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Abstract

Standard first-line therapy for older patients with high-risk MDS consists of hypomethylating 

agents such as azacitidine (AZA). However, the only approach with curative potential remains 

allogeneic hematopoietic cell transplantation (HCT). So far no direct comparison of both strategies 

has been carried out. The outcomes of two well balanced cohorts of high-risk MDS patients 

defined by age (60–70 years), performance status (ECOG ≤2) and donor availability (yes/no) were 

compared including 103 patients undergoing HCT and 75 patients without this option who 

received AZA. The estimated 2-year overall survival (OS) after the start of treatment was 39% 

(95% CI, 30% to 50%) for the HCT patients and 23% (95% CI, 14 to 40%) for the AZA patients. 

In a multivariate Cox regression analysis of all (n=178) patients ECOG score (0 vs. 1 vs. 2, HR: 
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2.9/3.9, p<0.001), cytogenetics (good vs. intermediate vs. poor, HR: 1.2/1.7, p=0.026) and type of 

treatment (HCT vs. AZA, HR: 0.3, p=0.007) were associated with OS.

This retrospective cohort analysis suggests a survival advantage with allogeneic HCT compared to 

treatment with AZA in medically fit high-risk MDS patients 60 to 70 years of age, Prospective 

controlled studies are warranted.
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Introduction

Myelodysplastic syndromes (MDS) occur primarily in older individuals, in whom treatment 

with hypomethylating agents (HMA) such as azacitidine (AZA) has resulted in a survival 

advantage1 compared to patients treated with supportive care (SC)2. The only therapy with 

proven curative potential, however, remains allogeneic hematopoietic stem cell 

transplantation (HCT)3. Published data regarding the use of allogeneic HCT in older patients 

with high-risk MDS have been limited until recently. Many of these patients were not 

considered as candidates for allogeneic HCT, because of concerns about increased 

transplant-related toxicity and excess of non-relapse mortality (NRM), a challenging 

problem primarily in older individuals. As the extramedullary toxicity of transplant 

conditioning contributes significantly to early NRM, the development of reduced-intensity 

conditioning (RIC) regimens and the use of alternative donor sources has allowed the 

successful application of HCT in older patients with MDS and AML4.

Today, there is considerable evidence that allogeneic HCT can be successful in older 

patients with MDS5–8 and it is conceivable that it provides a survival advantage compared to 

SC only or other non-transplant approaches9. No controlled prospective data are available 

and no direct randomized comparison between HCT and the efficacy of HMA has been 

presented so far10. Given the heterogeneity of MDS, the potential complications associated 

with HCT, and the availability of therapeutic non-transplant alternatives, for example with 

HMA, the decision of when and in whom to perform allogeneic HCT remains difficult for 

both the patient and the treating physician. In fact, a recent retrospective analysis 

demonstrated that, in contrast to younger MDS patients, a survival benefit might be obtained 

in higher-risk MDS patients only with a certain delay after HCT compared to HMA11. 

Although retrospective studies are subject to selection bias, they can provide important 

information to facilitate clinical decision-making12. Therefore, we analysed the treatment 

results of a well defined group of patients 60 to 70 years of age with de novo high-risk MDS 

undergoing allogeneic HCT. The intent was to compare the outcome after allogeneic HCT 

with that observed in a similar cohort of patients who had received first-line treatment with 

AZA in the absence of a donor.
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Design and Methods

Study design

First, the participating transplant centers in Germany and the US (GMDS-SG, GCTSG, 

FHCRC) provided data on patients 60 to 70 years of age with the initial diagnosis of high-

risk MDS, defined as either refractory anemia with excess of blasts (RAEB), RAEB in 

transformation (RAEB-t) or chronic myelomonocytic leukemia (CMML) according to the 

French-American-British (FAB) classification or INT-2/HIGH risk MDS according to the 

IPSS2 who received allogeneic HCT. The analysis was restricted to patients with RAEB, 

RAEB-t or CMML and at least 5% marrow blasts at diagnosis as these disease categories 

generally would be considered indications for HCT in younger individuals. Only patients 

with at least intermediate intensity conditioning (excluding patients conditioned with 

fludarabine plus 2 Gy TBI) and patients with ECOG scores <3 were included in order to 

avoid a selection of “medically unfit” patients with comorbidities that would presumably 

exclude them from consideration for intensive treatment approaches including allogeneic 

HCT. Then, the HCT cohort was compared to a French cohort of patients who had received 

treatment with AZA and did not undergo allogeneic HCT, because of the lack of a suitably 

HLA matched donor or because the patient was not considered for HCT by the treating 

physician due to guidelines not to offer transplantation to high-risk MDS patients above the 

age of 60 years. As for the HCT cohort the analysis was restricted to patients 60–70 years of 

age with ≥ 5% blasts (RAEB, RAEB-t or CMML) in the bone marrow at diagnosis. Data 

were provided by the registry of the GFM (groupe francophone de myelodysplasie), which 

currently contains information on 735 patients who received at least 1 cycle of AZA and 

were treated at 42 French centers, including 282 patients with IPSS INT-2 or HIGH risk 

MDS and patients with AML with ≤ 30% marrow myeloblasts (RAEB-t), as described 

previously13.

Definitions

Patients were also classified according to the WHO classification. Cytogenetic subgroups 

and red-blood cell transfusion dependency (TD) were defined according to the IPSS2 and 

WPSS scoring systems8. Conditioning regimens were defined according to a study of the 

European Group for Blood and Marrow Transplantation (EBMT) as “conventional” 

intensity (CIC) with myeloablative intent14. All other regimens where considered to be of 

reduced intensity (RIC).

Response criteria and parameters for progression were assessed according to the IWG15. 

Event-free (event defined either as death, relapse or progression) and overall survival times 

were calculated from start of treatment (AZA vs. HCT, respectively). Relapse and 

progression were both considered for the calculation of relapse incidence. The definition of 

NRM as competing event for relapse incidence was applied to both HCT and AZA therapy 

according to Cheson et al15. However, patients with either CR, PR, HI or SD in response to 

AZA were considered for NRM of the AZA cohort.
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Statistical Methods

Estimates for overall and relapse-free survival were calculated by the method of Kaplan and 

Meier. For univariate comparisons the log-rank test was used. Incidences of relapse/

progression and NRM were calculated using competing event statistics, and the Gray-test 

was employed for univariate comparisons16. Approximate 95%-confidence intervals are 

provided for point estimates of overall survival (OS), event-free survival (EFS), relapse 

incidence (RI) and NRM. Variables for the multivariate analysis were selected a priori based 

on literature data to assure that the estimated treatment effects were adjusted for the most 

important confounders. Survival data were censored at three years after start of treatment. 

Complete case analyses were performed. The proportional hazard (PH) assumption was 

checked for each multivariate model by analysis of the scaled Schoenfeld residuals17. Cox 

regression models were fitted for OS and EFS. Age, time from diagnosis to treatment, 

ECOG, WHO classification, cytogenetic results and type of treatment were entered into the 

multivariate model. Scaled Schoenfeld residuals were analysed in order to check the 

proportional hazard assumption for the Cox regression models for OS and EFS. The global 

tests for a change of the hazard rates over time indicated non-proportionality for both 

models (p=0.02 for the Cox model for OS and p=0.002 for the Cox model for EFS). Further 

analysis indicated that this was the result of a variation of the treatment effect (AZA versus 

HCT) over time (data not shown). Scaled Schoenfeld residuals can be interpreted as time-

dependent beta-coefficients. Higher values of these residuals with increasing observation 

times indicated an increasing hazard-rate for patients in the AZA group compared to the 

HCT group. The systematic deviation of the smoothing splines from a horizontal line is 

indicative of non-proportional hazards in the two treatment groups. Proportional hazards are, 

however, a basic assumption for Cox regression analysis. Since proportionality of the hazard 

could not be assumed for this simple model, a dichotomous time-dependent covariate was 

introduced into the Cox model, which allowed for the calculation of different treatment 

effects in the first year after the start of treatment (AZA or HCT) and the subsequent time 

period.

Computations were done with SPSS statistics, version 18.0.0. (SPSS Inc., Chicago, IL, 

USA) and R, version 2.12.1 including the software packages for survival (2.36–5)18,19. This 

retrospective study was performed according to the declaration of Helsinki. All patients 

signed informed consent for participation in research studies, and the use of data of the MDS 

registry had been approved by the local IRB of the University of Dresden, the Fred 

Hutchinson Cancer Research Center, Seattle, WA as well as the GFM group.

Results

Characteristics of the study cohorts

Transplantation Cohort—Overall, 103 patients with de novo high-risk MDS, 

transplanted from 1995 through 2008 were identified at participating centers. As shown in 

Table 1, all patients had RAEB, RAEB-t or CMML, and 67 (65%) met the IPSS INT-2/

HIGH risk criteria. Forty-two patients (41%) had received induction chemotherapy (IC, CR 

rate: 39%), six patients (6%) various treatments including erythropoiesis stimulating agents 
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(ESA) or HMA alone (3 patients achieved hematological improvement while the remainder 

obtained stable disease), and 51 patients (49%) received SC only.

At the time of diagnosis and pre-HCT the marrow blast counts were 5%–30% (median 11%) 

and 0%–80% (median 10%), respectively. The pre-transplant hematopoietic cell 

transplantation specific comorbidity index (HCT-CI) could be determined in 94 patients, of 

whom 37 (39%), 16 (17%), 16 (17%), and 25 (27%) had scores of 0, 1, 2 and ≥3, 

respectively20.

Allogeneic HCT was performed at 1.3–112 (median 7.6) months from MDS diagnosis. 

Sixty-one patients (59%) underwent RIC while 45 patients (41%) received CIC, followed by 

peripheral blood stem cells (PBSC, n=94) or bone marrow (n=4) (information missing on 5 

patients) from unrelated (n=63; 61%) or related (n=40; 39%) donors without further 

manipulation. The donors were HLA-identical for 78 patients (76%) and single allele 

mismatched in 17 patients.

AZA cohort—There were 75 patients with a date of diagnosis between 2004 and 2009. The 

time from diagnosis to first-line treatment with AZA was 0–141 (median 6) months. The 

marrow blast counts at diagnosis and prior to AZA were 5% to 30% (median 12%) and 6% 

to 59% (median 17%), respectively. A search for a suitable (at least 9 out of 10 allele match) 

donor was initiated at the start of AZA for the majority (n=60, 80%) of patients but 

remained unsuccessful. In the other patients (20%) HCT was not considered due to 

guidelines not to offer allogeneic HCT to patients above the age of 60 years.

Patients received a median of 6 (range 1–52) cycles of AZA therapy. There were only 6 

patients with less than 3 cycles of treatment. The reason for the limited number of cycles 

administered was early progression to higher stage MDS or AML in all of them. The ECOG 

score was not available at the time of diagnosis for the AZA group but was 0–2 (median 1) 

at the time of in initiating AZA. Thirty-four patients (45%) responded to AZA treatment 

with CR, PR or HI, 18 (24%) had stable disease and 14 (19%) had primary disease 

progression. The extent of response was unknown in 5 patients (7%), and 4 patients (6%) 

were not evaluable due to early death. Finally, during the later course of the disease 16 

patients (21%) underwent induction chemotherapy (IC), because of no response or 

progressive disease while receiving AZA.

Comparison of AZA and HCT cohorts

Characteristics at diagnosis—As shown in Table 1, at diagnosis the two patient 

cohorts (HCT or AZA) were comparable with regards to disease subtype (FAB or WHO), 

IPSS and cytogenetic characteristics. There was no difference in the gender distribution, 

while AZA treated patients were slightly older than HCT patients (median 65 vs. 63 years; 

p=0.01).

Characteristics at onset of treatment—The cohorts were similar with regards to 

cytogenetic risk, but there were more patients with advanced disease (by FAB, WHO or 

IPSS) in the HCT cohort. In fact, the majority of HCT patients had progressed to a higher 

disease stage prior to HCT, with 43 (42%) vs. 7 (9%), and 51 (50%) vs. 28 patients (37%) in 
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the AZA group having evolved to AML (by FAB or WHO criteria, respectively). Also, more 

patients in the HCT group were TD (n=73, 71%) than in the AZA group (n=42, 56%, 

p<0.01). There was no statistically significant difference in the performance status between 

the two cohorts (Table 1) as well as the overall rate of induction chemotherapy (in the AZA 

cohort given only after AZA failure).

Outcome—All patients undergoing HCT achieved primary engraftment. With a follow-up 

of 7–154 (median 39) months for surviving patients the estimated 2-year OS and EFS were 

39% (95% CI, 30% to 50%) and 37% (95% CI, 28% to 48%), and relapse and NRM were 

30% (95% CI, 21% to 39%) and 33% (95% CI, 23% to 42%), for the HCT cohort, 

respectively. The 5-year OS and EFS were 35% (95% CI, 26% to 47%) and 36% (95% CI, 

27% to 47%), respectively (Figures 1 and 2). At last follow-up, 40 patients, 62 – 77 (median 

68) years of age, were alive in remission after HCT.

In the AZA group, with a follow-up of 1–52 (median 13) months from start of AZA therapy 

the 2-year OS, EFS, relapse/progression incidence and NRM were 23% (95% CI, 14% to 

40%), 14% (95% CI, 7% to 27%), 52% (95% CI, 40% to 65%) and 34% (95% CI, 22% to 

45%), respectively (Figure 1 and 2). At last follow-up, 16 patients with a follow up of 3 to 

51 months (median 16 months), with 62 – 70 (median 67) years of age, were alive in that 

group.

Multivariate Cox regression analysis of the total cohort

The final models are shown in Table 2. ECOG performance score and cytogenetics 

significantly contributed to the prediction of OS and EFS. In the first year after start of the 

intervention no effect on OS was detectable (hazard ratio [HR] of HCT versus AZA, 1.3, 

p=0.3) while after one year HCT was associated with a strong protective effect (HR of HCT 

versus AZA, 0.3, p=0.007). The same pattern was observed for EFS.

Discussion

The present results show that HCT was superior to conventional treatment with AZA in 

achieving improved long-term survival. However, the survival curves of the two cohorts did 

not separate until about two years after start of therapy, reflecting an advantage for 

transplanted patients only with a delay after HCT which is consistent with the recent 

analysis by Koreth and colleagues11. The delayed separation of the curves was at least in 

part the result of NRM after allogeneic HCT related to GVHD and associated infectious 

complications. On the other hand, NRM at 2 years was basically identical 34% (95% CI, 

22% to 45%) in the AZA group compared to 33% (95% CI, 23% to 42%) in the HCT group. 

Therefore, the present data also suggest that, contrary to a frequent perception, NRM 

following HCT may not significantly exceed mortality after conventional treatment with 

HMA. Additionally, our study supports the concept that chronological age alone should not 

serve as a barrier to allogeneic HCT in patients with advanced MDS who have a suitable 

donor. However, in agreement with previous reports on patients undergoing HCT or AZA, 

respectively, we confirmed the predictive value of the performance status of patients on the 

probability of success of a given treatment7,13,20. Until recently, supportive care was 

considered the standard of treatment for most older patients with high-risk MDS, while 
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allogeneic HCT was restricted to a minority of patients selected, presumably, on the basis of 

biologic age and fitness. New developments of disease-modifying agents and innovations in 

allogeneic HCT have changed this paradigm4,21–27, although only limited data have been 

published on patients undergoing allogeneic HCT above 60 years of age. Our data also 

demonstrate that allogeneic HCT, in contrast to treatment with AZA, can lead to long-term 

disease control and possibly cure in a substantial proportion of patients with advanced MDS 

in the 7th decade of life. In agreement with observations in younger patients and recent 

retrospective analyses in older patients with MDS6,7 who underwent allogeneic HCT, high 

risk cytogenetics were associated with adverse outcome secondary to an increased incidence 

of relapse3,4,8,28,29. Thus, relapse remains a problem, primarily in patients with high risk 

cytogenetics and a high blast count at the time of HCT.

A shortcoming of the present study is that we can presumably not exclude a selection bias of 

the two cohorts analyzed. Additionally, patients were primarily matched only for the disease 

stage at diagnosis but not at the time point when the respective therapy started. However, in 

light of the fact that patients in the HCT group had more advanced disease prior to HCT, 

their survival benefit compared to the AZA cohort further strengthens the results. The worse 

median survival of our AZA cohort compared to the AZA001 study1 is presumably a result 

of a registry-based analysis as well as major differences in patient characteristics including 

more patients with moderate performance status (ECOG 0; 32% vs. AZA001 44%) and poor 

risk cytogenetics (43% vs. AZA001 28%) in our study. Patients groups were also matched 

for ECOG performance status, but not for comorbidities according to the HCT-CI, simply 

because such comorbidity scores were not available for patients in the AZA group. 

Therefore, we cannot exclude the possibility that the presence of certain comorbidities of 

patients in the AZA cohort might have dissuaded patients and their physicians from pursuing 

a more aggressive management, including HCT. Nevertheless, two thirds of HCT patients 

had HCT-CI scores of one or higher, which argues against the possibility that only totally 

“medically fit” patients were transplanted.

Taken together the current analysis suggests a benefit of allogeneic HCT compared to AZA 

in older patients with high-risk MDS or secondary AML. While these findings must be 

interpreted with caution, they lead to the provocative hypothesis that HCT offers a survival 

advantage to those patients, although the present data do not present proof of superiority of 

HCT over AZA. In particular, our analysis cannot be considered a true “donor versus no-

donor” comparison. The inclusion of patients who had a donors identified, but who did not 

undergo allogeneic HCT e.g. because of toxicities related to prior therapy, might have 

further strengthened our findings. Unfortunately, that information was not available to us. 

Nevertheless, interpretation of the results is based on the assumption that the risk profiles of 

the two patient cohorts were captured correctly, and differences in outcome cannot be 

explained by confounders which were not included in the model. We believe, therefore, that 

this kind of retrospective analysis can still provide relevant clinical information in the 

absence of prospective trials12. Since the common availability of HMA has now changed 

strategies in preparation for transplantation30, future randomized studies should evaluate 

allogeneic HCT preceded by HMA in comparison to HMA alone in older patients with high-

risk MDS.
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Figure 1. 
Overall (OS) and event-free survival (EFS) among MDS patients followed from start of 

therapy according to treatment approach
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Figure 2. 
Stacked cumulative incidence curves from a competing risk model with relapse and death as 

competing risks, with the study population substratified according to type of treatment AZA: 

upper figure, HCT: lower figure
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