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ABSTRACT

Introduction Genetic variations impact drug response,
driving the need for personalised medicine through pre-
emptive pharmacogenetic testing. However, the adoption
of pre-emptive pharmacogenetic testing for commonly
prescribed drugs, such as statins, outside of tertiary
hospitals is limited due to a lack of pharmacoeconomic
evidence to support widespread implementation by
healthcare policy-makers. The Spanish Consortium for
the Implementation of Pharmacogenetics (iPHARMGXx
Consortium) addresses this by developing a clinical trial
master protocol that will govern multiple nested adaptive
clinical trials that compare genotype-guided treatments
to standard care in specific drug—gene—population triads,
asses their cost-efficacy and identify novel biomarkers
through advanced sequencing techniques. The first of
these studies aims to assess whether a pre-emptive
statin therapy genotyping scheme reduces the incidence
of statin-associated muscle symptoms (SAMS) in a
population at risk of cardiovascular disease susceptible
of receiving high-intensity or moderate-intensity doses of
statins: The PREVESTATGx trial.

Methods and analysis the PREVESTATGX trial is a
multicentre, adaptive randomised controlled pragmatic
phase IV clinical trial nested to the iPHARMGx master
protocol with two parallel arms, aiming for superiority.
Randomisation will be conducted on an individual

basis with a centralised approach and stratification by
centre. After inclusion in the trial and genotyping has
been performed, subjects will be randomly allocated to
experimental group (pharmacogenetic genotype-guided
statin prescription) or standard-of-care statin prescription

1,20

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Study will be randomised and stratified by centre
minimising selection bias.

= Adaptive trial design allows early efficacy or futility
conclusions without full sample size.

= Pragmatic design helps reduce difficulties in recruit-
ing subjects.

= Study is single blinded with a partially subjective
primary endpoint.

= Event probability is dependent on SLCO1B1, CYP2C9
and ABCG2 variants.

(as deemed by attending physician). The main objective is
to assess the efficacy of a statin pre-emptive genotyping
strategy in reducing the incidence of SAMS. A total of

225 subjects will be recruited among the 10 participating
centres if no futility/efficacy boundary is reached in the
prespecified interim analyses. Recruitment will be carried
out during a 12-month period and subjects will be followed
for a 9-month period.

Ethics and dissemination The PREVESTATGx trial
received ethical approval on 24 April 2024. Results will

be disseminated via publication in peer-reviewed journals
as well as presentation at international conferences. Trial
results will be submitted for publication in an open-access
peer-reviewed medical speciality-specific publication.
Trial registration number EU CT number: 2023-509418-
12-00/Clinical trial Identifier (ClinicalTrials.gov):
NCT06262685. Protocol version 1.2 12 April 2024
(includes non-substantial modification number 14 June
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2024). Trial registration of this study can be located at both the EU Clinical
Trials Register available from https:// euclinicaltrials.eu/search-for-
clinical-trials/?lang=en and https://clinicaltrials.gov. Registration on both
websites was done before the enrolment of the first patient complying
with European regulations. EU Clinical Trials Register is a primary registry
according to the WHO.

INTRODUCTION

Genetic differences can significantly influence drug
pharmacokinetics and pharmacodynamics, resulting in
variability in individual responses.' * Pre-emptive phar-
macogenetic testing is gaining prominence in the rapidly
advancing field of personalised medicine as a means
of individualising treatment plans, enhancing treat-
ment efficacy and mitigating the occurrence of adverse
events (AEs).” Multiple studies, including randomised
controlled trials, have demonstrated that personalising
drug therapy based on pharmacogenetic testing results in
better patient outcomes for particular drug-gene combi-
nations.* Notably, the Pre-emptive Pharmacogenomic
Testing for Preventing Adverse Drug Reactions study
conducted by the Ubiquitous Pharmacogenomics Consor-
tium and the 12-gene pharmacogenetic panel (which
included all drugs for which an actionable drug-gene
interaction was present in the Dutch Pharmacogenetics
Working Group (DPWG) recommendations, with the
exceptions of abacavir, omeprazole, esomeprazole, lanso-
prazole, pantoprazole, rabeprazole and drugs containing
oestrogen) implementation study have both shown prom-
ising results, by significantly reducing the incidence of
clinically relevant adverse drug reactions and showcasing
the models feasibility across diverse European healthcare
system organisations and settings.”

The growing body of knowledge on the impact of
genetic variation on drug response has led to the devel-
opment of clinical guidelines to assist prescribing clini-
cians.” These guidelines comprehensively assess the
associations between over 100 gene—drug pairs, including
those created by The DPWG and the Clinical Pharmaco-
genetics Implementation Consortium. Furthermore, the
integration of pharmacogenetic information into clin-
ical practice has been facilitated by the development of
more precise, readily available and cost-effective molec-
ular analysis techniques.7 This has resulted in both the US
Food and Drug Administration and the European Medi-
cines Agency including pharmacogenetic information in
drug labels provided to prescribers and patients.”*

Despite the potential benefits of pre-emptive pharma-
cogenomics, there are still limitations hindering its imple-
mentation beyond a limited number of tertiary hospitals
in healthcare environments."’

One major challenge is the lack of pharmacoeco-
nomic studies evaluating the balance between the costs
and effects of pre-emptive pharmacogenomics.'” While
pre-emptive pharmacogenetic testing shows promise in
improving patient outcomes and reducing the occur-
rence of adverse drug reactions, the lack of clear effi-
ciency evidence remains a significant challenge for its

widespread adoption."' Despite the development of
comprehensive clinical guidelines and the inclusion of
pharmacogenetic information in drug labels, the current
state of pharmacogenomic implementation in health-
care systems and communities reveals that most testing is
confined to tertiary or highly specialised hospitals, prob-
ably due to the patient’s characteristics.'” This highlights
the need for further research that better establishes the
efficacy, cost-efficacy and feasibility of pre-emptive phar-
macogenomic testing for more commonly prescribed
drugs in both inpatient and outpatient settings. Such
research will enable healthcare policy-makers and regu-
lators to make informed decisions about the broader
integration of pharmacogenomics into standard clinical
practice and fully endorse it.""

Additionally, many clinicians have limited expertise to
determine when pharmacogenetic testing is appropriate,
and professional organisations often fail to provide
clear recommendations or policy support.® Discrep-
ancies between different pharmacogenetic guidelines,
perceived conflicts of interest among guideline authors,
ambiguity in applying biomarker information from drug
labels, and a general lack of acceptance by both physi-
cians and patients further hinder implementation.'*
Concerns about privacy, genetic discrimination, and costs
also contribute to patient hesitancy."*”

To address these challenges, the iPHARMGx Consor-
tium has been formed, comprising 11 hospitals across
the Spanish National Health System (NHS): Gregorio
Maranén General University Hospital, Central Defense
Hospital Gomez Ulla, General Hospital of Tomelloso,
General University Hospital of Alicante, University
Hospital of Burgos, University Hospital of the Canary
Islands, University Hospital Germans Trias i Pujol, Univer-
sity Hospital Marqués de Valdecilla, University Hospital
Virgen de la Victoria, University Hospital La Princesa
and University Hospital La Paz; the Auténoma de Madrid
University and the Health Technologies Assessment
Agency of Instituto de Salud Carlos III. Both the Consor-
tium framework as well as the PREVESTATGx study have
been funded by the Instituto de Salud Carlos III (ISCIII)
through the project code PMP22/00055 and by Next
Generation EU funds, which finance the actions of the
Recovery and Resilience Facility (RRF).

The iPHARMGx framework

To efficiently and effectively achieve the ambitions
outlined by the iPHARMGx Consortium, the creation of
a stable adaptive phase IV clinical trial infrastructure that
would lay the foundational principles that would govern
all studies carried out by the consortium was required. To
this end, an adaptive clinical trial approach was agreed
on, and the development of a clinical trial master protocol
commenced.

By means of the master protocol (see iIPHARMGx
Master Protocol, online supplemental material 1), the
iPHARMGx Consortium would provide a common
structure that would anchor all trials nested within the
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Figure 1 High priority clinical trials nested within the iPHARMGx Consortium: PREVESTATGx clinical trial (CT1), TRANSPGXx

(CYPBAS5-tacrolimus) clinical trial (CT2) and Pre-emptive Pharmacogenomic Testing for Preventing Adverse Drug Reactions

clinical trial (CT3).

iPHARMGx Consortium, both in terms of design, objec-
tives and endpoints. All nested studies will be pragmatic
phase IV multicentre randomised parallel clinical trials,
where all study participants will undergo pre-emptive
genotyping. Each of these studies will evaluate a different
drug—-gene—population triad. Among them, the consor-
tium established three high-priority triads that included
different actionable genes (figure 1).

Subjects will then be allocated, according to
subprotocol-specific schemes, to receive either the most
recent clinical pharmacogenetic guideline treatment/
dosing recommendations for their genetic profile (inter-
vention arm) or the healthcare provider standard of care
(SoC) (control arm).

The adaptive nature of all trials performed within the
iPHARMGx framework will serve a dual purpose. On
one hand, it will allow for intermediate analysis to be
performed at subprotocol specific timepoints. Further-
more, each nested study will have predefined efficacy and
futility thresholds that if met, will warrant study termina-
tion. This approach allows for a more efficient sample
size usage, decreasing participants exposure to a poten-
tially ineffective or unsafe intervention. On the other
hand, genes, variants or biomarkers may be analysed ad
hocif their association with a specific outcome is unknown
at the time of trial initiation but later deemed relevant.
Similarly, if treatment adjustments are not yet estab-
lished in practical clinical guidelines at the time of trial
initiation and become available in subsequent guideline

updates, they will be incorporated into the study. This
adaptive approach will ensure that the studies carried
out under the iPHARMGx framework are able to incor-
porate emerging biomarkers and treatment options that
may have clinical relevance, even if they are not currently
established in clinical practice.

The overarching goal of the trials nested to the
iIPHARMGx platform is to assess the efficacy, safety and
cost-efficacy of pre-emptive pharmacogenetic testing.
All trial populations will consist of individuals highly
susceptible to presenting outcomes with a clearly defined
pharmacogenetic substrate (high-risk populations).
Widespread implementation of large-scale patient geno-
typing is not currently feasible, that is the reason why we
propose this strategy of genotyping in high-risk popula-
tions, which must be evaluated in terms of efficacy and
cost-efficacy. Demonstrating its feasibility and efficacy will
be the first milestone towards broadening its application
beyond its current scope and facilitating its adoption in
the Spanish NHS, all the while enhancing the efficiency
and safety of prescribed drugs, promoting treatment
adherence, improving patient’s quality of life and ulti-
mately contributing to a more sustainable NHS.

The PREVESTATGx Trial

Statins belong to a class of prescribed medications that
primarily function by inhibiting the activity of hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA) reductase, the
enzyme responsible for regulating the rate of cholesterol
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synthesis specifically targeting low-density lipoprotein
(LDL) cholesterol reducing the risk of cardiovascular
disease (CVD).!® The increasing utilisation of statins has
led to around 25% of individuals aged 65 years or older
worldwide being treated long-term with statin therapy,
either for primary or secondary prevention of CVD.

The population treated with statin therapy is likely
to increase as more patients at risk of CVD are identi-
fied, such as HIV-infected individuals who experience a
high prevalence of dyslipidaemia primarily attributed to
antiretroviral therapy, notably protease inhibitors.'” This
is worsened by the heightened immune activation and
inflammation resulting from HIV infection itself, signifi-
cantly increasing the risk of CVD within this population.'”
Assuch, recentstudies have highlighted the role of pitavas-
tatin as primary prevention of cardiovascular events in
HIV populations.'® Additionally, the potential benefits of
statin therapy in HIV-infected population extends beyond
lipid reduction. Statins also possess anti-inflammatory and
immunomodulatory properties that may offer specific
advantages in terms of CVD risk reduction and attenua-
tion of other HIV-associated complications further justi-
fying their prescription in these patients.'”

Given the common use of statin therapy, careful assess-
ment of the safety and potential side effects of statins is
crucial, especially in patients taking multiple medications
and facing a risk of drug—drug interactions. The most
notable of them being SAMS, a term that encompasses
a wide range of symptomatic muscle complaints, with
or without detectable biochemical evidence of muscle
damage'® with a reported incidence that ranges from
10% to 29%.* SAMS commonly manifest as proximal,
symmetric (although less frequently asymmetric) muscle
weakness and/or soreness which can be accompanied
by serum CK elevation.”’ Symptoms may include muscle
tenderness, cramping, stiffness and tendon pain which
can cause functional impairments that can lead to treat-
ment discontinuation increasing their CVD risk.*’

Various pharmacogenetic variants have been identified
to influence both the bioavailability of statins and the
occurrence of SAMS.* * The SLCOIBI gene encodes a
transporter responsible for facilitating the hepatic uptake
of all statins.”* ABCG2, encodes a transporter that modu-
lates the absorption and disposition of rosuvastatin, and
CYP2C9 encodes an enzyme involved in the oxidation of
certain statins.” Genetic variations within these genes can
result in increased systemic exposure to statins, including
simvastatin, rosuvastatin, pravastatin, pitavastatin, atorvas-
tatin, fluvastatin and lovastatin, hence increasing the risk
of SAMS.*

As such, SAMS stand as a deterrent to patient adher-
ence and persistence with statin therapy, often leading
to withdrawal or abandonment while posing a consid-
erable challenge to long-term CVD risk management.
Beyond its clinical implications, the economic burden
associated with statin discontinuation places strain on
national health services. The costs incurred in managing
SAMS, be it by patients presenting to clinic, admitted to

hospital or by rotating costly lipid-lowering alternatives
are added to those derived from the complications that
result from inadequate lipid control. To ameliorate such
a pressure on healthcare systems, the need for affordable
effective strategies that mitigate SAMS with an emphasis
on increasing patient compliance is essential to improve
public health outcomes.

To meet these challenges, the iPHARMGx Consor-
tium devised the PREVESTATGx trial: a phase IV prag-
matic trial nested within the iPHARMGx framework that
aims to optimise the treatment of patients susceptible of
receiving high-intensity statin lipid-lowering therapy by
reducing the incidence of SAMS. It does so while sharing
the same paradigms outlined in the iPHARMGx master
protocol: to advocate for a feasible, efficacious and cost-
efficacious personalised medicine scheme, in this case
for statin management; to provide in vivo evidence of the
influence of various genotypes on statin efficacy beyond
the current research landscape; to potentially unveil
novel prognostic biomarkers that further our under-
standing of statin response and statin AEs that could help
explain the often-encountered outliers in routine clinical
practice and all in all, deepen our knowledge of statin
pharmacogenetics.

METHODS AND ANALYSIS

This study protocol in conjunction with the iPHARMGx
master protocol follows the Standard Protocol Items:
Recommendations for Interventional Trials guidelines
(online supplemental material 2) 2

iPHARMGX: hypothesis and design
The overall goal of all trials nested within the iPHARMGx
framework is to evaluate pre-emptive genotyping strat-
egies in high-risk populations susceptible of receiving
certain targeted treatments in terms of both efficacy and
cost-efficacy. Our hypothesis is that pre-emptive geno-
typing in populations at risk is efficacious, cost-efficacious
and feasible within the Spanish NHS when compared with
the current SoC. Nested studies will be pragmatic, adap-
tive, phase IV, multicentre, randomised, parallel clinical
trials. The following eligibility criteria will be applicable
to all trials nested to iPHARMGx Platform:

» All nested trials must have at least one clearly defined
pharmacogenetic biomarker present in high-risk
populations with an IA level of evidence.

» All nested trial populations must have a target genetic
biomarker that has been demonstrated as actionable
according to clinical practice guidelines for the treat-
ment of the medical condition being investigated in
the study.

» All nested trials must have a clearly defined efficacy
outcome or a validated efficacy surrogate outcome.

Overarching iPHARMGx study objectives
The overarching primary objective of the studies nested
within the iPHARMGx Platform is to assess whether
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genotyping in high-risk populations susceptible to

receiving certain targeted treatments is both efficacious

and cost-efficacious.

The subprotocols of the studies nested within the
iPHARMGx Platform will detail the specific objectives
within this overarching primary objective.

Secondary objectives will be detailed comprehensively
in each of the subprotocols. The following provides a
common frame that will encompass all subprotocols
nested.

» To assess whether pre-emptive genotyping strategies
are feasible within the Spanish NHS.

» To identify new potential genetic biomarkers associ-
ated with drug response variability.

» To assess the safety and tolerability of targeted treat-
ments identified through pre-emptive genotyping,
including but not limited to the incidence and severity
of treatmentrelated AEs.

» To identify potential predictors of treatmentrelated
AEs, such as genetic or clinical factors.

iPHARMGx study population and eligibility criteria

The following two eligibility criteria will be applicable

to all subjects participating in all trials nested to the

iIPHARMGx master protocol:

» Subjects must be naive to any genotyping test of the
genes studied in each of the nested subprotocols,
meaning they have no history of genetic testing or
analysis of their genotype regarding said gene.

» Subjects must be willing to comply and adhere to
any treatment plan modifications established in the
respective study subprotocols.

Subjects included in studies nested to the iPHARMGx
Platform will be predominantly adults (ie, aged 18 or
older); however, paediatric populations will be included
in some instances and will be stated as such in the inclu-
sion criteria of those specific nested trials.

PREVESTATGXx study objectives

Primary objectives

To assess whether a statin pre-emptive genotyping strategy
reduces the incidence of clinically relevant SAMS when
compared with the current SoC.

Secondary objectives

» To assess the efficacy of a statin pre-emptive geno-
typing strategy in optimising dyslipidaemia manage-
ment when compared SoC treatment/dosing.

» To assess the efficiency of implementing a pre-emptive
pharmacogenetic strategy to avoid adverse musculo-
skeletal symptoms.

Exploratory objectives

» To identify novel prognostic and predictive genetic
biomarkers of statin-related AEs and efficacy.

» To assess the efficacy of a statin pre-emptive geno-
typing strategy in reducing the major ischaemic cardi-
ovascular events.

» To assess the effect of a statin pre-emptive geno-
typing strategy in improving patient therapeutic
adherence.

» To assess the effect of a statin pre-emptive genotyping
strategy in reducing perceived pain of SAMS.

Inclusion criteria

Each potential participant must satisfy all of the following

criteria to be enrolled in the study:

» Ability of the participant to understand the purpose
and risks of the study, to provide informed consent,
and to authorise the use of confidential health infor-
mation in accordance with national and local privacy
regulations.

» Subject has voluntarily signed the informed consent
form (ICF).

» Subject must be =18 years old at the time of signing
ICF.

» Subjectis able and willing to take part and be followed
up for the majority of the study duration.

» Participants are susceptible to be prescribed any of
the following:

- Atorvastatin 240 mg/day p.o.
- Simvastatin 220 mg/day p.o.
- Pitavastatin >2mg/day p.o.

- Rosuvastatin 240 mg/day p.o.
- Pravastatin >40mg/day p.o.
- Lovastatin 240 mg/day p.o.

- Fluvastatin 280 mg/day p.o.

» Subjects must be naive to any genotyping test of the
following genes: SCLOIB1, ABCG2, CYP2CY, CYP3A4,
CYP3A5 and HMGCR.

» Women of childbearing potential must commit not
to become pregnant. Subjects must be willing to use
highly effective contraceptive methods or have prac-
tised sexual abstinence during the study.

Exclusion criteria

Any potential participant who meets any of the following

criteria will be excluded from participating in the study:

1. Subject is currently taking ubiquinone (Q10)

supplements.

2. Known personal or family history of statin-associated
autoimmune myopathy or HMG-CoA reductase disor-
der.

. Pregnant or breastfeeding women.

4. Subject has a personal history or analytical evidence of

one of the following disorders:

a. Any contraindications to statin administration as re-
vealed in the summary of product characteristics for
statins.

b. Prior SAMS if subject is not statin naive.

5. Any condition or situation deemed by the investigator

precluding or interfering with the present study.

Qo

Study procedures
All study procedures and the schedule of assessments are
summarised in table 1.
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Table 1 Summary of procedures and schedule of assessments
Screening: 0-6 Baseline=randomisation
Month months Day 1 Month 1*+ Month 3*t+ Month 6* ¥ Month 9*
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6
(EOS)
Eligibility check X
Informed consent X
Medical history/baseline X X X
medication
Physical examination X X X
Randomisation and start X
of treatment
Vital signst X X X
Pharmacogenetics X
blood draw
Laboratory X X
determinations§
SAMS-CI? * X X X X X X
NPRS
MMAS-8
questionnairesq
Adverse events X X X X

evaluation

*All visits performed after treatment administration have a +7 day window to be performed.

TVisits to be performed remotely. During the course of the study, additional remote contacts can be performed by the investigators to ensure
patient’s well-being within as per routine medical practice.
IBlood pressure and heart rate.

§Laboratory determinations will include serum biochemistry, cell blood count, complete renal, liver and LDLc and total cholesterol and
triglycerides panel, thyroid hormone panel, serum calcidiol and serum CK. Urine pregnancy tests may be performed at the investigator’s
discretion. Screening laboratory determination will not be required if subject has a lab determination including all required parameters
performed for whatever reason up to 1 month prior to randomisation visit. Additional laboratory determinations can be done following local

guidelines.

{IScale assessment to be performed at every visit will include a Numeric Pain Rating Scale (NPRS) when applicable and Morisky Medication
Adherence Scale (MMAS-8) questionnaire (MMAS 2006 www.adherence.cc used with permission).
**Statin-Associated Muscle Symptoms Clinical Index questionnaire (SAMS-CI) will be performed on every visit after visit 2.

The following list of procedures will be performed at all
visits after inclusion:
1. Eligibility check:

- This assessment will involve a comprehensive review
of specific inclusion/exclusion criteria outlined in
the protocol to ensure that participants can contin-
ue to participate.

2. Medical history and physical examination

- Participants’ medical histories will be documented,
including any relevant pre-existing conditions and
medications. Any new information must be record-
ed in the medical history.

- Physical examination will encompass a comprehen-

sive physical examination which will be conducted
to assess participants’ overall health and monitor-
ing changes throughout the study. This examina-
tion will include an evaluation of vital signs, such
as blood pressure, heart rate, respiratory rate and
body temperature and a full systems and organs ex-
ploration.

- In cases when visit is performed remotely, an overall

health assessment over the telephone by the investi-
gator will be considered sufficient.

3. Concomitant medication
- Anynew medication or change in previously record-

ed medication must be recorded.

4. SAMS-CI scale assessment:
- The Statin-Associated Muscle Symptom Clinical In-

dex (SAMS-CI) is a method for assessing the likeli-
hood that a patient’s muscle symptoms (eg, myalgia
or myopathy) were caused or worsened by statin
use. A complete scale assessment with all items must
be done at every visit in all visits after visit 2. This is
due to the fact that SAMS-CI questionnaire cannot
be completed if subject is not taking statin. Scale is
added as an appendix to this protocol and will be
used to assess causality whenever a subject is suspect-
ed to have SAMS.

5. A Numeric Pain Rating Scale (NPRS):
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- A quick tool for assessing pain severity and its im-
pact on functioning. In cases where muscle symp-
toms have been deemed to be caused by statin
therapy (ie, a SAMS-CI score >7), an NPRS will be
performed to assess pain encumbrance and bur-
den. Clinically relevant pain encumbrance will be
defined as an NPRS score greater or equal to 3.

6. Morisky Medication Adherence Scale (MMAS-8):
Morinsky-Green 8-item therapeutic adherence ques-
tionnaire:

- The MMAS-8 consists of eight questions, seven of
which are dichotomous (yes or no), and one of
which is scored on a 5-point Likert-type scale.” 7
The questions are designed to assess the patient's
behaviour and beliefs about taking medication. The
MMAS-8 has been used in several studies to assess
adherence to medication in chronic diseases. The
scale has been translated into several languages and
has been validated in different populations. A score
below 6 indicates low adherence, a score between
6 and 8 medium adherence and a score of 8 high
adherence.

Screening visit

The study will be explained to the participant and
informed consent will be obtained prior to any study
procedure.

After checking the selection criteria, informing the
patient and signing the ICF, a pharmacogenetic analysis
sample will be extracted. The pharmacogenetic sample
will be collected preferably at the screening visit but it
can be collected at any point prior to statin therapy initia-
tion. An aliquot of DNA sample will be stored at -20°C for
quality control purposes and/or further genetic analysis
by techniques available at a central laboratory affiliated
with the Precision Medicine Infrastructure associated
with Science and Technology (IMPaCT).

Subject must have a mandatory screening laboratory
analysis that includes all safety and efficacy parameters
described in this study that can be performed between 30
to 1day before baseline/randomization visit. Screening
laboratory analysis can be performed for whatever reason,
just as long as it does not exceed the aforementioned
window and can in theory date from before ICF signing.
Therefore, screening laboratory determination will not
be required if subject has a lab determination including
all required parameters performed for whatever reason
up to 1 month prior to randomisation visit.

Baseline: up to 6 months after first screening visit

If the subject has successfully completed the screening
visit and is eligible based on compliance with all inclusion
criteria and none of the exclusion criteria, randomisa-
tion and baseline procedures may be delayed for up to 6
months after screening. This means that the prescription
of any of the specified doses of statins in inclusion crite-
rion 5 can be withheld for a maximum of 6 months in
subjects who may not require high-intensity lipid-lowering

therapy at the time of screening but are likely to require it
in the foreseeable future.

Prior to randomisation, a baseline assessment of
MMAS-8 and NPRS scales will be performed to assess for
any possible confounders.

Subject will be randomised to receive either SoC treat-
ment (control arm) or pharmacogenetic guideline-based
treatment (experimental arm). Before treatment initi-
ation, for subjects allocated to the experimental arm, a
dose or treatment recommendation will be provided to
the prescribing clinician by a clinical pharmacologist or a
pharmacogenetics-expert pharmacist. This recommenda-
tion will take into account the subject’s pharmacogenetic
profile, clinical background and any potential drug—drug
interactions or phenoconversion risks based on their
concomitant medications and medical history.

On completion of baseline visit, subject will initiate
treatment with the prescribed dose. Study treatment
will not be administered at site. Medication must be
purchased by the subject, and administration will take
place in outpatient environment.

Visit 3: 30 days after treatment initiation (+7 days window)
Visit to be performed remotely. Related and unrelated

AEs must be recorded and appropriate questionnaires
(SAMS-CI, MMAS-8 and NPRS) be completed.

Visit 4: 90 days after treatment initiation (+7 days window)

Visit to be performed remotely. Related and unrelated
AEs must be recorded and appropriate questionnaires be
completed.

Visit 5: 180 days after treatment initiation (=7 days window)
Visit to be performed remotely. Related and unrelated

AEs must be recorded and appropriate questionnaires
(SAMS-CI, MMAS-8 and NPRS) be completed.

Visit 6: 270 days after treatment initiation (+7 days window)
Blood samples for laboratory assessments will be obtained.
Vital signs (including blood pressure, heart rate, respi-
ratory rate and body temperature) must be recorded.
Related and unrelated AEs must be recorded and appro-
priate questionnaires be completed.

For safety purposes, additional remote contacts can
be performed by the investigators within the context of
routine clinical practice. These must be recorded in the
electronic medical history.

Sample size calculation: efficacy and futility boundaries
This is an adaptive trial nested within the iPHARMGx
protocol. For the purpose of this clinical study protocol,
we have established three distinct stages (denoted as ]=3),
each representing a critical point at which data analysis
will be conducted. Our objective is to maintain a desired
level of statistical rigour, with a type I error rate (o) set at
0.05 and a type Il error (B) rate fixed at 0.2. The third and
final stage corresponds to the ultimate analysis.

To power this trial for a meaningful effect size (8=0.42),
we have calculated an estimated total sample size of 180
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subjects, with 30 subjects allocated to each arm within
each stage. This sample size determination is critical for
ensuring the statistical robustness of the trial and the
ability to detect the intended therapeutic effect. This total
number of subjects has been increased to 225 to factor
in possible prerandomisation loss of subjects (20%) that
despite being genotyped do not receive statin for what-
ever reason. Therefore, to adequately assess the pharma-
coeconomic feasibility of the intervention, they must be
included in the pharmacoeconomic endpoint analysis.*®

The rationale behind the sample size calculation per
arm per stage is grounded in existing published data.
Research indicates that individuals within the general
population who receive statins face an excess risk of
developing SAMS ranging from 7% to 29%.* Further-
more, studies have established approximately a 2.5-fold
increased risk (OR: 2.35; 95% CI 1.08 to 5.12) of myop-
athy among individuals carrying the ¢.521C allele of the
SLCO1BI gene.” These insights from the literature help
us in estimating the expected effect size and risk within
our target population, allowing us to tailor our trial
accordingly. Based on these data, and taking the percent-
ages 10% and 26%, respectively, the effect size is calcu-
lated in R statistical software being delta=0.42.

To guide our decision-making during the study, we have
established specific efficacy boundaries and criteria for
evaluating futility. These are as follows: (4.161, 2.189 and
1.504) for efficacy and (0.341, 0.999 and 1.504) for futility
(figure 2). If either assessment exceeds the prespecified
threshold, study termination is warranted. These bound-
aries were calculated using the graphical user interface
built on (and in to) V.2.2.0 of the R package OptGS.*®

Through a multi-faceted strategy that includes extensive
outreach, collaboration with multiple healthcare centers,
leveraging electronic health records to identify eligible
participants, and employing dedicated recruitment staff
to engage and follow-up with potential participants, we
expect to achieve adequate enrollment.

Randomisation and blinding

This is a randomised single-blind trial; therefore, blinding
will be required for only participating subjects. A double-
blind design was not considered feasible due to the meth-
odological difficulty of assessing certain endpoints if the
prescribing clinician is blinded, mainly because it would be
impossible to conceal a prescribing clinician of a dose or
a statin type he/she would not normally prescribe under
routine clinical practice conditions. It has been deemed
sufficiently appropriate to blind only subjects since the
primary endpoint is a composite of validated surrogate
endpoint with a relevant clinical variable. Randomisa-
tion may be stratified according to the subject’s centre,
concomitant treatment with non-statin lipid-lowering
therapies and primary or secondary prevention.

Subjects will be allocated to either intervention arm or
to control arm at a 1:1 ratio. An intermedia Interactive
Web Response Systems (IWRS) software will be used for
subject randomisation. Under normal circumstances, the
blind should not be broken until all participants have
completed the study and the database is finalised /locked.
The investigator may, in an emergency, reveal the identity
of the intervention to the subject by contacting the IWRS
while the responsibility to break the intervention code to
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a third party in emergency situations resides solely with
the investigator.

Telephone contact with the sponsor or its designee
will be available 24 hours per day, 7days per week. Only
the data manager and the statistician will have access to
the unblinded randomisation list, under the foreseeable
circumstances.

In the event the blind is broken, the sponsor must
be informed as soon as possible. The date, time and
reason for the unblinding must be documented in the
appropriate section of the electronic case report form
(eCRF), and in the source document. The documenta-
tion received from the IWRS indicating the code break
must be retained with the participant’s source documents
in a secure manner.

Participants who have had their study intervention
assignment unblinded should continue to receive sched-
uled evaluations but will be excluded from primary
analysis.

Intervention

Investigational drug: patients in this study will be

prescribed any of the authorised statins available as lipid-

lowering primary or secondary prevention.

1. Patients in the control group will receive the statins
according to clinical practice and the drug’s product
labelling, and never exceeding the already authorised
dosages (see Section 13.4 of PREVESTATGx Study
Protocol, online supplemental material 3).

2. Patients in the experimental group will receive the
specific type and dosage of statins recommended by
the Clinical Pharmacogenetics Consortium’s genotype
guidelines using the pharmacogenetic information
and characteristic of the patient.

Outcomes

Primary endpoint

A composite variable that includes the incidence of
patients with a clinically relevant statin-associated muscu-
loskeletal symptom (defined as a combination of a
SAMS-CI score >7and an NPRS score >3) in the 9-month
follow-up period or a serum creatin phosphokinase
greater than three times the upper limit of normality
prespecified by each centre’s laboratory.

Secondary endpoints

The following will be the studies’ secondary endpoints:

» 9-month change in percentual LDLc defined as the
percentage difference between LDLc values at 9
months minus baseline LDLc.

» Percentage of patients that require either a statin dose
modification/withdrawal or additional lipid-lowering
therapy after 9 months to meet LDLc goals.

» The difference between the costs of the intervention
and all its surrounding procedures combined with
the costs derived from the events in the intervention
arm when compared with the costs derived from the
events in the control arm alone over the 9-month

follow-up period. The costs will include but not be
limited to: the direct costs of genotyping (which will
include the costs of genetic testing, sample collec-
tion and processing, technology, infrastructure and
personnel costs); direct medical costs (including
cost of managing SAMS which could involve addi-
tional physician visits or laboratory testing, as well as
the cost of switching medications due to the SAMS);
cost offsets and savings (such as avoided costs due to
genotyping from preventing SAMS such as avoided
hospitalisations and reduced need for additional
medications). Additionally, the ratio between cost
differences and efficacy differences between both
arms may be calculated.

Exploratory endpoints
The study includes four exploratory endpoints:

Novel prognostic and predictive genetic biomarkers of
statin-related AEs and efficacy will be assessed in outlier
subject’s/or any given subject for quality control reasons
trough techniques not readily available at all centres, and
only available at a central laboratory affiliated with the
Precision Medicine Infrastructure associated with Science
and Technology (IMPaCT) as well as genome-wide asso-
ciation studies when applicable. IMPaCT is constituted
of three distinct pillars oriented towards improving
R&D research quality in the field of precision medi-
cine. iPHARMGx is aligned with both the Genomic and
Precision pillars of IMPaCT. Percentage of participants
who experience a 4-component exploratory endpoint
consisting of cardiovascular death, non-fatal myocardial
infarction, resuscitated cardiac arrest or hospitalisation
for unstable angina.

Difference in MMAS-8 questionnaire adherence levels/
score between both study arms and difference in NPRS
score between both study arms.

Biological samples

After checking the selection criteria, informing the
patient and signing the ICF, a pharmacogenetic analysis
sample will be extracted. The pharmacogenetic sample
will be collected preferably at the screening visit but it
can be collected at any point prior to statin therapy initia-
tion. An aliquot of DNA sample will be stored at -20°C for
quality control purposes and/or further comprehensive
genetic analysis to be performed at a central laboratory
affiliated with the IMPaCT.

Subject must have a mandatory screening laboratory
analysis that includes all safety and efficacy parameters
described in this study (see Section 14 of PREVESTATGx
Study Protocol, online supplemental material 3) that can
be performed between 30 and lday before baseline/
randomisation visit. Screening laboratory analysis can be
performed for whatever reason, just as long as it does not
exceed the aforementioned window and can in theory
date from before ICF signing. In other words: in line
with the pragmatic nature of this study screening labo-
ratory determination will not be required if subject has a
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Table 2 Variants deemed mandatory to interrogate in all
recruited subjects

Gene rsiD Star allele cDNA
SLCO1B1 rs4149056 *5, *15 c.521T>C/37041T>C
SLCO1B1 rs2306283 *14, *15 c.388A>G/35230A>G
ABCG2 rs2231142 Not c.421C>A

Applicable
CYP2C9  rs1799853 *2 3608C>T
CYP2C9 rs1057910 *3 42614A>C

laboratory determination including all required parame-
ters performed for whatever reason up to 1 month prior
to randomisation visit.

In alignment with the principles outlined in the
iPHARMGx master protocol, our study will employ a
proven pharmacogenetic genotyping tool. All centres
that will take part in this study will genotype high-evidence
(level 1A) relevant variants of the pertaining genes
(table 2) according to their own available techniques.
In this regard, and considering that any genotyping tool
capable of interrogating the mandatory single nucleotide
variants (SNVs) for this trial will be considered accept-
able as per protocol, the preferred method for geno-
typing will be TagMan™ probes. These can be used either
individually or included in an OpenArray® System that
simultaneously analyses 120 SNVs. The turnaround time
for results may vary depending on the laboratory, but it
is expected to be no longer than 15 days from the time
of sample collection. All participating local laboratories
have reserved rights to analyse the aforementioned SNPs
of a subject’s sample more than once if the so wish to, for
quality control purposes. However, they must ensure suffi-
cient sample volume is preserved for central laboratory
analysis. This will not be mandatory for all participating
laboratories.

In those subjects that constitute outliers to previously
established pharmacogenetic profiles, novel biomarkers
will be explored through state-of-the-art techniques
as described by the master protocol: genotyping will
be performed at a central laboratory using advanced
sequencing techniques with the aim of conducting an
unbiased approach of potential biomarkers that may
be associated with the statin response and SAMS. Addi-
tionally, a sample from every genotyped subject will be
stored as an aliquot and preserved to serve as a quality
control measure. These aliquots can be made available
for analysis at said central laboratory at any given time,
to be explored through any technique deemed adequate
by them.

Statistical analysis

A descriptive-univariate analysis will be carried out for
all study variables. Frequency results will be expressed as
absolute and relative frequencies. Continuous variables
will be expressed with the main measures of dispersion
(mean, SD, median and IQR). The normality of the

3

variables will be studied using the Kolmogorov-Smirnof
normality test.

For the primary endpoint, the Pearson ” test (or Fish-
er’s exact test for 2X2 tables or likelihood ratio in mXn
tables, if necessary) will be used for qualitative variables
and the Student’s t-test, analysis of variance of one factor
or its non-parametric equivalents Mann-Whitney U test,
Kruskal-Wallis test for quantitative variables.

To address scenarios where subjects in the interven-
tion arm are prescribed additional lipid-lowering drugs
to achieve desired LDLc goals, a sensitivity analysis could
be performed to assess the possible impact of an added
therapy on the primary endpoint.

Finally, a multivariate model will be fitted with all
the variables that were statistically significant in the
previous analysis. Different multivariate models will be
fitted (logistic regression, unweighted support vector
machine, weighted support vector machine, artificial
neural networks and partial least square regression). The
optimal model will be selected using the Bayesian infor-
mation criterion.

The level of statistical significance is set at p<0.05. The
statistical software R (V.4.3.1) will be used.

Further details will be included in the Statistical Anal-
ysis Plan.

Economic evaluation

A cost-efficacy evaluation will be conducted from the
perspective of the Spanish NHS. Direct costs for each arm
of the study will be calculated.

Direct costs will encompass healthcare resources used
during the follow-up period, along with their associated
unit costs per patient. Additionally, the expenses incurred
by the participating centres to implement the interven-
tion will be accounted for.

Various resources and their corresponding unit costs,
including doctor’s visits, medications and any hospital
interventions during follow-up, will be recorded. The total
costs for each patient in both intervention groups will be
aggregated to allow for a comparison of the average cost
per event avoided between the intervention and control
groups. The findings will be presented in terms of cost
per event and avoided events, with efforts made to assess
the utility of each intervention whenever feasible.

To gauge the uncertainty surrounding the model and
unit costs, particularly if obtained from sources other
than the clinical centres, both univariate and probabi-
listic sensitivity analyses will be conducted. These analyses
will provide valuable insights into the robustness of the
findings and assist in decision-making processes.

Data collection and outcome measures

The handling, communication and transfer of personal
data will be protected, complying with the basic ethical
principles of Biomedical Research and applicable regu-
lations: Regulation (EU) 2016/679 of the European
Parliament and of the Council of 27 April 2016 on the
protection of natural persons with regard to the processing
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of personal data and on the free movement of such data
and repealing Directive 95/46/EC (General Data Protec-
tion Regulation) and Act 41/2002 of 14 November,
regulating patient autonomy and rights and obligations
regarding clinical information and documentation. An
eCRF form has been designed using MACRO Electronic
Data Capture by Elsevier. To ensure the quality of data,
data management will be performed by a data manager of
the Spanish Clinical Research Network (SCReN), located
at University Hospital La Paz. The data management plan
has been approved by the principal investigator. Data
collection forms will be included in the final report. All
demographic data (including subject’s gender, age and
ethnicity) will be recorded in the eCRF and factored
in the analysis plan. On completion of the study, all
participants will be informed of their pharmacogenetic
profile, regardless of the study arm to which they were
allocated. Adverse drug events will be graded according
to the Common Terminology Criteria for Adverse Events
version 5.0 and are recorded in the electronic eCRF for
both reporting and statistical analyses according to the
hierarchical structure of the Medical Dictionary for Regu-
latory Activities (MedDRA), categorising events under
the relevant system organ class, and whenever possible
the MedDRA Preferred Term.

Coordination, data management, monitoring and statis-
tical analysis of the study will be performed by SCReN.

Patient and public involvement

The development of the research question and outcome
measures were based on the clinical experience of internal
medicine, cardiology, neurology and endocrinology
specialists who treat this profile of patients and have an
active desire to optimise statin treatment. Patients and
patient advisers were not involved in the design, recruit-
ment or conduct of this study. The patients will be noti-
fied of the study results in writing and verbally, and we will
invite them to help us develop our dissemination strategy.

Ethics and dissemination

This study follows the principles of the 2013 Declaration
of Helsinki. It was designed and shall be implemented,
executed and reported in accordance with the ICH
Harmonised Tripartite Guidelines for Good Clinical
Practice, with applicable local regulations on clinical
studies and patient data confidentiality. The study was
reviewed and approved by the Spanish Regulatory Agency
(AEMPS) and by the Clinical Research Ethics Committee
of La Paz University Hospital (HULP code: 6625). The
researchers will adhere strictly to the provisions of this
protocol and will complete the case report forms. The
investigators ascertain they will apply due diligence to
avoid protocol deviations. If deviations occur, the inves-
tigator must inform the monitor, and the consequences
of such deviations will be reviewed and discussed by
the team. All protocol deviations will be documented/
recorded specifying the reason, data, action taken and
consequences to patients and the study.

Any protocol amendment will be identified by a
consecutive number and must be approved and signed
by the sponsor and the principal investigator. If rele-
vant, approval by the Ethics Committee and the Spanish
Agency of Medication and Health Products must occur
before any changes are implemented.

This clinical trial has been classified by the Spanish
Agency for Medicines and Healthcare Products as a ‘low-
intervention clinical trial’. The additional diagnostic or
monitoring procedures do not pose more than minimal
additional risk or burden to the safety of the subjects
compared with normal clinical practice. If any possible
damage that could be suffered by a subject, resulting
from the use of the investigational medicinal product
in accordance with the protocol of that specific clinical
trial, it is covered by the applicable compensation system
already in place.

The investigators ascertain that they will apply due dili-
gence to avoid protocol deviations. If deviations occur,
the investigator must inform the monitor, and the conse-
quences of such deviations will be reviewed and discussed
by the team. All protocol deviations will be documented/
recorded specifying the reason, data, action taken and
consequences to patients and the study.

Anonymised individual participant data will be made
available when the trial is complete, on request to the
corresponding authors and approval by the scientific
committee. Once a proposal has been approved, data will
be shared through a secure online platform. In addition,
after study completion and finalisation of the study report,
the results of this trial will be submitted for publication in
a scientific journal or will be made public, complying with
the Declaration of Helsinki.

Access to data

A copy of the database of data collected during the
trial will be attached as an appendix to the publication
resulting from this clinical trial. Data will be available at
the same time as the results are published and will be kept
available to everyone without any time limit. Data will be
available indefinitely on the publisher’s website, as long as
itis kept by the publisher, for anyone who wishes to access
the data, for non-commercial purposes.

DISCUSSION
Several hurdles are precluding the seamless integration
of pharmacogenetic biomarkers into patient care path-
ways, challenges such as the scarcity of high-level evidence
regarding the efficacy, effectiveness and efficiency of
genetic markers, as well as a lack of consensus in the field
on whether a widespread adoption would be feasible. The
iPHARMGx Consortium’s pioneering initiative addresses
critical barriers to the widespread implementation of
pharmacogenetics in routine clinical practice.

The development of the PREVESTATGx study would
help optimise the treatment of patients at high risk of
CVD by aiming to reduce the impact of SAMS, which has
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a great impact on both the quality of life of patients as
well as the overall sustainability of the Spanish NHS. The
establishment of comprehensive pharmacoeconomic
evidence serves a dual purpose. First, it contributes to the
expanding body of evidence that advocates for the viability
of a personalised medicine strategy in statin manage-
ment, thereby facilitating its broader adoption within the
healthcare system. Second, it will provide in vivo evidence
of the influence of various genotypes on statin efficacy
beyond the current research landscape. Simultaneously,
it will offer insight into uncovering novel biomarkers
that could help explain the often-encountered outliers
in routine clinical practice, deepening our knowledge of
statin pharmacogenetics as a whole.

As of 21 of May 2024, this study has received approval
from an Ethics Committee and the AEMPS. The study is
expected to commence in June 2024 with the recruitment
of the first subject. Recruitment for the last included
subject is expected in December 2024, with a predicted
end of follow-up on September 2025.
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