
The efficacy of current prognostic models in 
predicting outcome of patients with 
myelodysplastic syndromes at the time 
of hypomethylating agent failure 

Several prognostic scoring systems have been developed
to risk stratify patients with myelodysplastic syndromes
(MDS) in order to serve as clinical decision tools. Such
models include: the International Prognostic Scoring
System (IPSS),1 the World Health Organization (WHO)
classification-based Prognostic Scoring System (WPSS),2 the
MD Anderson Prognostic Scoring System (MDASS),3 and
the revised IPSS (IPSS-R).4 While several advantages and
disadvantages have been recognized when applying these
models to various clinical scenarios, not one of them has
yet been validated at the time of hypomethylating agent
(HMA) failure. 
Epigenetic therapy with HMAs such as azacitidine (AZA)

and decitabine (DAC) has become the standard of care for
patients with higher-risk MDS. Though treatment with
AZA and DAC may improve overall survival (OS),5-7

patients who fail HMAs have poor outcomes, with an OS
of 4.3-5.6 months.8,9 Furthermore, higher-risk MDS patients
who are relapsed or refractory to HMAs are a newly-
defined patient population being enrolled in trials of novel
drugs, with regulatory implications. Eligibility for these tri-
als is being determined using traditional prognostic scoring

system criteria despite the fact that these models lack vali-
dation in this setting.  We therefore assessed the utility of
existing models in these MDS patients and, after demon-
strating their inadequacy, developed a more reliable model
for prognostication that could be used to determine clinical
trial eligibility.
This is a retrospective analysis of data from consecutive

patients treated at MDS Clinical Research Consortium
Institutions. Patients were diagnosed with MDS (bone mar-
row blasts <29%) in accordance with French-American-
British or World Health Organization criteria10,11 and treated
with a hypomethylating agent at the respective institutions
between 6-2001 and 9-2013. Patients were ≥18 years with
intermediate-2/ high risk MDS according to IPSS at the
time of diagnosis and subsequently received an HMA (AZA
or DAC) to which they were refractory or subsequently
relapsed. All patients were treated with either AZA or DAC
at the US Food and Drug Administration (FDA) approved
doses for 5-7 days of 28-day cycles. The study was
approved by the Institutional Review Boards at each insti-
tution and the study was conducted in accordance with the
Declaration of Helsinki. The data collected from all the
institutions were stored and secured in an IRB- approved
database located at Cleveland Clinic. Scoring systems were
calculated at the time of diagnosis and at HMA failure as
previously described.1-4 HMA failure was defined as no
response to AZA or DAC after 4-6 cycles of treatment (sta-
ble disease or progressive disease while on therapy), loss of
established response, or disease progression or transforma-
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Figure 1. Overall survival by scoring systems at diagnosis and at the time of HMA failure. Kaplan-Meier representation of each scoring sys-
tems at diagnosis and at the time of HMA failure, (A) International Prognostic Scoring System (IPSS) risk groups at diagnosis, (B) IPSS risk
groups at HMA failure, (C) the revised IPSS (IPSS-R) risk groups at diagnosis, (D) IPSS-R risk groups at HMA failure, (E) MD Anderson
Prognostic Scoring System (MDASS) risk groups at diagnosis, (F) MDASS risk groups at HMA failure, (G) World Health Organization classifi-
cation-based Prognostic Scoring System (WPSS) risk groups at diagnosis, (H) WPSS risk groups at HMA failure. (I) Post hypomethylating
agent model. 
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Table 1. Prognostic Models’ clinical characteristics at diagnosis and at hypomethylating agent failure.
Parameters At diagnosis At the time of % P

No. % HMA failure
No.

IPSS categories
Cytogenetics <0.001
Good 109 24.2 143 31.8 0.03
Intermediate 94 20.9 105 23.3 0.45
Poor 247 54.9 202 44.9 0.01
Bone marrow blasts % 0.02
< 5 58 12.9 73 16.2 0.20
5-10 132 29.3 98 21.8 0.02
11-20 236 52.4 127 28.2 <0.001
21-30 24 5.3 152 33.8 <0.001
Cytopenias 0.03 
0/1 114 25.3 107 23.8 0.56
2/3 336 74.7 343 76.2 0.56
IPSS-R categories
Cytogenetics
Very good 2 0.4 1 0.2 <0.001
Good 114 25.3 143 31.8 0.06
Intermediate 97 21.6 96 21.3 0.71
Poor 53 11.8 49 10.9 0.60
Very poor 184 40.9 161 35.8 0.17
Bone marrow blasts % <0.001
</= 2 24 5.3 40 8.9 0.09
>2 - <5 34 7.6 33 7.3 0.70
5-10 132 29.3 98 21.8 0.02
> 10 260 57.8 279 62.0 0.25
Hemoglobin 0.14
>/= 10 141 31.3 169 37.6 0.07
8 - <10 242 53.8 227 50.4 0.36
<8 67 14.9 54 12.0 0.21
Platelets 0.002
>/= 100 130 28.9 97 21.6 0.018
50 - < 100 158 35.1 103 22.9 <0.001
< 50 162 36.0 250 55.6 <0.001
Absolute neutrophil count <0.001
>/= 0.8 325 72.2 248 55.1 <0.001
< 0.8 125 27.8 202 44.9 <0.001
MDAPSS
Cytogenetics <0.001
Good 210 46.7 250 55.6 0.019
Poor 240 53.3 200 44.4 0.019
Blood transfusion, yes 291 64.7 345 76.7 0.29
ECOG PS ≥2 46 10.2 67 14.9 <0.001
WBC > 20X109/L 12 2.7 25 5.6 0.056
Hgb < 12 g/dL 425 94.4 413 91.8 0.61
Platelets, X 109/L
< 30 89 19.8 160 35.6 <0.001
30-49 73 16.2 90 20 0.18
50-199 288 64 200 44.4 <0.001
Bone marrow blasts % <5 58 12.9 73 16.2 <0.001
5-10 132 29.3 98 21.8 0.02
11-29 260 57.8 279 62 0.25
WPSS
Cytogentics <.001
Good 109 24.2 143 31.8 0.03
Intermediate 94 20.9 105 23.3 0.45
Poor 247 54.9 202 44.9 0.01
WHO category
RARS MDS del(5q) 9 2.0 3 0.7 0.99
RCMD 45 10.0 89 19.8 0.001
RAEB-1 118 26.2 114 25.3 0.56
RAEB-2 260 57.8 223 49.6 0.05
Other 18 4.0 21 4.7 0.49
RCB transfusion 0.02
Yes 284 63.1 314 69.8 0.08
No 166 36.9 136 30.2 0.08

IPSS: International Prognostic Scoring System; IPSS-R: revised International Prognostic Scoring System; MDAPSS: MD Anderson Prognostic Scoring System; WPSS: World
Health Organization classification-based Prognostic Scoring System; ECOG: Eastern Cooperative Oncology Group; RARS: refractory anemia with ring sideroblasts; RCMD:
refractory cytopenia with multilineage dysplasia; RAEB: refractory anemia with excess blasts. 



tion to acute myeloid leukemia (AML) while on treatment.
Responses to treatment and relapses were defined in accor-
dance with the International Working Group (IWG) 2006
criteria.12 Median OS was estimated using the Kaplan-
Meier method. Survival was modeled using Cox propor-
tional hazards models and differences among subgroups
were assessed using Wald tests. Akaike Information
Criteria with correction for finite sample sizes (AICc) was
used to compare model fits (lower number indicating better
fit). Missing data were multiply imputed using the chained
equation approach and fraction of missing variables (FMI)
as summarized in Online Supplementary Table S4. All analy-
ses were two-tailed and performed using an alpha signifi-
cance threshold of 0.05. All analyses were done using R
programming language. More details regarding statistical
analyses is included in Online Supplementary Materials.
Of the 850 consecutive patients included in the database,

450 had higher-risk disease and met our inclusion criteria;
310 (69.0%) were treated with AZA and 140 (31.0%) with
DAC. Patient clinical characteristics at diagnosis are sum-
marized in Online Supplementary Table S1. The median age
at diagnosis was 70 years (range, 35-91). Best responses
(BR) to HMA included: 96 (21.1%) with complete remis-
sion (CR), 44 (9.7%) with partial remission (PR), 46 (10.1%)
with hematologic improvement (HI), 178 (39.6%) with sta-
ble disease (SD) and 86 (19.1%) with progressive disease
(PD). The median number of cycles received during treat-
ment was 5.9 (range, 1-55: 6 (1-55) for patients who
received AZA and 4.4 (1-41) for DAC) and was included in
the final analysis. All patients who received <4 cycles of
therapy had progressive disease. Median time from start of
treatment to BR was 4.3 months (95% CI 3.9-4.8). The
median time from start of treatment to HMA failure among
responders was 9.2 months (95% CI 7.6-11.3). A total of
253 patients (55.6%) progressed to AML, and median time
to progression from start of treatment was 8.5 months
(95% CI 7.8-10.5).
The distribution of patients by each prognostic scoring

system at diagnosis is summarized in Online Supplementary
Figure S1. Of these intermediate-2 and high risk IPSS
patients at diagnosis, 11%, 1.1%, and 0.2% were reclassi-
fied as intermediate, low and very low by the IPSS-R, 8.8%,
and 1.5% were reclassified as intermediate-1 and low by
the MDASS, and 3.1%, 0.9%, and 0.3% were reclassified
as intermediate, low and very low by the WPSS, respective-
ly (Figure 1 in Online Supplementary Table 1). Comparing the
scoring systems at diagnosis and at the time of HMA fail-
ure, differences in risk categories at each time point were
observed in each scoring system (Online Supplementary
Figure S1). These shifts occurred in large part due to differ-
ences in the clinical characteristics of patients at each time
point (Table 1). 
With a median follow up of 17.4 months (range, 0.3-

161.3, 95% CI 16.1-18.8), the median OS from diagnosis
for the entire group was 18.5 months (95% CI 17.2-19.8).
Median OS from diagnosis was similar (P=0.17) in patients
treated with AZA (18.0 months, 95% CI 16.6-19.6) and
DAC (19.9 months, 95% CI 17.0-23.4). With a median fol-
low up of 6.8 months after HMA failure, the median OS
after hypomethylating agent failure (OSHF) was 7.3
months, 95% CI 6.3-8.4. There were no differences in
OSHF in patients treated with azacitidine vs. decitabine.
Survival plots for each prognostic scoring system at diagno-
sis and at the time of HMA failure are shown in Figure 1A.
Comparing the predictive power of these scoring systems
at the time of HMA failure, the AICc for the MDASS, IPSS-
R, IPSS, and WPSS were 2890.7, 2901.5, 2911.2 and
2915.1, respectively (a lower AICc indicates better model
fit). At the time of diagnosis, the AICs were: 2843.4,

2859.2, 2892.0 and 2878.3, respectively. 
We explored 23 variables including demographic, clinical

and treatment data at the time of HMA failure (Online
Supplementary Table S2) to develop a new prognostic model
to predict OS at the time of HMA failure. Using the multi-
variable fractional polynomial modeling approach, we
identified 6 factors predictive of OS at the time of HMA
failure with a P-value of <.05 that were included in the final
Cox multivariate model (Table 2). The new model (the
post-HMA model) identified two risk groups: Low: score 
≤ 2.25 and median OS of 11.0 months (95% CI 8.8-13.6);
high: score > 2.25 and median OS of 4.5 months (95% CI
3.9-5.3) (Figure 1B). Using the internal model validation
assessment, the estimated AICc for the new model was
2869.6, which is lower than all other models. Furthermore,
the AICc for the proposed model remained the lowest even
when the risk groups were combined (lower vs. higher) in
all other models (Online Supplementary Table S3). 
In this study, we investigated the predictive power of the

most widely used MDS prognostic models at the time of
HMA failure. We first observed differences in the risk esti-
mation of each model at the time of MDS diagnosis in
HMA-treated patients with higher-risk (in accordance with
IPSS) disease. As has previously been observed, patients
identified by some prognostic systems as having higher-risk
disease were categorized as having intermediate- or lower-
risk disease by others. In some cases, risk stratification of
patients also changed when assessed at diagnosis com-
pared to at HMA failure time points. These changes were
largely related to differences in clinical variables at the time
of HMA failure compared to diagnosis; for example, blasts
percentages worsen and some of the cytogenetic subgroups
improved at the time of HMA failure compared to diagno-
sis (Table 2). Furthermore, neither disease status (relapsed
or primary refractory to HMA), nor duration of response to
HMA had an impact on OS. 
Established scoring systems had a higher AICc score at

the time of HMA failure, suggesting that their predictive
power in this setting is less reliable. This has two implica-
tions: firstly, the prognosis in the setting of limited subse-
quent treatment availability may be communicated inaccu-
rately to patients; secondly, clinical trials designed for
patients following HMA failure, the majority of which use
IPSS or IPSS-R classification as a criterion for trial eligibility,
are systematically inappropriately including or excluding
patients up to 15-20% of the time. An example being the
first randomized study conducted specifically in the HMA
failure population, which compared the kinase inhibitor
rigosertib to either low-dose cytarabine or supportive care
alone. In this study, the IPSS/IPSS-R risk groups did not reli-
ably correlate with survival.13 This new prognostic system
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Table 2. Prognostic factors at the time of hypomethylating agent fail-
ure.
Parameter at HMA failure Score Beta P

ECOG Performance status > 1 1.0 0.56 0.01
Very poor Cytogenetic (complex karyotype 1.0 0.57 < 0.001
> 3 abnormalities)
Age at diagnosis, years
> 75 - ≤ 84 1.0 0.52 < 0.001
> 84 2.0 0.90 < 0.001
Bone Marrow Blast > 20 % 0.75 0.36 0.01
Transfusion dependent (yes vs no) 0.75 0.39 < 0.001
Platelets
< 30 1.0 0.54 < 0.001



would be more useful in such trials of drugs that are of mar-
ginal benefit, less so for therapies with substantial benefit.
Although the number of patients in this study with a blast
percentage of 20-29% is relatively small, the proposed
model’s AICc was lower (indicating better fit) than that of
the other models when analysis focused mainly on this
patient subgroup, and did not change for patients with
<20% blasts. 
Aware of the limitations of the current prognostic models

at the time of HMA failure, we developed and validated a
new post-HMA model, based on routine clinical and
pathologic parameters, that can divide patients (often
thought to be a homogenously poor risk group) into two
populations, the median survival of which differs by 6.5
months. As with any retrospective analysis, there is a
potential for selection bias. To minimize such bias, the sub-
jects included in this study were entered into our database
prior to knowledge of the research question. Overlapping
with findings of a previous study, the clinical variables
included in the post-HMA model are associated with OS,
with differences explained by inclusion in our cohort of
non-specific HMA therapy, and comprehensiveness of clin-
ical features and follow-up.9 

In conclusion, established MDS prognostic scoring sys-
tems are suboptimal when it comes to the risk stratification
of patients with MDS at the time of HMA failure. While a
number of MDS prognostic systems already exist, it is ever-
more apparent that, just as treatment is starting to embrace
the concept of “one size does not fit all” due to advances in
understanding disease biology, we must also recognize that
one prognostic system probably “does not fit all” either. A
novel and validated model was developed to specifically
predict outcome in this setting, and for use in clinical trials.
Validation of the proposed model in an independent cohort
is underway. Although the new model can be used for
patients with secondary MDS, validation in this particular
patient population, and in that of CMML patients, is also
needed. The incorporation of molecular data at the time of
HMA failure may be needed to further enhance the pre-
dictability of the developed model.  
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