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Abstract

Background: There are no evidence-based recommendations for statin continuation or discontinuation near the
end of life. However, some expert opinion recommends continuing statins prescribed for secondary versus
primary prevention of cardiovascular disease.
Objectives: Our aim was to explore statin prescribing patterns in a longitudinal cohort of individuals with life-
limiting illness, and to evaluate differences in these patterns based on secondary versus primary prevention of
cardiovascular disease.
Design and setting: This study was a retrospective cohort analysis of 539 persons in an integrated, not-for-profit
health maintenance organization (HMO) setting who were receiving statins at diagnosis of a cancer with 0% to
25% predicted 5-year survival. Of the cohort patients, 343 were taking statins for secondary prevention and 196
for primary prevention of cardiovascular disease. Measurements included number and timing of statin refills
between diagnosis and date of death, disenrollment, or the end of the observation period.
Results: Four hundred and ninety-six cohort members died within the observation period. Fifty-eight percent of
the secondary prevention and 62% of the primary prevention group had at least one statin refill after diagnosis.
There were no significant differences between groups for number of days between diagnosis and last refill, or
between last refill and death. Two deaths were attributable to cardiovascular causes in each group.
Conclusions: Our retrospective cohort analysis of persons with incident poor-prognosis cancer describes
diminished, but persistent statin refills after diagnosis. Neither timing of statin discontinuation nor cardiovas-
cular mortality differed by prescribing indication. There may be an opportunity to reevaluate medication burden
in persons taking statins for primary prevention, and it is unclear whether continuing statins prescribed for
secondary prevention affects cardiovascular outcomes.

Introduction

Patient and caregiver burden near the end of life can be
reduced by discontinuing chronic medications that are no

longer likely to be beneficial. In particular, the role of medica-
tions that are used for prevention or management of co-
morbidities may be reconsidered in the face of revised care
goals.1,2 HMG Co-A reductase inhibitors (‘‘statins’’) are com-
monly prescribed for both secondary and primary prevention of
cardiovascular disease in persons with a range of comorbidities.
However, there are no evidence-based recommendations for
statin continuation or discontinuation near the end of life.

For persons with high cardiovascular risk, but no clinical
evidence of cardiovascular disease, the preventive benefits of

statins resulting from lipid lowering are manifested over 2
or more years.3,4 In the presence of known cardiovascular
disease, secondary prevention with statins likely decreases
adverse cardiovascular outcomes through long-term lipid
lowering as well as short-term effects on inflammation and on
platelet and endothelial function.5 Thus, possible benefits of
statin use at the end of life include prevention of acute car-
diovascular events, but these benefits may be limited to per-
sons at high risk.5–7 Further, patients and families may have
personal preferences to either continue or discontinue treat-
ment. Risks of statin continuation include medication side ef-
fects arising from changes in drug metabolism, medication
burden for patients and caregivers, and misallocation of
health care resources.7,8 Previous investigations have described

1Institute for Health Research, Kaiser Permanente Colorado, Denver, Colorado.
2Department of Family Medicine, 3Colorado Health Outcomes Program, 4Department of Internal Medicine, University of Colorado School

of Medicine, Aurora, Colorado.
Accepted November 29, 2012.

JOURNAL OF PALLIATIVE MEDICINE
Volume 16, Number 4, 2013
ª Mary Ann Liebert, Inc.
DOI: 10.1089/jpm.2012.0158

412



persistent rather than attenuated statin use at the end of life;
however, optimal statin management is unclear.9–12

We explored statin prescribing patterns in a cohort of 539
persons with an incident cancer diagnosis with a relatively
poor prognosis (0% to 25% predicted 5-year survival) who
were receiving statins at the time of diagnosis. Our investiga-
tion differs from previous studies by using a retrospective co-
hort design, assessing timing of medication refills, identifying
the clinical indication for statin use (secondary versus primary
prevention), and incorporating information on cause of death.

We hypothesized that a) most patients would continue
receiving statins despite the poor prognosis of their cancer;
and b) patients would be more likely to continue statins taken
for secondary versus primary prevention of cardiovascular
disease.

Methods

The retrospective cohort consisted of 539 members of
Kaiser Permanente Colorado (KPCO), an integrated, not-for-

Table 1. Characteristics of Overall Cohort and Prevention and Treatment Groups

Cohort on
statins N = 539

Statin for secondary
preventiona N = 343

Statin for primary
prevention1 N = 196 P valueb

Age at diagnosis < 0.001
Median 72.0 73.0 70.0 -
IQR (25%, 75%) (67.0, 76.0) (68.0, 78.0) (63.0, 75.0) -

Gender 0.002
Male 295 (54.7%) 205 (59.8%) 90 (45.9%) -
Female 244 (45.3%) 138 (40.2%) 106 (54.1%) -

Survival 0.019
Alive at end of study 43 (8.0%) 28 (8.2%) 15 (7.7%) -
< 90 days 178 (33.0%) 126 (36.7%) 52 (26.5%) -
91–180 days 84 (15.6%) 57 (16.6%) 27 (13.8%) -
> 180 days 234 (43.4%) 132 (38.5%) 102 (52.0%) -

Race 0.865
White 379 (70.3%) 240 (70.0%) 139 (70.9%) -
Black 9 (1.7%) 5 (1.5%) 4 (2.0%) -
Asian 9 (1.7%) 5 (1.5%) 4 (2.0%) -
Other/Unknown 142 (26.3%) 93 (27.1%) 49 (25.0%) -

Hispanic ethnicity 0.185
Hispanic 40 (7.4%) 21 (6.1%) 19 (9.7%) -

Low SESc 0.745
Yes 100 (18.6%) 65 (19.0%) 35 (17.9%) -

Smoking status 0.062
Nonsmoker 201 (37.3%) 118 (34.4%) 83 (42.3%) -
Former smoker 196 (36.4%) 134 (39.1%) 62 (31.6%) -
Smoker 117 (21.7%) 71 (20.7%) 46 (23.5%) -

Body-mass indexd 0.004
Median 27.3 26.8 28.3 -
IQR (25%, 75%) (24.3, 30.6) (23.9, 30.1) (25.0, 31.2) -

Statin indicationsa

History of CAD 269 (49.9%) 269 (78.4%) NA
History of PVD 109 (20.2%) 109 (20.2%) NA
History of AAA 36 (6.7%) 36 (6.7%) NA
History of stroke 137 (25.4%) 137 (25.4%) NA
Hyperlipidemia 486 (90.2%) 314 (91.5%) 196 (100.0%) 0.1552

Cancer sites
Breast 9 (1.7%) 5 (1.5%) 4 (2.0%)
Colon 52 (9.6%) 33 (9.6%) 19 (9.7%)
Lung 312 (57.9%) 207 (60.3%) 105 (53.6%)
Other 166 (30.8%) 98 (28.6%) 68 (34.7%)

aWe determined statin indications as follows: secondary prevention: history of coronary artery disease (CAD), peripheral vascular disease
(PVD), abdominal aortic aneurism (AAA), or stroke. (ICD-9 codes as follows: CAD: 410.x, 411.x, 412.x, V45.81, V45.82, 996.03, 414.x. AAA:
441.3, 441.4. PVD: 441.x, 443.9. Stroke: 430.x–435.x, 438.x, 852.0, 852.2, 852.4, 853.0, V12.54.) Categories for secondary prevention group are
not mutually exclusive. Primary prevention: documented diagnosis of hyperlipidemia (ICD-9 codes 272.0, 272.1, 272.2, 272.3, 272.4 or on a
statin and low-density lipoprotein [LDL] not at goal).

bP values represent eitherv2 test results for categorical variables or Kruskal-Wallis test results for continuous variables.
cSocioeconomic status (SES) estimated based on census data for educational level and federal poverty level.
dBody mass index available for 490 cohort members (308 treatment and 182 prevention).
IQR, interquartile range.
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profit health maintenance organization (HMO), who received
an initial cancer diagnosis between 2001 and 2008. We
obtained relative 5-year survival from 18 National Cancer
Institute Surveillance and Epidemiology End Results (SEER)
geographic areas (http://seer.cancer.gov/statfacts/); these
rates are based on cancer type and stage at diagnosis. All
cohort members had an estimated SEER 5-year survival of 0%
to 25% and an active statin prescription at the time of diag-
nosis. We included all sites of cancer based on our interest in
exploring statin use as a function of overall prognosis. Within
the cohort, we defined subcohorts of members taking statins
for secondary prevention (precancer diagnoses of coronary
artery disease, history of stroke, peripheral vascular disease,
and/or abdominal aortic aneurism) and for primary preven-
tion (hyperlipidemia only) based on ICD-9 codes (2010 ICD-9-
CM. Volumes 1, 2, and 3. Hospital Professional Edition. 2009
MAG Mutual Healthcare Solutions, Inc. Atlanta, GA.) (see
Table 1). All data were extracted from claims databases, the
electronic medical record, and the KPCO tumor registry
(which is populated from manual record review).

The time during which a patient could refill statins was
defined as the time from cancer diagnosis to either date of
death or disenrollment from the health plan; patients alive at
the end of the observation period (12/31/2010) were cen-
sored. We calculated the number of days from diagnosis to
last refill or censorship. We used the date of last refill as a
proxy for clinician intent and patient behavior, because we
could not assess the date on which the last pill was actually
taken. In calculating Kaplan-Meier estimates of last refill and
death, if a patient did not have a refill on or after their date of

diagnosis, then they were given a zero value. We also con-
ducted separate analyses limited to those who had refills
following diagnosis. We applied all analyses to the cohort
overall and to secondary and primary prevention subcohorts.

To explore whether individuals were more likely to
continue statins taken for secondary versus primary preven-
tion, we compared the proportion of refills between groups
(Cochran-Mantel Haenszel statistic) and median days be-
tween diagnosis and last refill and last refill and death using
the Wilcoxon rank sum test. Finally, we examined underlying
cause of death as determined from state vital records.

The investigation was approved by the institutional review
boards of KPCO and of the University of Colorado.

Results

The demographic characteristics of the overall cohort
and subcohorts are listed in Table 1. Median age for cohort
members was 72 years. Three hundred and forty-three (64%)
were taking statins for secondary prevention and, 196 (36%)
were taking them for primary prevention (Table 1).

Of 539 cohort members, 496 (92%) died during the obser-
vation period—181 in the primary prevention group and 315
in the secondary prevention group (Fig. 1). Median survival
time was 231 days for the primary prevention group and 131
days for the secondary prevention group.

We did not find significant differences between primary
and secondary prevention groups for proportion of refills
after diagnosis, for median days between diagnosis and last
refill, or for median days between last refill and death. Of the

FIG. 1. Flow diagram of generation of cohort of poor prognosis cancer patients.
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decedents, 62% of the primary prevention group and 58% of
the secondary prevention group had at least one statin refill
after diagnosis (v2 = 1.0326, p = 0.31). Median number of days
between diagnosis and last refill was 135 for the secondary
and 177 for the primary prevention group (Kruskal-Wallis
v2 = 0.5738, p = 0.45). Median number of days between last
refill and death was 63 for the secondary and 65 for the pri-
mary prevention group (Kruskal-Wallis v2 = 0.1704, p = 0.68)
(Table 2).

Figures 2A, 2B, and 2C illustrate Kaplan-Meier estimates of
time from cancer diagnosis to last fill, and time from cancer
diagnosis to death. More than 60% of surviving individuals in
the overall cohort, 61% to 79% in the secondary prevention
cohort, and 50% to 62% in the primary prevention cohort re-
mained on statins during the 2 years after cancer diagnosis
(Table 3). Twenty-five percent (135) of individuals in the
overall cohort were on statins at the time of death (Fig. 1).

Underlying cause of death was available for 479 individ-
uals. This was due to malignancy in 297 (86.7%) of the sec-
ondary prevention group and in 165 (84%) of the primary

prevention group. For two members of each group, death was
attributable to cardiovascular causes.

Discussion

In this cohort of individuals diagnosed with cancer with a
poor prognosis, more than 60% of survivors continued to refill
statins during the 2 years following diagnosis. This suggests
that an initial diagnosis of a life-limiting illness does not prompt
immediate discontinuation of these routine medications. Re-
filling routine medications in the face of shifting health priorities
can persist for multiple reasons—ranging from active clinical
recommendations to patient preferences to routinized adher-
ence behavior to benign clinical inattention. Our investigation
was designed to explore refill patterns and thus does not
explain specific behaviors or rationales behind our findings.
Further, medication refills are only a rough proxy for medica-
tion prescribing and use—especially in this study population.

We hypothesized that there would be more persistent use
of statins in the secondary prevention group based on the

Table 2. Median Days between Cancer Diagnosis and Last Refill, and between Last Refill and Death

Overall cohorta Secondary prevention Primary prevention

N 496 315 181
N (%) with refill after diagnosisb 295 (59) 182 (58) 113 (62)
Median (IQR) days between cancer diagnosis and last refillc 162 (44–460) 135 (35–464) 177 (60–447)
Median (IQR) days between last refill and deathc 63 (33–125) 63 (36–105) 65 (33–159)

aLimited to cohort members who died during the observation period.
bThere were no significant differences between treatment and prevention groups for proportion with a refill after diagnosis (v2 = 1.0326,

p = 0.31).
cThere were no significant differences for median days between diagnosis and last refill (Kruskal-Wallis v2 = 0.5738, p = 0.45), or between

last refill and death (Kruskal-Wallis v2 = 0.1704, p = 0.68).
IQR, interquartile range.

FIG. 2A. Superimposed Kaplan-Meier estimates of cumulative survival probability and cumulative time to last statin fill of
overall cohort. Includes number of subjects at risk.
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potential for statins to mitigate adverse cardiovascular events
in this subpopulation. A slightly higher proportion of survi-
vors in the secondary prevention cohort continued refills over
time. However, the proportion of postdiagnosis refills, days
between diagnosis and last refill, and days from last refill to
death were comparable between groups. Thus, it is unclear
whether persistent refills are related to indications for statin
use. The low number of cardiovascular causes of death in both

treatment and prevention groups did not inform any con-
clusions about the cardiovascular effects of continued statin
use in either group.

If clinical inertia reflects failure to intensify treatment in the
face of appropriate clinical indications, ‘‘clinical momentum’’
may reflect failure to de-intensify treatment in the face of a
changing clinical context.13,14 Such clinical momentum may
be useful as part of a long-term care plan, but may have

FIG. 2B. Superimposed Kaplan-Meier estimates of cumulative survival probability and cumulative time to last statin fill of
secondary prevention cohort. Includes number of subjects at risk.

FIG. 2C. Superimposed Kaplan-Meier estimates of cumulative survival probability and cumulative time to last statin fill of
primary prevention cohort. Includes number of subjects at risk.
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unintended consequences at the end of life. This is especially
true in settings in which patients have high adherence to
chronic medications.

Several criteria have been proposed to guide medication
management at the end of life. These include an understanding
of drug metabolism and of patients’ prognoses, accurate esti-
mates of benefits and harms of medications, clear treatment
targets, adequate time to anticipated benefit, and consistency
with overall goals of care.1,15,16 Even if medication discontin-
uation is appropriate, clinicians may shy away from such
discussions. However, it is possible to use patient-centered
approaches to decrease medication burden while at the same
time reassuring patients of continued care and attention.15

Our study has several limitations. As mentioned above,
medication refills are only a rough proxy for medication
prescribing and use. It is possible that end-of-life statin use
could differ in other care settings. We did not have informa-
tion on the prior duration of statin treatment for individuals
with cardiovascular diagnoses; or the statistical power to use
number of refills after diagnosis as an outcome. In any setting,
cause of death data are at best a rough proxy for more detailed
clinical information. It will be important to study other
end-of-life populations (including those with terminal car-
diovascular diagnoses) to further inform management of
cardiovascular risk at the end of life. A randomized controlled
trial is underway to evaluate the outcomes of statin discon-
tinuation during hospice care.12 This trial concentrates on
persons taking statins for primary prevention, and will inform
use of statins in that subpopulation.

Conclusions

Our longitudinal evaluation of a large, retrospective co-
hort of persons with incident poor-prognosis cancer describes
diminished but persistent statin refills after diagnosis. There
may be an opportunity to reevaluate medication burden in
persons taking statins for primary prevention, and it is un-
clear whether continuing statins prescribed for secondary
prevention affects cardiovascular outcomes.
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