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Abstract

Purpose—The heterogeneous nature of myelodysplastic syndromes (MDS) complicates 

therapeutic decision making, particularly for newly diagnosed disease. Factors impacting the 

treatment plan in this early period of disease course are poorly defined. This study determines 

whether therapeutic choices for newly diagnosed MDS are associated with location of treatment 

(community or academic), prognostic risk category, and patient age.

Methods—The Adults in Minnesota with Myelodysplastic Syndromes (AIMMS) database was 

utilized in this statewide, prospective population-based study conducted by the University of 

Minnesota (UMN), Mayo Clinic, and Minnesota Department of Health. Adult (age 20+ years) 

cases of MDS newly diagnosed starting in April 2010 were invited to participate. This analysis 

includes patients enrolled during the first study year with one-year follow-up data. Treatment 

choices (supportive, active, and transplant) were stratified by the international prognostic scoring 

system (IPSS) and the revised-IPSS (IPSS-R), then separated into groups by location of care and 

age (<65 or 65+ years). Academic-based care was any contact with the UMN and Mayo Clinic; 

community-based care was all other clinical sites.

Results—Stratification by IPSS and IPSS-R showed supportive care decreased and active care 

increased with advancing risk categories (p <0.0001). Comparing treatment setting, community-

based care had 77% supportive and 23% active treatment; academic-based care was 36% 

supportive, 41% active, and 23% transplant (p <0.0001). By age groups, patients <65 years with 

intermediate, high, or very high risk disease by IPSS-R received 97% active care/transplant, 

compared to only 52% of patients age 65+.

Conclusions—Younger patients and those treated at academic centers had a more aggressive 

treatment approach. Whether these treatment differences convey improved disease control and 

mortality, and therefore should be extended more frequently to older and community-based 

patients, is the subject of ongoing prospective study.

Keywords

myelodysplastic syndromes; hematologic malignancies; drug therapy; bone marrow 
transplantation

1. Introduction

Myelodysplastic syndromes (MDS) are a spectrum of bone marrow disorders with 

ineffective hematopoiesis from abnormal cellular differentiation and dysplasia resulting in 
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peripheral cytopenias and a varying propensity for leukemic transformation [1]. Initial case 

series in the 1970's described a syndrome of “preleukemia,” although over the last four 

decades the spectrum of MDS are increasingly recognized as malignancies independent of 

the association with acute myelogenous leukemia [2,3]. Considerable disease heterogeneity 

in presentation, pathology, cytogenetics, prognosis, and ultimately treatment choice is 

characteristic of MDS. To address this disease disparity, an updated World Health 

Organization (WHO) system was introduced in 2008 to better define pathologic diagnosis. 

Risk stratification has also improved with introduction of the international prognostic 

scoring system (IPSS) in 1997 for use at initial diagnosis, followed by the revised IPSS 

(IPSS-R) and WHO prognostic scoring system (WPSS), both validated for risk stratification 

throughout disease course [4-8].

As MDS disease identification and risk stratification have improved, advances in treatment 

options have also developed, changing therapeutic decision-making for clinicians. 

Previously limited to the widely divergent options of supportive care with growth factors 

and blood transfusions or aggressive intervention with cytotoxic chemotherapy and bone 

marrow transplantation, the biologic agents decitabine, azacitidine, and lenalidomide have 

become available in the past decade to potentially alter disease course and, in the case of 

azacitidine, provide a definitive survival advantage [9-12]. The selection of a treatment 

strategy adapted to individual patient and disease determinants, and the timing for initiating 

or changing that strategy, is therefore a complex process.

Several reports have provided retrospective data on how the various treatment options are 

being utilized in clinical practice [13-16]; however, studies with well-defined patient 

populations and disease characteristics in relation to treatment strategies are not available. 

To better characterize therapeutic choices in newly diagnosed MDS, we report the practice 

patterns captured during the first year of MDS diagnosis for patients enrolled in a Minnesota 

population-based study. We highlight a comparison of treatment in community and 

academic centers, stratified by IPSS and IPSS-R prognostic risk scores.

2. Methods

2.1. Case accrual

Adults in Minnesota with MDS (AIMMS) is a statewide prospective population-based study 

conducted by the University of Minnesota (UMN), Mayo Clinic, and Minnesota Department 

of Health. In April 2010 the Minnesota Cancer Surveillance System (MCSS) began rapid 

case identification of all newly diagnosed adult cases (ages 20+ years) of MDS. Following 

physician approval, patients were contacted for invitation to enroll. An extensive 

questionnaire was completed by each participant at study entrance to gather retrospective 

epidemiologic data for comparison with a control cohort (data not included in this analysis).

2.2. Data collection

Following enrollment, central medical review was completed starting from MDS diagnosis 

and consisted of independent pathology review of bone marrow and peripheral blood 

samples by two hematopathologists, along with independent cytogenetic interpretation by a 
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cytogeneticist. Reports were then integrated, with discrepancies in WHO classification 

requiring collaboration for a unifying subtype according to the 2008 revised criteria [4]. 

Cases without diagnostic verification were excluded.

The pathologic review was coupled with oncologist chart review assigning prognostic risk 

scores initially with IPSS and subsequently with IPSS-R in addition [5,6]. Scores were 

calculated independently for each patient, and lack of necessary cytogenetic and 

hematologic data to calculate risk scores resulted in case exclusion. Treatment exposures 

and responses were abstracted, including relevant exposures prior to formal diagnosis when 

available. All enrolled patients with prospective one year follow-up were included in this 

analysis. Per the AIMMS study design, enrollment of new cases will continue through 

December 2014, with annual clinical review of all patient cases planned for three years 

following the initial enrollment.

2.3. Treatment categories

Treatment exposures were classified as supportive, active, or transplant. Supportive care was 

defined as observation, growth factors, and/or transfusions. Active care included azacitidine, 

decitabine, lenalidomide, or induction-type chemotherapy. Transplant classification required 

the procedure performed within the designated study period. Patients were placed into a 

single treatment category based on the most aggressive treatment; for example, patients 

receiving erythropoietin and azacitidine qualified as active treatment, and patients receiving 

chemotherapy followed by transplant were categorized as transplant.

2.4. Definitions

Academic centers were defined as the UMN and Mayo Clinic, with all other sites designated 

as community based practices. Academic-based care was defined as any patient care at an 

academic center since diagnosis; community-based care required no contact with an 

academic center. Transfusion dependence was defined as having received any blood 

products. Demographic variables included sex and age at diagnosis (<65 years and 65+ 

years). All statistical analyses were conducted using SAS (Version 9.3, Cary, NC). 

Contingency table methods were used for comparison of categorical data. All reported p-

values are two-sided.

3. Results

3.1. Case inclusion

This analysis was completed at the two-year mark of the AIMMS study and included data 

collected from June 2010 to June 2012. A total of 227 patients were enrolled to the AIMMS 

study at that point. Of those enrolled, 51 patients did not yet have one year follow-up data 

available, 24 patients were yet to have undergone central review, and 4 patients were 

excluded for lack of cytogenetics necessary to calculate risk scores, resulting in a study 

group of 148 patients.
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3.2. Overall characteristics

The median patient age at enrollment was 73 years (range of 25-86), and patients aged 65 or 

older accounted for 73%. Males comprised 69% of patients. Transfusion dependence was 

prevalent in 40% of the population for red blood cells and 16% for platelets. WHO 

classification subtypes, IPSS and IPSS-R score distribution, and treatment strategies are 

detailed in Table 1.

Treatment strategy for each patient was identified. Supportive care was utilized in 57% of 

patients, with the majority having disease observation alone. Active care was utilized for 

32% of patients, with azacitidine the most commonly used chemotherapeutic agent, 

followed by decitabine and lenalidomide. Induction-type chemotherapy was received by 3% 

of patients and the rate of transplantation was 11%.

3.3. Treatment by location of care

We analyzed the distribution of patients by IPSS and IPSS-R risk groups with respect to 

treatment strategy and location of care (academic or community). For the overall patient 

population, as risk categories advanced, the frequency of supportive care decreased while 

utilization of active and transplant strategies increased (Table 2). These differences in 

treatment choices by risk category had p-values of <0.0001 for both IPSS and IPSS-R.

Comparison of treatment strategy by either academic or community setting resulted in 

groups of 74 patients (50%) receiving academic-based care and 74 patients (50%) with 

community-based care. Supportive care predominated for patients treated in community 

settings at 77%, while 23% received active care. Academic-based care had a significantly 

lower rate of supportive care at 36%, while 41% had active treatment and 23% had 

transplants (p-value <0.0001). Bone marrow transplantation, limited to academic centers, 

had a sequential increase in rate by IPSS risk categories, with Int-2 disease accounting for 

the highest transplant frequency (65%, 11/17). By IPSS-R, intermediate disease (35%, 6/17) 

and very high risk disease (42%, 7/17) accounted for the highest transplant frequencies.

Stratification by IPSS score showed both treatment settings had less supportive and more 

active care with advancing risk group, consistent with the trend for the overall patient 

population. Community-based care ranged from almost entirely supportive for low risk 

disease (97%) to a slight majority of active care for Int-2 disease (53%). In contrast, 

academic-based care had an earlier shift to predominantly active care, with 47% of Int-1 

disease receiving this strategy. All patients with high risk disease had academic-based care, 

88% of which received active treatment or transplant. Including all risk categories, treatment 

strategy by setting of care had a p-value of 0.03.

IPSS-R based stratification (Table 2; Figure 1) also revealed a significant difference in 

treatment strategy by setting of care (p-value 0.007). A higher percentage of supportive care 

was utilized in community-based care compared to the academic setting across all risk 

groups: 100 to 83% for very low, 92 to 64% for low, 54 to 25% for intermediate, 55 to 31% 

for high, and 50 to 19% for very high risk disease. Unlike the analysis by IPSS, active care 

never became the predominant treatment strategy for any risk group in the community 
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setting. For academic-based care, a mostly supportive treatment strategy was supplanted by 

active/transplant strategies starting with the intermediate risk group.

3.4. Referral patterns

Diagnosis by location included 112 at community practices, the remaining 36 cases 

diagnosed at academic centers. Of the 112 community diagnoses, 38 patients (34%) were 

subsequently referred to an academic center. Referral rates increased with higher IPSS and 

IPSS-R risk categories, with 13% low risk, 24% Int-1, 54% Int-2, and 100% high risk 

referred by IPSS and 11% very low, 14% low, 32% intermediate, 48% high, and 67% very 

high referred by IPSS-R.

3.5. Treatment by age group

Comparison of treatment by age groups <65 and 65+ years showed younger patients 

received more aggressive therapy across all IPSS and IPSS-R risk groups, with a p-value of 

<0.0001 for overall treatment choices between the two age groups (Figure 2). Supportive 

care was utilized more frequently for patients 65+ at 68%, for patients <65 at 25%. Younger 

patients in higher risk groups received active therapy or transplant at rates of 100% for IPSS 

Int-2/high and 97% for IPSS-R intermediate/high/very high, while their elderly counterparts 

in the older 65+ age group received such strategies at rates of only 51% and 52%, 

respectively. The majority of transplants occurred in younger patients, with 14/17 (82%) in 

the <65 age group.

3.6. Outcomes

At one year follow-up 39 deaths had occurred, a mortality rate of 26%. Community-based 

patients accounted for 17 deaths and academic-based patients for 22 deaths. By treatment 

exposure, 65% (n=11/17) of the community-based deaths received supportive care. Of the 

academic based deaths, 59% (n=13/22) received active care, 36% (n=8/22) received 

supportive care, and one transplant death occurred.

4. Discussion

4.1. Primary comparison

Evaluation of MDS practice patterns during the first year of diagnosis revealed a number of 

insights. For the principal analysis comparing treatment at academic to community centers, 

academic-based care resulted in less supportive and more active treatment. This trend was 

consistent across all IPSS and IPSS-R risk categories. The shift from a predominantly 

supportive strategy to a predominantly active strategy occurred for academic-based patients 

with the IPSS Int-1 and IPSS-R intermediate risk groups; for community-based patients, not 

until the IPSS Int-2 risk group did the majority of patients receive active care. This transition 

towards active care never occurred for IPSS-R in the community (Figure 1). Earlier use of 

active care suggests a more aggressive treatment approach in the academic setting. This is to 

our knowledge the first study documenting this expected relationship.

The observed association between treatment strategy and treatment location may have 

occurred for several different reasons. As the active strategy was composed mainly of 
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azacitidine, decitabine, and lenalidomide (with the remaining few percent being induction-

type chemotherapy), level of experience with these newer agents may vary by practitioner 

location. However, the studies leading to FDA approval of azacitidine in 2004 [11,17,18] are 

now more than 10 years known, and approval of decitabine and lenalidomide [9,19-21] 

followed only shortly later, arguing against a difference in drug familiarity contributing to 

more active care. Rather, the emphasis on supportive care in previous guidelines [22,23], 

especially for lower-risk disease patients, may continue to disproportionately influence 

practitioners in non-academic settings.

Referral patterns likely had the most significant effect on treatment choice. Younger patients 

or those having higher risk disease characteristics within an individual risk category (i.e. 

“higher risk” Int-1) considered more appropriate for intensive therapy may have been 

referred preferentially to academic centers. Indeed, the median age of patients referred from 

community to academic centers was 66, compared to a median age of 73 in the overall 

population. Age was a strong predictor of treatment strategy across all risk groups; 

consequently, referral of younger patients to academic centers may have resulted in more 

active care or transplants because they were younger and presumed better able to tolerate 

such treatment, rather than the academic environment itself leading to more aggressive care.

4.2. Secondary observations

That younger patients (those <65 years) were treated more aggressively makes intuitive 

sense but deserves examination (Figure 2). MDS is a disease of the elderly; thus, more 

aggressive treatment for younger patients will limit the disease modifying effects of these 

treatment options to a small number, as evidenced by only 27% of patients in our study 

populating the <65 years age group. While this correlation of more intensive therapy in 

younger patients was also reported in several previous population-based studies [16,24], 

whether older patients can tolerate and benefit from a similarly intensive strategy has been 

investigated for both azacitidine and bone marrow transplantation, with studies concluding 

that age need not be a limiting factor for these treatments [25-28]. To what extent the 

treatment paradigm should be shifted from a preference for active and transplant therapy in 

younger patients to such an approach for all patients regardless of age is an area of 

continued interest and study.

For the overall patient population, less supportive and more active care strategies with 

increasing risk score is consistent with current guidelines recommending treatment decisions 

based on stratification of patients into risk categories [29-31]. With the median survival of 

MDS patients ranging widely, from 8.8 years for IPSS-R very low risk disease to 0.8 years 

for very high risk disease [6], it is reassuring that these essential risk-adapted treatment 

strategies are being utilized in clinical practice.

The range of treatment choices for active therapy in our study was limited to azacitidine, 

decitabine, lenalidomide, and induction-type chemotherapy. This is significantly 

consolidated compared to previous treatment reviews which documented use of androgens, 

immunosuppressive agents, hydroxyurea, and thalidomide [15,16]. Although various studies 

have evaluated the effectiveness of these agents [32-36], their use has declined with the 

growing evidence for improved disease modification with the hypomethylators and 
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lenalidomide [37]. These differences may reflect a geographical divide, with two European 

studies showing higher utilization of alternative agents [15,16] compared to a 2008 US-

based treatment strategy study [13] and the data presented here.

Allogeneic hematopoietic stem cell transplantation, the only potential cure for MDS, had a 

rate of 11% in our population. Numerous retrospective studies have evaluated disease and 

transplant-related factors for MDS transplants including age of recipient, pre-transplant 

disease burden, conditioning regimen intensity, and donor characteristics [38-41], yet the 

concern for high morbidity and mortality of this therapy combined with the generally older 

age of MDS patients has resulted in low utilization of this treatment strategy despite 

available data highlighting adequate tolerance in an older patient population [28]. The three 

main practice pattern studies to date reported transplant rates of only 2-5%, and all had a 

duration since diagnosis >1yr [13,15,16]. Our study was limited to one year follow-up since 

diagnosis, potentially underestimating the difference in transplant rates as more patients in 

our study may have been transplanted with continued observation past one year. As 

transplant is generally considered underutilized, a rate of 11% can be interpreted as 

appropriate rather than overly aggressive, the product of a relatively small statewide 

population (5.42 million) with access to two in-state bone marrow transplant programs [42].

Patients who received transplants were mostly higher risk—by IPSS 76% had Int-2/high risk 

disease and by IPSS-R 88% were categorized as intermediate/high/very high. This is 

consistent with existing data that support reserving transplants to these higher risk groups 

[43-45]. The very low and low risk categories (by IPSS-R) each had one transplant recipient, 

strategies that per current accepted practice may be considered inappropriately aggressive.

We included risk-stratification data for the well-established IPSS and also the more recently 

published IPSS-R, as the improved prognostic accuracy of the IPSS-R will likely result in 

this scoring system becoming the standard of care [46]. A general upstaging of risk scores 

can be appreciated when moving from IPSS to IPSS-R, evidenced by only 5% of patients 

placed into the IPSS high risk category while 41% were placed into the IPSS-R high/very 

high risk categories. Additionally, the IPSS-R intermediate risk category accounted for 17% 

of patients, in contrast to 64% of patients in the IPSS Int-1/Int-2 categories. Fewer patients 

in the intermediate risk categories may assist in treatment decisions, as placement on either 

end of the scoring spectrum (low or high risk) clarifies the most appropriate course of 

action.

4.3. Strengths and weaknesses

The rigorous central review process was a strength of our study, providing a high degree of 

diagnostic certainty through pathologic evaluation. Additionally, independent calculation of 

risk scores and verification of treatment strategy by direct chart review effectively 

eliminated the recall bias that may accompany a survey-based approach to collection of 

treatment data as relied upon by several previously published studies [13-15]. The case 

accrual process worked to minimize selection bias by not limiting data collection to 

specified physicians, as in the US-based study, or to patients presenting for care within a 

narrowly-defined period (7 days, in the French study) [13,16]. Selection bias may still be 

introduced in this study, as participation was voluntary and an estimated 50% of identified 
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cases were enrolled, though the rolling nature of case accrual may lead to a higher 

percentage at a later date. As patients were excluded whose date of death preceded 

collection of all necessary preliminary data, this data set may bias towards lower risk 

disease.

Outcomes data, with the exception of deaths at one year follow-up, is not included in this 

study. As extended follow-up data becomes available, potential mortality differences based 

on location of care and treatment decisions will be investigated and detailed in later reports.

4.4. Cohort representativeness

The study population here is generally representative of typical MDS patients. The median 

age of 73 years is slightly younger than the 76 years reported in the SEER database from 

2001-2003 [47]. Secondary MDS usually accounts for 10% of cases and in this cohort 

represents 14%. Median presenting blood counts (Hgb 9.3 g/dL, platelets 101 × 103/mm3, 

ANC 1.8 × 103/mm3) are nearly identical to data reported by Sekeres et al [13]. The patient 

population used to formulate the original IPSS had a distribution of 71% lower risk (IPSS 

low/Int-1) and 29% higher risk (IPSS Int-2/high) [5]; this population trended higher risk 

with 59% lower risk and 41% higher risk.

Conclusions

This prospective, population based study provides a well-defined patient cohort based on 

central review of pathologic and clinical data, allowing the observed correlations between 

IPSS/IPSS-R score, practice setting, and patient age in relation to treatment choices. 

Whether these differences in practice patterns within the first year of diagnosis impact 

subsequent treatment decisions, translate into improved disease control, and decrease 

mortality requires continued prospective analysis and will be detailed in future reports, as 

the larger AIMMS study continues to enroll new patients and gather follow-up data on 

existing participants.
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Highlights

• Academic-based care was more aggressive compared to community-based care

• Younger patients (<65 years) received more aggressive care than those 65+ 

years

• Treatment strategies reflected disease activity

• Choice of chemotherapy for MDS has consolidated around newer agents
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Figure 1. 
Treatment Strategy by IPSS-R Risk Group, Community and Academic Settings
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Figure 2. 
Treatment Strategy by IPSS-R and Age Group
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Table 1

Patient Demographics

Variable No. %

N 148

Age, y

    Median 73

    Range 25-86

    <65 40 27

    65+ 108 73

Sex

    Male 102 69

    Female 46 31

De novo MDS 127 86

Treatment-related MDS 21 14

Median presenting blood counts

    Hemoglobin (g/dL) 9.3

    Platelet (×103/mm3) 103

    Neutrophil (×103/mm3) 1.85

Transfusion dependence
a

    PRBC 59 40

    Platelet 23 16

2008 WHO classification

    RCUD 3 2

    RARS 24 16

    RCMD 38 26

    RAEB-1 21 14

    RAEB-2 30 20

    MDS-U 7 5

    MDS with del(5q) 4 3

IPSS

    Low 46 31

    Int-1 41 28

    Int-2 53 36

    High 8 5

IPSS-R

    Very low 23 16

    Low 39 26

    Intermediate 25 17

    High 27 18
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Variable No. %

    Very high 34 23

Treatment
b

Supportive

    Observation 61 41

    Growth factor 23 16

    Total 84 57

Active

    Azacitidine 23 16

    Decitabine 9 6

    Lenalidomide 10 7

    Induction-type chemotherapy 5 3

    Total 47 32

Transplant 17 11

Abbreviations: RCUD, refractory cytopenia with unilineage dysplasia; RARS, refractory anemia with ringed sideroblasts; RCMD, refractory 
cytopenia with multilineage dysplasia; RAEB-1, refractory anemia with excess blasts-1; RAEB-2, refractory anemia with excess blasts-2; MDS-U, 
myelodysplastic syndrome unclassified.

a
Defined as having received any PRBC or platelets.

b
Patients placed in only one treatment category based on most aggressive therapy.
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Table 2

Treatment Strategy by IPSS-R Risk Group

IPSS-R Risk Group

Treatment Strategy Very Low Low Intermediate High Very High Total

All Patients

Supportive 22 (96%) 32 (82%) 10 (40%) 11 (41%) 9 (26%) 84 (57%)

Active 0 6 (15%) 9 (36%) 14 (52%) 18 (53%) 47 (32%)

Transplant 1 (4%) 1 (3%) 6 (24%) 2 (7%) 7 (21%) 17 (11%)

Community-based care
a

Supportive 17 (100%) 23 (92%) 7 (54%) 6 (55%) 4 (50%) 57 (77%)

Active 0 2 (8%) 6 (46%) 5 (45%) 4 (50%) 17 (23%)

Transplant 0 0 0 0 0 0

Academic-based care
b

Supportive 5 (83%) 9 (64%) 3 (25%) 5 (31%) 5 (19%) 27 (36%)

Active 0 4 (29%) 3 (25%) 9 (56%) 14 (54%) 30 (41%)

Transplant 1 (17%) 1 (7%) 6 (50%) 2 (13%) 7 (27%) 17 (23%)

p-value
c n/c 0.07 0.02 0.43 0.13 <0.0001

Abbreviations: IPSS-R, revised international prognostic scoring system.

a
No contact with an academic center.

b
Any contact with an academic center.

c
Comparing community and academic treatment strategies for each risk group and total
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