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Abstract
Antithymocyte globulin (ATG) is an important component of conditioning regimens to prevent graft-versus-host disease
(GVHD) in unrelated hematopoietic stem cell transplantation (HSCT), but the optimal dose of ATG remains unknown. We
prospectively analyzed 205 unrelated HSCTs in patients with malignant hematological disorders. HSCTs were classified as
follows: HLA-matched transplant without ATG (n= 53, group A), HLA-mismatched transplant treated with 6.0 mg/kg
thymoglobulin (n= 77, group B), and HLA-matched transplant treated with 4.5 mg/kg thymoglobulin (n= 75, group C).
For groups A and B, the 5-year moderate/severe chronic GVHD rates were 31.9% and 24.2%, the 5-year GVHD-free and
relapse-free survival (GRFS) rates were 28.3 and 47%, and the 2-year immunosuppressive therapy (IST)-free survival rates
were 8.6% and 40.2% (p= 0.0016), respectively. Furthermore, group C had lower incidences of grade II-IV acute GVHD
(18.7%) and 5-year moderate/severe chronic GVHD (16.6%) than group A did. Group C had higher 5-year GRFS (52.1% vs
28.3%, p= 0.002), 2-year IST-free survival (51.7% vs 8.6%, p= 0.00004), and 5-year overall survival (OS) (68.3% vs
41.5%, p= 0.007) rates than group A did. Thus, ATG was associated with better GVHD prevention, a higher rate of
IST-free survival, lower transplant-related mortality (TRM), and superior OS and GRFS in unrelated HSCTs.

Introduction

Unrelated hematopoietic stem cell transplantation (HSCT)
has become an important means of treating diseases of the
blood system, especially when there is a lack of fully
compatible relative donors. The development of HLA typ-
ing technology and graft-versus-host disease (GVHD) pre-
vention programs play an important role in the process of
unrelated HSCT. However, regardless of sibling or unre-
lated transplantations, GVHD is one of the most common
complications after allogeneic HSCT. In unrelated trans-
plantation, the incidence of grade II–IV acute GVHD
(aGVHD) is nearly 40–60% in 100 days [1, 2], and the

incidence of 5-year chronic GVHD (cGVHD) is ~40% [3].
Furthermore, GVHD increases transplant-related mortality
(TRM), reduces the quality of life of patients, and even
leads to a decline in overall survival (OS).

Furthermore, GVHD is more severe in unrelated mis-
matched HSCT [4]. While some patients lack sibling mat-
ched and unrelated matched donors, an unrelated
mismatched donor may become the only choice. Numerous
large-sample studies have proven that survival outcomes
from unrelated mismatched donors were worse than those
from HLA-matched donors [4, 5]. Therefore, GVHD pre-
vention should be optimized for unrelated HSCT patients,
especially unrelated mismatched pairs.

Antithymocyte globulin (ATG) has been used as part of
the conditioning regimen in unrelated allogeneic HSCT to
reduce the incidence of acute and chronic GVHD [6, 7].
Previous studies have shown that the use of ATG can
reduce GVHD, but high doses of ATG also bring a higher
risk of relapse and infections [8–10]. To date, the optimal
dose of ATG is still unclear.

In the early period of our institution, the incidence of
grade II–IV aGVHD reached 43% in unrelated matched
patients [11]. To reduce GVHD, we conducted a prospective
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study to test the efficacy of ATG on unrelated patients. We
first added ATG to the conditioning regimen for unrelated
mismatched patients since 2007, which was beneficial to
reduce GVHD compared with previous outcomes of our
center. Next, we expanded the scope to all unrelated HSCT
patients, including matched and mismatched patients, since
2010. Therefore, the goal of our research is to compare the
outcomes of mismatched-ATG(+), matched-ATG(−), and
matched-ATG(+) patients from January 2007 to December
2016.

Materials and methods

Patient characteristics

From January 2007 to December 2016, 205 patients who
underwent high HLA-resolution unrelated HSCT for a
variety of hematologic diseases were enrolled in this study
at the Bone Marrow Transplant Center of The First
Affiliated Hospital, Zhejiang University, China. The study
was reviewed and approved by the Ethical Committee of
Zhejiang University, and informed consent was provided by
all patients.

Study design

This prospective study was registered as a clinical trial
(registration number: ChiCTR-OCH-12002845), which is
shown as Fig. 1. The eligibility criteria included age
under 60-years-old, patients diagnosed with malignant
hematological disorders, ECOG score 0–2, and provision of
an informed consent document. The exclusion criteria
included uncontrolled active infection, combination with
severe cardiac, hepatic, renal and pulmonary diseases, and

pregnancy. All donor-recipient pairs had high resolution
typing at HLA-A, HLA-B, HLA-C, HLA-DRB1, and HLA-
DQB1 loci. All enrolled patients were divided into three
groups: 53 HLA-matched patients without ATG (group A,
2007–2009), 77 HLA-mismatched patients administered 6
mg/kg thymoglobulin (group B, 2007–2016), and 75 HLA-
matched patients administered 4.5 mg/kg thymoglobulin
(group C, 2010–2016).

Conditioning, GVHD prophylaxis

All patients were given myeloablative conditioning. The
myeloablative conditioning regimen involved busulfan-
cyclophosphamide (Bu-Cy) and modified Bu-Cy [12]. The
use of ATG differs between matched and mismatched
patients. The mismatched unrelated recipients received
6.0 mg/kg ATG (thymoglobulin, 1.5 mg/kg daily on days
−4 to −1, Sanofi, Paris, France), while the matched unre-
lated recipients received 4.5 mg/kg ATG (1.5 mg/kg daily
on days −3 to −1).

GVHD prophylaxis contained cyclosporin A (CsA),
methotrexate (MTX) and low-dose mycophenolate mofetil
(MMF). CsA began on day −7 and was administered by
successive intravenous infusion. The initial dosage was
2.5 mg/kg daily, and the dose was adjusted to maintain a
whole-blood steady-state level of 200–400 ng/mL. The dose
was reduced during the second to third months post-
transplant according to chimeric status and status of GVHD.
MTX was administered at a dose of 10 mg on days + 1,
+ 3, and +6. MMF was administered at an oral dosage of
250 mg twice daily from day +1 until day +100, and the
dose was adjusted depending on the results of routine blood
analyses [12].

End points and definitions

The primary end points were the presence of aGVHD
and cGVHD, GVHD-free and relapse-free survival
(GRFS) and immunosuppressive therapy (IST)-free
survival after HSCT. The secondary endpoints were
OS, disease-free survival (DFS), relapse, and TRM.
aGVHD was defined by the Glucksberg scale [13], and
cGVHD was defined according to the NIH Consensus
Guidelines and was classified as mild, moderate, or
severe. The incidence of cGVHD was evaluated in
patients who survived for at least 100 days. GRFS was
defined as the time between transplantation and the
development of GVHD (grade III–IV aGVHD) or
cGVHD requiring systemic IST, disease recurrence, or
death [14]. IST-free survival was defined as the status of
being alive without IST, but withdrawal of immunosup-
pression prompted by persistent malignancy, secondary
malignancy or imminent death was not counted as a

205 patients enrolled

HLA matched cohort

Group A
(n=53, 2007-2009):

without ATG

Group C
(n=75, 2010-2016):

4.5mg/kg ATG

Group B
(n=77, 2007-2016):

6.0mg/kg ATG

HLA mismatched cohort

Fig. 1 Trial profile

Antithymocyte globulin improves GVHD-free and relapse-free survival in unrelated hematopoietic stem. . . 1669



success [15]. In addition, DFS was defined as survival
without recurrence of the primary disease.

Biostatistical methods

Cumulative incidence using the competing risk method was
used to determine the difference in probabilities of aGVHD,
cGVHD, relapse, TRM, and IST-free survival in the three
transplantation cohorts. R statistical software (version 3.4.3;
http://www.r-project.org) was used for the competing risk
analysis. Probabilities for OS, DFS, and GRFS were cal-
culated using the Kaplan–Meier estimator. OS, DFS, and
GRFS were performed using SPSS 22.0 software (IBM
Corporation, Armonk, NY). Univariate analyses were
compared using the log-rank test and multivariate analysis
by Cox regression. All variables in the univariate analyses
with a p value < 0.2 were included in the multivariate
analysis.

Results

Patient and HSCT characteristics

Between January 2007 and December 2016, a total of 205
patients underwent transplantation from unrelated donors
using myeloablative conditioning regimens. Fifty-three
patients received stem cells from fully matched donors
with 10/10 HLA allele loci without ATG (group A, 2007–
2009), 77 patients received stem cells from HLA-
mismatched donors and 6 mg/kg rabbit-ATG (group B,
2007–2016), and 75 patients received stem cells from fully
matched donors with 10/10 HLA allele loci and 4.5 mg/kg
rabbit-ATG (group C, 2010–2016). (Table 1) shows the
patients, donors, and transplantation characteristics of the
study. In group B, 62 patients (80.5%) had a single HLA
allele locus mismatched from their donors (9/10 HLA-A,
HLA-B, HLA-C, HLA-DRB1, and HLA-DQB1 loci
matching), 12 patients (15.6%) had two mismatched allele
loci from their donors (8/10 loci matching), and three
patients (3.9%) had three mismatched allele loci from their
donors (7/10 loci matching).

There were no significant differences in terms of
underlying recipient age, donor age, disease type, disease
stage, donor-recipient gender relationship, donor-recipient
blood type relationship, number of MNCs, median interval
of diagnosis and transplantation, or median follow-up time
among the three cohorts. There were significant differences
among the three cohorts only in terms of the number of
CD34+ cells and the source of graft cells.

The end point of the last follow-up for all surviving
patients was December 31, 2017. The median follow-up
times for surviving patients were 56 (range 1–129) months,

51 (range 1–125) months, and 43 (range 3–95) months in
group A, group B, and group C, respectively.

Transplant outcomes

Engraftment

Patients engrafted to absolute neutrophil counts exceeded
0.5 × 109/L in a median time of 12 days (range, 8–19 days)
in group A, 12 days (range, 8–17 days) in group B, and
12 days (range, 9–23 days) in group C. Among all patients,
one patient in group B failed to engraft and subsequently
received a second haploidentical salvage transplantation.
After myeloid recovery, all patients achieved sustained,
full donor chimerism by day 30 after HSCT except for two
patients in group B who died before day 30. Among the
patients surviving beyond 30 days, two patients in group C
experienced poor platelet engraftment, but both achieved
sustained, full donor chimerism later. Except for the
patients who died by 30 days and those who had failure
to engraft, the median time of platelet engraftment
was 13 days (range, 7–19 days) in group A, 13 days
(range, 8–18 days) in group B, and 13 days (range, 6–
25 days) in group C.

Acute and chronic GVHD

Grade II–IV aGVHD were significantly more frequent in
patients in group A than in patients in group C. Cumulative
incidences of grade II–IV aGVHD at 100 days were 37.7%,
27.3%, and 18.7%, for groups A, B, and C, respectively
(p= 0.004 for group A vs group C, Fig. 2a). The cumula-
tive incidences for grade III–IV aGVHD at 100 days were
13.2%, 10.4%, and 4.0%, respectively, in group A, group B,
and group C. The incidence of cGVHD was not sig-
nificantly different among the three groups. The cumulative
incidences of cGVHD at 5 years were 40.4%, 40.4%, and
38.0%, respectively, in group A, group B, and group C.
However, the patients in group A had a higher rate of
moderate/severe cGVHD at 5 years than those in group C
did (31.9% vs 16.6%, p= 0.028) but comparable with the
rate of those in group B (31.9% vs 24.2%, p= 0.229)
(Fig. 2b).

Multivariate Cox regression analysis for aGVHD in the
total cohort of 205 patients (except for two patients who
died before day 30), including major known risk factors
(Table 2), confirmed that ATG had a positive impact on
the risk of grade II–IV aGVHD (p= 0.001, RR= 0.330).
In addition, multivariate Cox regression analysis for
cGVHD in the cohort of patients who survived more than
100 days confirmed that ATG was associated with the risk
of cGVHD (p= 0.170, RR= 0.654) and moderate/severe
cGVHD (p= 0.006, RR= 0.336).

1670 Y. Luo et al.

http://www.r-project.org


Relapse

The 5-year incidence of relapse was not different among the
three groups (24.5% in group A, 15.8% in group B, and

27.1% in group C, Fig. 2c). In the multivariate analysis of
relapse rate (Table 2), the use of ATG and locus of HLA
matching did not influence the risk of relapse among all
patients.

Table 1 General characteristics

Characteristics Total Group A:
HLA-matching
without ATG

Group B:
HLA-mismatching
with ATG

Group C:
HLA-matching with
ATG

P

Number of recipients N= 205 N= 53 N= 77 N= 75

ATG dose None 6.0 mg/KG 4.5 mg/KG

Recipient’s age (median,
range), years

28(7–54) 26(13–43) 30(10–54) 28(7–54) 0.149

Donor’s age (median,
range), years

31(20–50) 30(20–47) 31(20–49) 31(21–50) 0.514

Donor-recipient HLA
matching, N(%)

10/10 matched 127(62.0) 53(100) 0 75(100)

9/10 matched 63(30.7) 0 62(80.5) 0

8/10 matched 12(5.9) 0 12(15.6) 0

7/10 matched 3(1.5) 0 3(3.9) 0

Donor-recipient Sex
matching, N(%)

0.206

F-M 24(11.7) 8(15.1) 11(14.3) 5(6.7)

F-F 24(11.7) 9(17.0) 6(7.8) 9(12.0)

M-M 98(47.8) 19(35.8) 42(54.5) 37(49.3)

M-F 59(28.8) 17(32.1) 18(23.4) 24(32.0)

Donor-recipient ABO
matching, N(%)

0.346

Matched 77(37.6) 24(45.3) 22(28.6) 31(41.3)

Major mismatch 76(37.1) 17(32.1) 33(42.9) 26(34.7)

Minor mismatch 52(25.4) 12(22.6) 22(28.6) 18(24.0)

Disease type, N(%) 0.253

AML 84(41.0) 22(41.5) 34(44.2) 28(37.3)

ALL 89(43.4) 19(35.8) 37(48.1) 33(44.0)

AUL 4(2.0) 2(3.8) 0 2(2.7)

CML 6(2.9) 3(5.7) 0 3(4.0)

MDS 13(6.3) 3(5.7) 5(6.5) 5(6.7)

NHL 9(4.4) 4(7.5) 1(1.3) 4(5.3)

Disease stage, N(%) 0.252

Standard 71(34.6) 23(43.4) 26(33.8) 22(29.3)

High risk 134(65.4) 30(56.6) 51(66.2) 53(70.7)

Number of PBSCs, N(%) 194 42(79.2) 77(100) 75(100) <0.001

MNCs, 108/kg (range) 9.87(2.30–48.02) 9.86(3.60–22.12) 9.96(2.30–27.25) 9.64(2.50–48.02) 0.165

CD34, 106/kg (range) 6.22(0.34–29.64) 7.75(0.90–29.64) 6.44(0.86–26.60) 4.58(0.34–13.59) <0.001

Time from diagnosis to
HSCT (median, range),
months

14(2–108) 14(5–108) 14(4–84) 14(2–84) 0.174

Follow-up time (median,
range), months

48(1–129) 56(1–129) 51(1–125) 43(3–95) 0.343
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Long-term follow-up and survival

Patients in group C had the lowest incidence of TRM
compared with those in group A cohort (9.3% vs 35.9%,
p= 0.0008) and group B (9.3% vs 25.1%, p= 0.016),
whereas patients in group A and group B had comparable
incidences of TRM (35.9% vs 25.1%, p= 0.263, Fig. 2d).

For all patients, the five-year OS rate was 57.2%. The
five-year OS rates after transplantation were 41.5%, 60.0%,
and 68.3% for group A, group B, and group C, respectively.
Patients in group A had an inferior OS compared with those
in group C (p= 0.007) and group B (p= 0.049). However,
the 5-year OS rates were comparable between group B and

group C (p= 0.401) (Fig. 3a). In the multivariate analysis
for OS (Table 2), the use of ATG (p= 0.005, RR= 0.456)
had beneficial effects on OS.

The five-year DFS rates were 37.0%, 56.8%, and 63.6%
for group A, group B, and group C, respectively. Patients in
group A had an inferior DFS compared with those in group
C (p= 0.030). However, the 5-year DFS rates were com-
parable between group B and group A (p= 0.059) and
between group B and group C (p= 0.690) (Fig. 3b).

Furthermore, the 5-year GRFS rates after transplantation
were 28.3%, 47.0%, and 52.1% in group A, group B, and
group C, respectively. Patients in group A had an inferior
GRFS compared with those in group C (p= 0.002) and
group B (p= 0.021). However, the 5-year GRFS rates were
comparable between group B and group C (p= 0.445)
(Fig. 3c). In the multivariate analysis for GRFS (Table 2),
the use of ATG (p= 0.002, RR= 0.477) had beneficial
effects on GRFS.

IST-free survival

The IST-free survival rates at 2 years were 8.6%, 40.2%,
and 51.7% for groups A, B, and C, respectively (p= 0.0016
for group A vs group B, p= 0.00004 for group A vs group
C, p= 0.107 for group B vs group C, Fig. 4).

Table 2 Antithymocyte globulin (ATG) in multivariate analysis

HR 95%CI P

Grade II–IV aGVHD 0.330 0.169–0.647 0.001

Chronic GVHD 0.654 0.356–1.199 0.170

Moderate/severe cGVHD 0.336 0.154–0.732 0.006

Relapse 0.908 0.451–1.829 0.787

TRM 0.248 0.103–0.600 0.002

OS 0.456 0.263–0.790 0.005

GRFS 0.477 0.301–0.758 0.002
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Fig. 2 a Cumulative incidence of II-IV acute graft-versus-host disease (GVHD); b cumulative incidence of moderate/severe chronic GVHD;
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Infection

Most patients suffered a slight infection during the low-cell
stage after hematopoietic stem cell transplantation and
recovered quickly with the support of antibiotics or anti-
fungal drugs. Finally, a total of 20 patients died due to
infection (20/205, 9.8%), including 10 patients (10/53,
24.2%) in group A, 6 patients (6/77, 7.8%) in group B, and
4 patients (4/75, 5.3%) in group C (p= 0.030 for all three
groups). Therefore, adding ATG to the treatment regimen
did not induce a severe infection in patients.

Discussion

GVHD seriously affects the survival and long-term quality
of life of patients after unrelated transplantation. Our study
suggests that ATG in combination with CsA, MTX, and
MMF leads to a significantly lower cumulative incidence of
aGVHD and moderate/severe cGVHD than the lack of ATG

treatment does in HLA-matched cohorts. In addition, both
the HLA-matched and mismatched patients who received
ATG had a significantly higher probability of being alive
and free from IST than did patients who did not receive
ATG in our series. Furthermore, the HLA-matched patients
who received ATG had a significantly superior OS, DFS,
and GRFS as well as a lower TRM rate than the HLA-
matched patients who did not received ATG did in our
series.

To our knowledge, mismatched patients rarely obtain
equal survival results as matched patients do, and mis-
matched loci are a clear risk factor for a low survival rate [4,
5]. However, our study showed that the mismatched
patients who received ATG had a similar and even better
OS and GRFS than did the matched patients who did not
receive ATG. We speculated that the use of ATG could
overcome the adverse influence by the mismatched HLA
loci. In our study, compared to HLA-matched patients
without ATG, the mismatched patients who were treated
with ATG had similar aGVHD, cGVHD, relapse, and TRM
but better rates of GRFS and IST-free survival.

In some previous studies, a high dose of thymoglobulin
was used as part of the conditioning regimen. Bacigalupo
et al. [9] observed that the addition of 7.5–15 mg/kg thy-
moglobulin to cyclosporine/MTX provided protection
against extensive cGVHD (15%) and chronic lung dys-
function in unrelated bone marrow HSCTs but resulted in a
similar 6-year OS (ATG vs non-ATG, 44% vs 31%, p=
0.80). In another study, Pidala et al. [10] showed that using
7.5 mg/kg thymoglobulin followed by standard tacrolimus
plus methotrexate in unrelated mismatched HSCT resulted
in 2-year moderate/severe cGVHD, 2-year nonrelapse
mortality (NRM), and 2-year OS rates of 28%, 30%, and
45%, respectively. Another type of ATG, ATG-Fresenius
(ATG-F) at a dose of 60 mg/kg, was also associated with
lower aGVHD and cGVHD in several prospective rando-
mized trials but did not improve the rate of OS [8, 16]. In
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Soiffer’s study, patients using ATG-F achieved similar
cGVHD-free survival but an even worse OS [16]. More-
over, similar results were observed with administration of
60 mg/kg ATG-F in a GVHD prevention regimen of mye-
loablative unrelated HSCTs in one center of Germany [17],
with a nonsignificant 3-year OS in the ATG vs non-ATG
groups (55.2% vs 43.3%, p= 0.39). However, in this study,
the 3-year IST-free survival rates were 52.9% and 16.9% in
the ATG and non-ATG groups, respectively.

Taken together, these data suggest that high-dose ATG
was capable of reducing cGVHD and/or aGVHD but did
not improve survival rate, which may be attributed to
increased rates of relapse or infection, reflecting a directly
higher TRM. Therefore, a lower dose of ATG was pro-
spectively used in unrelated HSCTs in our center, which
significantly improved OS, GRFS and IST-free survival.

In recent studies, some centers have also chosen a lower
dose of ATG for a balance of antileukemia and anti-GVHD
effects. In a multicenter randomized study, Walker et al.
[15] supported the use of thymoglobulin at a dose of 4.5
mg/kg for unrelated donor hemopoietic cell transplantation
and showed a markedly increased IST-free survival at
12 months (37 vs 16%, ATG group versus non-ATG group,
p= 0.00060). However, in the above study, a hetero-
geneous sample of both myeloablative and non-
myeloablative patients were included, as well as HLA
matching and mismatching. In another study, Bryant et al.
[18] compared 2.5 mg/kg ATG-exposed, matched unrelated
HSCTs and ATG-unexposed, matched related HSCTs with
GVHD prophylaxis, including tacrolimus plus methotrexate
or mycophenolate mofetil. In addition, he obtained similar
outcomes of OS in two cohorts, but the ATG-exposed
cohort had higher GRFS with a 2-year GRFS of 23 vs 3%
(p= 0.003). Considering the usage of 2.5 mg/kg ATG (0.5
mg/kg on day −2, 2 mg/kg on day −1) in this study, we
speculated that a closer time of relatively high ATG prior to
transplantation may have a positive effect on GRFS.
Nevertheless, the addition of ATG did not improve OS in
this study, which may be due to the difference of graft
source between two cohorts. However, grading of acute and
chronic GVHD was not shown in Bryant’s study, influen-
cing the accurate assessment of long-term life quality of
patients in unrelated transplantation. Moderate and severe
GVHD are indeed the main factors influencing quality of
life. In general, until now, there have been few large-sam-
ple, clinical trials to confirm the optimum dose of thy-
moglobulin, especially those could estimate the life quality
of the patients.

Our study has limitations due to its single-center design
and the need for a larger sample size. In addition, most of
our patients were relatively young, which may also be one
potential reason why the patients achieved such good
results. However, despite these limitations, our data suggest

that 4.5 mg/kg and 6 mg/kg thymoglobulin may be optimal
at reducing GVHD and TRM in unrelated matched and
mismatched HSCTs. Our research indicates that the use of
thymoglobulin led to higher OS, DFS, GRFS, and IST-free
survival in patients after HSCTs. Furthermore, the use of
thymoglobulin in unrelated mismatched patients showed
that ATG can overcome reduced survival caused by mis-
matched HLA loci.
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