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1.0 SUMMARY

Statins are well established for lowering cholesterol and preventing cardiovascular
disease. High rates of statin nonadherence are a concerning phenomenon that are linked to
poorer cardiovascular outcomes and greater cost. Statin-induced side effects are a leading cause
of statin nonadherence. A genetic variant (*5) in the hepatic uptake transporter gene, SLCO1B1,
has been linked with side effects and premature statin discontinuation. Delivery of SLCO1B1*5
risk information and tailored statin therapy may improve adherence and achieve greater
cholesterol lowering. We describe a randomized controlled study design testing the hypothesis
that SLCO1B1 genotype-guided statin therapy can improve statin adherence and low-density
lipoprotein levels in patients with a prior history of statin intolerance compared to a strategy that
does not incorporate genetic testing and the development of a predictive model of statin non-
adherence that is applicable to military beneficiaries.

2.0 OBJECTIVE 1: GENETICALLY GUIDED STATIN CLINICAL TRIAL
2.1 Introduction

Atherosclerotic cardiovascular disease accounts for substantial morbidity and mortality
worldwide, and the role of statin therapy in cholesterol lowering and cardiovascular risk
reduction has been well established. High rates of statin nonadherence are a concerning clinical
phenomenon because nonadherence has been linked to poorer cardiovascular outcomes and
greater mortality and cost. A genetic variant in a statin uptake transporter gene, SLCO1B1, has
been linked with increased side effects and premature statin discontinuation. Knowledge of the
*5 variant can enable tailored statin therapy in an effort to improve adherence and achieve
greater cholesterol lowering. Here we describe a randomized controlled study design that tests
the hypothesis that genotype-guided statin therapy (GGST) can improve statin adherence and
low-density lipoprotein cholesterol (LDLc) levels in patients with a prior history of statin
intolerance.

2.2 Methods

This was a two-arm, unblinded, randomized controlled trial comparing genetically guided
therapy to usual care. Duke University, North Carolina, was the primary coordinating center.
Primary care sites selected for patient enroliment within the Duke University Health System
were part of the Duke University Primary Care Research Consortium. The other primary care
site was the David Grant USAF Medical Center (DGMC), Travis Air Force Base, California.
The trial stratified patients who were nonadherent to statins due to prior side effects ina 1:1
fashion by SLCO1B1*5 genotype and site. The study was approved by the Duke and the U.S. Air
Force Institutional Review Boards. A full description of the trial methodology is the subject of a
publication in press at Pharmacogenomics titled “Rationale and Design of the SLCO1B1
Genotype Guided Statin Therapy Trial.” The trial was registered in clinicaltrials.gov
(NCT01894230).
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2.3 Patient Population

Patients considered eligible for this study were current patients (i.e., seen within the last
year) within the Duke University Primary Care Research Consortium or DGMC, age >18 years,
and current nonutilizers of statin therapy due to discontinuation (per the patient or their provider)
due to suspected side effects. An active email account and computer access for completion of
online surveys and the ability to provide informed consent were also requirements for eligibility.

2.3.1 Patient Exclusion Criteria. Patients were excluded from the study if they had a history of
rhabdomyolysis or creatinine kinase elevation greater than 10 times the upper limit of normal or
unexplained elevation of hepatic enzymes (aspartate transaminase or alanine transaminase
greater than three times the upper limit of normal) while on any statin therapy. Patients who
previously used more than four statins were not included in the study. Patients with daily
grapefruit juice usage of 1 quart per day on average were excluded due to the potential inhibition
of CYP450 3A4 affecting statin metabolism [1]. Expected long-term use (>3 months) of drugs
known to interfere with statin metabolism or disposition at the time of randomization was a
criterion for exclusion as well. Short-term use of less than 14 days was permitted. Participants of
other drug research studies within 30 days of this trial were also excluded. Statin use within the
last 6 weeks was also an exclusion criterion.

2.3.2 Sample Size and Power. To achieve 95% power in our study using a Student’s t-test, we
calculated the required number of participants to be 150 to detect a significant difference in the
primary outcome (a 1.0-point difference in the Morisky Medication Adherence Scale [MMAS]).
Considering an expected dropout rate of 10%, the total sample size was calculated to be 167.

2.3.3 Recruitment and Randomization. Potential subjects were identified either through
physician referral, patient self-referral, or electronic medical record chart review. The Duke
Enterprise Data Unified Content Explorer, an informatics tool for screening patients, was used at
the Duke sites participating in the trial by searching for a prior history of statin allergy or
intolerance. A letter was mailed by the study coordinator (signed by the subjects’ primary care
physician) to the subjects identified through chart review. A follow-up phone call by the study
coordinator was made to assess subject interest at 2 weeks, and consent and baseline visits were
scheduled. For self-referred or physician-referred subjects, follow-up consent and baseline visits
were scheduled in a similar fashion after a screen to assess eligibility.

Randomization was conducted by the Data Manager, who was not involved in any part of
the data analysis or subject recruitment or contact. Since the SLCO1B1*5 genotype was expected
to have a detectable impact on study outcomes, we performed stratified randomization based on
SLCO1B1*5 genotype (carriers vs. non-carriers) and clinic site. The results of the genotype
testing were sent to the Data Manager by email and were entered into an electronic database
along with recruiting site information. At this point, randomization took place; when completed,
the research coordinator assessed that all baseline surveys were complete and no prohibited
medications as described above had been prescribed in the meantime (through electronic medical
record [EMR] review). Randomization messages were sent to the providers and subjects via
email in both arms, but the usual care arm did not receive genotyping results at this point. They
were provided the genotype results at the 8-month period marking the completion of the study.
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2.3.4 Survey Instruments. The survey instruments administered to the patients in this study are
described below. The primary outcome of the study was the eight-item MMAS, which includes
eight yes/no items that are summed to create an overall adherence score ranging from 0 to 8, with
higher scores indicating better adherence. This survey has been validated and applied to evaluate
LDLc goal achievement in clinical practice previously and is a quick, patient-reported measure
of adherence that is easy to implement in the outpatient setting [2].

To assess patients’ beliefs about medications, which may play a critical role in their
adherence behavior, the Beliefs about Medications Questionnaire (BMQ) was administered with
the score ranging from 5 to 25 generated from the sum of five questions [3]. This questionnaire
assesses beliefs regarding necessity of and concerns with disease-specific medications.

The Medication Possession Ratio (MPR) is defined based on the number of statin refills
over time from randomization to end of follow-up. The sum of the number of pills dispensed for
each statin prescription during the follow-up period divided by the sum of the actual number of
days of follow-up (date of 8-month survey minus the date of randomization) is the MPR.

The Brief Pain Inventory (BPI) is a self-administered questionnaire that was initially
developed to assess pain in cancer patients but has subsequently been validated as a form of
assessing noncancer pain in patients [4].

The SF-12 is a widely validated 12-item questionnaire designed to generate a physical
and mental health summary for application to large populations [5].

2.3.5 Timeline and Follow-Up. At the baseline visit, height, weight, blood work for fasting
lipids, and genotype assessment were collected. Surveys were administered to identify self-
reported subject demographics such as age, sex, race, ethnicity, education, smoking, and alcohol
use. The MMAS and BMQ were administered at baseline and at 3- and 8-month follow-up visits.
Usual physical activity was measured with the Stanford Brief Activity Survey at baseline and at
the 8-month follow-up, and the SF-12 health survey assessed quality of life at baseline and at the
3- and 8-month follow-up visits. A diet history and the BPI were also taken at this visit. The BPI
was repeated at the 3- and 8-month follow-up visits.

The study followed the patients for an 8-month time period during which study outcomes
were assessed at various time points. At 3 months, surveys and fasting lipid blood work were
collected. New statin prescription and medication use records were collected from the pharmacy
or the EMR. At 4 months and 6 months, the EMRs were reviewed for statin utilization and
medication use records from the pharmacy or EMR were collected. At 8 months, this review was
repeated and a final set of surveys and fasting lipid blood work was collected. Subjects who were
randomized to the usual care arm received their genotyping results after completion of all study
requirements at the 8-month period along with a copy to their primary care provider. Figure 1
shows the timeline of the study.

2.3.6 Study Outcomes. The primary outcome of this study is medication adherence, assessed by
the MMAS tool. The survey was administered at baseline and at 3 and 8 months of follow-up.
The primary hypothesis is that GGST leads to greater adherence, corresponding to a higher
MMAS score. The secondary outcomes to be studied are (1) LDLc at 3 months and 8 months,
(2) MPR at 8 months, (3) number of new statin prescriptions, and (4) patient reported quality of
life, physical activity, perceptions regarding statin therapy, and pain as assessed by the survey
instruments described above.

3
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Recruitment (n=167)

Identification of primary care patients
through EMR screening, physician or self-
referral

Consent and Baseline Visit

Consent, blood work, baseline
surveys, SLCO1B1 genotyping,
randomization

GGST Usual Care

Carrier status disclosed to subject and
provider with genotype-specific guidance on
statin selection/dosing

Genotype not disclosed yet; standard
guidance regarding statin selection/dosing

3-mo follow-up

Chart review for statin prescription/
utilization, adverse events, 3-mo surveys,
fasting lipids

4-mo follow-up

Chart review for statin utilization, adverse
events

6 mo post-consent

Chart review for statin utilization, adverse
events

8 mo post-consent

Chart review for statin utilization, adverse
events, 8-month surveys, fasting lipids

Figure 1. Schedule of study from recruitment to 8-month follow-up.
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2.4 Data Collection and Analysis

De-identified subject data were entered by site coordinators into a secure electronic
database (REDCap), which is HIPAA [Health Insurance Portability and Accountability Act]
compliant. Data were stored on a secure server managed by the Duke University School of
Medicine IT Department. Only study coordinators and Data Management Staff were allowed
access to the password-protected database. The database was locked once it had been declared
complete and accurate. Subject confidentiality was maintained by ensuring that each subject had
a unique study identification number to which only key research personnel had access for
scheduling follow-up surveys and obtaining laboratory test results. No individual identifiers were
published in any of the research publications associated with the study. Data collection was
conducted periodically through EMR review at the 3-, 4-, 6-, and 8-month follow-up periods for
adverse events and statin prescriptions as described below. Data monitoring visits were
completed at the milestones of 5, 100, and 167 patients enrolled. Remote monitoring and quality
control activities occurred periodically throughout the study.

2.4.1 Statistical Analysis. For the baseline characteristics defined above, frequencies were
reported for the categorical data, and continuous data were reported as mean and standard
deviation (SD) or median and interquartile range.

The primary outcome is the MMAS. A Poisson log-linear generalized linear model was
used with fixed effects for the arm, genotype, and clinic site. Any variables that were imbalanced
between the two arms were included as covariates and the results were presented as the additive
effect of treatment on the log score with 95% confidence intervals. Diagnostics were used for
model checking, including comparisons of the fit of negative binomial models and comparisons
of the observed and predicted counts. The following statistical plan was utilized for the
secondary outcome measures. For all statistical models, arm, genotype, and site were used as
predictors, and baseline values were included as covariates to account for variability unless
specified otherwise.

e LDLc at 3 months and 8 months: This continuous outcome was modeled as a linear
regression with arm, genotype, and site as predictors. Baseline LDLc was included as a
covariate to account for any variability in subject baseline.

e MPR at 8 months: This was modeled as a linear regression.

e Number of new statin prescriptions at 3 months: For this binary outcome, a logistic
regression was used to model the results.

e BPI at 3 and 8 months: Pain severity and interference were compared and this was
modeled as a linear regression accounting for baseline pain score variability.

e SF-12: 3-month and 8-month scores were compared with baseline scores included as
covariate using a linear regression model.

e Physical activity: This was compared at the 8-month follow-up period using baseline
physical activity as a covariate, and a proportional odds model was used. If the
assumption was not met, a multinomial regression model was used.

e BMQ: This was administered at baseline, 3 months, and 8 months. The final score was
modeled with Poisson regression.

5
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A secondary hypothesis was also tested with respect to the interaction between genotype
and intervention for the MMAS and LDLc outcomes. A variable was introduced into the model
that is the product of these variables and a likelihood-ratio test was used to compare models with
and without the interaction. If significant, contrasts were constructed to estimate effects at each
level of the interaction. All analysis was conducted in SAS version 9.3 (SAS Institute, Inc., Cary,
NC).

The proportion of missing data was summarized at each time point by treatment group,
and known reasons for missing data were documented. Reasons for missing data were explored
with summary statistics and graphical assessments. For the primary outcome, the number of
questions answered were included as an offset variable. For all other outcomes, only complete
cases were included in the analytic dataset.

2.4.2 Adverse Event Reporting and Safety Monitoring. In June 2011, the Food and Drug
Administration determined this clinical investigation to be a nonsignificant risk device study.
Any adverse events that developed during the study protocol were reported by subjects to their
primary care physician. The principal investigators and study coordinators were available for
questions. The EMR was reviewed for aggregated adverse events and clinical events at the 3-, 4-,
6-, and 8-month time points. Any serious adverse events were immediately reported by the study
site coordinator to the site principal investigator (P1) and the coordinating center PI. A research
monitor was appointed by the Institutional Review Board to coordinate and review any adverse
events and discuss them with the Pl at a minimum interval of every 6 months.

2.5 Results and Discussion

2.5.1 Patient Populations. The CONSORT diagram in Figure 2 illustrates the number of
patients who were screened for eligibility and agreed to consent to the study. We randomly
assigned 159 primary care patients to GGST vs. usual care. All patients (100%) were
successfully genotyped for the SLCO1B1*5 genetic variant, and the median turnaround time was
6 days. The allele frequency for the *5 variant was 25%, which is consistent with the allele
frequency for this variant in Caucasians. Follow-up was complete in 147/159 (92%) for the
primary outcome.

2.5.2 Baseline Characteristics of the Population. As shown in Table 1, the mean age was 63
years, 57% were female, 41% reported intolerance to > 1 statin, 73% reported myalgia with
statins, and 25% were *5 carriers. At baseline, there were some minor differences between the
GGST arm and usual care: more women and higher HDL and LDL in the usual care arm.

2.5.3 Primary Outcome. The MMAS was collected at 3 and 8 months in patients who were
reinitiated on statin therapy by their providers. We found no differences in the MMAS at 3 or

8 months between the GGST and usual care arms: 3 months: 6.8 (1.5) vs. 6.9 (1.6), p =0.89 and
8 months: 6.8 (1.7) vs. 7.1 (1.3), p = 0.75.
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[ Enrollment J

Assessed for eligibility (n=1760)

Excluded (n=1603)

+ Not meeting inclusion criteria (n= 1220)
+ Declined to participate (n= 14)

+ Other reasons (n=369)

¥

101

MD declined

136

Not enough time

10

Signed consent, lost to follow-up

122

Other

Randomized (n=159)

I

]

Allocation

Allocated to intervention (n=83)

+ Received allocated intervention (n= 83)
+ Did not receive allocated intervention (give

reasons) (n=0)

i

h 4

Allocated to usual care (n=76)
+ Received usual care (n=76)
+ Did not receive usual care (give reasons) (n=

0)

[ Follow-Up ]

Study Completion (n=76)
Lost to follow-up (n=2)
Patient withdrew (n=3)

Unknown (n=2)

Study Completion (n=71)
Lost to follow-up (n= 1)

Patient withdrew (n=4)

[ Analysis ]

Analyzable data

e Completed Survey (n = 76)
o 3 months (n = 76)
o 8 months (n = 56)

+ LDL(n=78)
o 3 months (n = 78)
o 8 months (n = 59)

F

Analyzable data

Completed Survey (n = 71)
o 3 months (n =71)
o 8 months (n = 63)

LDL (n=70)
o 3 months (n =70)
o 8 months (n = 60)

Figure 2. CONSORT diagram.
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Table 1. Subject Demographics

Genotyping

Usual Care

Characteristic + Usual Care Only (N'I;oltgé)a

(N=83)2 (N=76)2
Age, mean (SD), yr 62.7 (10.2) 62.5 (11.5) 62.6 (10.8)
Gender — female 41 (49.4%) 50 (65.8%) 91 (57.2%)

Race
White
Black/African American
Other
Height, mean (SD), cm
Weight, mean (SD), kg
Body mass index, mean (SD), kg/m?2
Pravastatin, rosuvastatin, or fluvastatin intolerence
Number of statin intolerances
1
2
>2-4
Statin symptoms
Muscle aches
Joint aches
Fatigue
Other
Comorbidities
Cardiovascular disease or congestive heart failure
Type 1 or Type 2 diabetes
Hyperlipidemia
Hypertension
Hyperthyroidism
Osteoporosis
Concomitant medications
<3
3-8
>8
Study site
DGMC
Duke
Cholesterol, mg/dL
LDL
High-density lipoprotein (HDL)
Non-HDL
Triglycerides
Total cholesterol
Education level
Less than high school/high school/GED
Some college/associate degree
Bachelor’s/master’s/doctorate degree
Alcohol use

66 (79.5%)
14 (16.9%)
3 (3.6%)
169.9 (10.5)
87.4 (16.8)
30.3 (5.9)
27 (32.5%)

51 (61.4%)
21 (25.3%)
11 (13.3%)

61 (73.5%)
7 (8.4%)
7 (8.4%)
30 (36.1%)

7 (8.4%)
20 (24.1%)
76 (91.6%)
46 (55.4%)
6 (7.2%)
6 (7.2%)

5 (6.0%)
43 (51.8%)
35 (42.2%)

6 (7.2%)
77 (92.8%)

152.7 (41.1)
49.8 (14.9)
186.2 (42.8)
167.7 (100.3)
235.9 (45.2)

10 (12.0%)
27 (32.5%)
46 (55.4%)
43 (54.4%)

61 (80.3%)
11 (14.5%)
4 (5.3%)
167.3 (9.4)
86.4 (23.3)
30.6 (6.8)
26 (34.2%)

43 (56.6%)
23 (30.3%)
10 (13.2%)

55 (72.4%)
11 (14.5%)
4 (5.3%)

27 (35.5%)

5 (6.6%)
15 (19.7%)
71 (93.4%)
46 (60.5%)
10 (13.2%)
5 (6.6%)

7 (9.2%)
32 (42.1%)
37 (48.7%)

7 (9.2%)
69 (90.8%)

157.6 (41.9)
55.5 (14.9)

187.1 (41.7)
150.3 (87.6)
242.6 (47.1)

10 (13.2%)
28 (36.8%)
38 (50.0%)
47 (61.8%)

127 (79.9%)
25 (15.7%)
7 (4.4%)
168.7 (10.0)
86.9 (20.1)
305 (6.3)
53 (33.3%)

94 (59.1%)
44 (27.7%)
21 (13.2%)

116 (73.0%)
18 (11.3%)
11 (6.9%)
57 (35.8%)

12 (7.5%)
35 (22.0%)
147 (92.5%)
92 (57.9%)
16 (10.1%)
11 (6.9%)

12 (7.5%)
75 (47.2%)
72 (45.3%)

13 (8.2%)
146 (91.8%)

155.0 (41.4)
52.5 (15.1)

186.6 (42.1)
159.4 (94.5)
239.1 (46.1)

20 (12.6%)
55 (34.6%)
84 (52.8%)
90 (58.1%)

@Data expressed as number (%) unless otherwise specified.
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2.5.4 Secondary Outcomes

2.5.4.1 Cholesterol (LDL, HDL, Total, Non-HDL, and Triglycerides). At 3 and 8
months there was a significant improvement in LDL, total, and non-HDL cholesterol in the
GGST arm vs. usual care (Figures 3-5). There was no difference in triglyceride levels (Figure 6),
and although HDL cholesterol was different at 3 and 8 months (Figure 7), because of the
difference in baseline HDL (Table 1), when adjusted for baseline HDL the differences at 3 and 8
months were no longer significant (p = 0.34 for both).

ol Randomization Group
® Usual care only
& Genotyping + usual care
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Figure 3. LDL cholesterol.
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Figure 4. Total cholesterol.
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