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Abstract
To compare the outcomes of patients with hematological malignancies who received ATG-Fresenius (ATG-F) 20 mg/kg 
versus those who received ATG-Genzyme (ATG-G) 10 mg/kg in an unrelated donor hematopoietic stem cell transplantation 
(HSCT) procedure, a total of 186 patients who underwent their first allogeneic HSCT with an unrelated donor were retrospec-
tively analyzed. One hundred and seven patients received ATG-F, and seventy-nine patients received ATG-G. Multivariate 
analysis showed that the type of ATG preparation had no effect on neutrophil engraftment (P = 0.61), cumulative incidence of 
relapse (P = 0.092), nonrelapse mortality (P = 0.44), grade II-IV acute graft-versus-host disease (GVHD) (P = 0.47), chronic 
GVHD (P = 0.29), overall survival (P = 0.795), recurrence-free survival (P = 0.945) or GVHD-free relapse-free survival 
(P = 0.082). ATG-G was associated with a lower risk of extensive chronic GVHD and a higher risk of cytomegaloviremia 
(P = 0.01 and HR = 0.41, P < 0.001 and HR = 4.244, respectively). The results of this study suggest that the preparation of 
rabbit ATG used for unrelated HSCT should be selected based on the incidence of extensive chronic GVHD of each center, 
and the posttransplant management strategy should be adjusted according to the ATG preparation.

Keywords Anti-thymocyte globulin · Allogeneic hematopoietic stem cell transplantation · Unrelated donor · Graft-versus-
host disease

Introduction

Allogeneic hematopoietic stem cell transplantation is an 
important method to cure hematological malignancies, and 
unrelated donors are important alternatives for patients with-
out HLA identical sibling donors. Anti-thymocyte globu-
lin (ATG) can decrease the incidence of graft-versus-host 
disease (GVHD) in HLA-matched and HLA-mismatched 
unrelated transplantation and improves the survival of mis-
matched unrelated transplantation [1–10]. Two commercial 
preparations of rabbit ATG, ATG-Fresenius (ATG-F, cur-
rently sold as ATG-Grafalon) and ATG-Genzyme (ATG-G), 
are widely used in hematopoietic stem cell transplantation. 
ATG-G is manufactured by rabbit immunization against 

human thymocytes, whereas ATG-F is produced by immu-
nizing rabbits with the Jurkat human T-lymphoblastic cell 
line [11]. The different manufacturing methods result in 
discrepancies in antibody specificities and immunomodula-
tory effects independent of their ability to deplete T cells 
[11–13]. Comparisons of their protective role in unrelated 
transplantation have been conducted in several studies, but 
the conclusions are varied [14–18]. In two of these stud-
ies, the doses of both products were not fixed [14, 15], so 
the findings are difficult to interpret. The remaining studies 
compared ATG-F and ATG-G at fixed doses; however, the 
case number was too small, and multivariate analyses were 
not conducted [16–18]. Therefore, studies are still needed to 
compare the efficacy of ATG-F and ATG-G at fixed doses. In 
this study, we retrospectively analyzed 186 unrelated donor 
transplantation patients from a single center who received 
ATG-F 20 mg/kg or ATG-G 10 mg/kg in their transplanta-
tion procedure and compared the outcomes of patients who 
received different ATGs.

 * Lei Gao 
 gaolei7765@163.com

1 Medical Center of Hematology, Xinqiao Hospital, Army 
Medical University, Chongqing, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s00277-023-05220-7&domain=pdf


1570 Annals of Hematology (2023) 102:1569–1579

1 3

Patients and methods

Patients

From August 2007 to May 2021, a total of 186 patients 
diagnosed with malignant hematological diseases with-
out matched sibling donors underwent their first allo-SCT 
procedure at Xinqiao Hospital, Army Medical University, 
with an HLA-matched (10/10) or mismatched (9/10 or 
8/10) unrelated donor following ATG-containing condi-
tions. All donors were HLA fully matched (10/10) or mis-
matched at one or two loci (9/10 or 8/10) (HLA-A, B, C, 
DRB1, DQB1) by high-resolution HLA typing. Patients 
who previously underwent allogenic transplantation were 
excluded. This study was approved by the Ethics Commit-
tee of Xinqiao Hospital, Army Medical University, and 
written informed consents were obtained from all patients 
before transplantation.

Transplantation procedure

The conditioning regimen included TBI/CY, BU/CY, 
CCNU/MeCCNU + Ara-c + BU + CY (usually used in hap-
loidentical transplantation in China [19]), FB3 or other 
regimens. For patients who received TBI/CY, 8–9.5 Gy 
total body irradiation was delivered and fractioned by two 
days, and a total dose of 120 mg/kg cyclophosphamide 
was administered. For patients who received BU/CY, a 
total dose of 12.8 mg/kg intravenous busulfan and 120 mg/
kg cyclophosphamide was administered. For patients who 
received CCNU/MECCNU + Ara-c + BU + CY, 200 mg/
m2 lomustine or semustine, a total dose of 8 g/m2 cytara-
bine, 9.6 mg/kg intravenous busulfan and 3.6 g/m2 cyclo-
phosphamide was administered. For patients who received 
FB3, a total dose of 150 mg/m2 fludarabine and 390 mg/m2 
busulfan was administered. Every patient received a total 
dose of 10 mg/kg ATG-G or 20 mg/kg ATG-F as part of 
their conditioning regimen. All patients received unma-
nipulated granulocyte colony-stimulating factor–mobi-
lized peripheral blood mononuclear cells on day 0 and 
received cyclosporine/tacrolimus, mycophenolate mofetil 
and low-dose methotrexate for GVHD prophylaxis. The 
dose of cyclosporine was adjusted to maintain a trough 
serum concentration of 150–300 µg/ml and the dose of 
tacrolimus was adjusted to achieve a trough serum concen-
tration of 5–15 ng/ml. Cyclosporine and tacrolimus were 
tapered beginning at days + 100 depending on GVHD sta-
tus. Mycophenolate mofetil was taken orally from day 0 
at a dose of 600 mg/m2 per day in divided doses and was 
tapered to discontinuation between days + 30 and + 60. 
MTX was administered intravenously at a dose of 15 mg/

m2 on days + 1 and 10 mg/m2 on days + 3, + 6 and + 11. 
Cytomegalovirus (CMV) DNA in blood samples was mon-
itored weekly by real-time PCR. Once the CMV copies 
were more than 400/ml in two independent tests, ganci-
clovir or foscarnet combined with γ-globulin was given. 
Some patients received posttransplant maintenance ther-
apy to prevent relapse, including tyrosine kinase receptor 
inhibitors for patients diagnosed with CML, Philadelphia 
chromosome-positive ALL and AML with KIT mutation, 
demethylating agents for patients diagnosed with AML 
without target drugs available, and chidamide for patients 
diagnosed with T-ALL.

Definition of disease stage

Disease stage was defined according to our and others’ pub-
lished literature [5, 20, 21]. Early-stage disease was defined 
as CML in the first chronic phase, de novo acute leukemia 
in CR1, MDS-RA, MDS-RARS, CLL and lymphoma with 
chemotherapy-sensitive disease or the most recent relapse-
free interval greater than 6 months. Late-stage disease was 
defined as CML in the accelerated phase or in the second 
chronic phase, secondary/therapy-related acute leukemia 
in CR1, acute leukemia in the second or third remission, 
MDS-EB, lymphoma with disease that was not regarded as 
chemotherapy-sensitive or the most recent relapse interval 
was 6 months or less. Active disease was defined as CML 
in the blast phase, acute leukemia without remission, and 
lymphoma with over 20% tumor cells in the bone marrow.

Statistics

Patient characteristics are expressed as the median and range 
for continuous variables, and the difference between groups 
was tested by the Mann–Whitney method. Categorical vari-
ables are expressed as frequencies. The differences between 
groups were tested by the chi square or Fisher’s exact test, 
and multivariate analysis was conducted by a logistical 
regression model.

Overall survival (OS) was measured from transplanta-
tion to death from any cause. Recurrence-free survival 
(RFS) was defined as survival without disease recurrence. 
GVHD-free relapse-free survival (GRFS) was defined as 
survival without grade III-IV acute GVHD (aGVHD) or 
chronic GVHD (cGVHD) requiring systematic treatment 
or disease recurrence. OS, RFS and GRFS were estimated 
by the Kaplan–Meier method. Univariate comparisons were 
performed using the log-rank test, and the Cox proportional 
hazards regression model was used for multivariate analysis.

Neutrophil engraftment was defined as an absolute 
neutrophil count of at least 500/µl for 3 consecutive days 
after transplantation. Neutrophil engraftment at days +28, 
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cumulative incidence of relapse (CIR), nonrelapse mortality 
(NRM), aGVHD and cGVHD were estimated by a compet-
ing risk model. Death was regarded as a competing event 
for neutrophil engraftment, aGVHD and cGVHD. In addi-
tion, DLI and secondary transplantation were also consid-
ered competing events for aGVHD and cGVHD. NRM and 
relapse were competing events for each other. Univariate sig-
nificance was estimated by Gray’s K-sample test, and multi-
variate analysis was conducted by competing risk regression.

All factors with a P value < 0.1 by univariate analysis 
were included in the multivariate analysis. In addition, ATG 
preparation and HLA match were entered into the multi-
variate analysis regardless of the P value in the univariate 
analysis. Mann–Whitney, chi square test, Fisher’s exact 
test, logistical regression model, Kaplan–Meier and Cox 
regression models were performed with SPSS 23.0. Cumu-
lative incidences were computed with R functions from the 

package cmprsk (R version × 64 4.1.2, package cmprsk ver-
sion 2.2–11).

Results

Patient characteristics

A total of 186 patients were included in this study. One hun-
dred and seven patients received ATG-F and seventy-nine 
patients received ATG-G. There were no significant differ-
ences between the patients who received ATG-F and the 
patients who received ATG-G with respect to patient sex, 
age, disease stage, donor-recipient sex, conditioning regi-
men, HLA match, infused mononuclear cell number, infused 
CD34 + cell number or GVHD prophylaxis (Table 1). The 
patient diagnosis was significantly different between the 

Table 1  Patient characteristics

The haplo regimen indicates CCNU/MeCCNU + Ara-c + BU + CY

ATG-F ATG-G P value

No % No %

Sex, n (%) Male 63 58.9% 50 63.3% 0.542
Female 44 41.1% 29 36.7%

Age Median (range) 25 (3–59) 30 (3–65) 0.103
Diagnosis ALAL 4 3.7% 4 5.1% 0.032

ALL 29 27.1% 16 20.3%
AML 42 39.3% 43 54.4%
CLL 1 0.9% 0 0.0%
CML 23 21.5% 6 7.6%
MDS 7 6.5% 6 7.6%
NHL 1 0.9% 4 5.1%

Disease stage Early stage 80 74.8% 63 79.7% 0.762
Late stage 20 18.7% 12 15.2%
Active disease 7 6.5% 4 5.1%

Donor-recipient sex Male to male 47 43.9% 42 53.2% 0.356
Male to female 34 31.8% 25 31.6%
Female to male 16 15.0% 9 11.4%
Female to female 10 9.3% 3 3.8%

Conditioning regimen TBI/CY 10 9.3% 3 3.8% 0.518
BU/CY 60 56.1% 49 62.0%
Haplo regimen 30 28.0% 21 26.6%
FB3 6 5.6% 6 7.6%
Other 1 0.9% 0 0.0%

HLA match Matched 69 64.5% 45 57.0% 0.298
Mismatched 38 35.5% 34 43.0%

MNC Median (range) 9.5 (3.2–33.4) 8.73 (4.0–17.2) 0.131
NA 5 4

CD34 + cells Median (range) 6.3 (1.1–31.6) 5.55 (1.2–20.6) 0.057
NA 8 3

GVHD prophylaxis CSA + MMF + MTX 96 89.7% 67 84.8% 0.315
FK506 + MMF + MTX 11 10.3% 12 15.2%
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ATG-F group and the ATG-G group, with acute leukemia 
with ambiguous lineage (ALAL), acute lymphoblastic leu-
kemia (ALL), acute myeloid leukemia (AML), chronic lym-
phocytic leukemia (CLL), chronic myelogenous leukemia 
(CML), marrow dysplastic syndrome (MDS) and non-Hodg-
kin’s lymphoma (NHL) proportions of 3.7% vs. 5.1%, 27.1% 
vs. 20.3%, 39.3% vs. 54.4%, 0.9% vs. 0%, 21.5% vs. 7.6%, 
6.5% vs. 7.6%, and 0.9% vs. 5.1%, respectively (P = 0.032).

Engraftment

The cumulative incidence of neutrophil engraftment at days 
+28 in the ATG-F group and the ATG-G group was similar 
(96.3% vs. 94.9%, P = 0.571, Fig. 1A). Multivariate analy-
sis showed that the type of ATG preparation had no impact 
on neutrophil engraftment (P = 0.61, Table 3). Receiving 
CCNU/MECCNU + Ara-c + BU + CY as a conditioning reg-
imen was an independent risk factor for neutrophil engraft-
ment (HR = 0.607 and P = 0.005, Table 3).

Relapse and nonrelapse mortality

CIR in the ATG-F group and the ATG-G group was not 
significantly different (33.5% vs. 19.4%, P = 0.153, Fig. 1B). 
Factors affecting the CIR included pretransplant disease 
stage, GVHD prophylaxis, cGVHD and maintenance ther-
apy (P = 0.043, P = 0.0495, P = 0.008, P = 0.049, respec-
tively, Table  2). Multivariate analysis showed that the 
type of ATG preparation had no effect on CIR (P = 0.092, 
Table  3). Pretransplant active disease and the use of 
FK506 + MMF + MTX as GVHD prophylaxis were inde-
pendent risk factors for relapse (HR = 3.371 and P = 0.028 
and HR = 2.93 and P = 0.024, respectively, Table 3), while 
extensive cGVHD was a preventative factor for relapse 
(HR = 0.23, P = 0.017, Table 3).

NRM in the ATG-F group and the ATG-G group was not 
significantly different (10.4% vs. 15.0%, P = 0.402, Fig. 1C), 
but it was significantly affected by acute GVHD (P = 0.007, 
Table 2). Grade III-IV aGVHD was the only risk factor for 
NRM in the multivariate analysis (HR = 5.602, P < 0.001, 
Table 3).

GVHD

Univariate analysis showed that the type of ATG preparation 
had no effect on the cumulative incidence of grade II-IV 
aGVHD (8.4% vs. 6.3%, P = 0.583, Fig. 1D). HLA mismatch 
was the only factor affecting the incidence of grade II-IV 
aGVHD (P = 0.041, Table 2). Multivariate analysis showed 
that the type of ATG preparation had no effect on grade 
II-IV aGVHD (P = 0.47, Table 3). HLA mismatch was a 
risk factor for grade II-IV aGVHD (HR = 3.069, P = 0.041, 
Table 3).

Univariate analysis showed no impact of the type of ATG 
preparation on the cumulative incidence of cGVHD (43.9% 
vs. 28.8%, P = 0.279, Fig. 1E). Multivariate analysis showed 
that neither of the ATG preparations was a risk factor for 
cGVHD (P = 0.29, Table 3).

There was a trend toward a higher incidence of exten-
sive cGVHD in patients receiving ATG-F (30.5% vs. 17.6%, 
P = 0.092, Fig. 1F), and a higher incidence of extensive 
cGVHD in patients with cytomegaloviremia (P = 0.03, 
Table 2). Multivariate analysis showed that ATG-G was a 
favorable factor and cytomegaloviremia was a risk factor for 
extensive cGVHD (HR = 0.41 and P = 0.01, and HR = 2.58 
and P = 0.003, respectively, Table 3).

Cytomegaloviremia

The incidence of cytomegaloviremia was significantly 
higher in the ATG-G group (64.6% vs. 29.9%, P < 0.001) 
and in patients receiving posttransplant maintenance 
therapy (P = 0.005, Table  2). Multivariate analysis 
showed that ATG-G and grade III-IV aGVHD were inde-
pendent risk factors for cytomegaloviremia (HR = 4.244 
and P < 0.001, and HR = 6.695 and P = 0.034, respec-
tively, Table 3).

Survival

There was no significant difference in OS between patients 
receiving ATG-F and patients receiving ATG (75% vs. 
80.9%, P = 0.645, Fig. 2A). Factors affecting OS included 
pretransplant disease stage, aGVHD and cGVHD (P = 0.001, 
P = 0.038, and P = 0.036, respectively, Table 4). Multivari-
ate analysis showed that the type of ATG preparation had 
no impact on OS (P = 0.795, Table 4). Pretransplant active 
disease and grade III-IV aGVHD were risk factors for OS 
(HR = 3.462 and P = 0.01, and HR = 4.548 and P = 0.016, 
respectively), and extensive cGVHD was a favorable factor 
for OS (HR = 0.279, P = 0.042).

RFS did not significantly differ between patients receiv-
ing ATG-F and patients receiving ATG (56.2% vs. 65.5%, 
P = 0.564, Fig. 2B). Pretransplant disease stage, aGVHD, 
cGVHD and maintenance therapy were factors affecting 
RFS (P = 0.001, P = 0.028, P = 0.001, and P = 0.007, respec-
tively, Table 4). Multivariate analysis showed that the type 
of ATG preparation did not affect RFS (P = 0.945, Table 4). 
Factors affecting RFS included pretransplant active disease 
(HR = 2.607, P = 0.025), grade III-IV aGVHD (HR = 3.772, 
P = 0.009), limited cGVHD (HR = 0.287, P = 0.042), exten-
sive cGVHD (HR = 0.251, P = 0.004) and maintenance ther-
apy (HR = 0.296, P = 0.046).

There was no significant difference in GRFS between 
patients receiving ATG-F and patients receiving ATG 
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(33.5% vs. 52.8%, P = 0.109, Fig. 2C). Multivariate anal-
ysis showed that the type of ATG preparation was not 

an independent influential factor for GRFS (P = 0.082, 
Table 4).

Fig. 1  A  Neutrophil engraftment at days +28, B  cumulative inci-
dence of relapse, C nonrelapse mortality, D cumulative incidence of 
grade II-IV acute GVHD, E cumulative incidence of chronic GVHD 

and F cumulative incidence of extensive chronic GVHD for patients 
receiving ATG-Fresenius and patients receiving ATG-Genzyme
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Discussion

In this article, we retrospectively analyzed 186 patients with 
hematological malignancies who underwent unrelated donor 
transplantation and compared the outcomes of 107 patients who 
received ATG-F 20 mg/kg in their transplant procedure with 
those of 79 patients who received ATG-G 10 mg/kg. There was 
no significant difference in the rates of engraftment, relapse, 
or NRM, the cumulative incidence of grade II-IV aGVHD or 
cGVHD, OS, RFS or GRFS between patients receiving ATG-F 
and patients receiving ATG-G. However, compared with ATG-
F, ATG-G was associated with a lower risk of extensive cGVHD 

and a higher incidence of CMV reactivation. The more potent 
immunosuppressive effect of ATG-G at a dose of 10 mg/kg 
compared to ATG-F at a dose of 20 mg/kg may account for this 
finding. Two studies demonstrated that ATG-G 10 mg/kg was 
correlated with delayed T-cell reconstitution in comparison with 
ATG-F 25 mg/kg and 45–60 mg/kg [22, 23]. The broad antibody 
spectrum of ATG-G may also be related to its association with 
less extensive cGVHD and a higher rate of cytomegaloviremia. 
ATG-G is a polyclonal antibody that also targets molecules on 
B cells, such as CD19 and CD20 [24].

It is well known that ATG is associated with CMV reac-
tivation [25], which can lead to serious complications after 

Table 3  Multivariate analysis for neutrophil engraftment, CIR, NRM, II-IV aGVHD,cGVHD, extensive cGVHD and cytomegalovirusemia

The haplo regimen indicates CCNU/MeCCNU + Ara-c + BU + CY

Variable P value HR (95% CI)

Neutrophil engraftment ATG ATG-G vs. ATG-F 0.61 0.933 (0.714–1.219)
HLA Mismatched vs. matched 0.55 1.105 (0.799–1.527)
Conditioning regimen TBI/CY vs. BU/CY 0.62 0.885 (0.545–1.438)

Haplo regimen vs. BU/CY 0.005 0.607 (0.427–0.862)
FB3 vs. BU/CY 0.12 0.56 (0.272–1.152)

CIR ATG ATG-G vs. ATG-F 0.092 0.558 (0.283–1.1)
HLA Mismatched vs. matched 0.57 0.808 (0.388–1.68)
Disease stage Late stage vs. early stage 0.37 1.517 (0.61–3.777)

Active disease vs. early stage 0.028 3.371 (1.144–9.933)
GVHD prophylaxis FK506 + MMF + MTX vs. CSA + MMF + MTX 0.024 2.93 (1.151–7.455)
cGVHD Limited cGVHD vs. No cGVHD 0.088 0.179 (0.025–1.291)

Extensive cGVHD vs. No cGVHD 0.017 0.23 (0.069–0.773)
Maintenance therapy Received vs. not received 0.094 0.334 (0.093–1.205)

NRM ATG ATG-G vs. ATG-F 0.44 1.394 (0.603–3.22)
HLA Mismatched vs. matched 0.88 0.934 (0.398–2.19)
Recipient sex Female vs. male 0.1 0.414 (0.143–1.2)
aGVHD Grade II aGVHD vs. no or grade 0-I 0.94 1.08 (0.13–8.96)

Grade III-IV aGVHD vs. no or grade 0-I  < 0.001 5.602 (2.268–13.83)
II-IV aGVHD ATG ATG-G vs. ATG-F 0.47 0.675 (0.232–1.97)

HLA Mismatched vs. matched 0.041 3.069 (1.046–9.01)
cGVHD ATG ATG-G vs. ATG-F 0.29 0.751 (0.441–1.28)

HLA Mismatched vs. matched 0.32 0.757 (0.436–1.31)
Extensive cGVHD ATG ATG-G vs. ATG-F 0.01 0.41 (0.209–0.807)

HLA Mismatched vs. matched 0.9 0.96 (0.523–1.763)
Cytomegaloviremia Ocurred vs. not ocurred 0.003 2.58 (1.376–4.82)

Cytomegaloviremia ATG ATG-G vs. ATG-F  < 0.001 4.244(2.145–8.395)
HLA Mismatched vs. matched 0.917 1.043(0.472–2.303)
Age group  > 20, <  = 40 vs. <  = 20 0.864 1.07(0.491–2.336)

 > 40 vs. <  = 20 0.125 2.011(0.824–4.911)
Conditioning regimen TBI/CY vs. BU/CY 0.241 0.409(0.092–1.822)

Haplo regimen vs. BU/CY 0.07 0.434(0.176–1.071)
FB3 vs. BU/CY 0.106 0.306(0.073–1.288)

aGVHD Grade II aGVHD vs. no or grade 0-I 0.137 3.409(0.678–17.152)
Grade III-IV aGVHD vs. no or grade 0-I 0.034 6.695(1.153–38.892)

Maintenance therapy Received vs. not received 0.053 2.425(0.987–5.954)
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transplantation. Letermovir can reduce the morbidity and 
mortality associated with CMV reactivation, but it is too 
expensive for many patients in developing areas to afford. 
The differences in cytomegaloviremia incidence between 
patients receiving different ATG products suggest that the 
prevention of posttransplant CMV reactivation could be 
adjusted according to the ATG product.

The difference in the risk of extensive cGVHD between 
patients who received ATG-F and those who received 
ATG-G suggest that the selection of ATG preparation 
should be based on the incidence of extensive cGVHD of 
each center. Adjustment of the posttransplant management 
strategy based on ATG preparation, for example, delaying 
the discontinuation of calcineurin inhibitors for patients who 
receive ATG-Fresenius, is recommended.

In previous studies comparing ATG-F and ATG-G in 
unrelated transplantation at fixed doses, Huang et al. used the 
same dose of ATG as we did [16, 17]. However, in contrast 
to our findings, they observed a lower cGVHD incidence 

in patients treated with ATG-F. This discrepancy may be 
caused by the inadequate number of patients included and 
the absence of multivariate analysis in their study.

Although studies have shown no difference in T-cell 
reconstitution and similar GVHD incidence between 
patients who receiving ATG-F 60 mg/kg and those who 
receive 45 mg/kg [22], more studies support that lower-
ing the dose of ATG-F improves survival. A retrospec-
tive study by Ayuk et al. compared ATG-F 30 mg/kg and 
60 mg/kg in cases of unrelated matched transplantation. 
The results showed that ATG dose had no effect on the 
rate of GVHD or relapse, but the lower dose was associ-
ated with a decreased rate of fatal infection and TRM and 
increased DFS [26]. ATG-F 35 mg/kg and 60 mg/kg for 
elderly patients receiving unrelated donor transplantation 
was compared with no ATG by Binkert et al. TRM and 
survival in the lower dose group were superior to those 
in the no ATG group, while the higher dose showed no 
advantage [27]. A multicenter phase 3 randomized clinical 

Fig. 2  A  Overall survival, B  recurrence-free survival and (C) GVHD-free relapse-free survival for patients receiving ATG-Fresenius and 
patients receiving ATG-Genzyme
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trial by Locatelli et al. showed that there was no difference 
in the rate of grade II-IV acute GVHD, NRM or the relapse 
rate between children who received unrelated donor trans-
plantation with ATG-F 15 mg/kg and those who received 
ATG-F 30 mg/kg. However, the lower dose was related to 
an increased 5-year OS and EFS [28]. Therefore, reducing 
the dose of ATG-F may improve survival without increas-
ing the risk of GVHD. In this article, despite the higher 
risk of extensive cGVHD in patients receiving ATG-F 
20 mg/kg, their aGVHD incidence, overall cGVHD inci-
dence and survival were similar to those of patients receiv-
ing ATG-G 10 mg/kg.

Analysis of posttransplant lymphocyte subsets clearly 
showed that higher doses of ATG-G, but not ATG-F, led to 
delayed immune reconstitution [22, 29, 30]. Therefore, theo-
retically, higher doses of ATG-G may increase the risk of 
infection and relapse, but studies have shown an inconsistent 
effect of higher doses of ATG-G on survival. A randomized 
controlled clinical study by Wang et al. showed that with a 
lower incidence of grade III-IV aGVHD, the ATG-G 10 mg/
kg group had a similar 1-year DFS to the ATG-G 6 mg/kg 
group in haploidentical transplantation [31]. The long-term 
follow-up results of another prospective randomized clinical 
study showed that although ATG-G 10 mg/kg increased the 
risk of infection in haploidentical transplantation compared to 
ATG-G 6 mg/kg, the incidence of cGVHD was decreased, and 
GRFS was improved [32]. A retrospective study by Devillier 
et al. found that in reduced-intensity conditioning matched 
sibling donor transplantation, doses of ATG-G higher than 
6 mg/kg led to an adverse impact on survival compared 
with doses less than 6 mg/kg because of an increased rate of 
relapse [33]. A randomized controlled clinical study found 
that 7.5 mg/kg ATG-G did not decrease the incidence of grade 
III-IV aGVHD. Furthermore, 15 mg/kg ATG-G reduced the 
incidences of grade III-IV aGVHD and extensive cGVHD 
but did not improve survival due to an increased incidence of 
fatal infection compared to no ATG [34]. The contradictory 
findings of the above study related to higher doses of ATG-G 
may have been caused by differences in the optimal dose of 
ATG determined for different donor sources and conditioning 
intensities. The similar relapse rate and NRM and decreased 
risk of extensive cGVHD in the ATG-G 10 mg/kg group com-
pared with those in the ATG-F 20 mg/kg group in this study 
indicate that ATG-G at a dose of 10 mg/kg may be appropriate 
for unrelated hematopoietic stem cell transplantation.

This study has limitations as a retrospective study. First, it 
included patients with several diseases because no single dis-
ease group had enough patients for analysis, and the disease 
distribution was different between the ATG-F group and the 
ATG-G group, which may have influenced the analysis results 
since the risk stratification for different diseases was heterogene-
ous. Second, the NIH chronic cGVHD scoring system was not 
used in this study to distinguish the severity of cGVHD since 

the cGVHD score for some patients was not available. Finally, 
although the case number in this study is the largest of studies 
comparing ATG-F and ATG-G, it is still relatively small.

In conclusion, the results of this study suggest that ATG-G 
at a dose of 10 mg/kg is more effective in reducing extensive 
cGVHD than ATG-F at a dose of 20 mg/kg in unrelated hemat-
opoietic stem cell transplantation but increases the risk of cyto-
megaloviremia. Selection of the ATG preparation according to 
the incidence of extensive cGVHD of each center and adjust-
ment of the posttransplant management strategy according to 
the ATG preparation are recommended.
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