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Abstract
Background and Objective  Significant clinical burden is associated with higher-risk myelodysplastic syndromes (HR-MDS); 
however, the economic burden has not been fully examined. We examined cost of care and healthcare utilization (HCU) in 
HR-MDS patients engaged in routine care in the United States (US).
Methods  Adult US patients diagnosed with HR-MDS from 1/1/2008 to 10/31/2015 were identified from the Optum data-
base. Patients were followed until death, progression to acute myeloid leukemia (AML), end of enrollment, or end of 
study (12/31/2015). Myelodysplastic syndrome (MDS)-related costs/HCU (including medical/pharmacy claims with a pri-
mary diagnosis of MDS, MDS-related treatment, or supportive care) and non-MDS-related costs/HCU were evaluated. Costs 
were calculated as per-patient per-month (PPPM) costs adjusted to 2015 US dollars.
Results  Of the 209 HR-MDS patients included, median follow-up was 9.9 months (interquartile range 4.6–17.9), and 69.4% 
had at least one inpatient admission, 56.9% had at least one emergency department visit, and nearly all patients had at least 
one outpatient visit. Average PPPM costs over follow-up were $17,361; year 1 versus year 2 costs were higher ($17,337 vs 
$12,976) following HR-MDS diagnosis. The majority of costs were for MDS-related medical services ($10,327 PPPM). 
MDS-related medical PPPM costs decreased from $10,557 (year 1) to $6530 (year 2). The main drivers of MDS-related 
medical costs and the decrease in year 2 were chemotherapy and supportive care costs.
Conclusions  The economic burden of HR-MDS is considerable, particularly within the first year of diagnosis. Treatment/
supportive care costs accounted for a significant portion of MDS-related costs. As HR-MDS treatment evolves, the economic 
impact and HCU need to be further investigated.

Key Points for Decision Makers 

The cost of care for higher-risk myelodysplastic syn-
drome (MDS) patients is high, and MDS-related chemo-
therapy and supportive care are the main drivers for this 
cost.

Higher costs are incurred in the first year following diag-
nosis, mainly due to a decrease in MDS-related medical 
costs in the second year. However, costs in the second 
year of diagnosis are still high.
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1  Introduction

Myelodysplastic syndromes (MDS) are a group of hetero-
geneous, malignant bone marrow disorders characterized 
by ineffective hematopoiesis leading to disease-related 
complications and death [1]. Data from the National 
Cancer Institute’s Surveillance, Epidemiology, and End 
Results (SEER) database (2007–2011) estimated the age-
adjusted incidence to be 4.9 per 100,000 per year, and 
rates increase with increasing age, indicating that MDS 
is a disease of the elderly [2]. The incidence is 13.5 per 
100,000 in those aged 65–69 years and 63.6 per 100,000 
in those aged ≥ 85 years [2]. However, it has been docu-
mented that registries have underestimated the incidence 
of MDS due to underreporting and underdiagnosis; the 
estimated prevalence of MDS in the United States (US) is 
between 60,000 and 170,000 and is projected to grow [2].

The Revised International Prognostic Scoring System 
(IPSS-R) for MDS is used to determine the prognosis of 
patients diagnosed with MDS. IPSS-R classifies patients 
into five distinct risk categories (very low, low, intermedi-
ate, high, and very high) based on cytogenetics, bone mar-
row blast percentage, and depth of cytopenias at the time 
of diagnosis, with the median survival decreasing with 
increasing IPSS-R risk score [3]. Moreover, IPSS-R risk 
classification is used to largely guide treatment decisions; 
for patients with higher-risk MDS (HR-MDS, defined as an 
IPSS-R risk classification of intermediate risk or higher), 
the National Comprehensive Cancer Network (NCCN) rec-
ommends hypomethylating agents (HMAs) (e.g., azaciti-
dine or decitabine) or a clinical trial for patients unable to 
undergo allogenic stem cell transplantation (alloSCT) [4]. 
For transplant-eligible HR-MDS patients, alloSCT alone 
or after either high-intensity chemotherapy (most com-
monly with an antimetabolite with or without an anthracy-
cline) or chemotherapy with an HMA is recommended [4].

Healthcare utilization among patients with MDS is 
high. Patients often experience frequent and prolonged 
hospitalizations, frequent outpatient visits, and high costs 
[5]. The cost of treatment of MDS has been shown to be 
significantly higher in those patients receiving HMAs 
compared to patients who did not [6]. However, HMAs 
have demonstrated the ability to significantly reduce the 
transfusion burden in this patient population, which is also 
a substantial medical cost for patients with MDS [2, 7]. In 
fact, another retrospective claims analysis demonstrated 
that patients with MDS have a higher risk of emergency 
department (ED) visits and inpatient admissions during 
periods of follow-up when transfusions are administered 
versus during transfusion-free periods [8]. Both of the 
HMAs (i.e., azacitidine and decitabine) have been shown 
to be cost-effective options for the treatment of patients 

with HR-MDS, but azacitidine has been shown to be more 
cost-effective than decitabine in a recent analysis [9, 10]. 
This realization of cost effectiveness is likely due to both 
decreased transfusion dependence and fewer patients pro-
gressing to acute myeloid leukemia (AML) [10]. Over-
all, however, there are little data on current healthcare 
utilization and costs associated with treating HR-MDS 
in routine clinical practice. This study assessed the total 
healthcare costs and utilization of newly diagnosed HR-
MDS patients.

2 � Methods

2.1 � Study Design and Data Source

This retrospective cohort study evaluated healthcare utiliza-
tion and costs among treated HR-MDS patients using the 
Optum database. Optum is a large national administrative 
claims database in the US containing health plan data for 
more than 111 million patients with both commercial and 
Medicare enrollment information.

The study period spanned from January 1, 2008 to 
December 31, 2015, with enrollment occurring between 
January 1, 2008 and October 31, 2015. The index diagnosis 
date was the date of the first record of an MDS diagnosis, 
and the baseline period was defined as the 12-month period 
prior to the index diagnosis date. The follow-up period was 
at least 60 days from the index diagnosis date; however, 
patients who died within this 60-day period were followed 
for less than 60 days. Patients were followed until death, 
progression to AML (defined as at least one inpatient or 
outpatient International Classification of Diseases [ICD]-9 
or ICD-10 diagnosis code occurring after initiation of first-
line therapy for HR-MDS), end of continuous enrollment, 
or end of the study.

2.2 � Selection of Participants

Newly diagnosed adult (≥ 18 years of age) patients who 
had at least one inpatient claim with a HR-MDS ICD-9 or 
ICD-10 diagnosis code (ICD-9 code 238.73; ICD-10 codes 
D46.20, D46.21, D46.22) or two or more outpatient claims 
with an MDS ICD-9 or ICD-10 diagnosis code with at least 
one of these coded as HR-MDS (the HR-MDS code had to 
either be the first code or within 14 days of the first code) 
were included in the study. Patients were also required to 
have continuous enrollment in medical and pharmacy ben-
efits for 12 months in the baseline period and for at least 
60 days in the follow-up period and evidence of MDS-related 
treatment with or without MDS-directed supportive care in 
the follow-up period. MDS-related treatment included stem 
cell transplant (SCT), azacitidine, decitabine, lenalidomide, 
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cyclosporine, thalidomide, anti-thymocyte globulin, clofara-
bine, daunorubicin, idarubicin, cytarabine, fludarabine, and 
topotecan. MDS-directed supportive care included erythro-
cyte or platelet transfusions; thrombopoietin-, erythropoi-
etin-, or granulocyte-stimulating agents; and hydroxyurea. 
Patients who had evidence of any chemotherapy or SCT in 
the baseline period or evidence of other primary cancers, 
metastatic disease, AML, or myelofibrosis in the baseline 
period were excluded.

2.3 � Baseline Characteristics

Baseline demographic characteristics captured on the index 
diagnosis date included age, gender, geographic region, 
payer type, and index year. Baseline clinical characteristics, 
which included Charlson Comorbidity Index (CCI) score, 
presence of individual comorbidities comprising the CCI 
score (captured via ICD-9/ICD-10 coding), and use of MDS-
directed supportive care at baseline, were recorded.

2.4 � MDS‑Related Treatment Characteristics

MDS-related treatment following MDS diagnosis was 
captured in the follow-up period. First-line therapy was 
defined as any MDS-related treatment initiated on or after 
the index diagnosis date. An addition or substitution of an 
MDS-related treatment 28 days after the start of the first-line 
therapy triggered a subsequent line of therapy. SCT received 
at any time during the follow-up period was also captured. 
Time to treatment initiation was defined as the time from 
index diagnosis date to the first evidence of chemotherapy, 
and duration of treatment was defined as the time from the 
start of the line of therapy to the end date for the line of 
therapy.

2.5 � Study Outcomes

2.5.1 � Healthcare Utilization and Healthcare Costs

MDS-related and non-MDS-related healthcare utilization, 
including erythrocyte or platelet transfusion episodes, and 
costs incurred from the index diagnosis date through to the 
end of follow-up and yearly following the index diagnosis 
date were evaluated. Healthcare utilization and costs were 
derived from medical and pharmacy claims in the Optum 
data. Medical services included inpatient admissions, ED 
visits, outpatient office visits, other outpatient visits, chem-
otherapy visits, supportive care visits, and transfusion epi-
sodes. Outpatient pharmacy services included outpatient 
prescription fills for medications. MDS-related healthcare 
utilization and costs included medical claims with a pri-
mary diagnosis of MDS or MDS-related treatment (i.e., 
MDS chemotherapy or MDS-directed supportive care) 

and pharmacy claims for MDS-related treatment. Transfu-
sion episodes were defined as claims for transfusions with 
unique dates of service. Non-MDS-related healthcare utili-
zation and costs included all other medical and pharmacy 
claims not categorized as MDS-related. Costs among those 
patients who progressed to AML or died post-first-line 
therapy for HR-MDS were also evaluated versus those who 
did not have evidence of progression to AML or death. 
Per-patient per-month (PPPM) costs were calculated and 
adjusted to 2015 US dollars [11], which was the last year 
of data capture. Patients with a capitated payment plan 
were excluded from this cost analysis.

2.6 � Statistical Analysis

Descriptive statistics were used to describe demographics, 
baseline clinical characteristics, MDS-related treatment 
characteristics, healthcare utilization, and costs. Health-
care costs and the number of healthcare services in each 
setting of care were calculated as PPPM for the duration 
of the follow-up and each year of follow-up. PPPM costs 
or utilization were calculated as costs incurred or total 
number of services during the follow-up period divided 
by the duration of follow-up (in months) for each patient. 
Univariate analyses of frequencies and percentages were 
reported for categorical measures, while means, standard 
deviations (SDs), medians, and interquartile ranges (IQRs) 
were presented for continuous measures. Analyses were 
conducted using SAS® version 9.2 (SAS Institute; Cary, 
NC, USA).

3 � Results

3.1 � Demographics and Clinical Characteristics

A total of 335 newly diagnosed patients with HR-MDS 
were identified; of these, 209 patients (62.4%) received 
MDS-related treatment following the index diagnosis 
date and were included in the analysis (Fig. 1). Of the 209 
patients who received MDS-related treatment, as shown in 
Table 1, 61.2% were male and the mean age was 73 years 
(SD 10.1 years). The largest proportion of patients had a 
CCI score of ≥ 2 (42.1%), followed by a CCI score of 0 
(29.7%) and of 1 (28.2%). The most common CCI comor-
bidities were diabetes (23.4%), moderate to severe renal 
disease (16.3%), congestive heart failure (16.3%), and 
diabetes with end-organ damage (8.1%). In the baseline 
period, 27.3% of patients received MDS-related supportive 
care and 24.9% of patients received transfusions.
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3.2 � MDS‑related Treatment Characteristics

The median follow-up time for all treated patients was 
9.9 months (IQR 4.6, 17.5). The median time to initiation of 
treatment following a diagnosis of MDS was 17 days (IQR 
9, 35) (Table 2). The majority of patients received only one 
line of therapy over the duration of the follow-up period [first-
line, 209 patients (100%); second-line, 30 patients (14.4%); 
third-line, six patients (2.9%)]. The median duration of therapy 
ranged from 4.4 months (IQR 2.2, 10.3) for the first-line to 
2.2 months (IQR 1.3, 16.2) for the third-line. MDS-related 
treatment consisted mostly of HMAs (89.5% in the first-line; 
63.3% in the second-line), and nearly all patients (90.5%) 
received MDS-directed supportive care during the follow-up 
period. Over the follow-up period, 38.8% (n = 81) of patients 
progressed to AML.

3.3 � Healthcare Utilization

The number of patients evaluable for healthcare utilization 
decreased from 209 in year 1 to 92 in year 2. Over the entire 
follow-up period, the majority of patients had at least one 
outpatient physician office visit (MDS-related 82.3%; non-
MDS-related 89.0%) and at least one other outpatient visit 
(MDS-related 96.2%; non-MDS-related 99.0%) (Table 3). 
On average, patients had 4.34 (SD 4.79) PPPM MDS-related 
outpatient physician visits and 3.24 (SD 3.53) PPPM other 
outpatient visits. There was also a mean of 2.47 (SD 3.00) 
non-MDS-related physician visits PPPM and 4.43 (SD 4.39) 
other outpatient visits PPPM.

Patients with at least:
(a) 1 inpatient claim with MDS, or 

(b) 2 claims with MDS at least 60 days apart but within 1 
year between January 1, 2008 and October 31, 2015 

(n=18,507)

Potential HR MDS 
population (n=6,841)

Patients with HR MDS  
(n=431)

Final HR MDS 
population

(n=335)

Received 1LT for 
MDS 

(n=209)a

Did not receive 
treatment for 

MDS 
(n=126)

Do not have at least 60 days of follow-
up (n=8)
Do not have MDS chemotherapy, SCT, 
or MDS-specific  supportive care 
treatment (n=92)

Non-HR MDS patients (n=6,410)

<18 years of age (n=234)
<12 months continuous enrollment 
prior to index diagnosis date (n=7,063)
Evidence of chemotherapy and/or 
SCT in baseline period (n=1,744)
Other primary cancer (n=5,364)
Metastatic disease (n=447)
AML in the baseline period (n=1,053)
Diagnosis of myelofibrosis at any time 
during the study period (n=1,085)
Inconsistent data (n=321)

Fig. 1   Sample attrition. aDue to exclusion of patients with capitated 
claims for the cost analysis, 149 patients of the 209 treated HR-MDS 
patients were available for cost of care analyses. 1LT first-line therapy, 
AML acute myeloid leukemia, HR-MDS higher-risk myelodysplastic 
syndrome, MDS myelodysplastic syndrome, SCT stem cell transplant

Table 1   Baseline characteristics

CCI Charlson Comorbidity Index, CSF colony-stimulating factor, 
ESA erythropoietin stimulating factor,  MDS myelodysplastic syn-
drome, SD standard deviation

Variable Treated
N = 209

Age, mean (SD) 73.0 (10.1)
 Age ≥ 75 years (%) 53.1

Gender, male (%) 61.2
Geographic region (%)

  South 34.5
  West 29.7
  Midwest 25.8
  Northeast 8.1
  Other/unknown 1.9

Payer type (%)
  Medicare 74.6
  Commercial 25.4

Year of diagnosis (%)
  2012–2015 52.2
  2008–2011 47.9

Baseline CCI (%)
  0 29.7
  1 28.2
  ≥ 2 42.1

Presence of Charlson comorbidities at baseline (%)
  Diabetes 23.4
  Congestive heart failure 16.3
  Moderate to severe renal disease 16.3
  Diabetes with end-organ damage 8.1
  Mild liver disease 4.3
  Myocardial infarction 3.8

Use of MDS supportive care in baseline (%) 27.3
  CSFs 0.5
  ESAs 3.4
  Transfusions 24.9
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Following diagnosis of MDS, the proportion of patients 
with at least one MDS-related physician and other outpatient 
visit decreased from year 1 (81.3% and 93.3%, respectively) 
to year 2 (72.8% and 73.9%, respectively). The proportion 
of patients with non-MDS-related physician office and other 
outpatient visits also decreased from year 1 (87.6% and 
97.6%, respectively) to year 2 (75.0% and 90.2%, respec-
tively). Further, the proportion of patients having a visit for 
MDS-related chemotherapy and MDS-directed supportive 
care treatment decreased from year 1 (87.1% and 78.5%, 
respectively) to year 2 (50.0% and 51.1%, respectively).

During the entire follow-up period, 69.4% of patients 
had at least one inpatient admission; 57.9% of patients 
had an MDS-related admission and 41.6% of patients had 
a non-MDS-related admission. The mean number of inpa-
tient admission PPPM was 0.25 (SD 0.46), of which, 0.15 
(SD 0.35) were MDS-related and 0.10 (SD 0.26) were non-
MDS-related. The overall mean length of inpatient hospital 
stay was 1.97 days (SD 4.48) PPPM; 1.31 days (SD 2.91) 
were MDS-related and 0.66 days (SD 3.37) were non-MDS-
related. The proportion of patients with both MDS- and non-
MDS-related admissions also decreased by approximately 
50% from year 1 (48.3% and 33.5%, respectively) to year 2 
(23.9% and 18.5%, respectively).

MDS-related ED visits over the entire follow-up occurred 
in 56.9% of patients and were MDS-related in only 12% of 
the patients. Mean ED visits over the entire follow-up were 
0.37 (SD 0.76) PPPM and were predominately non-MDS-
related visits (0.33 [SD 0.69]) versus MDS-related visits 
(0.04 [SD 0.19]). From year 1 to year 2, the proportion of 
patients with MDS-related ED visits and non-MDS-related 
ED visits and the number of visits decreased.

Of the treated HR-MDS patients, 140 (67.0%) received at 
least one transfusion during the follow-up period. The mean 
number of transfusions was 3.38 (SD 5.07) PPPM. Of the 230 
claims for transfusions recorded during the follow-up period, 
46.5% were given in an outpatient setting, 33.5% were given 
in an inpatient setting, and 20.0% were given in the ED.

3.4 � Healthcare Costs

Due to exclusion of patients with capitated claims, 149 
patients were evaluable for cost analysis in year 1 and 62 
patients in year 2. Over the entire follow-up period, the mean 
overall PPPM costs were $17,361 (SD $19,747), of which 
$10,839 (SD $11,101) were MDS-related and $6522 (SD 
$15,181) were non-MDS-related. Total costs were higher in 
year 1 [$17,337 (SD $19,696)] than in year 2 [$12,976 (SD 
$14,135)] following MDS diagnosis.

The majority of the overall costs of care was composed 
of medical costs as opposed to outpatient pharmacy costs. 
Average PPPM medical costs over the entire follow-up 
period were $16,451 (SD $19,203); between year 1 and 
year 2 following MDS diagnosis, PPPM medical costs 
decreased from $16,427 (SD $19,111) to $11,971 (SD 
$14,104). About 63% of the mean total PPPM costs over 
the follow-up period were for MDS-related medical services 
[$10,327 (SD $11,050)]. Between years 1 and 2 after MDS 
diagnosis, MDS-related medical PPPM costs decreased 
from $10,557 (SD $11,164) to $6530 (SD $7406) (Fig. 2). 
Costs associated with medical services for chemotherapy 
[$3161 PPPM (SD $2106)] and supportive care [$3700 
PPPM (SD $9134)] were the main drivers of MDS-related 
medical costs, and these costs also decreased from year 1 
[$3304 (SD $2157) and $3678 ($9174), respectively] to year 
2 [$1880 (SD $2134) and $1652 ($2897)] following MDS 
diagnosis (Fig. 3a). The other main contributors of MDS-
related costs were inpatient admissions [$1175 PPPM (SD 
$4670)] and other outpatient services [$1602 PPPM (SD 
$2281)] (Fig. 3a).

Non-MDS-related medical costs made up about 37% of 
overall medical costs ($6124 [SD $15,158]) and did not 
change significantly between year 1 and year 2 following 
MDS diagnosis. The primary contributors to non-MDS-
related medical costs were inpatient admissions [$3729 
(SD $14,003)] and outpatient services [$1817 PPPM (SD 
$2826)].

Table 2   First-line therapy in HR-MDS patients

1LT first-line therapy, CSF colony-stimulating factor, ESA erythropoietin stimulating factor, HR-MDS higher-risk myelodysplastic syndrome, 
IMID immunomodulatory imide drug, IQR interquartile range, MDS myelodysplastic syndrome, N/A not applicable, SCT stem cell transplant

Type of therapy Overall
N = 209

Azacitidine
N = 144

Decitabine
N = 43

IMIDs
N = 18

SCT
N = 4

Time from diagnosis to initiation of 1LT, 
median in days (IQR)

17 (9, 35) 16.5 (6, 32) 18 (11, 29) 28 (20, 229) 169.5 (127, 175)

Duration of 1LT, median in months (IQR) 4.3 (2.1, 10.2) 4.4 (2.6, 9.4) 4.8 (2.1, 11.4) 2.6 (1.0, 11.6) N/A
Follow-up time, median in months (IQR) 9.9 (4.6, 17.9) 9.3 (4.4, 16.9) 12.2 (5.2, 20.4) 7.9 (4.9, 18.5) 14.5 (8.0, 23.4)
MDS supportive care during 1LT (%)

  CSFs 29.2 28.5 39.5 16.7 N/A
  ESAs 33.0 32.6 32.6 44.4 N/A
  Transfusions 55.5 57.6 69.8 16.7 N/A
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Table 3   Proportion and 30-day healthcare utilization of treated HR-MDS patients, overall and at year 1 and year 2 following diagnosis

ED emergency department, HR-MDS higher-risk myelodysplastic syndrome, MDS myelodysplastic syndrome, PPPM per patient per month, SD 
standard deviation

Healthcare utilization Overall
N = 209

Year 1 
N = 209

Year 2 
N = 92

Number and proportion of patients N % N % N %

Inpatient visits (≥ 1) 145 69.4 121 57.9 34 37.0
  MDS-related 121 57.9 101 48.3 22 23.9
  Non-MDS-related 87 41.6 70 33.5 17 18.5

ED visits (≥ 1) 119 56.9 107 51.2 32 34.8
  MDS-related 25 12.0 19 9.1 5 5.4
  Non-MDS-related 115 55.0 102 48.8 30 32.6

Physician office visits (≥ 1) 192 91.9 189 90.4 75 81.5
  MDS-related 172 82.3 170 81.3 67 72.8
  Non-MDS-related 186 89.0 183 87.6 69 75.0

Other outpatient visits (≥ 1) 208 99.5 206 98.6 84 91.3
  MDS-related 201 96.2 195 93.3 68 73.9
  Non-MDS-related 207 99.0 204 97.6 83 90.2

MDS treatment visits (≥ 1)
  Medical chemotherapy 188 90.0 182 87.1 46 50.0
  Medical supportive care 174 83.3 164 78.5 47 51.1

Outpatient pharmacy prescription fills (≥ 1)
  Chemotherapy 32 15.3 26 12.4 11 12.0
  Supportive care 18 8.6 15 7.2 3 3.3
  Non-MDS-related 188 90.0 186 89.0 77 83.7

Healthcare utilization Overall
N = 209

Year 1 
N = 209

Year 2 
N = 92

Count of healthcare utilization, PPPM Mean SD Mean SD Mean SD

Inpatient admission, number 0.25 0.46 0.24 0.46 0.17 0.41
  MDS-related 0.15 0.35 0.15 0.35 0.11 0.30
  Non-MDS-related 0.10 0.26 0.10 0.27 0.06 0.19

Inpatient length of stay, days 1.97 4.48 1.92 4.49 1.27 3.86
  MDS-related 1.31 2.91 1.24 2.88 1.05 3.66
  Non-MDS-related 0.66 3.37 0.68 3.40 0.23 0.63

ED visits, number 0.37 0.76 0.36 0.75 0.30 0.89
  MDS-related 0.04 0.19 0.04 0.19 0.04 0.24
  Non-MDS-related 0.33 0.69 0.32 0.69 0.26 0.84

Physician office visits, number 6.81 6.07 7.02 6.30 4.56 4.85
  MDS-related 4.34 4.79 4.53 5.05 3.05 3.85
  Non-MDS-related 2.47 3.00 2.49 3.10 1.51 1.96

Other outpatient visits, number 7.67 6.05 7.64 6.15 5.71 5.42
  MDS-related 3.24 3.53 3.21 3.63 2.56 3.56
  Non-MDS-related 4.43 4.39 4.44 4.50 3.15 3.50

MDS treatment visits, number
  Chemotherapy related 4.11 3.27 4.37 3.45 2.21 2.98
  MDS-supportive care related 1.71 2.07 1.67 2.06 0.98 1.58

Outpatient prescriptions, number
  Chemotherapy 0.05 0.17 0.05 0.18 0.06 0.19
  MDS-supportive care 0.04 0.24 0.04 0.24 0.01 0.09
  Other 3.47 2.65 3.46 2.81 3.61 3.46
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Of the 149 patients evaluable for cost analysis, 79 (53.0%) 
had evidence of progression to AML or death. The total cost 
over year 1 for those who progressed to AML or died was 

roughly twice that of those without evidence of progres-
sion or death (n = 70); mean PPPM total cost was $22,820 
(SD $24,925) for those with progression to AML or death 

Fig. 2   Year 1 and year 2 post-
index total PPPM costs among 
treated HR-MDS patients. HR-
MDS higher-risk myelodysplas-
tic syndrome, MDS myelodys-
plastic syndrome, PPPM per 
patient per month

Pharmacy other
Pharmacy chemotherapy
Medical non-MDS-related
Medical MDS-related

Year 1 (n=149) Year 2 (n=62)
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$16,000
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Fig. 3   Year 1 and year 2 post-
index MDS-related (a) and 
non-MDS-related (b) PPPM 
medical costs among treated 
HR-MDS patients. ED emer-
gency department, HR-MDS 
higher-risk myelodysplastic 
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versus $11,148 (SD $7517) for those without progression 
or death in year 1. Both MDS-related and non-MDS-related 
medical costs within year 1 were higher for those who either 
progressed to AML or died [MDS-related $13,720 (SD 
$13,995) vs $6988 (SD $4779); non-MDS-related $8056 
(SD $19,972) vs $3404 (SD $5102)] versus those who did 
not. Of the medical cost components, the most notable dif-
ferences were in the cost of MDS-related supportive care 
[$5385 (SD $12,139) vs $1752 (SD $2618)], the cost of 
non-MDS-related inpatient visits [$5288 (SD $18,638) vs 
$1377 (SD $3910)], the cost of MDS-related inpatient visits 
[$1695 (SD $6219) vs $651 (SD $2392)], and the cost of 
MDS-related other outpatient visits [$2142 (SD $2895) vs 
$1082 (SD $1689)] for those who progressed or died versus 
those who did not.

4 � Discussion

This study evaluated healthcare utilization and costs among 
treated HR-MDS patients in routine clinical practice and 
revealed that the healthcare burden associated with HR-
MDS is considerable, particularly in the first year follow-
ing diagnosis relative to the second year, across all settings 
of care. While overall costs PPPM were higher in the first 
year after diagnosis ($17,361 PPPM), costs PPPM remained 
high in the second year ($12,976 PPPM) following HR-MDS 
diagnosis. Over the entire follow-up period, 62% of the total 
costs were due to MDS-related care (64% in year 1 and 54% 
in year 2). Although MDS-related costs decreased from the 
first to the second year of diagnosis, non-MDS-related costs 
remained relatively similar. This same trend of decreasing 
cost of treated patients over time has been noted in multi-
ple myeloma (MM) as well. In a retrospective study com-
posed of 1181 patients with newly diagnosed MM, the total 
monthly cost for patients declined steadily, from $15,734 per 
month during the first quarter of therapy initiation to $5082 
per month for the period starting 18 months after initiation 
of therapy [15]. In our patient population, the higher MDS-
related costs in the first year following HR-MDS diagnosis 
were consistent with a larger proportion of patients receiv-
ing MDS-related chemotherapy and supportive care. The 
decrease in costs observed in the second year after diagnosis 
was mainly driven by the MDS diagnosis being captured in 
the first year’s costs and fewer patients receiving treatments. 
Further, it should be noted that the cost of progression to 
AML in this HR-MDS population was not evaluated, as 
follow-up ended upon transformation to AML. In our study, 
38.8% of our population progressed to AML, and these 
patients, along with those who died, incurred higher costs 
in the first year after diagnosis relative to patients who did 
not have these events. For non-MDS-related medical costs, 

inpatient hospitalizations were the main cost driver, account-
ing for 60% of costs.

Studies evaluating the economic burden of HR-MDS 
patients are limited. The cost of drugs alone for lower-risk 
MDS was estimated at an average of $63,577 per patient 
annually [16]. In our analysis, HMAs were the most fre-
quently utilized first-line therapy, with approximately 90% 
of patients receiving an HMA; of these, most patients (69%) 
received azacitidine. This aligns with both the NCCN guide-
lines and the primary literature, which show that azacitidine 
improves overall survival in trial-selected HR-MDS patients, 
while decitabine has not demonstrated a survival benefit [4, 
12–14]. Further, the majority of patients in our analysis did 
not receive MDS-directed therapy beyond the first line, as 
transformations to AML and/or death were the predominant 
events that occurred during the follow-up period. A longi-
tudinal analysis of elderly MDS patients utilizing the SEER 
database found that the 2-year cost from MDS diagnosis 
was higher in patients treated with HMAs versus those who 
did not receive HMAs [$92,102 vs $40,111, respectively 
(2009 US dollars)] [6]. Additionally, a retrospective analysis 
reviewing the use of transfusions and/or active therapy in 
MDS patients showed that patients were at highest risk for 
hospitalization when receiving both transfusions and active 
therapy [8]. However, neither of these previous studies 
accounted for IPSS-R risk category. Therefore, the results of 
this analysis add needed data regarding cost and healthcare 
utilization in an HR-MDS population.

MDS-related supportive care visits and costs were also 
higher in the first year of diagnosis compared to the sec-
ond year of diagnosis. This result is slightly unexpected, as 
the use of HMAs is commonly associated with a decreased 
need for transfusions and supportive care, thereby leading 
to decreased costs [7, 17, 18].

4.1 � Limitations

The limitations of this study include those inherent of any ret-
rospective study. Clinical information is based on only diagno-
sis codes and is limited by corresponding caveats. All relevant 
characteristics cannot be captured by diagnosis codes, includ-
ing, but not limited to, the true measure of high- or low-risk 
MDS. It is possible that using ICD-9 codes to identify the HR-
MDS population may have resulted in a heterogeneous group 
of patients encompassing those with both very good and with 
unfavorable prognostic factors that may affect the study out-
comes. In addition, healthcare utilization and costs following 
disease progression to AML, which occurred in 38.8% of this 
patient population, were not captured in this analysis. Also, the 
incremental costs and utilization due to HR-MDS relative to a 
similar population without cancer was not assessed. Finally, as 
with all cost analyses, how the value of currency changes over 
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time may affect the results; however, it would be expected to 
impact all results in the same manner without bias.

5 � Conclusions

Healthcare utilization and the associated medical costs in 
HR-MDS patients receiving treatment are high, with a cost 
of almost $18,000 PPPM. The medical costs associated with 
HR-MDS decreased from the first to the second year following 
HR-MDS diagnosis, coinciding with a decrease in healthcare 
utilization, in particular the administration of chemotherapy 
and supportive care. However, costs continued to remain high 
in the second year. As treatment of HR-MDS evolves, the 
economic impact and healthcare utilization need to be further 
investigated in this patient population.
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