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Background
Although allogeneic hematopoietic cell transplantation (HCT) is the only curative treat-
ment option for myelodysplastic syndrome (MDS), a substantial number of patients expe-
rience relapse. We reviewed the clinical outcomes of patients with MDS who relapsed 
after allogeneic HCT.

Methods
Thirty patients who experienced relapse or progression after allogeneic HCT for MDS 
between July 2000 and May 2016 were included in this retrospective analysis.

Results
The median time from HCT to relapse was 6.6 (range, 0.9‒136.3) months. Donor lympho-
cyte infusions (DLIs) were administered to four patients: one achieved complete re-
mission (CR) and survived disease free, while three did not respond to DLI and died. 
Hypomethylating agents were administered to seven patients: one who had stable dis-
ease continuously received decitabine, while six died without response to treatment. Six 
patients received AML-like intensive chemotherapy, and three achieved CR: two under-
went second HCT and one DLI. One patient receiving second HCT survived without dis-
ease, but the other two relapsed and died. Three, four, and eight patients who did not 
respond to intensive chemotherapy, low-dose cytarabine, and best supportive care, re-
spectively, died. One patient who underwent second HCT following cytogenetic relapse 
survived disease free. Median overall survival after relapse was 4.4 months, and relapse 
within 6 months after HCT was associated with shorter survival.

Conclusion
Outcomes of MDS patients relapsing after allogeneic HCT were disappointing. Some pa-
tients could be saved using DLI or second HCT.
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INTRODUCTION

Myelodysplastic syndrome (MDS) is a clonal hema-
topoietic disorder characterized by ineffective hematopoi-
esis, peripheral cytopenia, and potential evolution to acute 
myeloid leukemia (AML). Although there have been at-
tempts to improve the outcomes of patients with MDS using 
hypomethylating agents (HMAs), lenalidomide, and other 
novel agents, allogeneic hematopoietic cell transplantation 
(HCT) is considered to be the only curative treatment option. 

In general, allogeneic HCT is offered to patients expected 
to be at a high risk of progression to AML and having shorter 
survival or those who have severe complications or heavy 
transfusion burden due to disease-related cytopenias. The 
long-term survival rate following allogeneic HCT is reported 
to be 30–50%. Approximately 25–40% of patients experience 
disease relapse after HCT, and outcomes of the relapsed 
patients are generally poor [1]. Although salvage treatment 
strategies, including HMA, donor lymphocyte infusion (DLI), 
and second HCT have been attempted, there is no available 
standard of care for MDS patients who experience relapse 
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Table 1. Patient characteristics.

Characteristic N 

Age at HCT, yr, median (range)      54 (19–70)
Gender
     Male      24 (80.0%)
     Female        6 (20.0%)
WHO classification
     RAEB-1        8 (26.7%)
     RAEB-2      19 (63.3%)
     RCMD        3 (10.0%)
IPSS at HCT
     Low        4 (13.3%)
     Intermediate-1      11 (36.7%)
     Intermediate-2      10 (33.3%)
     High        5 (16.7%)
R-IPSS at HCT
     Very low        1 (3.3%)
     Low        3 (10.0%)
     Intermediate        5 (16.7%)
     High        8 (26.7%)
     Very high      13 (43.3%)
WBC at HCT, /L, median (range) 2,350 (400–45,800)
Blasts at HCT, PB, %, median (range)        0 (0–5)
Blasts at HCT, BM, %, median (range)     5.1 (0.8–19.8)
Hb at HCT, g/dL, median (range)     9.1 (5.2–13.8)
Platelets at HCT, ×109/L, median (range)   61.5 (16–242)
Duration between diagnosis and HCT, mo, 

median (range)
    4.2 (0.3–26.3)

HCT-CI
     0        7 (23.3%)
     ＞0      24 (76.7%)
Treatment before HCT
     Yes      23 (76.7%) 
     No        7 (23.3%)
Disease status before HCT
     Complete remission (CR)        1 (3.3%)
     Marrow CR        5 (16.7%)
     Partial remission        1 (3.3%)
     Stable disease      13 (43.3%)
     Progressive disease        2 (6.7%)
     Untreated        7 (23.3%)
     Not evaluable        1 (3.3%)
Conditioning regimen
     Myeloablative        5 (16.7%)
     Reduced intensity      25 (83.3%)
ATG
     No        3 (10.0%)
     Yes      27 (90.0%)
Donor type
     Matched related donor        6 (20.0%)
     Unrelated donor      11 (36.7%)
     Haploidentical familial donor      13 (43.3%)
CD34+ cell dose, 106/kg, median (range)   7.02 (1.64–24.67)
Graft source
     Bone marrow        5 (16.7%)
     Peripheral blood      25 (83.3%)

Abbreviations: ATG, antithymocyte globulin; BM, bone marrow; 
Hb, hemoglobin; HCT, hematopoietic cell transplantation; 
HCT-CI, HCT-comorbidity index; IPSS, International Prognosis 
Scoring System; PB, peripheral blood; RAEB, refractory anemia 
with excess blasts; RCMD, refractory cytopenia with multilineage 
dysplasia; R-IPSS, revised IPSS; WBC, white blood cells; WHO, 
World Health Organization.

after allogeneic HCT [2]. Medical records of MDS patients 
who relapsed after HCT were reviewed to identify the clinical 
courses and treatment outcomes following relapse and to 
investigate the optimal therapy for these patients.

MATERIALS AND METHODS

Patients
Of 193 patients who underwent 196 allogeneic HCTs for 

MDS between 2000 and 2016, 30 experienced relapse or 
progression to AML after HCT and were included in this 
retrospective analysis. MDS relapse was defined as re-emer-
gence or appearance of ≥5% blasts in the bone marrow 
(BM) or major myelodysplastic features such as cytopenia 
and transfusion dependence, based on the 2006 MDS response 
criteria of the International Working Group (IWG) [3]. 
Progression to AML was defined as the presence of ≥20% 
blasts in the BM or peripheral blood. In patients who received 
treatment for MDS before HCT, the response was assessed 
on the basis of the 2006 IWG response criteria. The study 
protocol was approved by the Institutional Review Board 
of the Asan Medical Center in accordance with the 2008 
Declaration of Helsinki.

Statistical analysis
Overall survival (OS) was calculated from the date of re-

lapse after HCT to the date of the last follow-up or death 
from any cause. The Kaplan–Meier method and log-rank 
test were used to calculate and compare the survival rates 
in univariate analysis, respectively. Multivariate analysis was 
performed using a Cox proportional hazards regression 
model. The SPSS version 21 (IBM Corporation, Somers, NY, 
USA) and GraphPad Prism version 5.01 (GraphPad Software 
Inc., La Jolla, CA, USA) were used for statistical analysis 
and to generate the graphs, respectively.

RESULTS

Patient characteristics
Table 1 summarizes the disease and transplantation-related 

characteristics. The median age of the patients at the time 
of HCT was 54 (range, 19–70) years. A total of 23 (76.7%) 
patients received MDS-directed treatment before HCT: 20 
were treated with HMA, 2 with intensive AML-like chemo-
therapy, and 1 with low-dose cytarabine. Of the 20 patients 
who received hypomethylating therapy, 5 showed marrow 
complete remission (CR), 13 had stable disease, 1 showed 
disease progression, and 1 could not be assessed. Of the 
two patients treated with intensive chemotherapy, one ach-
ieved CR and the other achieved partial remission (PR). 
One patient treated with low-dose cytarabine showed pro-
gressive disease. Seven (23.3%) patients received upfront 
HCT. Scores in the International Prognostic Scoring System 
(IPSS) and revised IPSS (R-IPSS) were recalculated at the 
time of HCT: 15 (50.0%) patients had intermediate-2 or 
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Fig. 1. Treatment and clinical outcomes of 30 patients who relapsed after allogeneic hematopoietic cell transplantation for myelodysplastic syndrome. 
Abbreviations: AML, acute myeloid leukemia; BSC, best supportive care; CR, complete remission; DLI, donor lymphocyte infusion; HCT, 
hematopoietic cell transplantation; HMA, hypomethylating agent; LDAC, low-dose cytarabine; SD, stable disease; TRM, treatment-related 
mortality.

Table 2. Relapse characteristics.

Characteristic N of patients

Interval from HCT to relapse, mo, median 
(range)

    6.6 (0.9–136.3)

     ＜6      15 (50.0%)
     ≥6      15 (50.0%)
Relapse as AML      13 (43.3%)
IPSS at relapse (MDS only)
     Intermediate-1        6 (20.0%)
     Intermediate-2        7 (23.3%)
     High        4 (13.3%)
R-IPSS at relapse (MDS only)
     Intermediate        5 (16.7%)
     High        5 (16.7%)
     Very high        7 (23.3%)
WBC at relapse, /L, median (range) 1,700 (220–66,200)
Blasts at relapse, PB, %, median (range)        0 (0–41)
Blasts at relapse, BM, %, median (range)   17.0 (1.6–82.0)
Hb at relapse, g/dL, median (range)   9.11 (5.2–14.1)
Platelets at relapse, ×109/L, median (range)   38.5 (13–162)

Abbreviations: AML, acute myeloid leukemia; BM, bone marrow; 
Hb, hemoglobin; HCT, hematopoietic cell transplantation; IPSS, 
International Prognostic Scoring System; MDS, myelodysplastic 
syndrome; PB, peripheral blood; R-IPSS, revised IPSS; WBC, white 
blood cells.

high risk scores on the IPSS and 21 (70.0%) had high or 
very high risk scores on the R-IPSS. Six (20.0%) patients 
received hematopoietic graft from matched related donors, 
11 (36.7%) from matched unrelated donors, and 13 (43.3%) 

from haploidentical familial donors. 
After HCT, 20 patients achieved CR with a complete cyto-

genetic response, 5 showed morphologic CR with persistent 
cytogenetic abnormalities, and 5 had progressive diseases. 
Patients experienced disease relapse or progression after a 
median time of 6.6 (range, 0.9–136.3) months, and 13 (43.3%) 
patients relapsed with AML. Table 2 shows the relapse char-
acteristics of the patients.

Treatment and clinical outcomes after relapse
Fig. 1 shows the treatment modalities administered to 

relapsed patients and clinical outcomes. For the initial salvage 
treatment of relapse, 4 patients received DLI; 7, HMAs; 10, 
chemotherapy; 1, second HCT; and 8, best supportive care 
(BSC). 

One of the four patients receiving DLI infusions achieved 
CR. The responsive patient had received HCT for refractory 
anemia with excess blasts (RAEB)-1 from a matched related 
donor using myeloablative conditioning (MAC) and relapsed 
as refractory cytopenia with multilineage dysplasia (RCMD) 
7.5 years after HCT. The patient survived in CR 49.2 months 
after a dose-escalated DLI (total CD3+ T-cell dose of 
1.6×108/kg). The other three patients who received DLIs 
for MDS relapse, which occurred at 1.7, 2.1, and 3.4 years 
after HCT, respectively, showed persistent mixed chimerism 
and eventually died of disease. 

In seven patients with relapse after HCT, no response 
was observed after treatment with HMAs. One patient who 
had stable disease received five courses of decitabine at the 
time of analysis for MDS relapse, which occurred 11.4 years 
after HCT for RAEB-2. Three patients died of persistent 
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Fig. 2. Overall survival curves of the patients relapsing after allogeneic hematopoietic cell transplantation for myelodysplastic syndrome. Total 
patients (A). Survival curves based on the interval from transplantation to relapse (B).

disease and infection during treatment with HMAs for relap-
ses, which occurred 6 months, 2.2 years, and 7.5 years after 
HCT, respectively. Three patients experienced progression 
to AML after 3–4 courses of decitabine treatment for MDS 
relapses after HCT. They received the second HCT; however, 
all died of the disease and/or bleeding complications. 

Six patients who relapsed with AML were treated with 
intensive induction chemotherapy, and three achieved CR. 
One CR patient, who received HCT from an unrelated donor 
using reduced-intensity conditioning (RIC) and relapsed 5.5 
years after HCT, received the second HCT from a hap-
loidentical familial donor and was alive without disease 4.2 
months thereafter. The other two CR patients received the 
second HCT and DLI as post-remission consolidation therapy, 
but eventually relapsed and died. Three patients, who did 
not respond to intensive chemotherapy, died of disease. 
Low-dose cytarabine did not induce disease remission in 
four patients who died of progressive disease. 

One patient, who received HCT for RAEB-2 from an un-
related donor using MAC and experienced cytopenia with 
cytogenetic relapse harboring del(17q) 2 years after the first 
HCT, received the second HCT from an unrelated donor 
using RIC, and the patient was alive and disease free 4.7 
months after the second HCT. Eight patients, who received 
BSC only, died at a median time of 0.7 (range, 0.1–12.2) 
months after relapse. 

The median OS after relapse of all 30 patients was 4.4 
months [95% confidence interval (CI), 0.7–8.2] (Fig. 2). In 
the univariate analysis of OS, age ＜50 years (P=0.036), lower 
IPSS scores at relapse (P=0.047), and relapse ≥6 months 
after HCT (P＜0.001) were associated with longer OS (Table 
3). With regard to treatment options after relapse, the patients 
were categorized into two groups, HCT/DLI vs. other treat-
ment, because only one patient received the second HCT. 
Univariate analysis showed a non-significant improvement 
in the OS of the HCT/DLI group compared with that of 
the other treatment group (median OS, 10.7 vs. 3.9 mo, 

P=0.142). Of the three prognostic factors for OS, relapse 
≥6 months after HCT remained significant for OS [hazard 
ratio (HR), 0.195; 95% CI, 0.070–0.547; P=0.002] as shown 
in the multivariate Cox proportional hazards model (Table 4).  

DISCUSSION

In this study, the clinical courses of the patients who 
relapsed after allogeneic HCT for MDS were reviewed. Of 
the 30 patients included in this study, a median OS was 
4.4 months, and only four survived (three in CR and one 
with disease). The poor outcomes reported in this study 
are similar to the previous retrospective study results from 
a French group, which showed a 2-year OS of 16% among 
147 patients relapsing after allogeneic HCT for MDS [4]. 
In a retrospective analysis of 108 patients who relapsed after 
allogeneic HCT for AML or high-risk MDS, the median 
OS after relapse was 130 days [5]; in a prospective study 
of azacitidine and DLI as the first salvage therapy for 30 
patients relapsing after allogeneic HCT for AML or MDS, 
the median OS was 117 days [6].

The time interval between HCT and relapse was consid-
ered to be an important prognostic factor for survival after 
relapse [4, 5, 7, 8]. The French group’s study showed that 
relapse within 6 months after HCT (HR, 2.69; 95% CI, 0.82–
3.98; P＜0.001) and progression to AML at relapse (HR, 
2.59; 95% CI, 1.75–3.83; P＜0.001) were associated with 
poor survival outcomes in patients relapsing after HCT for 
MDS [4]. The Spanish group’s study found that the time 
interval between the first and second HCT and disease status 
at the second HCT were significant factors for survival [7]. 
Sauer et al. [5] analyzed the treatment outcomes of 108 
patients who relapsed after allogeneic HCT for AML or MDS. 
Results showed that the time interval from allogeneic HCT 
to relapse was the only independent predictor for response 
to salvage therapy and OS. Our study also showed poor 
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Table 4. Multivariate analysis for overall survival.

HR (95% CI) P

Interval from 
HCT to relapse

＜6 mo 1 0.002
≥6 mo 0.195 (0.070–0.547)

Abbreviations: CI, confidence interval; HCT, hematopoietic cell 
transplantation; HR, hazard ratio.

Table 3. Univariate analysis for overall survival.

Overall survival

Median (range), mo P

Age at HCT ＜50 12.2 (7.7–16.7) 0.036
≥50   2.4 (0.0–6.0)

WHO classification at HCT RAEB-1   4.4 (0.0–11.9) 0.239
RAEB-2   3.9 (1.5–6.3)
RCMD 20.8 (5.2–36.4)

IPSS at HCT Low/intermediate-1   6.3 (0.0–13.8) 0.099
Intermediate-2/high   2.1 (1.6–2.6)

R-IPSS at HCT Very low to high 10.7 (7.2–14.2) 0.070
Very high   2.1 (0.0–4.6)

IPSS at relapse Low/Int-1 13.8 (7.4–20.1) 0.047
Int-2/high   4.4 (2.5–6.3)

R-IPSS at relapse Very low to high   9.1 (0.0–18.7) 0.172
Very high   4.4 (2.7–6.2)

Interval from HCT to relapse ＜6 mo   2.4 (0.0–4.9) ＜0.001
≥6 mo 13.8 (8.9–18.6)

Disease at relapse MDS   6.3 (0.0–17.4) 0.570
AML   3.6 (0.3–6.9)

Conditioning regimen Myeloablative 17.8 (0.0–48.5) 0.107
Reduced intensity   4.4 (0.7–8.2)

Treatment after relapse HCT/DLI 10.7 (1.6–19.9) 0.142
Other treatment   3.9 (0.7–8.2)

Abbreviations: AML, acute myeloid leukemia; HCT, hematopoietic cell transplantation; IPSS, International Prognostic Scoring System; MDS, 
myelodysplastic syndrome; RAEB, refractory anemia with excess blasts; RCMD, refractory cytopenia with multilineage dysplasia; R-IPSS, 
revised IPSS; WHO, World Health Organization.

outcomes in patients with relapse within 6 months after 
HCT and confirmed early relapse as a dismal prognostic 
factor. 

The treatment of patients relapsing after allogeneic HCT 
for MDS is challenging, and various treatment strategies 
have been attempted. In this study, there were three dis-
ease-free survivors: one who underwent the second HCT 
for cytogenetic relapse, one who received the second HCT 
after achieving CR with intensive chemotherapy, and one 
who received DLI for low disease burden. DLI is one of 
the most commonly used interventions for the management 
of relapse after HCT. The Adult AML Working Group of 
the Japan Society for Hematopoietic Cell Transplantation 
reviewed 143 AML patients receiving DLI for hematological 
relapse after HCT, and the 5-year OS was 7% [8]. Eleven 
(8%) patients in the study received DLI after achieving CR, 
and long-term survival was observed almost exclusively in 

patients who achieved CR before DLI. Outcomes of DLI 
with or without chemotherapy for AML or MDS relapse 
after T-cell-depleted RIC HCT were investigated in 51 pa-
tients, and the 5-year OS was significantly different according 
to the time interval between DLI and HCT (within 6 mo 
vs. ＞6 mo, 11% vs. 51%, P=0.008) and CR achievement 
before DLI (persistent vs. CR, 24% vs. 53%, P＜0.01) [9]. 
The abovementioned two studies regarding DLI as treatment 
for AML or MDS relapse after HCT showed that the effects 
of DLI were limited to the patients with low tumor burden; 
thus, early detection of disease relapse may be the key factor 
for long-term survival. In a prospective study, the combina-
tion of azacitidine and DLI as treatment for the 30 patients 
who relapsed after HCT for AML or MDS induced CR in 
seven (23%) patients and PR in two (7%), and five patients 
remained in CR [6]. The second HCT has been attempted 
for the treatment of AML or MDS relapse. The Spanish 
group published the outcomes of 116 patients who underwent 
the second allogeneic HCT as treatment for relapsed myeloid 
malignancies (AML, MDS, and myeloproliferative neo-
plasm), and the 5-year OS was 32% [7]. Oran et al. [10] 
reported the outcomes of AML and MDS patients who re-
lapsed after allogeneic HCT using RIC and were treated 
at MD Anderson Cancer Center. The results showed that 
a number of patients who underwent the second HCT as 
the initial salvage or consolidation therapy achieved 
long-term survival compared with those receiving other sal-
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vage treatments or supportive care (median OS of 25.3 vs. 
2.4 vs. 1.6 mo, P=0.0001). In the French group’s study, pa-
tients receiving DLI or second HCT showed significantly 
longer survival than those treated with other salvage treat-
ments or BSC [4]; in another study, the response to salvage 
therapy was significantly improved in patients treated with 
a combination of chemotherapy and allogeneic cell-based 
therapy compared with those treated with chemotherapy 
alone [5]. Preemptive administration of azacitidine was at-
tempted in 20 patients with imminent relapse (CD34+ donor 
chimerism ＜80%) after HCT for AML or MDS, and 16 
(80%) patients responded with either increasing CD34+ donor 
chimerism or stabilization without relapse [11]. However, 
65% of the patients eventually experienced disease relapse. 
In our study, seven patients received azacitidine or decitabine 
for the treatment of relapse after HCT; however, significant 
response was not observed. In patients relapsing after HCT 
for MDS, HMA alone seems insufficient to obtain a reliable 
response, and an immunological approach with DLI or second 
HCT should be considered for long-term disease-free 
survival.

In conclusion, the outcomes of patients relapsing after 
allogeneic HCT for MDS were very poor, especially in those 
with early relapse after HCT. However, a minority of patients 
who had low tumor burden benefited from an immunologic 
approach using DLI or second HCT. Early detection of relapse 
and immunotherapeutic approaches with effective cytor-
eductive treatment will improve the outcomes of relapsed 
patients. 
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