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Abstract

Established prognostic tools in patients with myelodysplastic syndromes (MDS) were largely 

derived from untreated patient cohorts. Although azanucleosides are standard therapies for higher-

risk (HR)-MDS, the relative prognostic performance of existing prognostic tools among patients 

with HR-MDS receiving azanucleoside therapy is unknown. In the MDS Clinical Research 

Consortium database, we compared the prognostic utility of the International Prognostic Scoring 

System (IPSS), revised IPSS (IPSS-R), MD Anderson Prognostic Scoring System (MDAPSS), 

World Health Organization-based Prognostic Scoring System (WPSS) and the French Prognostic 

Scoring System (FPSS) among 632 patients who presented with HR-MDS and were treated with 

azanucleosides as the first-line therapy. Median follow-up from diagnosis was 15.7 months. No 

prognostic tool predicted the probability of achieving an objective response. Nonetheless, all five 
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tools were associated with overall survival (OS, P = 0.025 for the IPSS, P = 0.011 for WPSS and 

P < 0.001 for the other three tools). The corrected Akaike Information Criteria, which were used 

to compare OS with the different prognostic scoring systems as covariates (lower is better) were 

4138 (MDAPSS), 4156 (FPSS), 4196 (IPSS-R), 4186 (WPSS) and 4196 (IPSS). Patients in the 

highest-risk groups of the prognostic tools had a median OS from diagnosis of 11 – 16 months and 

should be considered for up-front transplantation or experimental approaches.

INTRODUCTION

Myelodysplastic syndromes (MDS) comprise a group of heterogeneous hematopoietic stem 

cell malignancies with dysregulated differentiation leading to peripheral cytopenias, 

prominent dysplastic cell morphology changes and a variable propensity for leukemic 

progression.1,2 MDS also exhibit wide heterogeneity in the clinical course and outcomes of 

individual patients.3–5 Accurate risk stratification is thus extremely important for informed 

counseling of patients and guiding recommendations for therapeutic interventions.6 Since 

the publication of the first widely used prognostic tool in 1997, the International Prognostic 

Scoring System (IPSS),7 several other risk stratification models have been developed and 

validated to address some of the important limitations of the IPSS.8 The dynamic WHO 

(World Health Organization) classification-based Prognostic Scoring System (WPSS),9 

which incorporated transfusion needs, was published in 2007 and the global MD Anderson 

Prognostic Scoring System (MDAPSS),10 which included secondary MDS and proliferative 

overlap disorders, shortly followed in 2008. In addition, the IPSS itself was revised and the 

revised version (IPSS-R),11 which gave more weight to cytogenetic abnormalities and 

degrees of cytopenias, was published in 2012.

Despite the introduction of other models and increased understanding of the utility of 

integrating some of the newly discovered prognostic recurrent molecular mutations in 

prognostic systems, these four prognostic tools (IPSS, WPSS, MDAPSS and IPSS-R) 

remain the most widely used risk stratification models in clinical practice.12 In practice, 

these systems generally separate MDS patients into two broad prognostic groups: those with 

lower-risk disease and those with higher-risk (HR)-MDS. Whenever possible, patients with 

HR-MDS are treated with aggressive interventions such as allogeneic hematopoietic stem 

cell transplantation and/or azanucleoside therapy with the goal of altering the natural history 

of the disease and prolonging survival. The azanucleosides azacitidine and decitabine were 

approved for treatment of MDS by the US Food and Drug Administration in 2004 and 2006, 

respectively. Although azacitidine remains the only drug demonstrated to prolong survival 

in patients with HR-MDS in a randomized phase 3 study,13 both azacitidine and decitabine 

have been shown to result in objective hematologic responses in 40–60% of patients 

including complete remission (CR) in 10–20% of patients, delay progression to acute 

myeloid leukemia (AML) and improve quality of life.13–20

Importantly, many patients with HR-MDS who receive azanucleosides do not derive clinical 

benefit. In addition, neither drug is curative and most responding patients lose their response 

within two years.21 Moreover, patients with HR-MDS who do not respond or lose initial 

response after azanucleoside therapy have a dismal prognosis with a median overall survival 
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(OS) of <6 months.22,23 For all these reasons, extensive research has been dedicated to 

identify clinical or laboratory predictors for clinical benefit from azanucleoside therapy in 

patients with HR-MDS.24 Unfortunately, no such reliable predictors have been discovered 

that would enable patients with lower probability of benefit to avoid prolonged, expensive, 

ineffective and potentially toxic azanucleoside therapy, and to be considered for more 

intensive or experimental treatment approaches early in the disease course.25,26 The survival 

estimates provided by the prognostic tools for MDS are usually factored in the decision of 

whether to recommend azanucleoside therapy for individual patients. However, three of the 

commonly used tools (IPSS, WPSS and IPSS-R) were developed from patient cohorts who 

had not received azanucleoside therapy, while the MDAPSS was published shortly after the 

approval of azanucleosides and included only a small proportion of patients treated with 

these agents.7,9–11

In this analysis, we sought to compare the relative prognostic discriminatory power of the 

four commonly used prognostic models (IPSS, WPSS, MDAPSS and IPSS-R) and the 

French Prognostic Scoring System (FPSS), which was developed specifically for 

azacitidine-treated HR-MDS patients,27,28 in a large multicenter cohort of HR-MDS patients 

who received azanucleosides at one of the centers in the MDS Clinical Research 

Consortium.

METHODS

Study cohort

In this multi-institution study, a combined MDS database obtained from six institutions in 

the MDS Clinical Research Consortium (H. Lee Moffitt Cancer Center and Research 

Institute, Cleveland Clinic, MD Anderson Cancer Center, Dana-Farber Cancer Institute, 

Weill Medical College of Cornell University and the Sidney Kimmel Comprehensive 

Cancer Center at Johns Hopkins) was used to identify patients. Eligible patients had a 

pathologically confirmed diagnosis of MDS and HR-disease defined by an IPSS risk score 

of 1.5 or more (that is, IPSS intermediate-2 [INT-2] and high-risk groups) at presentation to 

the institutions and subsequently received azanucleoside therapy (azacitidine or decitabine) 

as first-line therapy. Data were collected for each eligible patient locally and then imported 

in the Consortium database. The study was approved by the Investigational Review Board in 

each institution.

Calculation of risk status using the five prognostic tools

The prognostic scores were calculated and risk categories were determined for every patient 

using all five risk stratification models (IPSS, IPSS-R, MDAPSS, WPSS and the FPSS) as 

previously described.7,9–11,27,28 The IPSS and the IPSS-R were calculated using the baseline 

bone marrow blast percentage, cytogenetics and the number (also severity for IPSS-R) of 

cytopenias.7,11 The IPSS has four risk categories: low, INT-1, INT-2 and high, while the 

IPSS-R has five risk categories (very low, low, INT, high and very high). The MDAPSS was 

calculated using seven baseline parameters (age, Eastern Cooperative Cancer Group 

performance status, platelet count, hemoglobin level, bone marrow blast percentage, 

cytogenetics and red blood cell (RBC) transfusion dependency) to categorize patients into 

Zeidan et al. Page 3

Leukemia. Author manuscript; available in PMC 2016 March 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



four prognostic groups (low INT-1, INT-2 and high).10 The WPSS was calculated using the 

baseline WHO class, cytogenetics and RBC transfusion dependency and used five risk 

categories (very low, low, INT, high and very high).9 A non-applicable risk category was 

added to the WPSS for patients in whom the WPSS score could not be calculated because of 

missing WHO classification. The FPSS was calculated using four baseline clinical criteria: 

Eastern Cooperative Cancer Group performance status, cytogenetics, presence of peripheral 

blood blasts and RBC transfusion dependency to group patients into three risk categories 

(low, INT and high).27,28

Response and survival determination

Responses to azanucleoside therapy were defined as per the International Working Group 

2006 (IWG-2006) criteria.29 According to the best achieved response, patients were 

categorized into responders (CR, partial response, hematologic improvement and marrow 

CR) and non-responders (stable disease and progressive disease (PD)). Overall response rate 

(ORR) was defined as the sum of patients who were CR, partial response and hematologic 

improvement. OS was calculated from the time of diagnosis of MDS to the time of death or 

last known follow-up. Leukemia-free survival (LFS) was calculated from the time of 

diagnosis of MDS to the time of death, diagnosis of acute myeloid leukemia (≥30% bone 

marrow blasts) or last known follow-up.

Statistical considerations

Multiple imputation using the chained equation approach was used to impute all missing 

data by creating a number of complete data sets and using plausible values to account for 

variables that would otherwise be missing. Restrictions were placed on the imputations that 

prevented out of range values from being included in the imputed data set. Multivariate 

imputation by chained equations with random forest per-variable imputation was used to 

impute 100 data sets. The 100 imputations were generated from a model with 97 variables 

using random forest imputation for missing continuous data and logistic/polytomous 

imputation for missing categorical data. All statistical analyses were performed on the 100 

completed data sets, then combined using the standard multiple imputation combining rules. 

P-values and 95% confidence intervals (95% CIs) were calculated from complete data 

estimates using the standard multiple imputation combining rules to reflect the increased 

uncertainty due to missing data. The fraction of missing information, which represents the 

impact the missing data have on the quantity of interest was also estimated for every 

analysis.

In survival analyses, observations were censored for patients who were last known to be 

alive. Median OS was estimated using the Kaplan – Meier method, and differences for 

subgroups were assessed using the log-rank test. Stratified (by institution) Cox proportional 

hazards models were fit to assess association of prognostic systems with OS. Corrected 

Akaike Information Criteria (AICc) were used to compare these fitted models. The AIC is a 

calculated value that is used to inform model selection when there are a number of 

competing models to estimate the data set by providing a quantitative estimation of the 

quality of each model relative to each of the other models. A smaller AIC value is 

considered as an indicator of a better fit of the model to the data. Demographics and baseline 
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characteristics were summarized. Medians and inter-quartile ranges were used to summarize 

continuous data and counts and percentages for categorical data. Logistic regression models 

were fitted and tested for association of prognostic risk categories with ORR. All analyses 

were two tailed and performed using an alpha significance threshold of 0.05. R version 3.1.1 

(2014-07-10; R Core Team (2014, Vienna, Austria; http://www.R-project.org/)) was used 

for all analyses.

RESULTS

Baseline demographics and characteristics

The demographics and baseline characteristics of the 632 patients included in the study are 

shown in Table 1. The median age of the cohort was 70 years (inter-quartile ranges: 64, 76 

years) with 86.2% ≥ 60 years of age, 88.4% white, 66.5% male and 28.6% with therapy-

related (t)-MDS. Reflecting the disease severity at baseline, 82% of patients had >5% bone 

marrow blasts, 62.8% of patients were RBC transfusion dependent, 45.3% were platelet 

transfusion dependent and 57.6% had poor-risk IPSS cytogenetics. As stratified by the IPSS 

risk group, 69.6% of patients were in the INT-2 group while the rest (30.4%) were in the 

high-risk group. The median duration of follow-up was 15.7 months (95% CI: 14.6, 16.8). 

The median time from diagnosis to azanucleoside initiation was 0.95 months (95% CI: 0.86, 

1.06). The majority of patients (90.3%) had an Eastern Cooperative Cancer Group 

performance status of 0 or 1. Not a single center accounted for more than 39% of patients.

Of the 632 patients, 429 (67.9%) received azacitidine while 203 (32.1%) received 

decitabine. The median number of administered cycles of azanucleoside therapy was 5.0 

(inter-quartile ranges: 3.0, 8.0), with 456 (72.2%) of the patients receiving 4 cycles of 

therapy or more. By the end of follow-up, 517 patients had died (81.8%), of whom 360 were 

IPSS INT-2 at diagnosis (57.0%) while 157 were IPSS high risk (24.8%). The median OS 

from diagnosis for the entire cohort was 17.0 months (95% CI: 15.8, 18.4, Figure 1a). The 

median OS from diagnosis was 18.0 months (95, % CI: 16.3, 19.8) for the INT-2 group 

compared with 16.1 months (95% CI: 13.9, 18.7) for the high-risk group (P = 0.029). When 

stratified by the type of azanucleoside received, there was no statistically significant 

difference in OS for azacitidine-treated patients (median OS, 16.4 months; 95% CI: 15.0, 

17.9) compared with that of decitabine-treated patients (median OS, 18.8 months; 95% CI: 

16.2, 21.8, P-value: 0.11, Figure 1b) in unadjusted analysis.

Overall Survival as stratified by the risk groups within the prognostic schemes

Table 2 summarizes the median OS and the 95% CI for each risk group within the five 

prognostic tools, while Figure 2 depicts the Kaplan–Meier estimates for OS of the cohort as 

stratified by risk groups within each prognostic tool. As noted, each of the risk schemes 

separated patients in groups with overall significantly different OS. The highest-risk group 

in each prognostic system identified subsets of patients with extremely poor prognosis 

despite azanucleoside therapy (median OS (95% CI); IPSS high: 16.1 months (13.9, 18.7); 

IPSS-R very high: 13.8 months (12.3, 15.4); FPSS high: 10.9 months (9.4, 12.7); MDAPSS 

high: 14.3 months (13.0, 15.7); and WPSS very high: 14.9 months (13.4, 16.5)).
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LFS as stratified by the risk groups within the prognostic schemes

The median LFS for the entire cohort was 13.0 months (95% CI: 11.9, 14.1). Table 3 

summarizes the median LFS and the 95% CI for each risk group as defined using the five 

prognostic tools, while Figure 3 depicts the Kaplan–Meier LFS estimates for the cohort, by 

risk groups, for each prognostic tool. As can be observed, each of the five prognostic tools 

separated patients in risk groups with overall significantly different LFS (Table 3 and Figure 

3).

ORR as stratified by the risk groups within the prognostic schemes

The ORR for the entire cohort to azanucleoside therapy when best objective response was 

evaluated was 42.1% (CR, 21.0%; partial response, 9.8%; hematologic improvement, 

11.3%), whereas in 57.9% no objective response was achieved (stable disease, 38.4%; PD, 

19.5%). Table 4 summarizes the ORR by the risk groups for each of the five prognostic 

tools. As can be seen in Table 4, none of the five prognostic tools were able to predict the 

achievement of an objective response.

Comparison of the prognostic utility for survival among the five prognostic tools

The AICcs were used to compare the univariable Cox models containing prognostics scoring 

systems as covariates (lower is better). The AICcs for the OS models were 4138.4 

(MDAPSS), 4185.6 (WPSS), 4196.1 (IPSS-R), 4155.9 (FPSS) and 4196.3 (IPSS; Table 5). 

To assess if the relative prognostic discrimination for the five prognostic tools was 

influenced by gender (male vs female) or type of azanucleoside used (azacitidine vs 

decitabine), we calculated the AIC scores for the five prognostic tools in each of these four 

subgroups (Table 5). The MDAPSS appeared to have the best relative prognostic 

discrimination (lowest AIC) in patients who have received either azanucleoside and among 

females, while the IPSS-R had the lowest AIC among males.

We also conducted an analysis of the subcohort of patients who have received four or more 

cycles of azanucleoside therapy (Supplementary Material). The AICcs for the OS models 

(lower is better) were 2730.1 (MDAPSS), 2733.9 (IPSS-R), 2742 (FPSS), 2763.9 (WPSS) 

and 2775.4 (IPSS).

DISCUSSION AND CONCLUSIONS

MDS represent a group of hematopoietic stem cell malignancies that are biologically and 

clinically heterogonous.3–5 Consequently, accurate risk stratification is a fundamental 

component of the recommended management strategy.6,30 This study is the first to 

comprehensively compare the prognostic utility of the most commonly used MDS 

prognostic tools in a large cohort of well-defined HR-MDS patients treated with 

azanucleosides.

The median age of the patients in our cohort, high proportion of those 60 years or older, and 

the gender and race distributions closely mirror large population-based surveillance, 

epidemiology, and end results-Medicare linked database analyses of MDS,31–34 indicating 

our sample closely reflects the MDS population in the US. In contrast, the relatively higher 
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prevalence of t-MDS (28.6%) than previously reported, probably reflects a tertiary center 

referral pattern, a more comprehensive ascertainment of prior chemotherapy or radiation 

exposure, or possibly the stronger association of t-MDS with adverse prognostic that 

features the characteristic of HR-MDS.

Several conclusions can be drawn from our study. First, and reassuringly, all the prognostic 

tools functioned well to separate azanucleoside-treated patients with HR-MDS into risk 

groups with overall significantly different survivals. Second, none of the prognostic tools 

predicted the probability of achieving an objective response with azanucleosides, further 

emphasizing the complex relationship between response and survival benefit after 

azanucleoside therapy and highlighting the limitations of relying on response as the sole 

marker of clinical benefit in MDS trials using azanucleosides.35,36

Third, the median OS from diagnosis of the azacitidine-treated patients (16.4 months) was 

significantly shorter than the 24.5 months median OS observed in the landmark randomized 

AZA-001 trial of azacitidine in HR-MDS.13 This is consistent with the survival outcomes 

noted in surveillance, epidemiology, and end results-Medicare population-based analyses in 

the USA and non-trial data from registries and compassionate-use programs in 

Europe.27,37–39 For example, a report from the Spanish Compassionate use registry of 200 

azacitidine-treated patients with all IPSS risk groups estimated an overall median OS of 16.5 

months (95% CI, 12.4 – 19.1 months).38 A report from the Dutch compassionate patient-

named program of 90 azacitidine-treated patients estimated a median OS of 13 months.39 

The Groupe Francophone des Myelodysplasies reported a median OS of 13.5 months for 

282 patients with HR-MDS treated with azacitidine in the French compassionate, patient-

named program.27 Although the reasons behind the discrepancy in survival outcomes 

between the randomized trial and the real-life setting are unknown, the unselected nature of 

patients in real-life analyses compared the highly selected individuals enrolled in 

randomized trials could account, at least partly, for this observation. It should be noted here 

that, although we did not observe a statistically significant differences in the OS of 

azacitidine-treated compared with decitabine-treated patients, this was an unadjusted 

analysis and there could be significant differences in the baseline characteristics of the 

patients, the severity of MDS, and selection bias in the choice of the azanucleoside that 

could have influenced these findings. Nonetheless, when counseling patients with HR-MDS 

regarding expected survival with azacitidine therapy, a median survival of 16 – 17 months 

might be a more realistic estimate than the AZA-001 clinical trial estimate of 24.5 months.

Fourth, in accordance with prior published reports we observed an ORR of 40 – 50% across 

the different risk groups. It has been well documented that many patients with HR-MDS do 

not derive clinical benefit from azanucleosides therapy. This observation, combined with the 

need of a therapeutic trial of 4 – 6 months (with all the associated potential toxicity, cost and 

wasted time) before achievement of a clinical response is ruled out, has generated significant 

interest in development of clinical prediction tools or discovery of biomarkers that can 

predict clinical benefit from azanucleosides.40 As none of the commonly used prognostic 

tools were developed to predict the response of MDS patients to any specific treatment 

modality, the FPSS was developed purposefully to stratify outcomes in azacitidine-treated 
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patients with HR-MDS and was subsequently validated in external cohorts of North 

American and European patients.26–28,39,41

In developing the FPSS, the French group performed an analysis of 282 such patients 

enrolled in a compassionate, patient-named program who received a median of six cycles of 

azacitidine therapy.27 Performance status ≥ 2, intermediate- and poor-risk cytogenetics, 

presence of peripheral blood blasts and RBC transfusion dependency (defined as ≥ 4 units/8 

weeks) independently predicted for worse OS. These four easily obtainable parameters were 

used to develop the FPSS, which separated patients into three risk groups with significantly 

different median OS at 32, 15 and 6 months, respectively.27,28 Despite this, a recent analysis 

of the randomized phase 2 E1905 study has shown that while the FPSS separated 

azacitidine-treated patients into 3 different risk groups with significantly different median 

OS, the FPSS did not improve on the prognostic utility of the IPSS-R among azacitidine-

treated MDS patients.26 In our current analysis, the highest-risk group in the FPSS had the 

worst median OS among the highest-risk groups of the five different prognostic tools (11 

months). The MDAPSS had a lower AICc than the FPSS indicating improved prognostic 

performance in this setting, although the MDAPSS was not specifically developed for use in 

azanucleosides-treated patients.

Despite recent promising advances in identifying molecular markers associated with a 

higher likelihood of predicting clinical benefit from azanucleosides, such as TET2 and 

DNMT3A mutations, no molecular or clinical pattern identifies patients with such a low 

probability of achieving clinical benefit from azanucleosides that it would justify 

withholding these drugs.42,43 Nonetheless, we found that the median OS of azanucleoside-

treated patients in the highest-risk group in each of the IPSS-R, WPSS, FPSS and the 

MDAPSS was only 11 – 16 months from time diagnosis. These observations highlight that 

every patient with HR-MDS, especially those belonging to the highest-risk groups in the 

prognostic tools, should be strongly considered for allogeneic hematopoietic stem cell 

transplantation or evaluation for clinical trial enrollment, and not simply be given 

azanucleosides without awareness or consideration of these expected poor outcomes. There 

remains a significant clinical and research need for clinical tools or biomarkers that can 

identify patients with low probability of benefit (or survival) and/or high probability of 

azanucleosides treatment failure, which would be useful to select such patients for 

alternative aggressive approaches or experimental therapies such as azanucleosides-based 

combinations or clinical trials.42,44 This approach would spare such patients the possible 

side effects, costs, and wasted 4 – 6 months of ineffective azanucleoside therapy before lack 

of benefit is documented.25

Our study has important limitations. As with any large, retrospective analysis, our results are 

subject to bias resulting from missing data and tertiary center referral bias. For example, the 

high proportion of t-MDS might have affected the relative performance of some of the 

prognostic tools more than others. In addition, the details of routes and doses of 

azanucleoside therapy were not collected, though previous studies have shown little 

difference in response rates with variation in these parameters.20,38,45 Compared with this 

analysis, other studies have calculated survival from date of initiation of the azanucleoside 

rather than from date of diagnosis. However, since this analysis was limited to patients who 
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presented with HR-MDS, most of whom were symptomatic and were started on 

azanucleoside therapy soon after diagnosis. Indeed, the median time from diagnosis to 

azanucleoside initiation for the entire cohort was only 0.95 months (95% CI: 0.86, 1.06). 

Finally, the relative prognostic utility might be different depending on the type of the 

azanucleoside used and might require separate comparisons of the prognostic tools in these 

subsets of patients (that is, azacitidine-treated patients separately from decitabine-treated 

ones). Nonetheless, subgroup analyses did not identify major differences in performance of 

these instruments depending on therapy type, though. This factor might have affected the 

performance of the FPSS more than the other tools as the FPSS was specifically developed 

for azacitidine-treated patients.

In conclusion, in this multicenter cohort of azanucleoside-treated patients with HR-MDS, 

the commonly used prognostic tools maintained prognostic utility for OS and LFS. The 

MDAPSS and FPSS appeared superior to the other tools for OS prediction. Patients in the 

highest-risk groups identified by each prognostic tool had a median OS of 11 – 16 months 

with azanucleoside therapy and should be strongly considered for up-front allogeneic 

hematopoietic stem cell transplantation or experimental approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Unadjusted Kaplan – Meier estimates for overall survival from the time of diagnosis for the 

entire cohort (a) and as stratified by the type of azanucleoside received (b).
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Figure 2. 
Kaplan–Meier estimates for overall survival from time of diagnosis as stratified by the risk 

groups within each of the five prognostic tools: (a) IPSS, (b) IPSS-R, (c) MDAPSS, (d) 

FPSS and (e) WPSS.
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Figure 3. 
Kaplan – Meier estimates for leukemia-free survival from time of diagnosis as stratified by 

the risk groups within each of the 5 prognostic tools: (a) IPSS, (b) IPSS-R, (c) MDAPSS, 

(d) FPSS and (e) WPSS.

Zeidan et al. Page 15

Leukemia. Author manuscript; available in PMC 2016 March 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zeidan et al. Page 16

Table 1

Demographics and baseline characteristics of the study cohort (N = 632)

Baseline characteristics (N = 632) N (%)

Gender

 Male 420 (66.5%)

 Female 212 (33.5%)

Race

 White 559 (88.4%)

 African America 27 (4.3%)

 Hispanic 10(1.6%)

 Other/unknown 36 (5.7%)

Age at diagnosis

 <60 years 87 (13.8%)

 ≥60 years 545 (86.2%)

Therapy-related MDS

 Yes 181 (28.6%)

 No 451 (71.4%)

WHO classification

 RA or RCUD 19 (3.0%)

 RARS 12 (1.9%)

 RCMD 74 (11.7%)

 RAEB-1 167 (26.5%)

 RAEB-2 349 (55.2%)

 MDS-NOS 10 (1.6%)

 5q-MDS 1 (0.1%)

IPSS risk group

 Intermediate-2 440 (69.6%)

 High 192 (30.4%)

IPSS cytogenetic risk group

 Good 140 (22.2%)

 Intermediate 128 (20.2%)

 Poor 364 (57.6%)

RBC transfusion dependence

 Yes 397 (62.8%)

 No 235 (37.2%)

Platelet transfusion dependence

 Yes 286 (45.3%)

 No 346 (54.7%)

ECOG PS

 0 131 (20.7%)

 1 440 (69.6%)

 2 57 (9.0%)
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Baseline characteristics (N = 632) N (%)

 3 3 (0.5%)

 4 1 (0.2%)

Institution

 H. Lee Moffitt Cancer Center 245 (38.8%)

 Cleveland Clinic 87 (13.8%)

 Dana-Farber Cancer Institute 39 (6.2%)

 Weill Medical College of Cornell University 66 (10.4%)

 MD Anderson Cancer Center 170 (26.9%)

 Johns Hopkins University 25 (4.0%)

Type of azanucleoside

 Azacitidine 429 (67.9%)

 Decitabine 203 (32.1%)

Abbreviations: ECOG PS, Eastern Cooperative Cancer Group performance status; IPSS, International Prognostic Scoring System; MDS, 
myeldysplastic syndrome; NOS, non-otherwise-specified; RA, refractory anemia; RAEB, refractory anemia with excess blasts; RARS, refractory 
anemia with ring sideroblasts; RBC, red blood cells; RCMD, refractory cytopenia(s) with multilineage dysplasia; RCUD, refractory cytopenia with 
unilineage dysplasia; WHO, World Health Organization; 5q-, deletion of chromosome 5q.
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Table 5

Calculated AICc scores (from OS models) for the different prognostic tools (lower is better) in the entire 

cohort and in gender subgroups (male and female) and based on the type of azanucleoside used (azacitidine 

and decitabine)

Entire cohort

 MDAPSS FPSS WPSS IPSS-R IPSS

 4138.4 4155.9 4185.6 4196.1 4196.3

Female subgroup

 MDAPSS FPSS IPSS-R WPSS IPSS

 1040.0 1051.8 1056.1 1066.9 1069.6

Male subgroup

 IPSS-R MDAPSS FPSS WPSS IPSS

 2458.2 2462.1 2469 2484 2488.0

Azacitidine subgroup

 MDAPSS IPSS-R FPSS WPSS IPSS

 2587.4 2591.5 2595.7 2616.9 2623.1

Decitabine subgroup

 MDAPSS FPSS IPSS-R WPSS IPSS

 1058.5 1062.8 1067.5 1071.1 1074.0

Abbreviations: IPSS, International Prognostic Scoring System; IPSS-R, revised IPSS; MDAPSS, MD Anderson Prognostic Scoring System; 
WPSS, World Health Organization classification-based Prognostic Scoring System.
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