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acute myeloid leukemia patients following sibling  
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Abstract: A considerable number of studies have demonstrated that cytomegalovirus (CMV) reactivation after al-
logeneic hematopoietic stem cell transplantation (Allo-HSCT) could enforce graft-versus leukemia (GVL) effect in 
acute myeloid leukemia (AML) patients. However, the use of antithymocyte globulin (ATG) as part of graft-versus-host 
disease (GVHD) prophylaxis may dampen this beneficial effect of CMV replication. In this context, we retrospectively 
analyzed the effect of CMV reactivation on relapse, survival and prognosis in a total of 227 AML patients who re-
ceived a myeloablative (MA) conditioning regimen at a single research center between January 2010 and April 2013. 
Of these 227 patients, 110 cases received non-ATG-containing regimens and 117 cases received ATG-containing 
regimens. CMV reactivation occurred in 45 patients (41%) among non-ATG regimen group and 73 patients (62%) 
among ATG regimen group (P = 0.001). At a median time to follow-up of 27.5 months, a lower risk of cumulative re-
lapse incidence associated with CMV reactivation was observed in non-ATG group in multivariate analyses (OR 0.28, 
95% CI 0.10-0.79; P = 0.016). However, CMV reactivation after transplantation did not significantly decrease the 
cumulative incidence of relapse in our ATG group (OR 0.28, 95% CI 0.10-0.79; P = 0.016). Collectively, our results 
demonstrate that in AML patients following sibling HSCT, the CMV-induced beneficial effect on relapse occurs only 
in the MA regimens containing no ATG, although ATG promotes CMV reactivation.

Keywords: Acute myeloid leukemia, hematopoietic stem cell transplantation, CMV reactivation, relapse, antithy-
mocyte globulin, myeloablative regimen, antileukemic effect

Introduction

Recently, several studies demonstrated that  
a potential reduction in relapse risk of acute 
myeloid leukemia (AML) patients could benefit 
from cytomegalovirus (CMV) reactivation after 
allogeneic hematopoietic stem cell transplan-
tation (allo-HSCT) [1-5]. This beneficial effect of 
CMV replication could be affected by the inten-
sity of the conditioning regimen [6], and the use 
of antithymocyte globulin (ATG) [7] or alemtu-
zumab [8] as the prophylaxis of graft-versus-
host disease (GVHD). The graft-versus leuke-
mia (GVL) effect induced by CMV reactivation 
may due to a subsequent natural killer (NK) cell 
or T-cell immune response to CMV reactivation 
after transplantation [2, 9-11]. Based on these 

results, patients with AML who underwent mye-
loablative (MA) conditioning regimens might sig-
nificantly benefit from this GVL effect induced 
by CMV reactivation [6]. At present, very few 
studies have reported that the subsequent 
influence of ATG on this CMV-induced antileuke-
mic effect. Here we retrospectively analyzed 
the impact of ATG-containing MA regimens on 
the CMV-induced GVL effect in over 200 AML 
patients after allo-HSCT.

Material and methods

Study population

A retrospective study was conducted in the 
First Affiliated Hospital of Soochow University in 
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China, including a serial group of 227 patients 
with AML undergoing HSCT between January 
2010 and April, 2013. The eligibility criteria for 
all patients with AML was selected as follows: 
(1) all transplant recipients were diagnosed as 
de novo AML before HSCT, except for acute pro-
myelocytic leukemia (APL); (2) transplant recipi-
ents with a CMV seropositive status pre-trans-

Diagnostic method and standard of CMV reac-
tivation

Quantitative real-time PCR test was chosen as 
the method for detection of CMV reactivation, 
and the Diagnostic Kit for Quantification of 
Human CMV DNA (DaAn Gene co. Ltd of Sun 
Yat-sen University in Guangzhou, China) was 

Table 1 . Transplant recipients’ characteristics classified by CMV 
reactivation

Variable ALL pa-
tients

CMV reactivation P 
valueNo Yes

No. of patients 227 109 118
Male patients 118 (52%) 54 (46%) 64 (54%) 0.479
Median age, years (range) 35 (2-63) 37 (2-59) 32.5 (3-63) 0.034
Risk stratification 0.803
    Favorable 28 (12%) 14 (50%) 14 (50%)
    Intermediate 128 (56%) 59 (46%) 69 (54%)
    Adverse 71 (31%) 36 (51%) 35 (49%)
Disease phase at HSCT 0.931
    CR1 166 (73%) 80 (48%) 86 (52%)
    ≥ CR2 or active 61 (27%) 29 (48%) 32 (52%)
WBC 0.923
    < 100000/MCL 188 (83%) 90 (48%) 98 (52%)
    ≥ 100000/MCL 39 (17%) 19 (49%) 20 (51%)
Donor status 0.004
    Sib 110 (49%) 65 (59%) 45 (41%)
    URD 57 (25%) 23 (40%) 34 (60%)
    Haplo 60 (26%) 21 (35%) 39 (65%)
Stem cell source 0.255
    BM 50 (22%) 20 (40%) 30 (60%)
    PBSC 125 (55%) 66 (53%) 59 (47%)
    PBSC+BM 52 (23%) 23 (44%) 29 (56%)
Conditioning regimen 0.723
    BU/CY 211 (93%) 102 (48%) 109 (52%)
    TBI/CY 16 (7%) 7 (44%) 9 (56%)
ATG regimen 0.001
    Yes 117 (52%) 44 (38%) 73 (62%)
    No 110 (48%) 65 (59%) 45 (41%)
Acute GVHD 0.039
    Grade: 0-1 134 (59%) 72 (54%) 62 (46%)
    Grade: 2-4 93 (41%) 37 (40%) 56 (60%)
Chronic GVHD 0.673
    Present 122 (54%) 57 (47%) 65 (53%)
    Absent 105 (46%) 52 (50%) 53 (50%)
CMV: cytomegalovirus; HSCT: hematopoietic stem cell transplantation; CR: com-
plete remission; WBC: whole blood count; Sib: HLA-identical sibling; Haplo: re-
lated haploidentical; URD: unrelated donor; BM: bone marrow; PBSC: peripheral 
blood stem cell; BU: busulfan; CY: cyclophosphamide; TBI: total body irradiation; 
ATG: antithymocyte globulin; GVHD: graft-versus-host disease.

plantation were conformed to 
the inclusion criteria; (3) periph-
eral blood stem cells (PBSC), 
bone marrow (BM) or mix graft 
(MG) (PBSC plus BM) was ob- 
tained as hematopoietic stem 
cells; (4) patients with regular 
monitoring of CMV reactivation 
after transplantation; (5) except 
for transplant recipients after 
secondary transplantation; and 
(6) patients used prophylactic 
donor lymphocyte infusion after 
HSCT before disease relapse 
were also excluded from this 
study.

One hundred and ten patients 
received transplantation from 
HLA-identical sibling HSCT (Sib-
HSCT), while 60 cases under-
went related HLA-haploidenti- 
cal HSCT (Haplo-HSCT) and 57 
cases underwent unrelated 
HSCT (URD-HSCT). All patients 
received a myeloablative (MA) 
conditioning regimen consist-
ing of busulfan (BU) plus cyclo-
phosphamide (CY), whereas 
total body irradiation (TBI) plus 
CY was chosen as a substitute 
in cases with extramedullary 
leukemic infiltration pre-trans-
plantation. Prophylaxis of GVHD 
consisted of a combination of 
cyclosporine (CSA) and short-
term methotrexate (MTX) in all 
transplant recipients. ATG at a 
dose of 2.5 mg/kg daily from 
day -6 to -3 and mycopheno- 
late mofetil (MMF) were per-
formed as were performed as 
extra GVHD prophylaxis in pati- 
ents underwent Haplo-HSCT or 
URD-HSCT. The characteristics 
of all patients are summarized 
in Table 1.
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performed as the diagnostic method. CMV 
reactivation was defined as any two consecu-
tive qPCR tests of blood plasma samples with a 
CMV viral load of ≥ 100 copies/mL.

Management of CMV reactivation after HSCT

The results of CMV assays in all transplant 
recipients and donors were negative before 
transplantation. CMV reactivation evaluation 
was monitored weekly or biweekly during the 
first 100 days after transplant, monthly up to 1 
year, and on conventional monitoring after the 
first year. All transplant recipients underwent a 
standard induction course of ganciclovir (5 mg/
kg, twice daily; from day -9 to -2) pre-transplan-
tation, and received acyclovir as prophylactic 
antiviral therapy from day -1 to 1 year after 
transplantation. Pre-emptive therapy for CMV 
reactivation was based on either ganciclovir or 
foscarnet due to severe cytopenia. After two 
weeks of induction antiviral therapy, mainte-
nance treatment was followed until two sequen-
tial surveillances were negative.

Variable definitions

The risk stratification of AML before first induc-
tion therapy was classified both by cytogenet-
ics and molecular abnormality, using the con-
ventional distinction Standard [12]. The assess-
ment of acute GVHD (aGVHD) and chronic GVHD 
(cGVHD) was performed according to the com-
monly accepted categories [13, 14]. Bone mar-
row examination was executed twice a month 
during 100 days post-HSCT and once every 3 
months thereafter, or additional reexamination 

if necessary. Disease relapse was defined us- 
ing the conventional criteria [15], while appear-
ance of morphologically positive blasts in the 
cerebrospinal fluid was defined as extramedul-
lary relapse. Non-relapse mortality (NRM) was 
defined as death from all causes except for 
relapse. Overall survival (OS) was defined as 
the time from transplantation to death or to the 
last observation.

Statistical analysis

The chi-square test or Fisher exact test was 
used to compare categorical variables of pati- 
ents, while the t test was used for continuous 
ones. The Gray test [16] was implemented to 
estimate the cumulative incidence of relapse 
(CIR) in patients classified by CMV reactivation 
for statistical difference, comparing the event 
of relapse with a competing event (NRM). Fine 
and Gray competing risk regression model [17] 
was performed as multivariate analysis. The 
control variables for multivariate analysis were 
classified as follows: risk stratification (adverse 
versus intermediate versus favorable), disease 
phase pre-transplantation (≥ CR2 or active ver-
sus CR1), white blood count (WBC) before first 
induced chemotherapy (≥ 100000/MCL versus 
< 100000/MCL), degrees of aGVHD (grade 2-4 
versus grade 0-1), occurrence of cGVHD (pres-
ent versus absent), and CMV reactivation (yes 
versus no).

Kaplan Meier method was used to estimate 
OS, comparing the two groups by the log-rank 
test. Cox proportional hazards model and the 
Wald test were also used in analyzing the risk 
factors of OS and calculating 95% confidence 
interval (CI); risk stratification, the disease 
phase, initial WBC count, the occurrence of 
aGVHD/cGVHD, and the CMV reactivation sta-
tus were treated as time-dependent variables. 
All tests were two-sided and the p values were 
at the routine 5% significance level. Data were 
analyzed by R 3.2.1 package cmprsk (The R 
Foundation for Statistical Computing, Vienna-A; 
www.R-project.org).

Results

CMV reactivated more frequently in ATG group 
than that in non-ATG group

Table 1 shows the clinical characteristics of 
227 AML patients with or without CMV reactiva-
tion after allo-HSCT; with a median age at  

Figure 1. The initial number copies of CMV-DNA 
in patients without and with use of ATG, and t test 
was performed to examine the differences between 
these two groups.
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transplantation of 35 years old (range 2-63). 
The median follow-up time for all patients was 
27.5 months (range 0-65) through April 30th 
2015. A total of 118 patients (52%) experi-
enced CMV reactivation after a median time  
of 54 days (range 5-257), and 92% of which 
(109/118) developed CMV reactivation during 
the first 100 days after HSCT. Respectively,  
the median number copies of CMV-DNA in non-
ATG group were 1910 copies/mL (range 190-
31000), compared with 1910 copies/mL (range 
129-117000) in ATG group (Figure 1, P = 
0.718).

Univariate analysis showed that donor status 
was the vital determinant of CMV reactivation: 
41% in Sib-HSCT, 60% in URD-HSCT, and 65% 
in Halpo-HSCT (P = 0.004). Furthermore, CMV 
reactivated more frequently in the ATG group 
after Haplo- or URD-HSCT. CMV reactivation 
happened in 45 of 110 (41%) patients among 
non-ATG regimens group from Sib-HSCT, com-
pared with 73 of 117 (62%) patients in ATG-
containing regimens group (P = 0.001). Similar- 
ly, median ages and the presence of aGVHD 
grade ≥ 2 had an important impact on CMV 
reactivation. In addition, there was also no sta-
tistical difference in classification by gender, 
risk stratification, disease phase, WBC count, 
stem cell source, conditioning regimen, or the 
occurrence of cGVHD.

CMV reactivation led to a lower relapse rate in 
non-ATG group

Among the 227 patients, 58 cases (26%) had 
relapsed by the end of follow-up period. The 
median time to relapse was 149 days (range  

19 to 892). Respectively, the CIR was 21.1%, 
25.7%, and 29.7% in cases without CMV re- 
activation, compared with 16.1%, 22.0%, and 
22.0% for those with CMV reactivation at 1 
year, 2 years, and 3 years post-transplantation 
(Figure 2). Although there is no statistically sig-
nificant difference (P = 0.237), a trend towards 
a lower relapse rate could still be seen in 
patients with CMV reactivation. Meanwhile, 10 
patients with CMV reactivation relapsed during 
the first 100 days after HSCT, of which 3 cases 
relapsed before CMV replication. When consid-
ering the multivariate analyses, no difference 
was shown in the CIR stratified by CMV re- 
activation (OR 0.78, 97.5% CI 0.46-1.31; P = 
0.340). The occurrence of cGVHD (P < 0.001) 
and an adverse phase at transplantation (≥ 
CR2/active) (P < 0.001) were only two prognos-
tic factors of disease relapse (Table 2).

Based on conditioning regimens with or with- 
out ATG, we divided all patients into 2 groups. 
In the subgroup analysis, differences in relapse 
in conjunction with CMV reactivation status 
were evaluated in non-ATG and ATG groups. In 
non-ATG cohort from Sib-HSCT, 21 of 110 cases 
(19.1%) relapsed at a median time of 297 days 
(range 29-892) after transplantation. Respect- 
ively, the CIR was 0%, 8.9%, and 8.9% in cases 
with CMV reactivation, compared with 18.5%, 
21.5%, and 26.7% for those without CMV reac-
tivation at 1 year, 2 years, and 3 years post-
transplantation (Figure 2). After controlling for 
other variables in our multivariate analyses in 
the non-ATG group (Table 2), the occurrence of 
CMV reactivation was still listed as a favorable 
independent factor correlating with decreased 
relapse incidence (OR 0.28, 97.5% CI 0.10-

Figure 2. Cumulative incidence of relapse classified by CMV reactivation in all patients, Non-ATG group, and ATG 
group. The Gray test was performed to examine the differences between patients with and without CMV reactivation.
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0.79; P = 0.016). Applying the same analysis to 
all patients, disease phase (≥ CR2/active) (P = 
0.046) and cGVHD (P = 0.008) were other two 
crucial prognostic factors predictive of disease 
relapse.

In the ATG group, 37 of 117 (31.6%) patients 
relapsed after a median time of 120 days 
(range 19-731) post-HSCT. Other than these 
findings in our non-ATG group, both the univari-
ate and multivariate analyses showed that the 
effect of CMV reactivation on disease relapse 
was statistically meaningless in the ATG group. 
The CIR was 26.0%, 30.1%, and 30.1% in cases 
with CMV reactivation, compared with 25.0%, 
31.8%, and 34.1% for those without CMV reac-

tivation at 1 year, 2 years, and 3 years after 
HSCT (Figure 2). Consistent with our analysis of 
the group containing all patients we found that 
within the non-ATG group, cGVHD (P < 0.001) 
and disease phase (≥ CR2/active) (P < 0.001) 
greatly influenced the cumulative incidence of 
relapse in multivariate analyses (Table 2).

CMV reactivation with a better OS but not af-
fecting on non-relapse mortality in non-ATG 
group

At the end of the follow-up period, 125 cases 
are still alive and 102 died [(51 died of disease 
progression and 51 due to non-relapse mortal-
ity (NRM)]. The estimate of OS rate in all 

Table 2. Multivariate analysis of cumulative incidence of relapse and OS
CIR OS

P value+ OR+ (95% CI) P value* OR* (95% CI)
All patients
    Risk stratification
        Favorable 1.0┼ 1.0┼

        Intermediate 0.620 1.36 (0.40-4.62) 0.182 1.67 (0.79-3.53)
        Adverse 0.091 2.85 (0.85-9.61) 0.025 2.41 (1.12-5.18)
    Disease phase: ≥ CR2 or active vs CR1 < 0.001 4.32 (2.53-7.40) < 0.001 4.00 (2.66-6.03)
    WBC: ≥ 100000/MCL vs < 100000/MCL 0.940 0.97 (0.48-1.97) 0.710 0.90 (0.53-1.55)
    Acute GVHD: Grade: 2-4 vs 0-1 0.950 1.02 (0.60-1.73) 0.002 1.86 (1.25-2.77)
    Chronic GVHD: Present vs Absent < 0.001 0.21 (0.12-0.39) 0.002 0.53 (0.35-0.79)
    CMV: yes vs no 0.340 0.78 (0.46-1.31) 0.012 0.60 (0.40-0.89)
Patients in non-ATG group
    Risk stratification
        Favorable 1.0┼ 1.0┼

        Intermediate 0.420 2.43 (0.28-20.84) 0.121 2.36 (0.80-6.95)
        Adverse 0.054 8.07 (0.97-67.47) 0.037 3.34 (1.07-10.37)
    Disease phase: ≥ CR2 or active vs CR1 0.046 2.62 (1.02-6.78) < 0.001 4.34 (2.08-9.05)
    WBC: ≥ 100000/MCL vs < 100000/MCL 0.810 1.16 (0.34-3.99) 0.380 0.62 (0.22-1.80)
    Acute GVHD: Grade: 2-4 vs 0-1 0.840 0.90 (0.32-2.53) 0.037 1.99 (1.04-3.81)
    Chronic GVHD: Present vs Absent 0.008 0.27 (0.10-0.71) 0.325 0.72 (0.38-1.38)
    CMV: yes vs no 0.016 0.28 (0.10-0.79) 0.005 0.37 (0.18-0.74)
Patients in ATG group
    Risk stratification
        Favorable 1.0┼ 1.0┼

        Intermediate 0.780 0.82 (0.20-3.39) 0.923 1.05 (0.36-3.05)
        Adverse 0.740 1.28 (0.31-5.29) 0.428 1.54 (0.53-4.47)
    Disease phase: ≥ CR2 or active vs CR1 < 0.001 5.26 (2.64-10.47) <0.001 3.53 (2.08-5.98)
    WBC: ≥ 100000/MCL vs < 100000/MCL 0.690 0.82 (0.31-2.17) 0.836 1.07 (0.56-2.05)
    Acute GVHD: Grade: 2-4 vs 0-1 0.970 1.01 (0.52-1.97) 0.033 1.76 (1.05-2.96)
    Chronic GVHD: Present vs Absent < 0.001 0.19 (0.08-0.41) 0.003 0.45 (0.26-0.76)
    CMV: yes vs no 0.840 1.07 (0.55-2.07) 0.220 0.72 (0.42-1.22)
CIR: cumulative incidence of relapse; OS: overall survival, ┼Reference category. +Multivariate Fine and Gray competing risk 
regression model. *Multivariate Cox proportional hazards model.
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patients was 70.9%, 59.9%, and 56.3% at 1 
year, 2 years, and 3 years, respectively.

In NRM rate analysis with regard to CMV reacti-
vation status, no statistical significance was 
observed in groups containing all patients, the 
non-ATG group, or the ATG group (Figure 3). 
However, a higher estimated OS rate with CMV 
replication was observed in the non-ATG group 
but not in all patients or the ATG group (Figure 
4). Respectively, the estimated OS rate strati-
fied by CMV reactivation was 77.8% and 56.0% 
at 3 years after transplantation in the non-ATG 
group (P = 0.050). Multivariate analysis (Table 
2) illuminated that CMV reactivation was still  
a good prognostic factor for better OS in the 
non-ATG group (OR 0.37, 95% CI 0.18-0.74; P = 
0.005). In the ATG group, by contrast, the analy-

sis of OS had no significant relationship with 
CMV reactivation. Both in the group containing 
all patients or subgroups thereof, OS was great-
ly worsened in patients who developed aGVHD 
grade ≥ 2, and who underwent transplantation 
at an adverse phase of disease (CR ≥ 2 or 
active). In contrast with the non-ATG group, the 
presence of cGVHD rather than CMV reactiva-
tion was a good prognostic factor for better OS 
in the ATG group (OR 0.45, 95% CI 0.26-0.76; P 
= 0.003).

Discussion

In recent years, several studies have confirm- 
ed the antileukemic effect induced by CMV re- 
activation in AML patients after allo-HSCT [3-6, 
18]. However, few systematic and control analy-

Figure 3. Cumulative incidence of non-relapse mortality (NRM) classified by CMV reactivation in all patients, Non-
ATG group, and ATG group. The Gray test was performed to examine the differences between patients with and 
without CMV reactivation.

Figure 4. Overall survival (OS) classified by CMV reactivation in all patients, Non-ATG group, and ATG group. A log-
rank test was performed to examine the differences between patients with and without CMV reactivation.
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sis was performed to evaluate the impact of 
ATG on this CMV-induced effect. Lately Busca A 
et al. showed that this CMV-induced profitable 
effect could be dampened by the use of ATG in 
vivo [7]. Even so, this moderate effect of ATG in 
that study seems to be ambiguous currently. 
Hence, our retrospective study sought to ana-
lyze whether the use of ATG regimens might 
abolish this antileukemic effect. Accordingly, a 
total of 227 patients with AML who had under-
gone HSCT were divided into two groups based 
on whether ATG was used as part of their MA 
conditioning regimen.

Our study demonstrated a trend towards a 
lower tendency of relapse incidence associated 
with CMV reactivation after transplantation in 
all patients; however, these differences did not 
achieve statistical significance. By contrast, 
subgroup analysis showed that CMV reactiva-
tion resulted in decreasing cumulative inci-
dence of relapse and a better OS rate in the 
non-ATG regimen group but not in the ATG 
group. Similarly, relapse incidence was affect-
ed by both the presentation of cGVHD and dis-
ease phase at transplantation in all patients, 
the non-ATG group and the ATG group, while 
both aGVHD grade ≥ 2 and disease phase (≥ 
CR2/active) were two poor prognostic factors 
affecting the final outcome. In the assessment 
of NRM affected by CMV replication, all analy-
ses in all patient groups showed no statistical 
significance. Aside from our findings regarding 
cumulative incidence of relapse and OS analy-
sis in the non-ATG group, our other findings 
were consistent with those in previous studies.

On the basis of previous studies [19], CMV sero-
positivity and mismatched donors were the  
two foremost risk factors of CMV replication. 
Moreover, severe immunosuppression includ-
ed ATG after transplantation resulted in more 
frequent CMV reactivation [20, 21]. In our data, 
ATG-group from haplo- or URD-HSCT had a 
higher incidence of CMV reactivation (73/110), 
compared with 45 of 110 patients among non-
ATG group from sib-HSCT (62% versus 41%, P = 
0.001). Despite this higher incidence of CMV 
replication in ATG group, all patients from this 
group have not benefited from the CMV-induced 
GVL effect yet. Among the non-ATG group, the 
beneficial effects induced by CMV replication 
were more apparent, both in univariate and 
multivariate analyses. However, the mecha-

nism behind antileukemic effects induced by 
CMV infection after allo-HSCT is not clarifi- 
ed currently. Foley et al. reported that the 
NKG2C+CD57+ NK cells expanded by CMV repli-
cation enhanced the antileukemic effect in 
vitro [10]. CMV replication after HSCT could 
raise the expression of leucocyte fixation anti-
gen-3 on AML blasts, resulting in increased  
NK cell-mediated antileukemic effects [2, 9]. 
Furthermore, Knight A et al. [22] has demon-
strated that Vδ2NEG γδT cells participate in the 
immune response to clear CMV, and these 
expanded γδT cells have displayed cytolytic 
activity against tumor cells in vitro [23]. Mean- 
while, γδT cells induced by CMV replication that 
can cross-recognize residual leukemic blasts 
have been reported recently [11]. When the 
latent CMV in leukemic blasts becomes reacti-
vated, T cells specific for CMV derived from the 
donor could also be cytotoxic to these leukemic 
blasts [2]. All these findings may make the 
CMV-induced antileukemic effect more persua-
sive. According to several studies about the 
effect of ATG on immune reconstruction [21, 
24], ATG can greatly delay the reconstitution  
of CD4+ T cells. Nevertheless, ATG seemed to 
have no obvious immunosuppressive effects 
on NK cells. And no explicit data could be used 
to evaluate the impact of ATG on the reconstitu-
tion of NK cells, especially the NKG2C+CD57+ 
NK cells. In this context, we had great difficulty 
in demarcating the role of ATG in our study. In 
contrast to the previous study of Manjappa S  
et al., a few patients (2 out of 206) used ATG as 
part of the MA conditioning regimen, so it was 
not surprising that both all patients and cohorts 
underwent MA regimens in that study have sig-
nificantly decreased relapse incidence associ-
ated with CMV reactivation [6].

Generally speaking in our study, patients not 
using ATG as a part of GVHD prophylaxis could 
definitely benefit from the enhanced GVL effect 
induced by CMV reactivation. CMV reactivation 
foreboded a lower cumulative incidence of re- 
lapse and a better OS in the non-ATG group, 
while no statistical significance was presented 
in the ATG group. Thus, the use of ATG in the MA 
conditioning regimen abrogates this beneficial 
effect. In addition, the disease phase pre-trans-
plantation has been observed as the consis-
tent significant determinant factor for the final 
outcome of the group containing all patients. In 
this study, 43 of 117 (37%) patients with pre-
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transplant ATG regimen underwent HSCT in an 
adverse disease phase (≥ CR2/active), com-
pared with 18/110 (16%) of non-ATG group 
patients (P = 0.001). Further studies are neces-
sary to confirm whether this more adverse dis-
ease phase might obscure the CMV-induced 
beneficial anti-leukemic effects in ATG group 
patients.
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