
Am J Cancer Res 2020;10(4):1218-1228
www.ajcr.us /ISSN:2156-6976/ajcr0109381

Original Article
Pre-transplant cytoreductive therapy  
can improve overall survival of patients with  
MDS-AML but not MDS-EB2 receiving HLA-matched  
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Abstract: To evaluate whether cytoreductive therapy is needed for myelodysplastic syndromes (MDS) patients with 
excess blasts type 2 (MDS-EB2) and acute myeloid leukemia derived from MDS (MDS-AML) before HLA-matched sib-
ling donor peripheral blood stem cell transplantation (MSD-PBSCT), we retrospectively analyzed 80 cases of MDS-
EB2 and MDS-AML patients who received MSD-PBSCT between February 2006 and December 2019 in our hospital. 
The 3-years overall survival (OS) rate and disease-free survival (DFS) rate were (59.1±5.8)% and (52.5±5.7)%, re-
spectively. The 3-years non-relapse mortality (NRM) rate and relapse rate (RR) were (22.4±0.2)% and (25.4±0.2)%, 
respectively. Univariate analysis showed that, hematopoietic cell transplantation comorbidity index (HCT-CI) ≥ 2, 
poor/very poor karyotype and occurrence of grade III-IV acute graft-versus-host disease (aGVHD) are risk factors 
for OS. Patients received pre-transplant cytoreductive therapy (PCT) and obtained complete remission (CR) had 
significantly higher OS rate than those who failed to achieve CR (non-CR group) and those who did not receive 
PCT (non-PCT group) [(80.0±8.3)% versus (38.1±10.6)% versus (56.1±9.3)%, P=0.010]. PCT significantly increased 
the OS rate [(62.2±10.0)% versus (20.0±17.9)%, P=0.013] for MDS-AML patients but not for MDS-EB2 patients 
[(59.2±11.1)% versus (62.9±10.1)%, P=0.991]. Our findings suggest reducing tumor burden by cytoreductive ther-
apy to obtain CR before transplant improves OS. For MDS-AML patients, PCT is beneficial, while for MDS-EB2 pa-
tients, PCT is not necessary. 
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Introduction

Myelodysplastic syndromes (MDS) comprise a 
heterogeneous group of hematopoietic stem 
cell disorders of ineffective hematopoiesis and 
cytopenia with a high risk of developing into 
acute myeloid leukemia (AML) [1]. Allogeneic 
hematopoietic stem cell transplantation (allo-
HSCT) is the only curative treatment for patients 
with advanced MDS and AML derived from 
MDS (MDS-AML), because of the graft-ver- 
sus-leukemia (GVL) mediated anti-tumor effect 
[2-4]. Despite the recent advances in allo-

HSCT, 3-year survival rate is only 38% to 45% 
for advanced MDS and there’s still unmet needs 
for patients with high blast proportion at the 
point of transplant [5]. High blast proportion at 
the point of transplant is a risk factor of allo-
HSCT, especially in patients receiving reduced 
intensity conditioning (RIC) regimen [6]. Inclu- 
ded in numerous integrated prognostic scoring 
systems, high bone marrow (BM) blast propor-
tion is associated with unfavorable disease out-
come in MDS [7]. Whether patients with higher 
BM blast benefit from pre-transplant cytoreduc-
tive therapy (PCT) remains unknown. 
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PCT includes traditional AML-like chemothera-
py and hypomethylating agents (HMAs) therapy, 
such as azacitidine or decitabine [8-10]. PCT  
is given in advanced MDS patients to control 
disease progression before transplantation, re- 
duce disease burden and prevent relapse after 
transplantation [3, 4, 11]. Nevertheless, PCT 
may impair patient’s body function and delay 
the transplant procedure due to early mortality, 
long-lasting myelosuppression and organ toxi- 
cities [12]. In addition, although HMAs are well 
tolerated in elderly frail patients, they are usu-
ally not sufficient to achieve favorable remis-
sion rate [13]. Therefore, further studies are 
needed to evaluate and improve the existing 
PCT strategies.

In addition to high blast proportion, several 
prognostic models have been developed to 
assess the risks, predict outcomes and assist 
decision-making and prognostic counseling be- 
fore transplant [14-17]. Among these models, 
the hematopoietic stem cell transplantation 
comorbidity index (HCT-CI) is the most used to 
predict transplant-related mortality [14]. It is 
also used to determine the optimal condition-
ing intensity according to a comorbidity and dis-
ease status-based risk stratification, for exam-
ple in AML or MDS patients [18]. Therefore, the 
HCT-CI provides a valuable risk assessment for 
outcomes after allo-HSCT [19].

To answer these questions and guide clinical 
care of advanced MDS patients, we retrospec-
tively analyzed the outcomes of 80 MDS pa- 
tients with excess blasts type 2 (MDS-EB2) and 
MDS-AML patients who received HLA-matched 
sibling donor peripheral blood stem cell trans-
plantation (MSD-PBSCT) in our hospital, clari-
fied the risk factors affecting overall survival 
(OS) and explored whether PCT contributes to 
long term survival in these patients. 

Subjects and methods

A total of 80 MDS-EB2 and MDS-AML patients 
who received MSD-PBSCT between February 
2006 and December 2019 in our hospital were 
enrolled in this study. 51 patients were diag-
nosed as MDS-EB2 and 29 patients were di- 
agnosed as MDS-AML before transplant. Data 
were collected until December 31st 2019 with a 
median follow-up of 888 days (range 7 to 4970 
days). All time-to-event outcomes were counted 
from the date of transplantation to the date of 

event or the last follow-up. We used HCT-CI to 
evaluate the physical condition of patients  
at transplant. The karyotypes were determined 
according to revised International Prognostic 
Scoring System (IPSS-R) risk stratification at 
diagnosis and its relationship to the outcomes 
after MSD-PBSCT were investigated. Acute and 
chronic graft-versus-host disease (GVHD) were 
diagnosed and graded according to recent Na- 
tional Institutes of Health (NIH) consensus cri-
teria. This study was approved by our center’s 
Institutional Review Board. All patients or their 
legal representative provided written informed 
consent before participation.

Statistical analysis

Outcomes of primary interest were OS and dis-
ease-free survival (DFS) which defined as sur-
vival in the absence of new relapse or progres-
sion after transplantation. Univariate survival 
analyses were performed using the Kaplan-
Meier method; outcomes of groups were com-
pared using the log-rank test. Cumulative inci-
dences of relapse and non-relapse mortality 
(NRM) were calculated as each other’s com- 
peting risks. Differences in relapse and NRM 
between groups were compared by the Gray-
test. All data were measured from the day of 
transplantation to death or the last follow-up 
and were artificially censored at three years 
after transplantation. P-value < 0.05 was con-
sidered statistically significant. All statistical 
analyses were conducted using R.3.3.3 and 
SPSS 22.0 statistical software.

Result

Patients and clinical characteristics

The clinical characteristics of the patients were 
summarized in Table 1. The median age was  
42 years old (range 4 to 63). More than half of 
the patients are male (50, 62.5%). Except for 
29 MDS-AML patients, 3 (5.9%) patients we- 
re classified as very low/low/intermediate risk 
group, 22 (43.1%) as high risk group and 26 
(51.0%) as very high risk group according to  
the IPSS-R risk stratification. Based on the 
IPSS-R risk stratification, 49 (61.3%) patients 
were classified into good karyotype group, 20 
(25.0%) patients were intermediate karyotype 
group, 4 (5.0%) patients were poor karyotype 
and 7 (8.8%) patients were very poor karyo-
type. All patients received busulfan (Bu) plus 
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cyclophosphamide (Cy)-based modified myelo- 
ablative conditioning (MAC). For prophylaxis of 
acute GVHD (aGVHD), 53.8% patients were 
given tacrolimus and 45.0% patients were 
given cyclosporine A, with an additional short 
course of methotrexate treatment. Rapamycin 
and Mycophenolate Mofetil (MMF) were used  
in one case due to renal dysfunction.

Risk factors that affect OS 

In the median follow-up of 888 days (range 7  
to 4970 days), 49 patients were alive and 43 
patients were diseases free. The OS rate and 
DFS rate at 3 years were (59.1±5.8)% and 
(52.5±5.7)% respectively (Figure 1). The 3-year 
NRM rate and relapse rate (RR) were (22.4± 
0.2)% and (25.4±0.2)%, respectively. Out of the 
31 death cases, 12 cases died from relapse 
and 19 cases died from NRM. The reasons of 
NRM were aGVHD (7 cases), multiple organ fail-
ure (3 cases), chronic GVHD (cGVHD) (2 cases), 
pulmonary infection (4 cases), infectious shock  
(2 cases) and cerebral hemorrhage (1 case). 37 
patients developed aGVHD and 11 patients 
were classified as grade III-IV aGVHD. The cu- 
mulative incidence of grade III-IV aGVHD was 
(14.1±0.2)%. 36 patients developed cGVHD, 
including limited cGVHD in 17 patients (23.0%) 
and extensive cGVHD in 19 patients (25.7%). 
The cumulative incidence of cGVHD was (48.8± 
0.4)% for patients who survived more than 100 
days after transplantation. Univariate analysis 
was performed to figure out the risk factors 
affecting OS and DFS after PBSCT. The detail 
results were summarized in Table 2.

Table 1. Clinical and transplantation character-
istics of the patients undergoing MSD-PBSCT

N (%)
Median age
    < 42 years 38 (47.5%)
    ≥ 42 years 42 (52.5%)
Sex of patient
    Male 50 (62.5%)
    Female 30 (37.5%)
WHO classification
    MDS-EB2 51 (63.7%)
    MDS-AML 29 (36.3%)
IPSS-R stratification
    Very Low/Low/Intermediate risk 3 (3.8%)
    High risk 22 (27.5%)
    Very high risk 26 (32.5%)
    MDS-AML 29 (36.3%)
Karyotype
    Good 49 (61.3%)
    Intermediate 20 (25.0%)
    Poor/Very Poor 11 (13.8%)
HCT-CI
    < 2 scores 53 (66.3%)
    ≥ 2 scores 27 (33.8%)
Age of donor
    < 42 years 38 (47.5%)
    ≥ 42 years 42 (52.5%)
Match sex donor-recipient
    Male-Male 25 (31.3%)
    Female-Female 11 (13.8%)
    Male-Female 20 (25.0%)
    Female-Male 24 (30.0%)
Pre-transplant BM blasts
    < 10% 39 (48.8%)
    ≥ 10% 41 (51.2%)
PCT
    Yes 49 (61.3%)
    No 31 (38.8%)
Pre-transplant status
    PCT and CR 28 (35.0%)
    PCT and non-CR 21 (26.3%)
    Non-PCT 31 (38.8%)
cGVHD
    Limited 17 (23.0%)
    Extensive 19 (25.7%)
    No 38 (51.4%)
aGVHD
    No 41 (52.6%)
    Grade I-II 26 (33.3%)
    Grade III-IV 11 (14.1%)

Figure 1. Overall survival and disease-free survival 
rate in total patients. The cumulative incidence of 
overall survival and disease-free survival in 80 MDS-
EB2 and MDS-AML patients that received MSD-PB-
SCT. 
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HCT-CI score predict the OS, NRM and occur-
rence of severe aGVHD: To examine the effica-
cy of HCT-CI in predicting the disease outcome, 
we compared the outcome of patients whose 
HCT-CI scores before transplant were < 2 or ≥ 
2. Patients with HCT-CI < 2 scores had a signifi-
cantly higher 3-year OS rate than patients with 
higher HCT-CI scores [(64.6±7.2)% versus 
(47.5±9.7)%, P=0.042] (Figure 2), mainly due to 
higher NRM rate in patients with HCT-CI ≥ 2. 
The 3-year NRM rate was significantly lower in 
patients with HCT-CI < 2 (14.5±0.3)% com-
pared to (37.8±1.0)% in patients with HCT-CI ≥ 

2 (P=0.013). Moreover, higher HCT-CI is closely 
related to the development of severe aGVHD. 4 
out of 53 patients developed grade III-IV aGVHD 
in HCT-CI < 2 group [(7.5±0.1)%] while 7 out 25 
patients developed grade III-IV aGVHD in HCT-
CI ≥ 2 group [(28.0±0.8)%] (P=0.017). 

Acute GVHD and abnormal karyotype signifi-
cantly compromise OS after MSD-PBSCT: 
Among all the patients analyzed, 11 patients 
developed grade III-IV aGVHD. These patients 
had dramatically lower OS rate (24.2±13.8)% 
compared to those without grade III-IV aGVHD 

Table 2. Univariate analysis of the risk factors influencing OS and DFS for patients undergoing MSD-
PBSCT

N 3y-OS (%) X2 
value

P 
value

3y-DFS 
(%)

X2 
value

P 
value

Age < 40 years 33 66.9±8.8 1.916 0.166 59.7±8.7 0.883 0.348
≥ 40 years 47 53.8±7.5 47.8±7.5

Diagnosis MDS-EB2 51 61.3±7.4 0.958 0.328 61.0±7.2 5.480 0.019
MDS-AML 29 55.0±9.3 37.4±9.1

IPSS-R stratification Very Low/Low/ Intermediate 3 66.7±27.2 2.405 0.493 66.7±27.2 6.932 0.074
High 22 70.4±10.4 72.2±9.7
Very high risk 26 52.0±10.3 49.0±11.3
MDS-AML 29 54.5±10.6 37.4±9.1

Karyotype Good 49 68.3±6.8 6.536 0.038 60.4±7.1 5.822 0.054
Intermediate 20 38.5±17.5 48.1±11.5
Poor/Very Poor 11 36.4±14.5 27.3±13.4

HCT-CI < 2 scores 53 64.6±7.2 4.119 0.042 60.7±7.0 5.561 0.018
≥ 2 scores 27 47.5±9.7 35.9±9.5

Pre-transplant BM blasts < 10% 39 72.2±7.7 5.144 0.023 63.5±7.8 2.949 0.086
≥ 10% 41 47.3±8.1 42.7±8.0

PCT Yes 49 61.0±7.4 0.398 0.528 50.1±7.3 0.121 0.728
No 31 56.1±9.3 56.6±9.3

Pre-transplant status PCT and CR 28 80.0±8.3 9.252 0.010 67.7±8.9 7.244 0.027
PCT and non-CR 21 38.1±10.6 28.6±9.9
Non-PCT 31 56.1±9.3 56.6±9.3

Treatment options HMAs 10 80.0±12.6 1.995 0.369 70.0±14.5 2.293 0.318
chemotherapy 29 59.4±9.7 47.1±9.5
HMAs+chemotherapy 10 50.0±15.8 40.0±15.5

Age of donor < 40 years 32 65.2±9.3 1.748 0.186 58.2±8.9 0.863 0.353
≥ 40 years 48 54.9±7.4 49.0±7.4

Match sex donor-recipient Male-Male 25 52.7±10.8 0.460 0.928 47.4±10.1 1.799 0.615
Female-Female 11 63.6±14.5 45.5±15.0
Male-Female 20 63.5±11.1 58.7±11.3
Female-Male 24 58.6±11.1 54.9±11.0

GVHD prophylaxis Based on CsA 36 52.7±9.5 0.186 0.666 49.3±9.0 0.007 0.943
Based on FK506 43 62.2±7.5 53.3±7.6

Grade III-IV aGVHD Yes 11 24.2±13.8 11.784 0.001 13.6±11.7 10.812 0.001
No 67 66.3±6.1 60.0±6.2

cGVHD Yes 36 72.9±7.8 3.504 0.061 61.9±8.5 1.602 0.206
No 38 55.9±8.6 52.5±8.1
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(66.3±6.1)% (P=0.001) (Figure 3), which is ma- 
inly resulted from the higher grade III-IV aGVHD-
related mortality. On the contrary, patients  
suffered from cGVHD had higher OS rate 
(72.9±7.8)% compared to those free of cGVHD 
(55.9±8.6)% (P=0.061) possibly due to cGVHD-
mediated GVL effect, although the difference is 
no statistically significant. Besides, abnormal 
karyotype has been reported as another factor 
that significantly affected OS rate [20]. Patients 
with normal karyotype at diagnosis had superi-

or OS than patients with intermediate and 
poor/very poor karyotype [(68.3±6.8)% versus 
(38.5±17.5)% versus (36.4±14.5)%, P=0.038].

The effect of PCT on OS

Whether PCT is beneficial for patients with 
advanced MDS and MDS-AML remains un- 
known. Therefore, we analyzed MDS-EB2 and 
MDS-AML patients receiving MSD-PBSCT to 
explore the relationship between PCT and dis-
ease outcome in these patients. 

PCT could not affect OS for total patients: In  
our study, we found that patients whose pre-
transplant BM blasts < 10% had higher 3-year 
OS rate than those whose pre-transplant BM 
blasts ≥ 10% [(72.2±7.7)% versus (47.3±8.1)%, 
P=0.023], suggesting that the higher tumor 
burden before transplant significantly affect 
OS. We then assessed the impact of PCT (in- 
cluding HMAs therapy, chemotherapy and HM- 
As combined with chemotherapy) on the dis-
ease outcome. Surprisingly, the 3-year OS rate 
and 3-year DFS rate had no significant differ-
ence between the two groups [(61.0±7.4)% ver-
sus (56.1±9.3)%, P=0.528 and (50.1±7.3)% 
versus (56.6±9.3)%, P=0.728]. However, since 
patients respond differently to cytoreductive 
treatment, we suspect that could also affect 
the outcome of disease after transplant. Among 
the 49 patients who received PCT, 28 cases 
(57.1%) achieved complete remission (CR) in- 
cluding 16 MDS-AML patients and 12 MDS-
EB2 patients, and 21 cases (42.9%) obtained 
non-remission (NR) or partial remission (PR), 
which are combined as non-CR group. 31 
patients did not receive PCT (non-PCT group). 
We next explored the disease outcome in these 
subgroups separately.

Reducing tumor burden using PCT to obtain CR 
could improve OS in general: Patients in CR 
group had significantly higher OS rate and DFS 
rate than that of the non-CR group and non-PCT 
group [(80.0±8.3)% versus (38.1±10.6)% ver-
sus (56.1±9.3)%, P=0.010 and (67.7±8.9)% 
versus (28.6±9.9)% versus (56.6±9.3)%, P= 
0.027] (Figure 4). Moreover, decreased RR was 
observed in the CR group and non-PCT group 
compared to non-CR group [(21.6±0.6)% ver-
sus (12.9±0.4)% versus (47.6±1.3)%, P=0.024]. 
Patients in CR group tend to have reduced NRM 
rate compared to the other two groups [(10.7± 
0.4)% versus (23.8±0.9)% versus (31.4±0.9)%, 

Figure 2. Overall survival according to HCT-CI. Over-
all survival rate in patients with HCT-CI < 2 scores 
(n=53) and patients with HCT-CI ≥ 2 scores (n=27) 
after MSD-PBSCT. 

Figure 3. Overall survival according to aGVHD grade. 
Overall survival rate in evaluable patients developed 
grade 0-II aGVHD (n=67) and patients developed 
grade III-IV aGVHD (n=11) after MSD-PBSCT. 
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P=0.200]. These data strongly demonstrated 
that the response to PCT dramatically affects 
the prognosis in patients.

To further assess the optimal PCT regime,  
we compared the HMAs therapy (10 cases, 
20.4%), chemotherapy (29 cases, 59.2%) and 
HMAs combined with chemotherapy (10 cases, 
20.4%). Patients who received HMAs therapy 
showed the best 3-year OS rate, suggesting 
that HMAs is ideal for PCT, though statistical 
significance is not achieved due to the sample 
volumes [(80.0±12.6)% versus (59.4±9.7)% 
versus (50.0±15.8)%, P=0.369].

PCT could improve OS of patients with MDS-
AML but not patients with MDS-EB2: To avoid 
the influence of disease subtypes, we next  
analyzed the prognosis in MDS-EB2 patients 
and MDS-AML patients separately. For the 51 
MDS-EB2 patients, 25 patients received PCT 
and 12 patients obtained CR (48.0%). Overall, 
in MDS-EB2 patients, neither the application  
of PCT (Figure 5A) [(59.2±11.1)% versus (62.9± 
10.1)%, P=0.991] nor the status of CR is asso-
ciated with improved OS [(73.3±17.6)% versus 
(46.2±13.8)% versus (62.9±10.1)%, P=0.213]. 
However, for the 29 MDS-AML patients, the CR 
rate was 66.7% (16 out of 24), and the applica-
tion of PCT significantly enhanced the OS rate 
[(62.2±10.0)% versus (20.0±17.9)%, P=0.013] 

(Figure 5B). In addition, these patients who 
achieved CR before transplantation obtain- 
ed survival advantage over the other two gr- 
oups [(81.3±9.8)% versus (25.0±15.3)% versus 
(20.0±17.9)%, P=0.003]. 

To avoid the influence of other risk factors on 
OS, we further compared the age of donor and 
recipient, sex, HCT-CI, karyotype and match sex 
donor-recipient in the PCT group and the non-
PCT group in MDS-EB2 and MDS-AML patients, 
respectively (Tables 3 and 4). No bias is found 
in the MDS-EB2 patients; for the MDS-AML 
patients, more patients with HCT-CI ≥ 2 [(4 out 
of 5) versus (8 out of 24)] or poor/very poor 
karyotype [(2 out of 5) versus (1 out of 24)] we- 
re enrolled in non-PCT group, which may be  
due to the limited cases numbers. 

In summary, we found that PCT, especially us- 
ing the HMAs regime, is beneficial to MDS-AML 
patients who achieved CR before transplant  
in terms of OS and DFS, however, it did not 
improve the prognosis of MDS-EB2 patients. 
Due to the limited number of cases enrolled, 
clinical studies on larger group of patients with 
proper trial design are needed to verify the 
conclusions.

Discussion

In this study, we explored the risk factors that 
affect the prognosis of MDS-AML and MDS-
EB2 patients after MSD-PBSCT. OF note, in this 
study, the 3 years OS rate and DFS rate were 
(59.1±5.8)% and (52.5±5.7)% for these pati- 
ents, higher than that of 38% to 45% for ad- 
vanced MDS receiving allo-HSCT after MAC  
or reduced-intensity conditioning according to 
the Center for International Blood and Marrow 
Transplantation Research (CIBMTR) [5], possi-
bly due to the lower average age of the pati- 
ents included in our study (median age 42). We 
found that higher blast portion or HCT-CI score 
and the incidence of severe aGVHD are closely 
associated with poor prognosis. Importantly, 
we found that patients who achieved CR after 
PCT had significantly higher survival rate, espe-
cially in the MDS-AML patients. These findings 
indicate that PCT contributes to improved dis-
ease outcome in the MDS-AML patients and 
the response to PCT could be used as a criti- 
cal prognostic factor to guide the clinical treat-
ment before allo-HSCT.

Figure 4. Overall survival according to PCT and dis-
ease status. Overall survival rate of patients in CR 
group (n=28), non-CR group (n=21) and non-PCT 
group (n=31) after MSD-PBSCT. 
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Large retrospective multicenter studies clearly 
demonstrated that higher blast burden at the 
time of HSCT increases the risk of subsequ- 
ent relapse in MDS patients [21-23]. Therefore, 
some studies suggested reducing the disease 
burden before transplantation as adjuvant th- 
erapy to allo-HSCT [3, 6]. Our study showed th- 
at the benefit of PCT relies on the patient’s 
response to the treatment and the sensitive 
patients who achieved CR had superior OS, 
especially in MDS-AML patients. Considering 
the overall CR rate was 57.1% in all patients, it 
is necessary to carefully identify the patients 
sensitive to PCT and further optimize the thera-
py to obtain higher CR rate. 

On the other hand, a few studies suggested 
that pre-transplant therapy to reduce disease 
burden did not improve OS [21, 24]. Similar 
post-transplant relapse and survival rates were 
observed in advanced MDS or MDS-AML pa- 
tients who received induction chemotherapy 
before or after HSCT followed by MAC [12]. 
Delays in HLA-identical siblings HSCT and MAC 
regimen are also associated with shortened 
survival for patients with intermediate-2 and 
high-risk disease [25], especially in patients 
under the age of 40 and took quality of life  
into consideration [26]. Furthermore, there’s 
concern if induction chemotherapy induces 
treatment-related morbidity and mortality. For 
example, intensive induction therapy leads to 
20% mortality in patients with high-risk MDS 
and complex karyotype [27]. Additionally, che-
motherapy might impair patient’s body function 
and delay HSCT, which results in disease pro-
gression and inferior posttransplant outcomes 

[28]. Since it is not clear wh- 
ether the risk of relapse re- 
flects the tumor biology or in- 
adequacy treatment before 
HSCT, these controversial re- 
sults indicate that precise su- 
bcategorization of patient is 
critical for the choice of opti-
mal therapeutic scheme.

In addition to high blast por-
tion, we also explored other ri- 
sk factors that affecting pa- 
tient survival after allo-HSCT 
including the occurrence of 
GVHD and HCT-CI score. Of 
note, development of cGVHD 
has been reported as one of 

Figure 5. Overall survival according to PCT. A. Overall survival rate for MDS-
EB2 patients in PCT group (n=25) and in non-PCT group (n=26) after MSD-
PBSCT. B. Overall survival rate for MDS-AML patients in PCT group (n=24) 
and in non-PCT group (n=5) after MSD-PBSCT.

the most powerful antineoplastic mechanisms 
after HSCT, which reduces relapse and im- 
proves patient survival [29, 30]. Our data sh- 
owed that patients with cGVHD tend to have 
superior OS (P=0.061). On the other hand, 
aGVHD directly contributed to 36.8% of NRM (7 
cases in 19). Therefore, effective strategies to 
decrease aGVHD-related adverse events are 
important to improve the HSCT outcomes. The 
regime of full myeloablative dose Bu and Flu 
had the advantage of lower non-hematologic 
toxicity in AML and MDS adults and is well to- 
lerated in advanced patients receiving HLA-
identical sibling HSCT [31]. The new condition-
ing regimen of 5-day decitabine administration 
contributed to low RR, incidence and severity  
of GVHD, and enhanced survival in allo-HSCT 
recipients with MDS and MDS/MPN [32].

HCT-CI is a tool that sensitively captures the 
burdens of influential comorbidities prior to 
allo-HSCT [10]. Comorbidities evaluated at the 
time of HSCT are powerful prognostic markers 
of NRM independent of age [33, 34]. Recently, 
a strong association between higher HCT-CI 
score and development of grade III-IV aGVHD 
was demonstrated. It was shown that grade III-
IV aGVHD patients whose HCT-CI scores ≥ 3 
had 2.63-fold higher mortality risk than those 
who had scores of 0-2 or did not develop aGVHD 
[35]. In our study, patients with HCT-CI scores 
lower than 2 had significantly higher OS rate, 
lower NRM rate and less occurrence of grade 
III-IV aGVHD. Consistent with other studies [32, 

36], HCT-CI, rather than age alone, can be us- 
ed as a predictor for OS after transplantation. 
Moreover, the HCT-CI could be useful in design-
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Table 3. Clinical and transplantation characteristics of the MDS-EB2 patients undergoing MSD-PBSCT
PCT Group (N/%) Non-PCT Group (N/%) X2 value P value

Age < 40 years 8 (32.0%) 12 (46.2%) 1.071 0.301
≥ 40 years 17 (68.0%) 14 (53.8%)

Sex Male 17 (68.0%) 17 (65.4%) 0.039 0.843
Female 8 (32.0%) 9 (34.6%)

HCT-CI < 2 scores 19 (76.0%) 17 (65.4%) 0.692 0.406
≥ 2 scores 6 (24.0%) 9 (34.6%)

Karyotype Good 16 (64.0%) 15 (57.7%) 0.346 0.841
Intermediate 5 (20.0%) 7 (26.9%) 
Poor/Very Poor 4 (16.0%) 4 (15.4%)

Age of donor < 40 years 9 (36.0%) 9 (34.6%) 0.011 0.918
≥ 40 years 16 (64.0%) 17 (65.4%)

Match sex donor-recipient Male-Male 6 (24.0%) 10 (38.5%) 1.510 0.680
Female-Female 3 (12.0%) 3 (11.5%) 
Male-Female 6 (24.0%) 6 (23.1%) 
Female-Male 10 (40.0%) 7 (26.9%)

Table 4. Clinical and transplantation characteristics of the MDS-AML patients undergoing MSD-PBSCT
PCT Group (N/%) Non-PCT Group (N/%) X2 value P value

Age < 40 years 12 (50.0%) 1 (20.0%) 1.506 0.220
≥ 40 years 12 (50.0%) 4 (80.0%)

Sex Male 12 (50.0%) 4 (80.0%) 1.506 0.220
Female 12 (50.0%) 1 (20.0%)

HCT-CI < 2 scores 16 (66.7%) 1 (20.0%) 3.715 0.054
≥ 2 scores 8 (33.3%) 4 (80.0%)

Karyotype Good 17 (70.8%) 1 (20.0%) 7.196 0.027
Intermediate 6 (25.0%) 2 (40.0%) 
Poor/Very Poor 1 (4.2%) 2 (40.0%)

Age of donor < 40 years 13 (54.2%) 1 (20.0%) 1.934 0.164
≥ 40 years 11 (45.8%) 4 (80.0%)

Match sex donor-recipient Male-Male 8 (33.3%) 1 (20.0%) 4.624 0.202
Female-Female 5 (20.8%) 0 (0%) 
Male-Female 7 (29.2%) 1 (20.0%) 
Female-Male 4 (16.7%) 3 (60.0%)

ing trials for GVHD prevention and could inform 
expectations for GVHD treatment trials [35].

Despite of the important findings, our study 
also had limitations, such as the relatively small 
sample size and the bias due to patient selec-
tion for cytoreductive therapy before transplan-
tation. Therefore, large sample and prospective 
cohort studies are needed to validate the con-
clusion in the future.

In conclusion, MSD-PBSCT is an effective tre- 
atment for MDS-EB2 and MDS-AML patients. 

HCT-CI is an important prognostic assessment 
to predict the OS, NRM and the occurrence  
of grade III-IV aGVHD. Obtaining CR by PCT 
improves OS for these patients. For MDS-AML 
patients, PCT is recommended, however for 
MDS-EB2 patients, PCT is not necessary. 
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