
RESEARCH

Annals of Hematology (2024) 103:1729–1736
https://doi.org/10.1007/s00277-024-05724-w

increases post-transplant relapse and infections associated 
with significant death risk. The incidence of acute GVHD is 
as high as 40–60% causing mortality rate close to 15%, and 
the incidence of chronic GVHD (cGVHD) ranges between 
35 and 70% [3, 4]. Anti-thymocyte globulins (ATGs) are 
used as immunomodulatory agents for prevention and treat-
ment of GVHD in allogeneic HSCT and rejection in solid 
organ transplantation [5–7]. ATG depletes T lymphocytes 
by induction of apoptosis or complement-dependent lysis. 
It may add immune suppression by modulating surface 
molecules that mediate leukocyte/endothelium interactions, 
interfering with dendritic cells properties, inducing B-cell 
apoptosis, and inducing regulatory T cells and natural killer 
(NK) T cells [8–10]. In haploidentical HSCT (haplo-HSCT) 

Introduction

Combined chemotherapy remains the primary approach 
for patients with hematological malignancies. However, 
20–30% of patients fail to achieve complete remission 
(CR), and relapse occurs in 50–80% of patients who achieve 
remission. It is difficult for those patients to achieve com-
plete remission again and they still have an extremely short 
survival. Allogeneic hematopoietic stem cell transplantation 
(allo-HSCT) is the only curative treatment with prolonged 
disease control and greatly increased overall survival (OS) 
for those patients [1, 2].

Despite a favorable long-term prognosis, HSCT faces var-
ious challenges due to graft-versus-host disease (GVHD) that 
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61.1%, P = 0.014) and hemorrhage cystitis (7.1% vs. 38.9%, P = 0.008) than ATG-T. In conclusion, ATLG confers more 
survival benefit and a better safety profile than ATG and can be used in hematological malignancies with haploidentical 
HSCT. Prospective designed trials with a larger sample size are warranted to confirm the results in the future.
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settings, ATGs play a pivotal role in preventing GVHD and 
increasing engraftment [6, 11].

Two ATG preparations are commonly used in haplo-
HSCTs. The traditional ATG, also named as ATG-Thy-
moglobulin or ATG-T, is a polyclonal immunoglobulin 
preparation obtained by immunizing rabbits with human 
thymocytes. Anti-human T lymphocyte globulin (ATLG, 
also named as ATG-Fresenius or ATG-F), is a highly puri-
fied rabbit polyclonal anti-human T-lymphocyte immuno-
globulin developed by immunizing rabbits with the Jurkat 
T-lymphoblast cell line. The distinct source of immune anti-
gens for these two ATG preparations lead to obvious differ-
ences in the antigen recognition spectrum, which may cause 
divergency in immunosuppressive effect and toxicity [12]. 
In solid organ transplantation, ATLG showed a comparable 
effect of rejection prevention with ATG-T but a lower risk 
of cytomegalovirus (CMV) disease, malignancy, and death 
[13, 14]. Yet, in hematological malignancies with HSCT, 
it is unclear whether the efficacy and safety differ between 
these two different rabbit ATG preparations.

Materials

Participants

This was a retrospective study enrolling patients with hema-
tological malignancies who received haplo-HSCT at Aero-
space Center Hospital, Beijing, China between November 
2018 and May 2019. Patients were diagnosed with acute 
myeloid leukemia (AML), acute lymphoblastic leukemia 
(ALL), myelodysplastic syndrome (MDS), and lymphoma 
according to the World Health Organization (WHO) clas-
sification of hematopoietic and lymphoid tumors [15]. This 
study was conducted in accordance with the Declaration of 
Helsinki and approved by the Institutional Ethics Commit-
tee of Aerospace Center Hospital, Beijing, China. Written 
informed consent was obtained from the adult patients and 
the guardians of children patients.

Conditioning regimens and GVHD prophylaxis

Patients were preconditioned with total body irradiation 
(TBI) at a total of 12 Gy from days − 10 to -8 or busulfan 
(2.4 mg/kg/day, from days − 6 to -3) according to patient’s 
sickness, remission status, previous treatment course, and 
organ function. All patients were additionally given intrave-
nous drip of cyclophosphamide (1.8 g/m2/day on days − 5 
and − 4) for preconditioning.

For GVHD prophylaxis, patients were administered 
with ATG (2-2.5 mg/kg/day) from days − 5 to -2 or ATLG 
(5-7.5 mg/kg/day) from days − 5 to -2. The vital signs and 

serious adverse reactions were closely monitored during 
treatment. In addition, every patient was administered with 
cyclosporine A (CSA, 3 mg/kg/day, day − 1, blood trough 
concentration maintained at levels between 150 and 200 
ng/ml), a short cycle of methotrexate (MTX, 15 mg/m2/day 
intravenously, day + 1, and 10 mg/m2/day on days + 3, +5 
and + 11), and mycophenolate mofetil (MMF, 15 mg/kg/day 
from day − 1).

Supportive treatments included hydration, alkaliniza-
tion, platelet transfusion when platelet count was less than 
20 × 109/L, and red blood cell transfusion when red blood 
cell count was less than 70 g/L during preconditioning.

Definitions of outcomes

Patients attained complete remission characterized by the 
existence of less ≤ 5% leukemic cells in the bone marrow 
as defined by an international panel of experts [16–18]. 
Acute GVHD (aGVHD) was diagnosed and graded accord-
ing to the consensus criteria [19], while chronic GVHD 
(cGVHD) was graded as extensive or limited [19]. Neutro-
phil engraftment was defined at the first of 3 consecutive 
days with an absolute neutrophil count ≥ 0.5 × 109/L, while 
platelet engraftment was defined at the first of 7 consecutive 
days with a platelet count ≥ 20 × 109/L without transfusion. 
Relapse was defined as the presence of fusion gene posi-
tive or minimal residual lesions or extramedullary lesions 
after transplantation. Cytomegalovirus (CMV)-DNA and 
Epstein-Barr virus (EBV)-DNA were monitored weekly by 
real-time polymerase chain reaction (RT-PCR). The detec-
tion of CMV and EBV virus copy numbers in peripheral 
blood indicated viral activation. We monitored morphologic 
assessment of the bone marrow, minimal residual disease 
(MRD) detection by flow cytometry, cytogenetic or molecu-
lar genetic marker detection, and hematopoietic chimerism 
testing monthly after neutrophil engraftment.

The survival outcomes were defined as previously 
reported [20]. Overall survival (OS) was defined as the 
duration from transplantation to death from any cause. 
Relapse free survival (RFS) was calculated from the date of 
transplantation to the date of relapse or death. GVHD-free 
and relapse-free survival (GRFS) was defined as the time 
from transplantation to the first occurrence of grade III/IV 
aGVHD, extensive cGVHD, relapse or death. Non-relapse 
mortality (NRM) was defined as death without relapse.

Statistical analysis

Continuous variable were presented as median with range 
and compared using Wilcoxon rank-sum test. Categorical 
variables were presented as percentages and compared using 
Pearson chi-square test or Fisher’s exact test. Kaplan-Meier 
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method was adopted to estimate OS, RFS, and GRFS with 
log-rank test for comparisons between ATG and ATLG 
groups. Cumulative incidences of aGVHD, cGVHD, 
relapse, and NRM were estimated accounting for compet-
ing risks. Relapse was deemed as the competing risk of 
NRM, and NRM was the competing risk of relapse. Relapse 
and death without GVHD were competing risks of GVHD. 
Cumulative incidences of GVHD, relapse, and NRM were 
compared using Fine and Gray model [21]. Hazard ratios 
with 95% confidence interval (CIs) for baseline variables 
were calculated using univariate Cox regression model or 
competing risk model, and those with P value < 0.10 were 
further adjusted by multivariate models. P value < 0.05 was 
deemed as statistically significant. All analyses were per-
formed by using STATA 16.0 (StataCorp, TX, USA).

Results

Baseline comparisons of both ATG groups

A total of 46 patients, who were diagnosed with AML 
(n = 33), ALL (n = 6), MDS (n = 3), and lymphoma (n = 4), 
were included in our analysis. Twenty-eight patients 
received ATLG and 18 received ATG for GVHD prophy-
laxis. The median age was 35.5 years (range: 5–64) with 
no significant difference between ATLG and ATG groups 
(P = 0.605). CR prior transplantation was achieved in 14 
(50.0%) patients of ATLG group and 7 (38.9%) of ATG 
group. According to hematopoietic cell transplantation 
comorbidity index (HCT-CI), 8 (28.6%) patients in ATLG 
group and 5 (27.8%) in ATG group were graded as high 
risk. Busulfan plus cyclophosphamide were the major pre-
conditioning regimens used in 19 (67.9%) patients of ATLG 
group and 15 (83.3%) patients of ATG group. There were no 
significant differences between both groups in recipient sex, 
median infused mononuclear cells and CD34+ cells, identi-
cal blood types of recipient and donor, donor sex, and use of 
umbilical cord blood (Table 1).

Engraftment and chimerism

After transplantation, one patient in ATLG group died early 
due to intracranial infection without neutrophil and platelet 
engraftment. In ATG group, one patient died early due to 
severe infection without engraftment and 2 experienced pri-
mary implantation failure. There were no significant differ-
ences of median days to neutrophil engraftment (14 vs. 16, 
P = 0.551) and platelet recovery (14 vs. 16, P = 0.825) for 
the rest patients between both groups (Table 2). Bone mar-
row assessments of 42 patients with successful implantation 
all indicated morphological CR and full donor chimerism 
after transplantation. All patients were negative for MRD 
except 1 in ATLG group showing MRD positivity.

GVHD

In ATLG group, 8 patients developed aGVHD, including 5 
grade I/II cases and 3 grade III/IV cases. In ATG group, 8 
patients had aGVHD, comprising 4 grade I/II cases and 4 
grade III/IV cases. The cumulative incidence of all-grades 
aGVHD in ATLG group seemed to be lower than ATG 
group, which, however, was not statistically significant 
(28.6% vs. 44.4%, P = 0.242, Table 2).

There were 2 and 4 patients in ATLG group experiencing 
limited and extensive cGVHD, respectively. In ATF group, 
2 and 3 patients had limited and extensive cGVHD, respec-
tively. The cumulative incidence of cGVHD did not differ 
between both groups (21.4% vs. 27.8%, P = 0.603, Table 2).

Table 1  Baseline characteristics of patients receiving transplantation
Variables ATLG

(n = 28)
ATG
(n = 18)

P

Median age (range), years 33.0 (5–65) 36.5 (4–61) 0.605
Male, n (%) 18 (64.0) 13 (73.3) 0.575
CR prior transplantation, n (%) 14 (50.0) 7 (38.9) 0.460
HCT-CI score, median (range) 1 (1–11) 2 (0–4) 0.962
    Low risk, n (%) 0 (0) 2 (11.1)
    Intermediate risk, n (%) 20 (71.4) 11 (61.1)
    High risk, n (%) 8 (28.6) 5 (27.8)
Conditioning regimens, n (%) 0.243
    TBI/Cy 9 (32.1%) 3 (16.7%)
    BU/Cy 19 (67.9%) 15 (83.3%)
Infused cells, median (age)
    MNC, × 108/kg 9.3 

(5.4–11.3)
9.2 
(8.6–10.2)

0.893

    CD34+, × 106/kg 4.3 (2-8.3) 4.9 
(0.9–8.8)

0.521

Blood type compatibility, n (%) 11 (39.3) 11 (61.1) 0.148
Use of UCB, n (%) 23 (82.1) 15 (83.3) 0.927
Hematological malignancies, 
n (%)

0.438

    AML 19 (67.9) 14 (77.7)
    ALL 5 (17.9) 1 (5.6)
    MDS 1 (3.5) 2 (11.1)
    Lymphoma 3 (10.7) 1 (5.6)
ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; 
ATLG: anti-human T lymphocyte globulin; ATG: Anti-thymocyte 
globulin; BU: busulfan; CR: complete remission; Cy: cyclophos-
phamide; HCT-CI: hematopoietic cell transplantation comorbidity 
index; MDS: myelodysplastic syndrome; MNC: mononuclear cell; 
TBI: total body irradiation; UCB: umbilical cord blood. Comparisons 
were made by using Wilcoxon rank-sum test for continuous variables 
and Pearson chi-square test for categorical variables
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Relapse and survivals

As of May 31, 2022, a total of 23 patients (11 ATLG group 
and 12 in ATG group) died. The median follow-up time of 
the survivals was 38.6 (range: 36.5–52.9) months. Log-rank 
test demonstrated a significantly prolonged OS of ATLG 
than ATG (P = 0.033, Fig. 1). The estimated 3-year OS rate 
of ATLG group was 64.3%, which was significantly higher 
than 33.3% of ATG group (Table  2). Relapse occurred in 
12 patients of ATLG group and 7 patients of ATG group. 
The estimated 3-year cumulative incidences of relapse of 
both groups were comparable (42.9% vs. 38.9%, P = 0.976). 
ATLG showed a trend towards a lower 3-year NRM than 
ATG but the difference did not reach statistical significance 
(10.7% vs. 27.8%, P = 0.160, Table 2). The 3-year RFS rates 
of ATLG and ATG groups were 46.4% and 33.3%, respec-
tively, which showed no significant difference (Fig. 2). The 

Viral reactivation and adverse events

CMV-DNAemia occurred in 18 ATLG patients and 14 ATG 
patients, which were not significantly different (Table  2). 
EBV-DNAemia was only observed in 2 patients receiving 
ATG. We documented fever, hypoxemia, and hemorrhage 
cystitis in 18, 1 and 9 patients, respectively. Compared with 
ATG group, ATLG group had significantly lower incidences 
of fever (25.0% vs. 61.1%, P = 0.014) and hemorrhage cys-
titis (7.1% vs. 38.9%, P = 0.008, Table 2).

Table 2  Post-transplantation outcomes in two ATG preparations
Outcomes ATLG 

(n = 28)
ATG 
(n = 18)

P

Days to neutrophil engraft-
ment, median (range)

14 (11–22) 16 (10–39) 0.551

Days to platelet engraftment, 
median (range)

14 (10–67) 16 (10–64) 0.825

Acute GVHD, n (%)
    All grades 8 (28.6) 8 (44.4) 0.270
    Grade I/II 5 (17.9) 4 (22.2) 0.716
    Grade III/IV 3 (10.7) 4 (22.2) 0.289
Cumulative incidence of 
aGVHD, % (95%CI)

28.6 
(13.5–45.6)

44.4 
(21.6–65.1)

0.242

Chronic GVHD, n (%)
    All grades 6 (21.4) 5 (27.8) 0.622
    Limited 2 (7.1) 2 (11.1) 0.641
    Extensive 4 (14.3) 3 (16.7) 0.826
Cumulative incidence of 
cGVHD, % (95%CI)

21.4 
(8.7–37.8)

27.8 
(10.1–48.9)

0.603

Viral reactivation, n (%)
    CMV 18 (64.3) 14 (77.8) 0.332
    EBV 0 (0) 2 (11.1) 0.148#

ATG reaction, n (%)
    Fever 7 (25.0) 11 (61.1) 0.014
    Hypoxemia 0 (0) 1 (5.5) 0.391#

Hemorrhage cystitis, n (%) 2 (7.1) 7 (38.9) 0.008
Death, n (%) 11 (39.3) 12 (66.7) 0.070
Relapse, n (%) 12 (42.9) 7 (38.9) 0.790
3-year OS, % (95%CI) 64.3 

(43.8–78.9)
33.3 
(13.7–54.5)

0.033

3-year CIR, % (95%CI) 42.9 
(24.6–60.0)

38.9 
(17.5–60.0)

0.976

3-year RFS, % (95%CI) 46.4 
(27.6–63.3)

33.3 
(13.7–54.5)

0.236

3-year NRM, % (95%CI) 10.7 
(2.7–25.1)

27.8 
(10.1–48.9)

0.160

3-year GRFS, % (95%CI) 32.1 
(16.2–49.3)

11.1 
(2-29.8)

0.045

CI: confidence interval; CIR: cumulative incidence of relapse; CMV: 
Cytomegalovirus; EBV: Epstein-Barr virus; GRFS: GVHD-free and 
relapse-free survival; GVHD: graft-versus-host disease; NRM: non-
relapse mortality; OS: overall survival; RFS: relapse-free survival
# Fisher’s exact test

Fig. 2  Kaplan-Meier curve of RFS. Log-rank test showed a compa-
rable RFS between both groups. RFS: relapse-free survival

 

Fig. 1  Kaplan-Meier curve of OS. Log-rank test demonstrated a sig-
nificantly prolonged OS in ATLG group than ATG group. OS: overall 
survival
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for GVHD prophylaxis, ATLG conferred survival benefit 
and had better safety profile for hematological malignancy 
patients undergoing haplo-HSCT.

Recently, several retrospective studies made com-
parisons of these two different rabbit ATG preparations in 
terms of GVHD prophylaxis, relapse, survival and safety 
among hematological malignancy patients under different 
transplantation settings [22–27]. Paiano et al. analyzed 30 
patients with various hematologic malignancies who under-
went allo-HSCT after reduced intensity conditioning [24]. 
Both ATGs showed comparable results regarding GVHD, 
relapse, survival, and infections [24]. In a larger study com-
prising 110 patients undergoing unrelated donor HSCT, 
Huang et al. documented a lower probability of cGVHD 
and a trend towards lower relapse and higher disease-free 
survival in those receiving ATLG than those receiving 
ATG [23]. In matched unrelated donor (MUD) setting, 
Polverelli et al. observed a lower cumulative incidence of 

3-year GRFS rates of both groups were 32.1% and 11.1%, 
respectively. Log-rank test suggested GRFS favored ATLG 
group at a marginal significance (P = 0.045, Fig. 3).

Univariate and multivariate Cox regression analyses

Univariate Cox regression analysis showed unfavorable 
OS in patients with older age (≥ 35 yeas) and HCT-CI 
high risk, and prolonged OS in patients receiving ATLG 
(Table  3). Patients with HCT-CI high risk had a worse 
RFS that those with intermediate or low risk (HR = 2.45, 
95%CI: 1.11–5.38, P = 0.026, Supplementary information: 
Table S1). ATLG was not significantly associated with 
RFS (HR = 0.63, 95%CI: 0.30–1.36, P = 0.241). None of 
the baseline characteristics were significantly associated 
with cumulative incidences of relapse (Supplementary 
information: Table S2). Multivariate analysis demonstrated 
ATLG was independently associated with a favorable OS 
(HR = 0.37, P = 0.020, Table  3) and nominally associated 
with a favorable GRFS (HR = 0.51, P = 0.051, Table 3).

Discussion

Derived from rabbits immunized with Jurkat T-lympho-
blast cell line, ATLG has a narrower spectrum of antigen 
recognition and therefore a possible less immunosuppres-
sive effect than ATG [9]. This retrospective study compared 
the efficacy and safety outcomes of two ATG preparations 
for haplo-HSCT of hematological malignancies. We docu-
mented comparable risks of cGVHD and relapse between 
ATLG and ATG groups, but observed a tendency of lower 
aGVHD incidence and 3-year NRM and a significantly 
higher 3-year OS in ATLG patients. In addition, lower risks 
of fever and hemorrhage cystitis in ATLG patients were 
noted. Our results demonstrated that, despite similar efficacy 

Table 3  Univariate and multivariate analysis of survival
Variables OS GRFS

Univariate Multivariate Univariate Multivariate
HR (95%CI) P HR (95%CI) P HR (95%CI) P HR (95%CI) P

Gender, male vs. female 0.70 (0.30–1.63) 0.412 - - 0.66 (0.33–1.32) 0.243 - -
CR status, yes vs. no 0.51 (0.21–1.20) 0.120 - - 0.80 (0.41–1.57) 0.520 - -
Age, ≥ 35 years vs. <35 years 2.45 (1.04–5.83) 0.041 1.49 (0.51–4.36) 0.466 1.66 (0.84–3.24) 0.143 - -
Conditioning, TBI vs. BU 0.49 (0.17–1.45) 0.199 - - 0.66 (0.30–1.46) 0.310 - -
UCB, yes vs. no 0.95 (0.32–2.80) 0.927 - - 1.41 (0.55–3.64) 0.476 - -
HCT-CI, high vs. intermediate and 
low risk

3.35 (1.46–7.71) 0.004 2.99 (1.05–8.56) 0.041 1.90 (0.93–3.90) 0.080 1.91 (0.93–3.93) 0.079

MNC, ≥ 9.3 vs. <9.3 1.41 (0.62–3.31) 0.416 - - 0.96 (0.49–1.86) 0.897 - -
CD34 + cells, ≥ 4.5 vs. <4.5 1.02 (0.45–2.32) 0.960 - - 1.15 (0.59–2.22) 0.689 - -
Identical blood types, yes vs. no 0.85 (0.37–1.94) 0.696 - - 0.74 (0.38–1.45) 0.385 - -
Donor sex, male vs. female 0.79 (0.24–2.67) 0.708 - - 1.00 (0.35–2.84) 1.000 - -
ATG type, ATLG vs. ATG 0.42 (0.18–0.96) 0.039 0.37 (0.16–0.86) 0.020 0.51 (0.26-1.00) 0.051 0.51 (0.26-1.00) 0.051

Fig. 3  Kaplan-Meier curve of GRFS. Log-rank test demonstrated a 
favorable GRFS in ATLG group than ATG group at marginal signifi-
cance. GRFS: GVHD-free and relapse-free survival
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cystitis in ATLG group. These results indicate a lower tox-
icity of ATLG preparation than ATG preparation.

Active ATG/ATLG refers to the part of ATG/ATLG that 
can bind to lymphocytes, and the proportion of active ATG/
ATLG in the total ATG/ATLG is usually less than 10%. The 
elimination of active component of ATG/ATLG has signifi-
cant impact on immune recovery and the clinical outcomes 
of transplantation by reaching the critical threshold of 1 AU/
mL for T-cell reconstitution [32]. Active ATLG is cleared 
in circulation faster than active ATG, resulting a earlier 
immune recovery in ATLG group [31, 33, 34]. The delayed 
immune reconstitution of ATG, leading to increased post-
transplantation adverse events and increased risk of death, 
may be the cause of a lower OS in patients receiving ATG 
in our study.

Conclusion

In conclusion, we found the rabbit ATLG, compared with 
ATG, was associated with a favorable survival and less 
adverse events in patients with hematological malignan-
cies undergoing haplo-HSCT. Yet, the results of our study 
should be cautiously interpreted since the small sample size 
and retrospective nature are the major limitations of our 
study. Prospective designed trials with a larger sample size 
are warranted to confirm the clinical benefit of ATLG in the 
future.
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moderate-severe cGVHD and a favorable GRFS in ATLG 
group than ATG group [25]. Yet, cumulative incidences of 
aGVHD and relapse, treatment-related mortality, and sur-
vival probability demonstrated no significant differences in 
this study. Furthermore, Wang et al. demonstrated no effect 
of ATLG on relapse and survival but a lower risk of exten-
sive cGVHD compared with ATG in unrelated HSCT [27]. 
These comparisons were mostly made in unrelated donor 
or matched related donor settings. Zhou et al. evaluated the 
effect of ATG preparations in halpo-HSCT settings compris-
ing 35 ATLG patients and 81 ATG patients [28]. They found 
significantly lower cumulative incidences of any grade 
cGVHD and limited cGVHD in ATLG group than ATG 
group. Yet, the relapse mortality and OS were comparable 
between both groups. Contrarily, our study, also in haplo-
HSCT setting, observed no significant difference in prevent-
ing GVHD but a favorable OS in ATLG group.

These comparisons between two rabbit ATG prepa-
rations, performed in different transplantation settings, 
yielded inconclusive results in terms of GVHD prevention, 
relapse, and survivals. One possible explanation is the dif-
ferent dosages of ATGs given for GVHD prophylaxis. ATLG 
was given at a total dosage of 20 mg/kg [23, 24, 27, 28] or 
30 mg/kg [25]. Meanwhile, ATG was usually given at a total 
dosage of 7.5 mg/kg [24, 25, 28] or 10 mg/kg [23, 27]. Boga 
et al. concluded the recommended total dosage of 30 mg/kg 
of ATLG might decrease cGVHD compared with a lower 
15 mg/kg dosage in matched sibling donor transplantation 
[29]. Another study conducted by Binkert et al. revealed the 
35 mg/kg dosage of ATLG, compared with a higher dosage 
(60 mg/kg), was associated with a decreased incidence of 
cGVHD and prolonged overall survival [30]. Oostenbrink et 
al. found that low dosage of ATG (6–8 mg/kg) had a higher 
risk of grade III-IV aGVHD compared to 10 mg/kg dosage 
of ATG [31]. It seems that a total dosage around 30 mg/kg 
of ATLG is the optimal choice balancing GVHD prevention 
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