) cpeny Bcex manyeHTOB cOCTaBIsn 7,84% (95%
CI 4,36-12,62). ApanTrpoBaHHOE MHOTOBapUaHTHOE

MOJIeNMpOBaHue O0Iell BBDKMBAEMOCTI OKa3asIo, YTO
puck rubenn marenToB nocine TI'CK ot HeponcTBeH-
HOTO JIOHOpa OBUI B 3,6 pasa BbIllle, YeM y MallIeHTOB,
nonyurBmmx TTCK oT rammoujeHTUYHBIX [JOHOPOB
(P=0.05). AHamorn4HO, puCK 6e3pennAnBHON CMEPTHO-
ctu (NRM) nocne TTCK oT HepopCTBEHHBIX JOHOPOB
6b11 B 6 pas Beie, yeM npu TI'CK ot rammonpeHTnd-
HbIX HoHOpoB (P=0.002). OpHaKo YacTOTa pelVIVBOB
He pas/yanach CylleCTBeHHO MEeX/Y ABYMA yKa3aHHbI-
MM TPYIIIaMIA.

BbiBoabl

B manHOM mccrnemoBaHun mokasano, uro TT'CK oT ra-
IUTOVIEHTNIHBIX TOHOPOB ObIIA aCCOLMMPOBaHa € 6oree
BBICOKVIMY YPOBHAMM BbDKMBAaeMOCTH, TI0 CPaBHEHMIO C
TI'CK oT HepO[CTBEHHbIX COBMECTUMBIX JJOHOPOB. Ta-
kuM o6pasom, TTCK OT ramronfeHTUYHbIX TOHOPOB
MOXKeT OBITh IIpefIoXKeHa B KadecTBe IPAKTUYHON U
LIEHHOJI K/IMHIYECKOJI OIIIVIV, /IS HALIV€HTOB MOJIOZIBIX
BO3PACTOB C OCTPBIMIU JIEVIKO3aMU B C/Ty4ae OTCYTCTBUA
COBMECTVIMBIX JJOHOPOB.

Kniouesble (10Ba

OcTpholit 1€11K03, a/7IOTeHHAsA TPAHCIUIAHTAIUA TeMOIIo-
STUYECKMX KJIETOK, COBMECTVMBIE POICTBEHHbIE JOHO-
PBbl, HEPOICTBEHHbIE JOHOPBI, TallJION/IEHTUYIHbIE JOHO-
Pbl, KTMHUYECKIE VICXOJIBL.
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