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Background: With the addition of anti-thymocyte globulin (ATG) to GVHD prophylaxis in patients undergoing transplanta-
tion of peripheral blood stem cells (PBSCT), the incidence of cGVHD decreases. However, the optimal dose and
timing of ATG remain undetermined.

Material/Methods: In this historical controlled trial, data from 85 patients who had hematological malignancies and underwent
matched sibling donor (MSD)-PBSCT were used to analyze the effectiveness of rabbit ATG (rATG) for prophylax-
is of GVHD. Forty patients received 5 mg/kg rATG used for days -5 to -2, and 45 patients did not receive ATG.

Results: All patients had successful engraftment except for 2 in the non-ATG group, who had platelet engraftment fail-
ure. The 2-year cumulative incidence of chronic GVHD (cGVHD) in the ATG group versus non-ATG group was
19.3% (95% Cl, 8.4-33.6%) versus 61.4% (95% Cl, 45.4-73.9%) (P<0.001), and in those with moderate to severe
cGVHD it was 11.0% (95% Cl, 3.4-23.6%) versus 31.8% (95% Cl, 18.8-45.6%) (P=0.029), respectively. The 2-year
cumulative incidence of non-relapse mortality and relapse (CIR) were 0% versus 15.5% (95% Cl, 6.8-27.5%)
(P=0.018), and 53.3% (95% Cl, 35.6-68.1%) versus 26.7% (95% Cl, 14.9-40.0%) (P=0.019), respectively. No dif-
ferences were found in other survival outcomes. In the multivariate analysis, ATG was an independent protec-
tive factor for moderate to severe cGVHD (HR=0.314, 95% Cl, 0.103-0.958, P=0.042), and was an independent
poor risk factor for CIR (HR=2.337, 95% Cl, 1.133-4.822, P=0.022).

Conclusions: ATG in our strategy was effective for prophylaxis of cGVHD, whereas the relapse rate was increased in patients
with rATG.
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Background

Hematopoietic stem cell transplantation (HSCT) is the only way
to cure patients who have malignant hematological diseases.
However, graft-versus-host disease (GVHD), as the main com-
plication after HSCT, impairs life quality and longevity [1-3].
Despite the use of calcineurin inhibitor combined with meth-
otrexate (MTX) as GVHD prophylaxis, 30-50% of patients de-
velop acute GVHD (aGVHD) [4], and 30-70% still have chronic
GVHD (cGVHD) [1]. Another effective way to reduce GVHD is the
depletion of T cells. Studies have shown that in vivo removal
of T cells by ATG can reduce GVHD and prolong the survival of
patients receiving HSCT from unrelated donors or haploiden-
tical donors (HID-HSCT) without increasing relapse rates [5,6].
With the addition of anti-thymocyte globulin (ATG) to GVHD
prophylaxis, the incidence of cGVHD also decreased [7-9].

Infusion of donor graft derived from peripheral blood stem cells
increases the incidence of cGVHD [10,11]. Adding ATG to GVHD
prophylaxis decreases GVHD in PBSCT patients [12-14]. A sim-
ilar result was found in a study at our center [15]. Patients un-
dergoing HID-transplantation from peripheral blood stem cells
(PBSCT) were given 10 mg/kg rabbit ATG (rATG), divided across
4 days (from -5 to -2). We found a decreased incidence of se-
vere cGVHD in these patients compared with patients undergo-
ing PBSCT from matched sibling donor (MSD) (5.8% vs 21.2%,
P=0.049) [15]. This result demonstrated the effectiveness of
rATG in alleviating severe cGVHD in patients receiving HID-
HSCT. Deeg et al showed that ATG at doses of 4.5 to 6.0 mg/kg
seemed efficient for GVHD prevention in patients undergoing
PBSCT [14]. However, the optimal dose and timing of ATG re-
main undetermined. In this historical controlled trial, to study
whether rATG could reduce cGVHD in MSD-PBSCT setting, we
cut down the total dose of rATG (obtained from hyperimmune
sera of rabbits immunized with human thymocytes) to 5 mg/
kg administered over days -5 to -2 in these patients. This trial
was registered at ClinicalTrials.gov. Identifier: NCT05214066.
The purpose of this study was to investigate the effectiveness
of rATG divided across 4 days in MSD-PBSCT patients.

Material and Methods

Patients

Patients with myelodysplastic syndrome (MDS)/acute myeloid
leukemia (AML)/acute lymphocytic leukemia (ALL) who received
MSD-PBSCT in the Hematology Department of the General
Hospital of the Chinese people’s Liberation Army (PLA) from
November 20, 2014, to December 31, 2020, met the conditions
of this study. Patients’ ages were 12 to 65 years. The exclusion
criteria were: (1) uncontrolled infections; (2) severe pulmonary,
cardiac, hepatic or renal diseases; and (3) AML patients with t
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(15;17). Patients receiving a total of 5 mg/kg ATG on days -5 to
-2 for GVHD prophylaxis were enrolled between January 2019
and December 2020. This trial was registered at ClinicalTrials.
gov (Identifier: NCT05214066). The expected sample size was
40. Patients in the historical controlled group were enrolled
between November 2014 and December 2018. There were no
apparent between-group changes in donor selection, condi-
tioning regimen, and other treatment options. This study was
conducted in accordance with the Declaration of Helsinki and
approved by the Ethics Committee of the Chinese PLA General
Hospital. All patients signed written informed consent.

All patients received cyclosporine, mycophenolate, and short-
term methotrexate for GVHD prophylaxis. Forty patients were
treated with the addition of rATG and were assigned to the ATG
group. Forty-five patients without rATG were assigned to the
non-ATG group. About 92.5% (37/40) of patients in the ATG
group and 93.3% (42/45) of patients in the non-ATG group re-
ceived a busulfan (Bu)/cyclophosphamide (Cy) conditioning reg-
imen. Other patients received total body irradiation (TBI)/Cy,
fludarabine (Flu) combined with cytarabine, granulocyte col-
ony-stimulating factor (G-CSF), and Bu (FLAG/Bu), or Bu/Flu
conditioning regimens (Table 1).

HLA Matching

HLA loci, including HLA-A, HLA-B, HLA-C, HLA-DRB1, and HLA-
DQB1, were detected in all patients. All patients and donors
matched at these loci.

GVHD Prophylaxis and Therapy

Forty patients received 1 mg/kg rATG on days -5 to -3, and 2 mg/
kg on day -2 prior to transplantation. All patients received cyclo-
sporine A (CsA), methotrexate (MTX), and mycophenolate mofetil
(MMF) as GVHD prophylaxis. CsA was injected intravenously from
day -10 until oral refeeding at a dose of 3 mg/kg, and the target
concentration was 150 to 200 ng/mL. After 6 months, it was ta-
pered by 25% every 2 weeks except for patients with relapse. In
patients who relapsed within 60 days, CsA was rapidly tapered
within 2 weeks. In those who relapsed after 60 days, CsA was im-
mediately discontinued. If patients were intolerant to CsA, they
used tacrolimus instead. The usage of MTX was 15 mg/m? on day
+1 and 10 mg/m? on days +3, +6, and +11. MMF was adminis-
tered orally from day -10 to engraftment, at a dose of 250 mg,
twice daily [16]. Patients with aGVHD received methylpredniso-
lone (MP). The MP was used at a 2 mg/kg/day dose divided into 2
doses for 7 consecutive days. Then, it was tapered over 8 weeks.

Endpoints and Definitions

The primary endpoint was the incidence of cGVHD. Secondary
endpoints were cumulative incidence of aGVHD, NRM, relapse
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Table 1. Clinical characteristics of 85 patients.

Characteristics ATG group Non-ATG group p value
No. of patients 40 45
 Patient's age,y, median (range) 9 (1860 7 (1269 0567
CGendenNo. %)) 0a1
"""" male a0  23@EL)
"""" Female  16@0 2@y
© Time interval between diagnosis and HSCT, d, median (range) 0160
"""" 6m  wgw@ms 6 6E®
"""" sm . 3ery 1@y
CDiagnosis,No. (%) o013
"""" AmUMDS  3ers 3w ey
"""" AL ugw@wmsy s a®
 Disease status at transplantation, No. %) 0136
,,,,,,,, C R
"""""" MRO- a0  1@6e
"""""" MRO+  u@s  wvews
"""" Untreated MDSAML  3@s  saw
"""" Refractory/Relapsed 260  4@9)
Cytogeneticrisk,No. (%) 0116
"""" Favorable 3@ e @w3y
"""" Intermediate 21628 30 @667
"""" Pt 1@  9@o
CDiseaseRiskIndex, No. (%) 0124
"""" low/intermediate 2400  34@se
"""" Highiveryhigh 16 @0 1@
©Conditioning regimen, No. (%) 0066
"""" By  w@s)  @E3
"""" w0 3@y o9
"""" e o000 1@y
"""" FAGBU o009 2@y
 Donorsage,y median (range) 385 (120590) 360 (110580) 0546
 Donorrecipient ABO match, No. (%) o145
"""" Mach 250 31689
"""" Major mismath  s@s  say
"""" Minormismatch  12@0  e@33
"""" Bidirectional mismatch ~~~ 1@s 0@
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Table 1 continued. Clinical characteristics of 85 patients.

Donor-recipient gender match, No. (%)

CD34+ cells, x105/kg
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0.458
""""""" 8 @09 1206
""""""" o (@25  14GL)
""""""" 7 a7 sary
"""""" 16 400) o Qay
"""" 1165 (617-2560) 899 (475-1823) <0001
""""" 465 (225917) 321 (196926 0001

ATG — anti-thymocyte globulin; HSCT — hematopoietic stem cell transplantation; MDS — myelodysplastic syndrome;
AML — acute myeloid leukemia; ALL — acute lymphoblastic leukemia; CR — complete remission; MRD — minimal residual disease;

MNCs — mononuclear cells; no. — number of patients.

(CIR), GVHD-free and relapse-free survival (GRFS), OS, and dis-
ease-free survival (DFS). In this study, neutrophils were suc-
cessfully engrafted in all patients and they were eligible for
analysis of aGVHD. Data from patients who were still alive at
100 days were eligible for analysis of cGVHD. In this study, all
patients, except 1 who died within 100 days in the non-ATG
group, were eligible for analysis of cGVHD.

The definition of neutrophil and platelet engraftment after
transplantation was as described in the previous study [16].
Disease risk index was assessed as previously described [17].
Acute GVHD and cGVHD were diagnosed and graded based on
the established criteria [18-21]. OS was defined as the time
from transplantation to death or last follow-up. DFS was de-
fined as the time from transplantation to relapse, death, or last
follow-up. Relapse was defined as reappearance of peripher-
al blood blasts or >5% blasts detected in bone marrow or ex-
tramedullary infiltration. Non-relapse mortality (NRM) was de-
fined as death without disease relapse or progression. GRFS
was defined as the absence of grade 3 to 4 aGVHD, moderate
to severe cGVHD, relapse, or death.

Statistical Analysis

SPSS 24.0 and R 4.0.3 software was used to do statistical anal-
ysis. Continuous variables were exhibited as median (range).
The Mann-Whitney U test was used to compare these vari-
ables. The chi-square test was used to compare categori-
cal variables. For the expected count of an event <5 or a to-
tal number of patients <40, Fisher’s exact test was used. The
competing risk model was used to calculate the cumulative in-
cidence of GVHD, relapse, and NRM between 2 groups. Gray’s
test was used to compare the P values. Relapse and death
were considered competing events for GVHD. When analyzing

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€937356-4

the cumulative incidence of relapse and NRM by the compet-
ing risk model, relapse and NRM were competing events for
each other. Kaplan-Meier (K-M) analysis was used to calcu-
late OS and DFS. The log-rank test was used to compare dif-
ferences between groups. The Cox proportional hazard mod-
el was used to perform univariate and multivariate analyses
of the cumulative incidence of grades 2-4 aGVHD, cGVHD, re-
lapse, OS, LFS, and GRFS. Parameters with a P value <0.2 were
used in multivariate analysis. A stepwise backward procedure
selection model was used for extracting independent factors
in multivariate analysis. A two-sided P<0.05 was considered
statistically significant.

Results

Clinical Characteristics of Patients

We included 85 patients in this study. Forty patients receiving
ATG treatment were assigned to the ATG group, and 45 were
in the non-ATG group. The proportion of patients with ALL in
ATG group was higher than that in non-ATG group (42.5% vs
17.8%, P=0.013, Table 1). Salvage HSCT was performed in 2
patients in the ATG group and 4 patients in the non-ATG group
who were refractory or relapsed (Table 1). The counts of mono-
nuclear cells (MNCs) and CD34-positive cells in the ATG group
were higher than those in the non-ATG group (MNCs, P<0.001,
CD34* cells, P=0.001). The distribution of other baseline char-
acteristics was similar in both groups (Table 1).

Engraftment

All patients had successful neutrophil and platelet engraft-
ment, except for 2 in the non-ATG group who had platelet
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Table 2. Engraftment, infection, acute and chronic GVHD, and other complications after MSD-PBSCT.

Early death, No. (%)

Severe

0 0
 nEl 10 03) 0060
@29 13079 0084
"""""""" 8 200 8 (78 0794
ey 2 48 €001
,,,,,,,,,,,,,,,, B
''''''''''''''''''''''''''''''''''''''''''''''''''''' 0784
""""""" 2 (50 28622
"""""""" 308 469
1 Es u@sy
"""""""" 1@y 264
"""""""" 1@ey) o0
@7y 13@y
"""""""" 260 0 264
""""""""""""""""""""""""""""""""""""""""""""""""""" 0001
””””””” 3 625 0 17 688
"""""""" s (25 17 688)
"""""""" 2609 1008
''''''''''''''''''''''''''''''''''''''''''''''''''''' 0001
""""""" 3 6825 0 17 (88
"""""""" 305 1@
"""""""" 3@ 900y
"""""""" 1@y sae

ATG - anti-thymocyte globulin; PTLD — post-transplantation lympho-proliferative disorder; aGVHD — acute graft-versus-host disease;
c¢GVHD - chronic graft-versus-host disease; no. — number of patients. * 1 patient died within 100 days.

engraftment failure. One of these 2 patients died at day +96
because of aGVHD, and the other failed to have platelet en-
graftment and died of relapse at day +125. The median time
of neutrophil engraftment in the ATG group versus non-ATG
group was 12 (range, 8-18) days versus 10 (range, 9-32) days
(P=0.060, Table 2). The median time of platelet engraftment in
the ATG and non-ATG groups were 12 (range, 7-29) days and
13 (range, 9-75) days, respectively (P=0.084, Table 2).

Maintenance Therapy After Transplantation

Four patients in the ATG group and 8 in the non-ATG group
received prophylactic donor lymphocyte infusion (DLI). None
of them developed cGVHD in the ATG group, while 3 out of 4
patients had a relapse. In the non-ATG group, 4 out of 8 pa-
tients developed cGVHD, 1 of whom died due to a relapse. The
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other 4 patients without cGVHD died due to relapse. Three
FLT3-ITD* patients in the ATG group and 5 in the non-ATG
group received sorafenib after transplantation. None of them
developed cGVHD in the ATG group, but 1 of them eventually
relapsed. In the non-ATG group, 3 of them developed cGVHD
and 1 of them died of relapse. The remaining 2 patients died
of relapse. For Ph+ ALL, 6 patients in the ATG group and 3 in
the non-ATG group received tyrosine kinase inhibitor (TKI) af-
ter transplantation. None of them developed cGVHD in the ATG
group, but 3 of them had a relapse. One out of 3 patients in the
non-ATG group developed cGVHD, and none of them relapsed.

Acute and Chronic GVHD

There were no significant differences observed in the cumula-
tive incidence of grades 2-4 aGVHD (P=0.231, Figure 1A) and
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Figure 1. (A-D) Comparison of cumulative incidence of aGVHD and cGVHD between ATG group and non-ATG group (R version 4.0.3).
aGVHD - acute graft-versus-host disease; cGVHD — chronic graft-versus-host disease.

grades 3-4 aGVHD (P=0.885, Figure 1B) between the ATG group
and non-ATG group. The median time to onset was 26.5 days
(range, 13.0-78.0 days) in the ATG group and 47 days (range,
16-98 days) in the non-ATG group. The 100-day cumulative in-
cidence of grades 2-4 aGVHD in the ATG group versus non-ATG
group was 37.5% (95% Cl, 22.9-52.1%) and 28.9% (95% Cl,
16.6-42.4%), respectively. The 100-day cumulative incidence
of grades 3-4 aGVHD and grades 3-4 aGVHD was 5% (95% Cl,
0.9%-14.8%) and 4% (95% Cl, 0.8-13.3%), respectively. One pa-
tient died of severe aGVHD on day +96 in the non-ATG group.
In the univariate and multivariate analysis, there were no risk
factors associated with grades 2-4 aGVHD (Tables 3, 4).

In the ATG group, 17.5% (7/40) of patients had cGVHD, 4 of
whom had preceding aGVHD. The median time to develop
cGVHD was 297 days (range, 162-559 days). One patient with
cGVHD died of relapse. In the non-ATG group, 60% (27/45) of
patients had cGVHD. Among them, 11 patients had preced-
ing aGVHD. The median time to develop cGVHD was 316 days
(range, 116-900 days). Six out of 27 patients with cGVHD died
because of pneumonia, and another 4 died of relapse. The two-
year cumulative incidence of cGVHD in the ATG group was low-
er than that in the non-ATG group (19.3% [95% Cl, 8.4-33.6%]
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versus 61.4% [95% Cl, 45.4-73.9%], P<0.001, Figure 1C). The
two-year cumulative incidence of moderate to severe cGVHD
was also lower in the ATG group than that in the non-ATG group
(11.0% [95% Cl, 3.4-23.6%)] versus 31.8% [95% Cl, 18.8-45.6%),
P=0.029, Figure 1D). In the univariate analysis, absence of ATG
was a poor risk factor for overall cGVHD and moderate to se-
vere cGVHD (Tables 3, 5, Figure 1C, 1D). In the multivariate
analysis, ATG was an independent protective factor for occur-
rence of overall cGVHD and moderate to severe cGVHD (ATG
vs non-ATG, overall cGVHD, HR=0.251, 95% Cl, 0.108-0.582,
P=0.001; moderate to severe cGVHD, HR=0.314, 95% Cl, 0.103-
0.958, P=0.042. Tables 3-5).

Virus Infection, Relapse and NRM

In the ATG group, 8 patients experienced cytomegalovirus
(CMV) reactivation. Fifteen patients experienced Epstein-Barr
virus (EBV) reactivation. In the non-ATG group, 8 and 2 patients
experienced CMV and EBV reactivation, respectively (Table 2).
The percentage of patients with EBV reactivation was 37.5%
in the ATG group and 4.4% in the non-ATG group (P<0.001,
Table 2). No patients had post-transplantation lymphoprolif-
erative disorder (PTLD) in either group.
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Table 3. Univariate analysis of risk factors for grades 2-4 aGVHD and cGVHD in all patients.

Grades 2-4 aGVHD

Chronic GVHD

ATG vs non-ATG 1.573 0.748-3.307 0.232 0.222 0.093-0.530 0.001
 Recipientage (>medianvs < median) 0962 0457-2021 0918 0930 04272027 0856
© Donorage (> median vs < median) 1140 0542239 0730 1040 05312039 0908
 Donorrecipientgender match
""""" Femaletomalevs others 1091 04932412 0830 0719 03351542 0397
| DonorrecipientABO match
"""" Mismatchvsmatch 1858 08853902 0401 1153 05762308 0688
 Diagnosis (ALLvs others) 1243 05622748 0591 039 01531023 0056
 Time interval between diagnosisand HSCT
"""" >emvs<6m 1806  0845-3859 0127 0679 0341339 0264
CGptogeneticrisk
"""" Highvs favorable/intermediate 1854  0868-3964 0111 0325 01260843 0021
CDiseasestatusatHSCT
"""" Untreated/refractory/relapsed vs (R~ 0595 0206-1715 0336 1531 06923386 0293
CDiseaseriskindex
"""" Highivery high vs low/intermediate 1556 0728-3322 0254 0313 01210810 0017
© MNC (> medianvs < median) 1315 06222781 0473 0535  0268-1068 0076
| (D34 (> medianvs <median) 2026 09354391 0073 0474 02340958 0038
| aGVHD (Grades 2-4vsgradeso-) 088 04031704 0608

ATG - anti-thymocyte globulin; aGVHD — acute graft-versus-host disease; GVHD — graft-versus-host disease; HSCT — hematopoietic
stem cell transplantation; ALL — acute lymphoblastic leukemia; CR — complete remission; MNCs — mononuclear cells.

Twenty patients relapsed after transplantation in the ATG group.
By the end of the follow-up, 11 patients had died of relapse.
The two-year CIR was 53.3% (95% Cl, 35.6-68.1%). In the non-
ATG group, 12 patients relapsed and died. The two-year CIR
was 26.7% (95% Cl, 14.9-40.0%). In the univariate analysis,
use of ATG was an inferior factor associated with CIR (Table 5,
Figure 2A). In the multivariate analysis, ATG treatment was an
independent poor risk factor for CIR (HR=2.337,95% Cl, 1.133-
4.822, P=0.022, Table 4).

In the ATG group, no patients died because of NRM. In the non-
ATG group, 7 patients died because of NRM: 1 of them died
due to aGVHD and the other 6 died because of pneumonia
and eventual respiratory failure. The two-year NRM was 15.5%
(95% Cl, 6.8%-27.5%). The rate of NRM was lower in the ATG
group than that in the non-ATG group (P=0.018, Figure 2B).

This work is licensed under Creative Common Attribution-
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Survival

In the ATG group, 50% (20/40) of patients survived with CR
status. About 22.5% (9/40) of patients relapsed and were still
alive at the end of follow-up. The median follow-up was 811
days (range, 458-1137 days). In the non-ATG group, 57.8%
(26/45) of patients survived with CR status. The median fol-
low-up was 1906.5 days (range, 1290.0-2686.0 days). The
two-year OS was 71.9% (95% Cl, 54.9-83.4%) in the ATG
group and 62.2% (95% Cl, 46.5-74.6%) in the non-ATG group
(P=0.315, Figure 2C). The two-year DFS was 46.7% (95% Cl,
29.7-62.1%) versus 62.2% (95% Cl, 46.5%-74.6%) in the ATG
group versus non-ATG group (P=0.284, Figure 2D). The two-year
GRFS was 76.5% (95% Cl, 67.1-83.6%) versus 66.9% (95% Cl,
55.7-76.0%) in the ATG group versus non-ATG group (P=0.306,
Figure 2E, Supplementary Table 1). In the univariate and mul-
tivariate analysis, no risk factors were found to be associat-
ed with OS and DFS (Supplementary Table 2, Table 4). In the

Indexed in:  [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]



FangS. et al:
Reduced risk of cGVHD by rATG for matched sibling donor transplantation
© Ann Transplant, 2022; 27: 937356

Table 4. Multivariate analysis of risk factors for transplant outcomes in all patients.

Variables HR 95% Cl p
Grades 2-4 aGVHD

ATG vs non-ATG 0.269 0.073-0.995 0.049
COR
”””” Diagnosis (ALLvs others)  15% 07283241 0260
”””” AGvsnon-ATG 237 1133482 002

26 mvs <6 m 0.593 0.311-1.133 0.114

ATG - anti-thymocyte globulin; aGVHD — acute graft-versus-host disease; cGVHD — chronic graft-versus-host disease;
HSCT — hematopoietic stem cell transplantation; ALL — acute lymphoblastic leukemia; CR — complete remission; MNCs — mononuclear
cells.
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Table 5. Univariate analysis of risk factors for moderate to severe cGVHD and CIR in all patients.

Moderate to severe cGVHD

ATG vs non-ATG 0.301 0.099-0.918 0.035 2.158 1.051-4.430 0.036
 Recipientage (> medianvs < median) 0407  0152-1084 0072 1405 06872875 0352
 Donorage (>medianvs <median) 0591  0229-1526 0278 1633  0.798-3343 0180
 Donorrecipientgender match
""""" Femaletomalevs others 1438 05563720 0454 1125 05422334 0752
| DonorrecipientABO match
"""" Mismatchvsmatch 0907 03402420 0846 1405 06992827 0340
 Diagnosis (ALLvsothers) 0765 02502343 0639 1701 08303489 0147
 Time interval between diagnosisand HSCT
”””” >emvs<6m 0737 02911872 0521 0577  028-1181 0132
CGptogeneticrisk
"""" Highvs favorable/intermediate 0434 0125-1499 0187 1147 05432424 0719
CDiseasestatusatHSCT
"""" Untreated/refractory/relapsed vs (R~ 1300 0428-3953 0644  L170 05062706 0714
CDiseaseriskindex
"""" Highivery high vs low/intermediate 0418 0121-1443 0168 1610 07943264 0187
© MNC(medianvs < media) 0789 0311-2001 0618 1159 05792322 0677
| (D34 (> medianvs <median) 0829 03262107 0694 1548 07633141 0226
| aGVHD (Grades 2-4vs grades0-) 0700  0249-1968 0499 2158 10514430 0036

ATG - anti-thymocyte globulin; aGVHD — acute graft-versus-host disease; cGVHD — chronic graft-versus-host disease; CIR — cumulative
incidence of relapse; HSCT — hematopoietic stem cell transplantation; ALL — acute lymphoblastic leukemia; CR — complete remission;

MNCs — mononuclear cells.

multivariate analysis, high count of CD34* cells were related
to GRFS (HR=1.785, 95% Cl, 1.067-2.984, P=0.027, Table 4).

Discussion

GVHD is the leading cause affecting long-term survival after
HSCT [22,23]. The current regimens for GVHD prophylaxis are
CsA and MTX. However, the incidence of grades 2-4 aGVHD re-
mains 19-40% in patients with MSD-HSCT, and that of cGVHD
is 40-60% [16,24,25]. A mainstream approach to the remov-
al of T cells in vivo and to reducing GVHD is post-transplant
cyclophosphamide (PTCy) [26,27]. Another effective strate-
gy for T cell depletion in vivo is ATG [28]. ATG effectively tar-
gets alloreactive T cells from the graft, leading to T cell de-
pletion and decreased incidence of GVHD [29]. PTCy appears
to be more effective in GVHD prophylaxis compared with ATG

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

[26,27]. However, there is no difference in OS between the 2
regimens [26,27]. These may be due to the relatively higher
incidences of graft failure and relapse [30,31]. Due to the ab-
sence of prospective randomized trials directly comparing the
efficacy of these 2 approaches, it remains unclear which regi-
men is better. In our study, we used a strategy for GVHD pro-
phylaxis with 5 mg/kg rATG divided over 4 days in 40 patients.
We found that the 2-year cumulative incidence of cGVHD in
ATG group was 23.2%, lower than that of the non-ATG group.

A previous study used 10 mg/kg ATG (ATG-Fresenius) as
GVHD prophylaxis before HLA-identical sibling transplanta-
tion in acute leukemia patients [32]. The 2-year incidence of
cGVHD was lower in the ATG group compared with non-ATG
group. No differences were found in the rates of aGVHD, re-
lapse, 2-year relapse-free survival, and OS between groups
[32]. Another study revealed that 4.5 mg/kg ATG in MSD-HSCT
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Figure 2. (A-E) Comparison of cumulative incidence of relapse, non-relapse mortality, OS, DFS, and GRFS (R version 4.0.3). OS — overall
survival; DFS — disease-free survival; GRFS — GVHD-free relapse-free survival; GVHD — graft-versus-host disease.

patients could reduce the risk of overall cGVHD, extensive
cGVHD, and grades 2-4 aGVHD but not increase relapse and
not improve NRM, OS, or LFS [33]. Other studies investigat-
ed 5 mg/kg rATG divided over 3 days [25] or 2 days [16] for
GVHD prophylaxis in patients receiving MSD-HSCT, and found
a lower incidence of overall cGVHD and extensive cGVHD and
improved OS in the ATG group. Our results showing the ben-
efits of rATG in reducing the risk of cGVHD were similar to
previous studies. Our study showed that rATG reduced the
risk of total cGVHD and moderate to severe cGVHD, but not
grades 2-4 aGVHD.
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However, our study showed higher rates of relapse and EBV in-
fection in the ATG group than those in the non-ATG group. The
use of rATG before HSCT leads to depletion of T cells [28], immu-
nosuppression, infection, and relapse [34]. Previous studies found
that the relapse rate increased in patients with high-dose ATG [35]
but not in patients receiving low-dose ATG [32,33]. Nevertheless,
a recent prospective, single-center, randomized study showed
that the relapse rate was increased in patients with a 2.5 mg/
kg ATG to prevent GVHD [36], especially in cytogenetic high-risk
patients. In our study, we found that the percentage of cytoge-
netic high-risk patients was higher in the ATG group than in the
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non-ATG group, which might lead to a higher relapse rate in the
ATG group. Another reason might be the lower prophylactic DLI
in the ATG group. Although we found that in the ATG group the
risk of EBV infection was increased, no patients developed PTLD.
These might be due to adequate and timely antiviral therapy.

In the ATG group, we also found a lower rate of NRM. These
might be due to the lower incidence of cGVHD in the ATG group.
We discovered that cGVHD occurred in 6 out of 7 patients who
died of NRM in the non-ATG group. These patients eventually
died of pneumonia infection and respiratory failure after long-
term immunosuppressive regimen treatment. These might be the
reason for the higher NRM in patients without ATG treatment.

This study also has some limitations. First, it was a singer-cen-
ter study and patient selection may have been biased. Second,
it was a non-randomized, non-concurrent control study, the dis-
tribution of baseline characteristics of patients between the 2
groups may have been uneven, and many confounding factors
may have affected the results. In addition, the sample size is

Supplementary Tables
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not very large, so the data acquired in our study may be insuf-
ficient to prove the reliability of the conclusions. Multicenter,
large-sample, prospective, randomized, controlled studies are
still needed to verify these results.

Conclusions

In summary, our study shows that 5 mg/kg rATG divided over
4 days can reduce the risk of cGVHD, whereas the relapse rate
was higher in patients with rATG. The strategy of rATG in our
study need to be cautiously used in clinical practice. More stud-
ies are needed to investigate the optimal dose and timing of
rATG in transplant patients.

Declaration of Figures’ Authenticity
All figures submitted have been created by the authors, who

confirm that the images are original with no duplication and
have not been previously published in whole or in part.

Supplementary Table 1. Univariate analysis of risk factors for GRFS in all patients.

ATG vs non-ATG

CD34 (= median vs < median)

1.299 0.785-2.149 0.309
1.054 0.636-1.747 0.839
1.155 0.698-1.912 0.576
1.190 0.702-2.020 0.518
1.336 0.798-2.236 0.271
1.333 0.779-2.281 0.294
0.945 0.571-1.563 0.826
1.615 0.950-2.745 0.076
0.803 0.427-1.512 0.498
1.730 1.027-2.913 0.039
1.407 0.848-2.333 0.186
1.846 1.107-3.079 0.019

ATG - anti-thymocyte globulin; HSCT — hematopoietic stem cell transplantation; ALL — acute lymphoblastic leukemia; CR — complete
remission; MNCs — mononuclear cells; GRFS — GVHD-free and relapse-free survival; GVHD — graft-versus-host disease.
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Supplementary Table 2. Univariate analysis of risk factors for OS and DFS in all patients.

ATG vs non-ATG 0.683 0.323-1.444 0.318 1.411 0.749-2.657 0.287
" Recipient age (> median vs < median) 1324 06382751 0451 1214 06412297 0552

Donor age (> median vs < median) 0992 0.485-2.031 0.983 1.147 0.611-2.155 0.669
© Donor-recipient gender match
”””” Female to male vs others 0909 04161985 0810 0965  0489-1905 0918
© Donor-recipient ABO match
”””” Mismatch vs match 1196 05752488 0631 1415 07512667 0283
DlagnOSIS(ALLVSOtherS) 0979 0.434-2.205 0.959 1.463 0.749-2.856 0.265
©Time interval between diagnosis and HSCT
”””” >6mvs<6m 0559 0266-1.176 0125 0593  0311-1.133 0114
ytogeneticrisk
”””” High vs favorable/intermediate 0593 02431452 0253 1135 05752242 0715
| Diseasestatusat HSCT
”””” Untreated/refractory/relapsed vs CR 1351 05793151 0486 1262 05992661 0540
CDiseaseriskindex
”””” High/very high vs low/intermediate 0821 0366-1.846 0634 1341 06962583 0381
* MINC (> median vs <median) 0875 0427-1794 0716 0881  0469-1653 0693
(D34 (> median vs cmedian) 1018 04962092 0960 1402 07422648 0298

ATG - anti-thymocyte globulin; HSCT — hematopoietic stem cell transplantation; ALL — acute lymphoblastic leukemia; CR — complete
remission; MNCs — mononuclear cells; OS — overall survival; DFS — disease-free survival.
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