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Abstract
Background: Polycythemia vera (PV) and essential thrombocythemia (ET) are 
linked to increased risk of cardiovascular morbidity and mortality. In addition to 
the reduction in of arterial thrombotic events, statins may prevent venous throm-
bosis including among patients with cancer. As previous registry-  and claims-
based studies revealed that the use of statins may improve the survival of patients 
with various malignancies we evaluated their impact on outcomes of older adults 
with PV and ET.
Methods: We identified 4010 older adults (aged 66–99 years at diagnosis) with 
PV (n = 1809) and ET (n = 2201) in a population-based cohort study using the 
Surveillance, Epidemiology, and End Results-Medicare database with median 
follow-up of 3.92 (interquartile range: 2.58–5.75) years. Propensity score match-
ing (PSM) and inverse probability of treatment weighting (IPTW) approaches 
were utilized to assess potential association between statins and overall survival. 
Multivariable competing risk models with death as a competing risk were used to 
evaluate possible relationship between statins and the incidence of thrombosis.
Results: 55.8% of the patients used statins within the first year after PV/ET di-
agnosis, and statin use was associated with a 22% reduction in all-cause mor-
tality (PSM: hazard ratio [HR] = 0.78, 95% confidence interval [CI]: 0.63–0.98, 
p = 0.03; IPTW: HR = 0.79, 95% CI: 0.64–0.97, p = 0.03). Statins also reduced the 
risk of thrombosis in this patient population (PSM: HR = 0.63, 95% CI: 0.51–0.78, 
p < 0.01; IPTW: HR = 0.57, 95% CI: 0.49–0.66, p < 0.01) as well as in PV and ET 
subgroups.
Conclusions: These findings suggest that it may be important to incorporate 
statins into the therapeutic strategy for older adults with PV and ET.
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1   |   INTRODUCTION

Polycythemia vera (PV) and essential thrombocythemia 
(ET), two types of Philadelphia chromosome-negative 
myeloproliferative neoplasms (MPNs), are closely related 
clonal disorders with driver mutations leading to Janus 
kinase/signal transducers and activators of transcription 
(JAK–STAT) pathway activation. The most common muta-
tion, JAK2-V617F, is observed in over 95% of patients with 
PV and in about 60% of patients with ET.1 Additionally, 
JAK2 mutations and activation of the JAK–STAT path-
way are implicated in the chronic inflammatory state as-
sociated with MPN progression, development of second 
lymphoid and solid malignancies, and increased cardio-
vascular disease risk.2,3 Patients with PV and ET face ele-
vated risks of arterial and venous thrombotic events with 
higher rates observed in patients with PV.1 Arterial throm-
boses are more common than venous events in MPNs 
with the highest rates around the time of diagnosis which 
decrease over time, likely due to the effects of treatment. 
Important risk factors for these events include age and 
previous thrombotic episodes.4 As cardiovascular mor-
tality is one of the major causes of death among PV and 
ET patients,5 reducing the risk of thrombotic events is the 
primary goal of treatment for PV and ET, accomplished by 
therapeutic phlebotomies in PV and aspirin as well as cy-
toreductive therapies in both PV and ET. Consensus MPN 
clinical guidelines recommend addressing modifiable car-
diovascular risk factors in patients with PV and ET.6,7

Statins (3-hydroxy-3-methylglutaryl-coenzyme A re-
ductase inhibitors), a group of lipid-lowering drugs, are 
commonly used for primary and secondary prevention of 
atherosclerotic cardiovascular disease based on evidence 
that they stabilize atherosclerotic plaque via lipid-lowering 
and anti-inflammatory effects and ultimately reduce both 
cardiovascular events and mortality.8,9 In addition to the 
reduction of arterial thrombotic events, statins have ve-
nous antithrombotic effects10 and are effective as primary 
and secondary prevention of venous thromboembolism,11 
including among patients with cancer.12 These effects 
may be in part due to suppression of platelet function.13 
Furthermore, statins inhibit cell proliferation, promote 
apoptosis and tumor cell differentiation, and modulate 
the tumor microenvironment, all qualities that invoke the 
possibility of statins possessing anticancer properties.14,15 
Indeed, previous registry- and claims-based studies have 
shown that the use of statins improved the survival of 
patients with various solid tumors,16–21 including several 
meta-analyses.22–25

Statins were recently shown to exert a protective ef-
fect on the development of MPNs in a large population-
based cohort study,26 and various reports have suggested 
that statins may be effective as a potential therapeutic 

approach for MPNs.27–30 The use of statins in PV led to a 
reduction in the number of phlebotomies in a retrospec-
tive multicenter study suggesting the potential of statins 
to decrease JAK2-dependent cellular proliferation.31

To better understand the impact of statin use on MPN 
patients' survival and thrombotic risk after MPN diagno-
sis, we conducted a large population-based cohort study of 
older adults diagnosed with PV or ET in the United States, 
with extended follow-up.

2   |   METHODS

Using the Surveillance, Epidemiology, and End Results 
(SEER)-Medicare database, we enrolled patients with 
PV (International Classification of Diseases for Oncol-
ogy, third edition [ICD-O-3] 9950) and ET (ICD-O-39962) 
who were diagnosed in 2008–2017, were aged 66–99 years 
at diagnosis, had continuous Medicare Parts A, B, and D 
coverage, but not enrolled in health maintenance organi-
zations from 12 months before diagnosis to the end of fol-
low-up (i.e., death, the end of study on December 31, 2019 
or changed insurance status, whichever was earlier), had 
been followed for ≥1 year after diagnosis, but not reported 
from death certificate or autopsy only (Figure 1). The Yale 
Human Investigation Committee determined that this 
study did not directly involve human subjects.

We searched Part D claims for statins (rosuvastatin, 
atorvastatin, pitavastatin, simvastatin, lovastatin, pravas-
tatin, or fluvastatin) prescriptions. The primary outcome 
was overall survival. To reduce immortal time bias, we 
limited statin users to those who received statins within 
the first year after MPN diagnosis and excluded patients 
with delayed statin initiation. We obtained information 
on age at diagnosis, sex, race/ethnicity, marital status, 
state buy-in, census tract Yost index (a composite socio-
economic status index),32 disability status,33 Elixhauser 
comorbidity score,34 history of thrombosis, influenza vac-
cination, and hydroxyurea use. For PV patients, we also 
assessed therapeutic phlebotomy use.

To address the potential for confounding by statin use, 
we evaluated each patient's likelihood of being a post-
diagnosis statin user via a logistic regression model. As 
shown in Figure 1, we created two separate cohorts. One 
was the 1:1 nearest-neighbor propensity score matching 
(PSM) without replacement cohort. The other was the 
inverse probability treatment weighting (IPTW) cohort, 
for which we estimated treatment weights for each par-
ticipant, proportional to the inverse probability of sta-
tin use. For both cohorts, standardized differences were 
calculated to assess the balance achieved between the 
treatment groups by the matching/weighting process. 
Covariates with standardized differences above 0.10 were 
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also incorporated in the final regression models to reduce 
any residual selection bias.

Time to event was analyzed with weighted Kaplan–
Meier methods and log-rank test. Multivariable Cox pro-
portional hazards models that included a variable for 
statin use before MPN diagnosis and imbalanced variables 
were used to estimate hazards ratios (HRs) and 95% confi-
dence intervals (CIs). For the IPTW cohort, the Cox model 
was also weighted by the IPTW. Our secondary outcome 
of interest was first incident thrombotic events. The cu-
mulative incidence function of thrombosis was computed 
via a competing risk model. Comparisons of cumulative 
incidence across treatment groups were performed using 
Gray's test.35 Multivariable competing risk models were 
fitted36 to evaluate the relationship between statin use and 
risk of thrombosis after MPN diagnosis. Death was con-
sidered a competing event. We also conducted analyses 

for each MPN subtype. To remove potential influence of 
statins taken prior to MPN diagnosis on the study out-
comes, sensitivity analyses excluded this group of statin 
users.

All tests were two-sided with an alpha of 0.05 and were 
conducted in SAS Version 9.4 (SAS Inc.).

3   |   RESULTS

The final cohort included 4010 patients (1809 PV and 2201 
ET). The majority of patients were female (63.0%) and 
white (86.8%). The median age at diagnosis was 77 years 
for both patients with PV (IQR: 71–82) and ET (IQR: 72–
84). 55.8% of patients (1011 PV and 1228 ET) used statins 
within the first year after MPN diagnosis with an 88.7% 
(IQR: 64.9%–97.5%) days covered by statins since initia-
tion. Patients who received statins during the first year 
after MPN diagnosis were younger, more likely to be male, 
had more comorbidities, were more likely to have a his-
tory of thrombosis and received influenza vaccination in 
the year before MPN diagnosis than those who did not re-
ceive statins (all p < 0.01, Table 1). After weighting by in-
verse probability of treatment, no difference was observed 
between statin users and nonusers. However, in the PSM 
cohort, which included 1645 matched pairs, statin users 
were still less likely to be white (85.3% vs. 88.3%), more 
likely to have more comorbidities (46.7% vs. 41.9%) and a 
history of thrombosis (19.2% vs. 14.3%) than their matched 
counterparts (Table 1).

3.1  |  Statin use and overall survival

After a median follow-up of 3.92 (IQR: 2.58–5.75) years, 
35.4% (n = 792) of statin users and 41.8% (n = 741) of nonus-
ers died. Statin users had a significantly better overall sur-
vival than nonusers (Log-rank test, p < 0.01) (Figure 2A). 
In the Cox proportional hazards model, statin use was as-
sociated with a 22% reduction in the risk of all-cause mor-
tality in the PSM cohort (hazard ratio [HR] = 0.78, 95% 
confidence interval [CI]: 0.63–0.98, p = 0.03) and a 21% re-
duction in the IPTW cohort (HR = 0.79, 95% CI: 0.64–0.97, 
p = 0.03) (Table 2).

Among patients with PV, 35.0% (n = 354) of statin users 
and 43.0% (n = 343) of nonusers died after a median fol-
low up of 4.00 years. Statin users had a significantly bet-
ter overall survival than nonusers (Log-rank test, p < 0.01) 
(Figure 2B). In the Cox model, statins use was not associ-
ated with the risk of all-cause mortality in this subgroup 
of patients (PSM cohort: HR = 0.94, 95% CI: 0.69–1.29, 
p = 0.71; IPTW cohort: HR = 0.82, 95% CI: 0.59–1.14, 
p = 0.24) (Table 2).

F I G U R E  1   Selection of Study Population. ET, essential 
thrombocythemia; HMO, health maintenance organization; IPTW, 
inverse probability of treatment weighting; PSM, propensity score 
matching; PV, polycythemia vera.
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Among patients with ET, 35.7% (n = 438) of statin 
users and 40.9% (n = 398) of nonusers died after a me-
dian follow-up of 3.84 years. As shown in Figure 2C, pa-
tients with ET who used statins had better survival than 
nonusers. After taking confounders into consideration, 
there was no difference in overall survival between statin 
users and nonusers (PSM cohort: HR = 0.79, 95% CI: 0.60–
1.05, p = 0.10; IPTW cohort: HR = 0.77, 95% CI: 0.59–1.02, 
p = 0.07) among patients with ET (Table 2).

We conducted a sensitivity analysis by excluding 2135 
patients who received statins before MPN diagnosis. After 
the exclusion, 2292 (1041 PV and 1251 ET) patients re-
mained. As shown in Table  2, statin use was associated 
with better overall survival among all patients as well as 
among patients in the PV and ET subgroups.

3.2  |  Statin use and thrombosis risk

Thrombosis after diagnosis was observed in 2243 (52.7%; 
1022 PV and 1221 ET) patients. Among these thrombotic 
events, 1804 (80.4%; 791 PV and 1013 ET) were arterial 
thromboses. Of all 4010 patients with PV and ET, 1129 
(53.5%) statin users and 1114 (51.8%) nonusers had throm-
bosis after diagnosis. Although cumulative incidence 
function curves showed no difference in thrombosis oc-
currence between statins users and nonusers (Figure 3), in 

the Cox models, statin use reduced the risk of thrombosis 
by nearly 40% (PSM: HR = 0.63, 95% CI: 0.51–0.78, p < 0.01; 
IPTW: HR = 0.57, 95% CI: 0.49–0.66, p < 0.01) (Table 3). In 
addition, decreased risk of thrombosis was also observed 
in patients with PV (PSM: HR = 0.60, 95% CI: 0.45–0.81, 
p < 0.01; IPTW: HR = 0.58, 95% CI: 0.85–0.71, p < 0.01) 
(Table 3) and patients with ET (PSM: HR = 0.63, 95% CI: 
0.46–0.85, p < 0.01; IPTW: HR = 0.57, 95% CI: 0.46–0.70, 
p < 0.01) (Table 3) who used the statins. Sensitivity analy-
sis, which excluded patients who used statins prior to 
MPN diagnosis, showed similar results (Table 3).

4   |   DISCUSSION

This is the first population-based cohort study to assess 
the potential association between statin use, overall sur-
vival, and risk of thrombosis among patients with PV 
and ET. We report the findings from 4010 older adults 
with PV (n = 1809) and ET (n = 2201) who represent 
the real-world population of patients with MPN with 
median follow-up of 3.92 years. We found that among 
patients with PV and ET, the use of statins improved 
survival and decreased risk of thrombosis after MPN 
diagnosis. The survival benefit was robust, with simi-
lar results from the primary analysis and the sensitivity 
analysis after excluding patients who received statins 

F I G U R E  2   (a) Overall survival by statin use among patients with ET and PV. (b) Overall survival by statin use among patients with PV. 
(c) Overall survival by statin use among patients with ET.
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before MPN diagnosis. These findings may help guide 
clinical decision making regarding the use of statins in 
patient with MPNs.

Despite an increasing literature on the role of statins in 
cancer survival, there have been only a few studies eval-
uating statin use in patients with hematologic malignan-
cies. In one multicenter, population-based cohort study 
of patients with newly diagnosed multiple myeloma, sta-
tin use was associated with a more than 20% reduction 
in all-cause mortality and myeloma-specific mortality.21 
However, a meta-analysis did not support any significant 
impact of statins on the survival of patients with non-
Hodgkin lymphoma.37 Recent analyses from a prospec-
tive Canadian registry of patients with myelodysplastic 
syndromes showed no survival advantage in patients who 
received statins when compared with those who did not.38 
Another recently published study applied methodology 

similar to ours and used the SEER-Medicare database to 
evaluate a population of patients with myelodysplastic 
syndrome. PSM analysis showed improved survival and 
decreased progression to acute myeloid leukemia among 
statin users.39 Our study of MPN patients showed that sta-
tin use was associated with better survival as it reduced 
the risk of all-cause mortality by about 22%.

A single-center retrospective French study observed 
no significant association between the use of statins 
and the risk of thrombosis in high-risk patients with 
PV and ET with no prior history of thrombosis or atrial 
fibrillation after diagnosis, but this study only included 
192 patients from one French hospital and evaluated 
them for arterial or venous thrombotic events within 
2 years following MPN diagnosis.40 Our analysis, which 
included a much larger number of patients with high-
risk PV and ET and a longer follow-up of up to 12 years, 

T A B L E  2   Multivariable Cox proportional hazards analysis for overall survival among PV and ET patients.

Propensity score matching Inverse probability of treatment weighting

Statin use N HR 95% CI p N HR 95% CI p

Primary analysis

Overall

Never 1645 1.00 1771 1.00

Ever 1645 0.78a 0.63–0.98 0.03 2239 0.79b 0.64–0.97 0.03

PV

Never 727 1.00 798 1.00

Ever 727 0.94c 0.69–1.29 0.71 1011 0.82b 0.59–1.14 0.24

ET

Never 888 1.00 973 1.00

Ever 888 0.79c 0.60–1.05 0.10 1228 0.77b 0.59–1.02 0.07

Sensitivity analysis

Overall

Never 582 1.00 1708 1.00

Ever 582 0.59d 0.50–0.71 <0.01 584 0.66 0.57–0.77 <0.01

PV

Never 267 1.00 772 1.00

Ever 267 0.68e 0.52–0.90 0.01 269 0.76f 0.61–0.96 0.02

ET

Never 314 1.00 936 1.00

Ever 314 0.60g 0.47–0.76 <0.01 315 0.61h 0.50–0.76 <0.01

Abbreviations: CI, confidence interval; ET, essential thrombocythemia; HR, hazard ratio; N, number of patients; PV, polycythemia vera.
aAdjusted for use of statins before diagnosis and history of thrombosis in the model.
bAdjusted for use of statins before diagnosis.
cAdjusted for use of statins before diagnosis, history of thrombosis and Elixhauser comorbidity score in the model.
dAdjusted for age at diagnosis, Yost index in the model.
eAdjusted for history of thrombosis in the model.
fAdjusted for receipt of influenza vaccination in the 12 months before diagnosis in the model.
gAdjusted for race and disability status in the model.
hAdjusted for age at diagnosis in the model.

https://www.sciencedirect.com/topics/medicine-and-dentistry/thrombosis
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demonstrated a significant risk reduction for thrombotic 
events of about 40% among statin users. The French 
study did not evaluate survival as an outcome. High in-
cidence of thrombotic events in our study population of 
about 50% with 80% of them being arterial thromboses 
can be explained by the older patient population (me-
dian age of 77, IQR: 72–83 years), and high prevalence of 
cardiovascular risk factors in addition to risks intrinsic 
to a diagnosis of MPN.

The survival advantage among statin users in our study 
may in part be explained by reduced incidence of thrombotic 
events. There are a number of other plausible biological 
explanations including findings based on laboratory mod-
els. Using JAK2-V617F-dependent MPN cell lines as well 
as primary cells from JAK2-V617F positive MPN patients, 
Griner et al. found that cholesterol is required for JAK2-
V617F-mediated signaling and that JAK2-V617F-mediated 
transformation is sensitive to statins, suggesting that statins 
could potentially be incorporated into a therapeutic strat-
egy for MPN patients.41 In addition to the potential direct 
effects on MPN cells, statins may also contribute to the ame-
lioration of disease through their anti-inflammatory effects. 
Chronic inflammation has been suggested as a potential 
trigger for the development and progression of MPNs.27–29 
Several proposed mechanisms for the generation of chronic 

inflammation in MPN include an increase in reactive ox-
ygen species generated by JAK2-V617F mutated cells,42 
increased levels of inflammatory cytokines (interleukin 
1-alpha, tumor necrosis factor-alpha)43 and inflammatory 
gene dysregulation.44 Treatment with statins may lower the 
expression of pro-inflammatory tumor necrosis factor-alpha 
which was shown to facilitate clonal expansion of JAK2-
V617F positive myeloid cells of MPN patients.45 In addition, 
patients with MPN have an increased risk of developing 
lymphoid and solid second malignancies, which may be re-
lated to the state of chronic inflammation associated with 
MPN.3,46,47 Therefore, patients with MPN may potentially 
benefit from a number of statin-related anti-inflammatory 
and anti-cancer effects, and additional mechanisms of ac-
tion beyond antithrombotic effects may explain the survival 
benefit of these drugs in MPN.14 As the potential mecha-
nisms underlying a possible link between statins and the 
outcomes among patients with MPNs are multifaceted and 
remain elusive, additional studies are warranted.

Based on evidence that statins reduce cardiovascular 
morbidity and mortality, they are recommended not only 
for secondary but also for primary prevention of cardio-
vascular events among many patients with cardiovascular 
risk factors including hyperlipidemia, diabetes mellitus, hy-
pertension, and smoking (assuming an estimated 10-year 

F I G U R E  3   (a) Cumulative incidence function for thrombotic events by statin use among patients with PV and ET. (b) Cumulative 
incidence function for thrombotic events by statin use among patients with PV. (c) Cumulative incidence function for thrombotic events by 
statin use among patients with ET.
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cardiovascular disease risk of 7.5%–10% or greater).48,49 A 
high proportion of patients with MPN have at least one car-
diovascular risk factor, including 30% of patients regardless 
of age and 69% of patients aged ≥60 years.40,50 In our cohort, 
the percentage of patients who had hyperlipidemia, hyper-
tension or diabetes before MPN diagnosis was even higher 
(80.9%, 3243 out of 4010 patients). Among the 3243 patients 
with cardiovascular risk factors, 37.5% (n = 1217) of patients 
did not receive statins before or after MPN diagnosis. These 
findings suggest a clinically-relevant underutilization of this 
class of medications by older patients with MPNs.

A major strength of our study is its use of a large, 
population-based cohort of older (i.e., high-risk) patients 
with PV and ET treated in the real-world setting. The na-
tionwide Medicare claims data provided detailed informa-
tion on the treatments received by patients. Furthermore, 
the linked SEER-Medicare database gave us an opportu-
nity to control for a number of other factors with potential 

to impact treatment decisions and risk of thrombotic 
events after PV/ET diagnosis, such as sociodemographic 
factors, comorbidity, and disability status, all of which 
were adjusted for in our analyses.

While our study generated important findings, there 
are limitations. First, medications that are not covered 
by Medicare, such as aspirin, could not be captured as we 
only used Medicare claims to obtain information about 
MPN management. Second, the SEER-Medicare database 
did not contain information on some behavior character-
istics (e.g., smoking) or results of lab tests, such as driver 
mutation status including JAK2-V617F mutation and lipid 
profile to identify patients with dyslipidemia, so we could 
not incorporate these data into the analysis. In addition, 
our study is observational in design and may be subject 
to potential selection bias related to unobserved factors 
that may affect treatment decisions and outcomes of in-
terest. However, our analysis included extensive controls 

T A B L E  3   Multivariable competing risk models for thrombosis among PV and ET patients.

Propensity score matching Inverse probability treatment weighting

Statin use N HR 95% CI p N HR 95% CI p

Primary analysis

Overall

Never 1883 1.00 2150 1.00

Ever 1883 0.63a 0.51–0.78 <0.01 2110 0.57b 0.49–0.66 <0.01

PV

Never 842 1.00 965 1.00

Ever 842 0.60 b 0.45–0.81 <0.01 948 0.58 b 0.48–0.71 <0.01

ET

Never 1034 1.00 1185 1.00

Ever 1034 0.63 b 0.46–0.85 <0.01 1162 0.57 b 0.46–0.70 <0.01

Sensitivity analysis

Overall

Never 273 1.00 2019 1.00

Ever 273 0.58c 0.45–0.74 <0.01 273 0.69 0.64–0.75 <0.01

PV

Never 135 1.00 906 1.00

Ever 135 0.65d 0.47–0.90 <0.01 135 0.70e 0.62–0.79 <0.01

ET

Never 138 1.00 1113 1.00

Ever 138 0.65f 0.44–0.95 0.03 138 0.66g 0.58–0.74 <0.01

Abbreviations: CI, confidence interval; ET, essential thrombocythemia; HR, hazard ratio; N, number of patients; PV, polycythemia vera.
aAdjusted for use of statins before diagnosis and history of thrombosis in the model.
bAdjusted for use of statins before diagnosis.
cAdjusted for age at diagnosis in the model.
dAdjusted for age at diagnosis, Elixhauser comorbidity score, disability status, and Yost index in the model.
eAdjusted for age at diagnosis, marital status, and Elixhauser comorbidity score in the model.
fAdjusted for race, hydroxyurea use, and state buy-in in the model.
gAdjusted for age at diagnosis and Yost index in the model.
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for health status, prior thrombosis, sociodemographic 
factors, and receipt of preventive health care (influenza 
vaccination), which should help reduce the possibility of 
bias. To address immortal time bias and the possible influ-
ence on outcomes of statin use prior to MPN diagnosis, we 
excluded patients who initiated statins more than 1 year 
after MPN diagnosis from our primary analysis and lim-
ited the patient population to new statin users after MPN 
diagnosis in the sensitivity analysis, respectively, with 
sensitivity analysis showing similar results to those from 
primary analysis.

Overall, our study demonstrated that statins im-
proved survival and decreased the incidence of throm-
botic events in older patients with PV and ET. This novel 
finding supports consensus MPN clinical guidelines rec-
ommendation to address hyperlipidemia as one of the 
modifiable cardiovascular risk factors in patients with 
PV and ET and may help facilitate clinical decision mak-
ing regarding the use of statins in patient with MPNs. 
The use of statins for patients with MPNs in the current 
era of ruxolitinib may have additional relevance, given 
that hypercholesterolemia may develop or worsen as 
the result of ruxolitinib use. Understanding our study 
limitations and taking into consideration that a random-
ized controlled trial of statins for patients with MPN is 
unlikely to be conducted, we believe that based on our 
results the recommendation can be made for hematolo-
gists taking care of patients with PV and ET to either be 
directly involved in or advocate for prescribing statins to 
these patients who are at a high risk for cardiovascular 
events.
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