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Background: The association between the SLCO1B1 rs4149056 variant and statin-associated muscle symptoms
(SAMS) is well validated, but the clinical utility of its implementation in patient care is unknown.
Design: The Integrating Pharmacogenetics in Clinical Care (I-PICC) Study is a pseudo-cluster randomized controlled trial of SLCO1B1 genotyping among statin-naïve primary care and women's health patients across the
Veteran Aﬀairs Boston Healthcare System. Eligible patients of enrolled primary care providers are aged 40–75
and have elevated risk of cardiovascular disease by American College of Cardiology/American Heart Association
(ACC/AHA) guidelines. Patients give consent by telephone in advance of an upcoming appointment, but they are
enrolled only if and when their provider co-signs an order for SLCO1B1 testing, performed on a blood sample
already collected in clinical care. Enrolled patients are randomly allocated to have their providers receive results
through the electronic health record at baseline (PGx + arm) versus after 12 months (PGx- arm). The primary
outcome is the change in low-density lipoprotein cholesterol (LDL-C) after one year. Secondary outcomes are
concordance with Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines for simvastatin
prescribing, concordance with ACC/AHA guidelines for statin use, and incidence of SAMS. With 408 patients, the
study has > 80% power to exclude a between-group LDL-C diﬀerence of 10 mg/dL (non-inferiority design) and
to detect between-group diﬀerences of 15% in CPIC guideline concordance (superiority design).
Conclusion: The outcomes of the I-PICC Study will inform the clinical utility of preemptive SLCO1B1 testing in
the routine practice of medicine, including its proposed beneﬁts and unforeseen risks.

1. Introduction
Despite the rapid pace of discovery in pharmacogenetic associations
for drug safety and eﬃcacy, the clinical implementation of pharmacogenetic testing in patient care lags behind [2–4]. Professional consensus
is emerging on how certain pharmacogenetic ﬁndings should be used to
inform drug therapy [5–7], but there are few empiric data on the patient outcomes after testing for many of these well validated pharmacogenetic associations [8,9]. This clinical utility evidence gap contributes to the reluctance of some healthcare providers, systems, and
payers to incorporate pharmacogenetic testing broadly into their patient care activities [9–12]. Demonstrations of improved patient outcomes from pharmacogenetic testing will help close this gap.
⁎

The well validated pharmacogenetic association between the solute
carrier organic anion transporter family member 1B1 (SLCO1B1) gene and
statin-associated muscle symptoms (SAMS) exempliﬁes this state of the
science and clinical practice. Statins, or 3-hydroxy-3-methylglutarylCoA reductase inhibitors, are widely used cholesterol-lowering medications with proven eﬃcacy in the primary and secondary prevention
of atherosclerotic cardiovascular disease (CVD) [13]. Although statins
are generally well tolerated, up to 20% of patients taking statins experience SAMS, ranging in severity from mild muscle aches (incidence ≤ 200/100,000 person-years) to life-threatening rhabdomyolysis (incidence ≤ 8/100,000 person-years) [14–16]. A decade ago, a
genome-wide association study identiﬁed an association between the
common c.521T > C variant in SLCO1B1 (rs4149056) and severe
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Computerized Patient Record System (CPRS), which can be customized
locally for clinical decision support, templates for notes and patient
letters, and the ordering and reporting of laboratory tests [31–36].
Patients may also communicate with their care teams and view their
personal health records through the online patient portal, My HealtheVet [37].

simvastatin-related myopathy [17], later also found to be associated
with the milder phenotype of statin intolerance [18–20]. The
rs4149056 variant results in a functional, nonsynonymous valine to
alanine substitution (p.V174A) in the SLCO1B1 transporter and is
contained within the SLCO1B1*5, *15, and *17 haplotypes, all associated with decreased transporter function [21]. The rs4149056 C
variant is common: approximately 20–30% of individuals of European
ancestry carry at least one copy, while this proportion ranges from 2 to
10%, 15–25%, and 15–25% among African, Hispanic, and Asian ancestries, respectively [21]. The association between this variant and
SAMS appears strongest for simvastatin, may or may not be present
with atorvastatin, and probably does not occur with pravastatin or rosuvastatin [19,21,22]. Based on the high validity of the SLCO1B1-SAMS
association, the Clinical Pharmacogenetics Implementation Consortium
(CPIC) has developed recommendations for simvastatin prescribing and
dosing when an individual's SLCO1B1 genotype is known [21].
Although genotyping for the SLCO1B1 variant is commercially
available and has been adopted by selected medical centers for clinical
care, a recent systematic review found few studies demonstrating that
such testing improves patient outcomes [23]. The proposed clinical
utility of SLCO1B1 testing in patient care is that it will help guide safer
medication prescribing for patients who would beneﬁt from statin
therapy for CVD risk reduction. However, statin therapy is already
complicated by great variability in providers' prescribing patterns and
patients' adherence [24–26]. Adding pharmacogenetic results to this
clinical context might bring unintended consequences, such as compromising ongoing eﬀorts in CVD risk reduction, if, for example,
rs4149056 carriers are undertreated with statins for their level of CVD
risk. On the other hand, SLCO1B1 results might improve statin adherence among non-carriers, if they are reassured by their lower genetic
risk for SAMS.
Here we describe the design of the Integrating Pharmacogenetics in
Clinical Care (I-PICC) Study, a randomized controlled trial examining
the impact of SLCO1B1 testing on patient outcomes in primary care.
The I-PICC Study is testing the hypotheses that the clinical integration
of SLCO1B1 testing reduces the risk of SAMS in a primary care patient
population without concomitantly deteriorating CVD prevention.

2.2. Study population
The I-PICC Study is enrolling both primary care providers and patients as research participants.
2.2.1. Provider eligibility
Providers in primary care and women's health clinics across the
eight VABHS locations are eligible to participate in the trial, including
physicians, nurse practitioners, and physician assistants. Resident
physicians from the three aﬃliated internal medicine residency programs who practice primary care at VA Boston are not eligible to enroll
as participating providers.
2.2.2. Patient eligibility
Patient eligibility criteria were chosen to model preemptive pharmacogenetic testing before the initiation of treatment with statins. That
is, eligible patients have no prior history of statin use but meet
American College of Cardiology/American Heart Association (ACC/
AHA) recommendations for consideration of statin therapy for the
primary or secondary prevention of atherosclerotic cardiovascular disease (Fig. 2). Table 1 shows the patient eligibility criteria and ascertainment methods. Study staﬀ perform Structured Query Language
(SQL) queries of the VA Corporate Data Warehouse (CDW) [38] to
generate candidate and eligibility tables. Initially, candidate patients
associated with consented providers are extracted from CDW every
30 days for study eligibility screening. Using this candidate table, study
staﬀ perform a daily SQL query that identiﬁes potentially eligible patients and enters them into the study database. The query algorithm
ﬁrst conﬁrms that the patient is alive and meets age criteria. To ensure
that participants are established patients of the health system, eligible
patients must have had at least one encounter at VABHS between six
months and two years before the query. The algorithm queries the most
recent low-density lipoprotein cholesterol (LDL-C) value and all available ICD-9 and ICD-10 codes for CVD and diabetes from outpatient
encounters. The algorithm then queries CDW pharmacy data and
structured data documenting medications obtained outside the VA and
excludes any patient with an active or prior statin prescription since
1999. Patients meeting the inclusion criteria for existing CVD, diabetes,
or LDL-C ≥ 190 mg/dL (Table 1) are then stored in a table of potentially eligible patients. For patients not meeting one of these three inclusion criteria, an additional algorithm uses the ACC/AHA pooled risk
equations [1] to estimate 10-year CVD risk. To improve algorithm
processing time, 10-year CVD risk is calculated daily on a subset of
candidate patients, stratiﬁed by date of birth: each day, CVD risk is
calculated for those candidate patients for whom the parity of birth
quarter matches the parity of the current month and whose day of birth
(e.g. the 15th of the month) matches the current day. Patients with 10year CVD risk ≥ 7.5% are added to the table of potentially eligible
patients to be contacted for recruitment.

2. Material and methods
2.1. Setting
The Veterans Health Administration (VA) is a large integrated
health system caring for > 8 million military veterans across the United
States [27]. Veterans may receive healthcare in the VA system if they
meet certain requirements related to military service, disability, and
income. About 90% of VA patients are men, although the number of
female patients is expected to double to 20% by 2040 [28]. As a group,
veterans have a greater number of physical and mental health comorbidities than the average US population [29]. About 60% of patients have cardiovascular disease, half have hypertension, and onequarter have diabetes mellitus. One-third have a substance use or other
mental health disorder [30].
Within the Veterans Health Administration, the VA Boston
Healthcare System (VABHS) spans three large medical centers and ﬁve
community clinics across the greater metropolitan area of Boston,
Massachusetts (Fig. 1). In 2016, 51,428 unique patients had a least one
clinical encounter across the eight VABHS locations. All locations provide primary care and women's health services, whereas certain specialty care services are provided only at the large medical centers. All
locations provide phlebotomy and basic laboratory services, but specimens for specialized laboratory tests are sent to the large West Roxbury medical center for analysis or send-out to external reference laboratories. Many primary care and women's health providers practice at
multiple VABHS locations. The VABHS locations all use the same instance of the national VA electronic health record (EHR) system, the

2.3. Recruitment, consent, and enrollment
Fig. 3 illustrates the design of the I-PICC Study.
2.3.1. Providers
Study staﬀ inform providers about the study through presentations
at staﬀ meetings, e-mails, and individual outreach. An educational slide
presentation brieﬂy summarizes the evidence supporting the association between SLCO1B1 genotype and SAMS, CPIC recommendations for
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Fig. 1. Map of VA Boston Healthcare System locations.

through routine clinical care. Study staﬀ perform a daily CDW query
that cross-references the database of consented patients with all laboratory samples collected across VABHS in the prior three days,
identifying any blood sample on which SLCO1B1 genotyping can be
performed (complete blood count or hemoglobin A1c). When the query
identiﬁes an eligible blood sample from a consented patient, study staﬀ
create a laboratory order for SLCO1B1 genotyping in the EHR and
forward the order as a clinical alert to the enrolled primary care provider for signature (Fig. 4). The provider's signature of the laboratory
order enrolls the patient in the study, provided the clinical sample has
at least 300 μL of remaining blood and is thus adequate for SLCO1B1
genotyping. If the sample is inadequate, the patient is not enrolled at
that time but remains eligible for enrollment at a future blood draw. If
the provider does not sign the order within three days, the study staﬀ
send an email reminder. If the provider discontinues the order or does
not sign the order within the seven-day timeframe that the laboratory
saves clinical samples, the patient is not enrolled. For every discontinued order, the study staﬀ emails the provider to inquire whether
they would ever consider enrolling the patient in the future or whether
the study staﬀ should send no future laboratory orders for that patient.

the use of SLCO1B1 genotype in simvastatin prescribing, and the study
procedures (Supplementary Material). Providers may then enroll in the
trial by signing either an electronic copy of the informed consent form
(Fig. 4), forwarded to them by study staﬀ directly through the EHR, or a
paper copy of the same form. Study staﬀ send periodic emails reminding unenrolled providers about the opportunity to enroll in the
study. Upon enrollment of the 100th, 200th, and 300th patients, study
staﬀ send all primary care and women's health providers, regardless of
enrollment status, an email newsletter that includes study updates, web
links to relevant pharmacogenetics articles or resources, and an invitation to enroll in the study if not already enrolled.
2.3.2. Patient recruitment and consent
Using the candidate table described above, study staﬀ mail letters in
batches to potentially eligible patients, targeting those who have primary care appointments or laboratory test orders scheduled in the next
six months. These letters explain the purpose and procedures of the
study and include all required elements of an informed consent form
(Supplementary Material). Study staﬀ follow each letter with a telephone call to the potential participant to conﬁrm absence of prior or
current statin use, review the study details, answer any questions, and
obtain verbal consent to participate. Patients who give telephone consent to participate are then designated as consented in the study database. As described below, patient consent at this stage does not equate
to patient enrollment.

2.4. Randomization
The I-PICC Study uses pseudo-cluster randomization to balance the
risks of contamination and referral bias, as described by Pence [39].
Blinding is not possible for interventions such as the reporting of
pharmacogenetic results, and contamination bias occurs in a trial when
a provider's experience treating patients in the intervention arm inﬂuences their treatment of patients in the control arm. Some studies

2.3.3. Patient enrollment
A pragmatic clinical trial, the I-PICC Study does not require a research blood draw, instead taking advantage of blood samples collected
42

Contemporary Clinical Trials 75 (2018) 40–50

J.L. Vassy et al.

Fig. 2. Major recommendations from the 2013 ACC/AHA guidelines (adapted from [1]). ASCVD, atherosclerotic cardiovascular disease; HDL, high-density lipoprotein; LDL-C, low-density lipoprotein cholesterol.

providers assigned to the control arm. Instead, the I-PICC Study uses
pseudo-cluster randomization, in which enrolled providers are randomly allocated in a 1:1 ratio to either having 80% of their enrolled
patients in the intervention arm and 20% of their enrolled patients in
the control arm (80/20) or having 20% of their enrolled patients in the

minimize the risk of contamination bias with randomization at the level
of the provider or practice, but this cluster design brings the risk of
referral bias, whereby providers assigned to the control arm are less
likely to refer patients to the study [39]. In the I-PICC Study, providerlevel randomization might result in few signed SLCO1B1 orders from
Table 1
Patient eligibility criteria for the I-PICC Study.
Eligibility criterion

Ascertainment method(s)

1. Treated by an enrolled provider
CDW: Primary care provider assignments in RPCMM table
2. Age 40–75 years
CDW: Age 40–74 at date of eligibility screen, to minimize occurrences of aging out of eligibility
3. At least ONE of the following CVD risk factors:
A. Existing CVD
CDW: ICD-9 and IC-10 codes⁎
B. Diabetes
CDW: ICD-9 and ICD-10 codes⁎
C. LDL-C ≥ 190 mg/dL
CDW: Most recent LDL-C value in laboratory tables
D. 10-year CVD risk ≥7.5%
CDW: Race, sex, age, and most recent values of total cholesterol, HDL-C, smoking status, blood pressure and blood pressure treatment. CVD
risk calculated per ACC/AHA pooled risk equations [1]
4. No history of statin use
CDW: VA and non-VA medications tables, queried for adjudicated list of statin medications
Informed consent call: Study staﬀ verbally conﬁrm absence of prior or current statin use
⁎
See Supplementary Material for list of ICD codes. Abbreviations: ACC/AHA, American College of Cardiology/American Heart Association; CDW, Corporate Data
Warehouse; CVD, cardiovascular disease; HDL-C, high-density lipoprotein; ICD, International Classiﬁcation of Disease; LDL-C, low-density lipoprotein; RPCMM,
Reengineered Primary Care Management Module.
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Fig. 3. Design of the I-PICC Study. Abbreviations: CDW, Corporate Data Warehouse; EHR, electronic health record.
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Fig. 4. Examples of two study-related clinical alerts delivered to providers through the electronic health record in the I-PICC Study: 1) a provider informed consent
note allowing the provider to sign and enroll in the study and 2) a SLCO1B1 genotyping order for the provider to sign for a speciﬁc consented patient when a clinical
blood sample is available, enrolling the patient in the study.

Fig. 5. Example of SLCO1B1 results in EHR of an enrolled patient in the I-PICC Study. A clinical alert notiﬁes the enrolled primary care provider that the result is
available, but all other members of patient care team may view the results in the laboratory section of the EHR.
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2.6. Data collection

intervention arm and 80% of their enrolled patients in the control arm
(20/80). Enrolled providers are blinded to their 80/20 or 20/80 allocation. A random number generator was used to produce a sequence of
56 provider allocations (80/20 or 20/80), to which study staﬀ sequentially assign providers upon enrollment. Each provider is then sequentially assigned to one of four patient randomization tables, each
with a sequence of 100 patient allocations, also generated by a random
number generator, in the appropriate intervention/control ratio for that
provider. After a provider signs a SLCO1B1 order and the laboratory
conﬁrms that the blood sample is adequate for genotyping, study staﬀ
enroll the patient and sequentially assign a randomization status from
that provider's patient allocation table. The SLCO1B1 results of patients
in the intervention (PGx+) arm are reported immediately, while the
SLCO1B1 results of patients in the control (PGx-) arm are reported after
12 months, at the end of the study.

Study data in addition to SLCO1B1 genotype derive primarily from
three sources.
2.6.1. Corporate data warehouse
The VA CDW is a health data warehouse that consolidates data from
disparate sources into a single logical data model to enable clinical care,
business management, and research [38]. Twelve-month outcomes data
collected from the CDW include cholesterol testing dates and values;
medication prescriptions including doses, start dates, and, as applicable, dates of discontinuation or dosage change; pharmacy records of
ﬁlled prescriptions; and structured medication allergy data.
2.6.2. Chart review
Study staﬀ review the EHR for each enrolled patient 12 months after
enrollment to abstract data including provider documentation of discussions about CVD risk, statin therapy, pharmacogenetic testing or
results, and adverse drug eﬀects. In the VA EHR, such documentation
takes the form of oﬃce visit notes, telephone notes, patient letters, and
messages sent between patient and provider in the patient portal.

2.5. Intervention: SLCO1B1 genotyping and reporting
Study staﬀ notify the VA clinical laboratory staﬀ of each patient
enrollment. Laboratory staﬀ then send each sample (PGx+ and PGx-)
via a common carrier delivery service and chain of custody to Boston
Heart Diagnostics (BHD) in Framingham, Massachusetts, for SLCO1B1
rs4149056 genotyping, using its Clinical Laboratory Improvement
Amendments (CLIA)-certiﬁed and College of American Pathologists
(CAP)-accredited polymerase chain reaction assay. The BHD laboratory
staﬀ send SLCO1B1 results for both arms to study staﬀ via secure fax.
Study staﬀ then send the SLCO1B1 result for each PGx+ patient via
encrypted email to the VA clinical laboratory staﬀ for immediate upload into the EHR. The SLCO1B1 result appears as a clinical alert for the
ordering primary care provider the next time they log onto the EHR
(Fig. 5). The SLCO1B1 results screen in the EHR conforms to recommendations that molecular test reports include results, interpretation, and management guidance [40] (Fig. 5 and Table 2), adapted
speciﬁcally from CPIC guidelines for the use of simvastatin when
SLCO1B1 genotype is known [21]. Standardized terms for transporter
function phenotype (normal, decreased, or poor) are also used [41].
The ﬁrst time an enrolled provider receives a SLCO1B1 result alert
in the EHR, study staﬀ also send them an email reminding them about
the study and notifying them that a new result has been entered into the
EHR. The study staﬀ do not send the SLCO1B1 results directly to patient
participants during the observation period but instead encourage providers to communicate the results as they see ﬁt (e.g. by telephone,
letter, or message through the patient portal). A standardized SLCO1B1
results letter template is available in the EHR for providers to use if they
choose (Supplementary Material). After the 12-month observation
period and after the end-of-study telephone survey is complete, the
study staﬀ mail the patient participants (PGx+ and PGx-) standardized
results letters. Copies of these end-of-study letters are also emailed to
the participating primary care provider.

2.6.3. End-of-study telephone survey
Twelve months after a patient's enrollment date, study staﬀ blinded
to the patient's randomization status call the patient to administer a
brief, telephone survey (Supplementary Material). The survey assesses
the patient's use of statins or other cholesterol-lowering medications in
the prior 12 months, self-reported SAMS, and recall of genetic testing
and test results. It also assesses patients' perceived necessity of and
concerns about their medications using two items adapted from the
validated Beliefs about Medicines Questionnaire [42], a widely used
instrument associated with medication adherence [43].
2.7. Outcomes
2.7.1. Primary outcome
The primary outcome of the I-PICC Study is change in LDL-C, deﬁned as the most recent LDL-C value on or prior to the enrollment date
subtracted from the LDL-C value 12 months after enrollment, without
regard to fasting status. The study protocol does not mandate end-ofstudy LDL-C testing; all data derive from clinical care. Thus, baseline
LDL-C values will be carried forward for any patient who does not
undergo updated LDL-C testing during the study period. This biomarker
outcome serves as a surrogate for CVD risk reduction, as the 5-year risk
of major CVD event decreases by 5% for each 10-mg/dL reduction in
LDL-C [44].
2.7.2. Secondary outcomes
The secondary outcomes examine additional potential beneﬁts and
risks of integrating preemptive SLCO1B1 genotyping in clinical care.
2.7.2.1. Concordance with CPIC guidelines. Clinical Pharmacogenetics

Table 2
Possible SLCO1B1 results reported to primary care providers in the I-PICC Study.
SLCO1B1 rs4149056genotype

Transporter function

Simvastatin myopathy
risk

Interpretation

T/T

Normal

Typical

T/C

Decreased

Increased

C/C

Poor

Markedly increased

Individuals with the T/T genotype have normal ability to metabolize statins. Standard statin
dosing, if indicated, is recommended.
Individuals with the T/C genotype have decreased ability to metabolize statins and have a 4fold increased risk of simvastatin-related myopathy. Simvastatin at a dose of ≤20 mg or an
alternate statin, if indicated is recommended.
Individuals with the C/C genotype have markedly decreased ability to metabolize statins and
have a 17-fold increased risk of simvastatin-related myopathy. Simvastatin at a dose of ≤20 mg
or an alternate statin, if indicated, is recommended.
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estimating equations (GEE) with an identity link function, accounting
for clustering by provider, will test the null hypothesis that SLCO1B1
testing diminishes 12-month LDL-C reductions by > 10 mg/dL (noninferiority design). The alternative hypothesis is that SLCO1B1 testing is
non-inferior to standard of care with no testing, within the non-inferiority limit of a 10-mg/dL change in LDL-C. Indeed, SLCO1B1 testing
might increase provider and patient utilization of statin therapy and
thereby actually improve LDL-C values in the PGx+ arm compared to
the PGx- arm.
For the secondary outcomes of CPIC guideline concordance and
documentation of SAMS, GEE with a logit link function, accounting for
clustering by physician, will test the null hypothesis that the proportion
of patients with each outcome 12 months after enrollment does not
diﬀer between the two arms (superiority design). Using a non-inferiority design, GEE will also test the null hypothesis that the proportion of PGx- patients whose prescriptions at 12 months meet ACC/
AHA guidelines for CVD prevention is better by 15% than that proportion in the PGx + arm. Although the primary and secondary analyses will preserve randomization by comparing the PGx+ and PGxarms, exploratory analyses, stratiﬁed by genotype, will examine whether outcomes diﬀer within the CC/CT and TT subgroups.

Table 3
Intensity of speciﬁc daily statin therapy regimens.
High-intensity

Moderate-intensity

Low-intensity

Atorvastatin 40–80 mg
Rosuvastatin 20–40 mg
Simvastatin 80 mg⁎

Atorvastatin 10–20 mg
Rosuvastatin 5–10 mg
Simvastatin 20–40 mg
Pravastatin 40–80 mg
Lovastatin 40 mg
Fluvastatin XL 80 mg
Fluvastatin 40 mg bid
Pitavastatin 2–4 mg

Simvastatin 10 mg
Pravastatin 10–20 mg
Lovastatin 20 mg
Fluvastatin 20–40 mg
Pitavastatin 1 mg

⁎
Initiation of simvastatin 80 mg not recommended by US Food & Drug
Administration due to increased myopathy risk.

Implementation Consortium (CPIC) guidelines recommend speciﬁc
simvastatin doses when a patient's SLCO1B1 genotype is known
[21].Each participant's SLCO1B1 genotype and statin type and dose at
the end of the 12-month observation period are compared to CPIC
guidelines for safe simvastatin prescribing; potentially unsafe
simvastatin dosing includes 80 mg daily for any person and 40 mg
daily for any person with a CT or CC genotype. All other combinations
are considered potentially safe, including no simvastatin prescription or
use of a statin other than simvastatin. This scheme generates a two-level
safety outcome (potentially safe vs. potentially unsafe simvastatin
prescription) for each patient.

2.9. Power calculations
Under the assumption of a common standard deviation of 30 mg/dL
in the primary outcome of change in LDL-C, 112 patients in each arm
(224 total) are needed to have 80% power at a one-sided α = 0.05 to
exclude a between-group diﬀerence of 10 mg/dL 12 months after enrollment [47]. Addition of a design eﬀect of 1.36 to account for clustering by provider (cluster size of 10 patients/provider and an intracluster correlation coeﬃcient of 0.04) [48] increases this
requirement to 304 total patients. Participant attrition is assumed to be
null. The I-PICC Study is enrolling 408 total patients to enable at least
80% power at a 2-sided α = 0.05 to detect between-group diﬀerences
of 15% in the secondary outcomes of CPIC guideline concordance and
documented SAMS [49], again with a design eﬀect of 1.36. This sample
size also enables > 80% power at a one-sided α = 0.05 to reject the
null hypothesis that ACC/AHA guideline concordance is better by 15%
in the PGx- arm compared to the PGx+ arm [50].

2.7.2.2. Concordance with ACC/AHA guidelines. In 2013, the ACC/AHA
endorsed guidelines recommending statin therapy of speciﬁc intensities
(moderate or high) for patients with speciﬁc CVD risk proﬁles (Table 3).
In a similar manner to CPIC guideline concordance, for each patient a
two-level ACC/AHA guideline concordance outcome (concordant vs.
non-concordant) indicates whether his or her statin therapy at
12 months, including absence of therapy, is adequate for the level of
CVD risk, as assessed at baseline as a part of the eligibility
determination.
2.7.2.3. Statin-associated muscle symptoms. Chart review of all patient
notes from the 12 months after enrollment determines the proportion of
patients in each arm with clinical documentation of SAMS during the
observation period. This outcome includes any mention of a clinical
suspicion of SAMS, with or without laboratory testing such as creatinine
kinase.

3. Discussion
Despite the robust association between SLCO1B1 genotype and
SAMS, particularly with simvastatin, evidence of improved patient
outcomes after SLCO1B1 pharmacogenetic testing remains one critical
gap in the widespread promotion of its use in clinical care [8,23,51].
Because the management of hypercholesterolemia and CVD risk falls
squarely in the domain of primary care, the SLCO1B1-SAMS association
provides an opportunity to examine one example of integrating
genomic medicine in general practice. The I-PICC Study is a randomized controlled trial (RCT) generating rigorous outcomes data on the
clinical utility of SLCO1B1 testing in a real-world clinical setting.
The I-PICC Study is examining what we term a timely preemptive
model of pharmacogenetic testing, on the continuum between preemptive testing well before a relevant medication is being considered
for a given patient and reactive testing at the time of initiation or
continuation of a relevant medication [52,53]. In one recent RCT of
reactive testing, delivery of SLCO1B1 results to previously statin-intolerant patients resulted in more new statin prescriptions and lower
LDL-C values at 3 months, compared to patients not receiving results
[54]. The I-PICC Study models the clinical context when a provider has
the opportunity to order SLCO1B1 testing for a patient at elevated CVD
risk in anticipation of statin initiation in the near future, thus seeking
just-in-time pharmacogenetic information at a clinically relevant moment. Some expect that preemptive pharmacogenetic testing will become more common as patients increasingly undergo genotyping

2.7.3. Exploratory outcomes
Exploratory outcomes derived from the CDW include initiation of
and changes to statin therapy during the 12-month observation period;
patient adherence to statin therapy, measured from pharmacy data with
medication possession ratios [45,46]; and entry of a medication allergy
to statins. Exploratory outcomes from the end-of-study telephone
survey include self-reported SAMS, genetic testing recall, and perceived
necessity of and concerns about medications.
2.8. Hypotheses and statistical analyses
Statin therapy, a product of both prescriber and patient behaviors,
mediates the impact of SLCO1B1 results on patient outcomes. Testing
might improve statin safety by reducing the proportion of patients receiving simvastatin doses higher than what is safe for their genotype
(Fig. 6, Arrows A). However, SLCO1B1 testing may result in an inappropriate under-dosing of statin for a patient's level of CVD risk, resulting in higher LDL-C levels (Fig. 6, Arrow B). The hypotheses of the IPICC Study reﬂect the desired outcome of the clinical integration of
SLCO1B1 testing: a reduction in the risk of SAMS without a concomitant
deterioration of established CVD prevention.
For the primary outcome of 12-month change in LDL-C, generalized
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Fig. 6. Possible categories of statin safety and CVD prevention among patients and the potential impact of SLCO1B1 testing on these outcomes (see text).

are not necessary to support the clinical implementation of pharmacogenetics [61,62], professional organizations, payers, and other stakeholders often look for such rigorous outcomes data in making decisions about clinical guidelines and coverage [10–12]. The I-PICC Study
aims to collect empiric data on the clinical utility of SLCO1B1 testing,
which encompasses improvements in patient outcomes such as drug
eﬀectiveness or adverse drug events or more proximal mediators of
these outcomes, such as changes in medication prescriptions and adherence. The I-PICC Study is designed to exclude the possibility that
SLCO1B1 testing results in a clinically meaningful deterioration in an
important patient outcome, change in LDL-C, an established biomarker
for CVD risk [44,63,64]. The trial is not powered to detect betweengroup diﬀerences in severe but rare SAMS such as rhabdomyolysis
[65–67], but concordance with CPIC guidelines for simvastatin serves
as a surrogate outcome for safe statin prescribing. Exploratory data
from chart review and patient surveys are examining the more common
occurrence of SAMS of any severity, which occurs in 5–20% of patients
taking statins [14,15] and is a common reason for non-adherence
[14,24,25,68–70] and resulting poorer CVD outcomes [70,71]. Together, the outcomes of the I-PICC Study will inform the clinical utility
of SLCO1B1 testing in the routine practice of medicine, including its
proposed beneﬁts and unforeseen risks.

through clinical care, participation in biobanks or other research projects, or even direct-to-consumer products [6]. In the preemptive
model, automated clinical decision support (CDS) triggers at the moment a relevant medication is ordered in the EHR, guiding prescribers
towards safer or more eﬃcacious pharmacotherapy. Many of the institutions participating in the Electronic Medical Records and Genomics
(eMERGE)-PGx Consortium [55], the Pharmacogenomics Research
Network Translational Pharmacogenetics Program (TPP) [56], and the
Implementing Genomics in Practice (IGNITE) Consortium [57] in the
US are integrating such automated CDS triggered by preemptive
SLCO1B1 results in their EHR [53].
However, there are presently several barriers to the widespread
adoption of preemptive pharmacogenetics systems [53,58]. Only a
fraction of patients in the U.S. and internationally receive care in health
systems with laboratory and EHR systems equipped to incorporate
structured pharmacogenetic data from varying sources and guide
pharmacotherapy at the relevant clinical moments [4,59,60], which
occur potentially decades after genotyping. Instead, the I-PICC Study
models the scenario where the provider may order pharmacogenetic
testing in anticipation of near-term utility, similar to most other laboratory tests in clinical medicine. Nonetheless, the evidence generated
by the I-PICC Study on the downstream impact of SLCO1B1 testing on
patient outcomes will be informative for systems using automated CDS
for such results. Indeed, automated CDS can be subsequently added to
delivery models similar to that of the I-PICC Study, such that providers
order timely preemptive SLCO1B1 testing for near-term use and structured results are then stored in the EHR to interface with future CDS
alerts for other providers in the healthcare system.
The RCT design of the I-PICC Study is rare among studies of
genomic medicine interventions. Although some have argued that RCTs
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