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Statin use in myelodysplastic syndromes is associated with a better
survival and decreased progression to leukemia
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Life expectancy of people with myelodysplastic syndromes (MDS) is limited and ranges from 0.8 to
8.8 years depending on the risk group.’ The most common causes of death in patients with MDS
are progression of underlying myeloid malignancy and cardiovascular events.? Somatic mutations
frequently observed in MDS (eg, DNMT3A, SF3B1) are associated with increased expression of
inflammatory cytokines® that drive disease progression® and atherosclerosis.” Currently, patients
with MDS have limited treatment options that suppress inflammation and reduce mortality. HMG-
Co-A reductase inhibitors (ie, statins) present an attractive class of drugs in this situation
because they can suppress inflammation through mechanisms dependent and independent of
HMG-CoA inhibition.®” Although preclinical evidence supports the ability of statins to suppress
leukemia cell growth in vitro,® there are sparse clinical data supporting their use in MDS. Available
literature presents conflicting results.”'' We, therefore, conducted a retrospective study in a
national cohort of patients with MDS to explore the effect of statins on overall survival (OS) and
progression to leukemia.

We used the national Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database
for this study.'> We identified patients diagnosed with MDS between 2007 and 2018 using the
International Classification of Diseases for Oncology version 3 histology codes (supplemental Table 1).
Notable exclusions are listed in supplemental Figure 1. The study was approved by the SEER-Medicare
Review Board and conducted in accordance with the Declaration of Helsinki.

Intervention of interest was “new statin use,” defined as >1 filled prescriptions for atorvastatin, flu-
vastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin, or simvastatin within 3 months before and
after MDS diagnosis and absence of a prescription in the 4 months before this window. Primary
outcome was OS, defined as time between MDS diagnosis and death from any cause. Secondary
outcome was the cumulative incidence of leukemia progression (supplemental Table 1). MDS risk
group was approximated by the SEER-Medicare myelodysplastic syndromes risk score (SMMRS) using
previously reported methods,'® with inclusion of ICD10 codes. SMMRS categories correspond to
International Prognostic Scoring System risk groups for estimation of OS."®

To study the effect of statins on outcomes (OS and progression to leukemia), we performed time-to-event
analyses in propensity-score matched pairs of cases and controls (1:3). We generated propensity scores
for statin use by logistic regression model adjusting for cardiovascular comorbidities. Cases were new statin
users at MDS diagnosis and controls were patients with MDS who did not use statins at any point during
study follow-up. We used Cox regression models to adjust for potential confounders (demographics,
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SMMRS, and treatments for higher and lower-risk MDS) in these
analyses. Variables used to generate propensity scores and SMMRS
category (ie, age, history of cardiovascular comorbidities, Charlson
comorbidity Index, histological category of MDS, cytopenias, trans-
fusion dependence, and recent hospitalization) were not used as
covariates in these analyses to avoid dual adjustment. We
also performed a sensitivity analysis using similar methods to study the
effect of statins on mortality from causes other than cardiovascular
events. All analyses were performed using the SAS Enterprise Guide
8.3 (SAS Institute Inc, Cary, NC). Survival curves were created using
SPSS 24 (IBM Corp, Armonk, NY).

Using SEER-Medicare dataset, 56 768 consecutive patients with
MDS were identified between 2007 and 2018. After exclusions,
12 674 were eligible of which 6712 (53.0%) started statins at time
of MDS diagnosis, and 86% had prescription coverage for at least
3 months The final analysis set included 657 cases and 1971
controls (supplemental Figure 1). Cases and controls were
balanced with respect to cardiovascular comorbidities after
propensity-score matching (Table 1).

During the study period, 2161 of the 2628 patients (82.2%)
died. The median OS for the entire cohort was 16 months (95%
confidence interval [CI], 15-17). Among cases (ie, statin users),
the median OS was 27 months (95% ClI, 18-32) compared with
15 months (95% CI, 14-16) for the controls (P < .001)
(Figure 1A). Death was attributed to malignancy (MDS or
another malignancy) in 41.3% of the patients, and cardiovas-
cular events in 14.0% (supplemental Table 2). In the unadjusted
analysis, statin use was associated with a 36% decrease in
hazard for death (hazards ratio [HR], 0.64; 95% CI, 0.46-0.89;
P =.008). After adjusting for demographics, SMMRS category,
and MDS treatment, statin use was associated with a 38%
decrease in hazard for death (adjusted HR [aHR], 0.62; 95% CI,
0.45-0.87; P = .005). Mortality was lower among non-White
races and higher among those belonging to higher-risk
SMMRS categories and requiring MDS directed treatments
(supplemental Table 3). In the multivariable sensitivity analysis
which censored death from cardiovascular events, statin use
was associated with a 39% decrease in hazard for death (aHR,
0.61; 95% ClI, 0.42-0.88; P = .008).

During the study period, 465 of the 2628 patients with MDS
(17.7%) progressed to acute myeloid leukemia (AML). In the
unadjusted analysis, statin use was associated with a 22% (HR,
0.78; 95% CI, 0.63-0.97; P=.023) decrease in the risk of AML
progression (Figure 1B). After adjusting for demographics,
SMMRS category, and MDS treatment, statin use was associ-
ated with a 20% decrease in the risk of AML progression (aHR,
0.80; 95% ClI, 0.64-1.00; P = .045). Higher-risk categories of
MDS and requirement for MDS-redirected treatments predicted
progression to AML (supplemental Table 3).

In summary, in this SEER-Medicare cohort of 2628 patients with
MDS, initiation of statin therapy at MDS diagnosis was associated
with a 38% improvement in OS, higher than that observed for
general population.'® Interestingly, statins also reduced progres-
sion to leukemia and mortality from noncardiovascular causes,
alluding to their anticancer potential.

MDS directed treatments predicted higher mortality and risk of
progression to AML in this study. This is likely because
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Table 1. Baseline characteristics of final propensity-score matched
cohort

Statin users Nonstatin users

(cases) n = 657 (controls) n = 1971 P value
Age (mean) 79.4 (74-84) 80.3 (75-86) .006
Gender <.001
Male 54.6% 46.7%
Female 45.4% 53.3%
Race .959
Caucasian 88.7% 88.3%
African-American 5.8% 5.9%
Other 5.5% 5.7%
Ethnicity 683
Hispanic or Latino 6.2% 6.7%
Non-Hispanic or Latino 93.8% 93.3%
Urban-rural .228
Metro 87.5% 85.6%
Nonmetro 12.5% 14.4%
Medicaid .059
Enrolled 283.7% 27.5%
Not enrolled 76.3% 72.5%
SMMRS 466
Low-risk 26.9% 25.0%
Intermediate1-risk 27.6% 28.1%
Intermediate2-risk 25.7% 24.6%
High-risk 19.8% 22.4%
Blood transfusions within 3 50% 52% 417
mo of diagnosis
Treatment within 6 mo of
diagnosis
For lower-risk MDS* 56.6% 57.5% .682
For higher-risk MDS* 21.8% 21.1% .700
Cardiovascular
comorbidities
Hyperlipidemia 88.7% 89.0% .858
Hypertension 91.8% 91.8% .967
Myocardial infarction 14.6% 12.0% .084
Peripheral vascular disease 37.1% 38.0% .693
Cerebrovascular disease/ 34.7% 30.6% .050
stroke
Diabetes 49.2% 48.5% .770

Data represent baseline characteristics of patients with MDS, stratified by statin use.

*Treatments for lower-risk MDS included blood transfusions, erythropoietin stimulating
agents and lenalidomide, treatments for higher-risk MDS included hypomethylating agents
and stem cell transplant.

requirement for MDS-directed treatments is a marker for
aggressive disease in this analysis. We used SMMRS for risk-
stratification of patients with MDS using both ICD9 and ICD10
codes as compared with ICD9 codes only in the original publi-
cation."® SMMRS categories correlated with risk of death as
well as progression to AML in this study, thereby providing a
useful tool for contemporary investigators conducting analyses
in claims-based datasets.
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Figure 1. Association of statin use with OS and progression to AML in
patients with MDS. (A) OS and (B) cumulative incidence of AML progression of
patients with MDS stratified by statin use.

There are no randomized controlled trials assessing the efficacy
of statins in patients with MDS. A pilot study of lovastatin
showed acceptable toxicity and signal of activity.” Previous
observational studies have shown mixed results.'®"'" An obser-
vational study of US veterans showed prolongation of OS in
patients with MDS who were using statins at the time of MDS
diagnosis."’ A recent observational study from Canada'®
showed no effect of statins on mortality of patients with MDS.
The Canadian study'® had a smaller small sample size (n = 533)
and cumulative exposure to statins was assessed from 1-year
before MDS diagnosis until death. In contrast, we assessed
the efficacy of statins when started at time of MDS diagnosis. It
is plausible that anti-inflammatory properties of statins are more
beneficial in arresting early progression of myeloid malignancies.

This study has limitations inherent to retrospective database anal-
ysis, eg, selection bias for intervention of interest, lack of dose-
response assessment, lack of data on cytogenetics, molecular
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aberrations, blast percentage and degree of cytopenias, and
potential for unmeasured confounding. Despite these limitations,
this is the largest retrospective study of statins in patients with
MDS showing an association with reduced mortality and progres-
sion to leukemia. These results should be confirmed in future ran-
domized trials of patients with MDS.
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