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Latin America’s exceptional genetic diversity, shaped by centuries of admixture
among Native American, European, and African ancestries, presents both
challenges and opportunities for pharmacogenomic implementation. Current
guidelines by CPIC and DPWG, though foundational, are largely based on
European and East Asian data, limiting their applicability in highly admixed
populations. This article presents the rationale and methodology of RELIVAF
(Latin  American Network for the Implementation and Validation of
Pharmacogenomic Clinical Guidelines), which aims to produce region-specific
recommendations aligned with local genetic profiles, healthcare systems, and
regulatory landscapes. The framework integrates international standards with
country- and ancestry-specific allele frequencies, effect sizes, drug availability,
and implementation constraints. It also incorporates educational strategies to
promote pharmacogenomic literacy among healthcare professionals. Three

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2026.1721828/full
https://www.frontiersin.org/articles/10.3389/fphar.2026.1721828/full
https://www.frontiersin.org/articles/10.3389/fphar.2026.1721828/full
https://www.frontiersin.org/articles/10.3389/fphar.2026.1721828/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2026.1721828&domain=pdf&date_stamp=2026-01-22
mailto:lquinone@uchile.cl
mailto:lquinone@uchile.cl
https://doi.org/10.3389/fphar.2026.1721828
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2026.1721828

Quifones et al.

10.3389/fphar.2026.1721828

gene-drug pairs were prioritized for initial guideline development: DPYD-
fluoropyrimidines, TPMT/NUDT15-thiopurines (paediatric ALL), and CYP2C9/
VKORCI1-coumarin anticoagulants (e.g., warfarin, acenocoumarol). Selection
was based on clinical relevance, allele frequency variability, and potential public
health impact. By leveraging regional data and collaborative expertise, RELIVAF
aims to deliver actionable, equitable, and context-specific pharmacogenomic
guidance, advancing precision medicine in Latin America and serving as a
model for other underrepresented regions.
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Introduction

Ethnic disparities in drug response are well established. They
stem from both socioeconomic inequalities and population-specific
genetic variation, such as SNPs, insertions, deletions, and copy
number variations in pharmacogenes (Ramamoorthy et al., 2022).
These disparities are compounded by the underrepresentation of
certain groups in genomic studies and clinical trials, limiting the
generalizability and equity of precision medicine. Recent analyses by
RELIVAF have underscored these gaps in Latin America and called
for more inclusive research frameworks (Guerrero et al., 2018;
Ramamoorthy et al., 2022; Garcia-Cardenas et al., 2024). Variants
affecting pharmacokinetics and pharmacodynamics often follow
ancestry-specific shaped by
sociocultural factors. Ethnicity is therefore a critical, but

patterns evolutionary  and
frequently underestimated, determinant of drug efficacy and
toxicity (Homburger et al., 2015; Salzano and Sans, 2014; Ruiz-
Linares et al., 2014).

Multiple examples illustrate this point. For instance, African
Americans require higher doses of vitamin K antagonists (VKAs) to
achieve therapeutic International Normalized Ratio (INR) levels
compared to Asians, and they respond differently to beta-blockers
than Caucasians (Johnson, 2008). These differences are largely
attributable to allelic heterogeneity, as well as variations in allele
frequency and effect size in genes such as CYP2C9, VKORCI,
CYP4F2, and rs12777823, particularly when SNPs exhibit greater
frequency differentiation across ancestral groups. Decreased-
function variants in CYP2C9 display marked ancestry-specific
frequencies. While CYP2C9*2 and 3 alleles are more common in
Europeans (~7-10%) and infrequent among individuals of African
other
CYP2C9*8 occur at substantially higher frequencies in African
(~6%). In this
polymorphisms such as CYP2C9 *8, *5, 6, and 11 into warfarin

ancestry  (~1-2%), reduced-function alleles such as

Americans context, the incorporation of
dosing algorithms has enabled the reclassification of metabolizer
phenotypes in approximately 15% of African American individuals
(Suarez-Kurtz, 2011). This highlights the risk that ancestry-enriched
alleles may be underrepresented in genotyping panels commonly
used across Latin America, where certain variants may remain
untested despite potential functional impact.

Furthermore, the lack of a significant effect of CYP2CI19*2 in
predicting poor response to clopidogrel (measured as residual on-
treatment platelet reactivity) among Latinx populations highlights
their unique genetic landscape and challenges the relevance of this
risk allele in explaining clopidogrel effectiveness in individuals of
non-European ancestry (Yang et al., 2025; Echeverria et al., 2024).
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These groundbreaking findings shed light on the role of locus-
specific ancestry in pharmacogenetic studies involving admixed
populations. The frequency of the CYP2C19*2 (rs4244285) allele
among Latinx individuals (12.3%) is significantly lower than that
observed in Europeans (14.6%), Asians (31.3%), and African
Americans (17.5%) (Melin et al., 2019).

Another
chemotherapeutic

(6-MP), a
thiopurine

example is  6-mercaptopurine
agent
S-methyltransferase (TPMT). TPMT polymorphisms occur in
~10% of Caucasians but are rare (<1%) in South and East Asians
(Collie-Duguid et al., 1999; Kodidela et al., 2020). Data for Latin

American populations remains incomplete.

metabolized by

CYP2D6 polymorphisms also show wide interethnic variation:
approximately 30% of individuals in the U.S. (Caucasians and African
Americans) carry reduced-function alleles, compared to 2%-5% in
Vietnamese and Gambian populations. These differences are also
evident in the frequency of CYP2D6 alleles associated with ultrarapid
metabolizer (UM) phenotypes, which are more prevalent in Latin
American populations (with values reaching up to 9.7%) compared to
European populations (~2%). This disparity may be attributed to the
greater African genetic contribution in Latinx populations, as
individuals of African ancestry exhibit the highest profile of UM
(20%-29%) (Ramirez et al., 2019; Koopmans et al., 2021; Ramirez
et al., 2023). Latin American frequencies require further specification
but are expected to differ significantly due to high admixture levels,
population stratification, adaptive introgression by ancestry-enriched
SNPs, differential linkage disequilibrium (LD) patterns, and the
resulting genetic heterogeneity.

Genetic diversity and
pharmacogenomics in Latin America: a
unique opportunity for

precision medicine

Encompassing approximately 640 million inhabitants across
33 countries, Latin America harbours one of the most recently
and extensively admixed populations worldwide, resulting from
historical admixture among the European, African, and Native
(Asia). This distributed
heterogeneously across the region: The Amerindian ancestry

American  ancestries diversity is
predominates in Mexico and Guatemala, the African heritage is
most prevalent in the Caribbean and Brazil, and the European
ancestry has a greater presence in South American countries
such as Argentina, Brazil, Chile, and Uruguay (Homburger et al.,

2015; STATISTA, 2025).
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Heterogeneous composition of Latin American ancestry. From Quifiones et al. (2025).

The current genetic makeup of Latin Americans traces back to
an initial migration from Northeastern Asia through Beringia
approximately 15,000-18,000 years ago (Fagundes et al., 2008;
Perego et al., 2009; Reich et al., 2012; Salzano and Sans, 2014;
Ruiz-Linares et al., 2014; STATISTA, 2025). Subsequent waves of
migration, including European colonization and the trans-Atlantic
slave trade, which began in earnest in 1,492, further enriched the
genetic and phenotypic diversity of the population (Homburger
et al., 2015; Adhikari et al., 2016; Norris et al., 2018). This complex
demographic history has led to a high level of genetic heterogeneity,
which remains underrepresented in global genomic databases,
especially in the southern South American populations. Figure 1
shows the ancestry panorama for the Latin American populations.

Genome-Wide Association Studies (GWAS) have yielded robust
results in homogeneous populations but often perform poorly in
admixed groups like Latin Americans, potentially producing biased
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or spurious associations (Belbin et al., 2018; Suarez-Kurtz, 2021).
This is particularly critical in pharmacogenomics, where gene-drug
interactions can vary substantially by ancestry. Latin America, due to
its unique admixture patterns and linkage disequilibrium (LD)
structures, serves as a natural laboratory for exploring these
relationships.

In admixed Latin American populations, patterns of linkage
disequilibrium (LD), haplotype blocks, and variant tagging differ
markedly from those in European or East Asian groups. Studies by
Homburger et al. (2015), Suarez-Kurtz (2021), and Norris et al.
(2018) show that ancestry-driven LD variation can alter
pharmacogenetic associations and reduce the predictive accuracy
of models derived from homogeneous populations. These
differences are especially relevant for genes like CYP2C9, TPMT,
and CYP2C19, where LD patterns impact tagging and interpretation.
Such complexity underscores the need for guidelines tailored to
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Latin America’s unique genomic architecture, where standard
algorithms may underperform.

Efforts to characterize pharmacogenetic variation in Latin
America began in 1984 in Chile with studies of metabolic enzyme
polymorphisms among Atacamefio individuals (Goedde et al., 1984),
followed by research in Amerindian populations from Panama,
Uruguay, Chile, Colombia, and Mexico. Later studies included
mestizo populations from Cuba, Chile, Costa Rica, and Nicaragua.
A major regional initiative, the Ibero-American Network of
Pharmacogenetics and Pharmacogenomics (RIBEF), was launched
in 2006 under CYTED and has since generated extensive
pharmacogene data across Latin America (Quifiones et al., 2025).

In 2019, RELIVAF was established with support from CYTED.
With 120 members from 17 countries and territories across Latin
America, RELIVAF brings together researchers, academics,
clinicians, and regulatory experts to develop population-specific
pharmacogenomic guidelines that account for the region’s genetic
diversity and admixed ancestry (https://cyted.org/RELIVAF). To
date, the network has produced almost a hundred of publications
Web
pharmacogenomics agenda.

indexed in of Science, advancing the regional

Several variants with clinical relevance demonstrate distinct
allele frequencies and effect sizes in Latin Americans compared
to Europeans. For example, polymorphisms in NUDTI5 (e.g.,
rs116855232) associated with 6-mercaptopurine toxicity are more
frequent in Peru (11.8%), Uruguay (8.8%), and Chile (9.9%) than in
European populations (0.2%). Similarly, SNPs in TPMT and
methotrexate pathway genes (e.g., MTHFR and SLCI9A1I) display
linked to

need for

ethnogeographic  distribution patterns ancestral
proportions, underscoring the ancestry-informed
therapeutic strategies (Norris et al., 2018; Moriyama et al., 2016;
Soler et al., 2018; Ferreira et al., 2020; Silgado-Guzman et al., 2022).
Additionally, recent studies in the Colombian population have
identified with

pharmacogenomic associations across all levels of evidence.

significantly ~ ancestry-enriched  variants
Notable examples include ancestry-enriched variants associated
with tacrolimus metabolism and methotrexate-induced toxicity.
These findings reinforce the observed link between ancestry and
health in Latin American populations and underscore the need for
collaborative efforts to establish pharmacogenomic profiles across
the region (Marifio-Ramirez et al., 2025).

The underperformance of pharmacogenetic algorithms based
on European data, such as those for warfarin dosing, in admixed
populations like Brazilians and Caribbeans further highlights the
need for local validation and model adaptation. Moreover,
studies have emphasized that the cumulative frequency of TPMT
and NUDTI5 risk variants can reach nearly 20% in Latin
America, compared to about 5% in European populations
(Norris et al., 2018).

In summary, Latin America’s unparalleled genetic diversity
both a

pharmacogenomic

presents challenge and an
The

implementation of clinical pharmacogenomic protocols must

opportunity  for
research. development and
integrate local genetic data and consider the unique admixture
and demographic history of the region. Networks like RIBEF and
RELIVAF are leading this transformation, fostering the generation
of evidence and capacity-building needed to bring precision
medicine into clinical practice across Latin America.

Frontiers in Pharmacology

10.3389/fphar.2026.1721828

Why Latin America needs region-
specific pharmacogenomic clinical
guidelines despite the existence of
other consortia such as CPIC

and DPWG?

While global pharmacogenomic guideline consortia such as the
Clinical Pharmacogenetics Implementation Consortium (CPIC)
and the Dutch Pharmacogenetics Working Group (DPWG) have
made significant strides in translating genetic knowledge into
actionable prescribing recommendations (Caudle et al, 2014;
2011), their
underrepresented populations, such as those in Latin America,

Swen et al, applicability in admixed and
remains limited and potentially insufficient.

The genetic architecture of Latin American populations, shaped
by recent admixture and complex ancestry, produces unique allele
frequencies, haplotypes, and linkage disequilibrium patterns that are
underrepresented in the datasets used to develop CPIC and DPWG
recommendations, which rely primarily on European and East
Asian populations (Suarez-Kurtz, 2021; Bustamante et al., 2011).
This limitation reflects not an omission by CPIC or DPWG, but the
global lack of pharmacogenomic datasets from populations of non-
European and non-East Asian ancestry. Most ancestry-enriched
variants common in Latin America simply lack sufficient
functional or clinical evidence to be included in guideline
evaluations.

Variants such as NUDT15*2 and *3, which are particularly
relevant for thiopurine intolerance, illustrate the strong influence
of ancestry on allele frequencies. These variants show markedly
higher prevalence in East Asian and Latin American populations
compared with European populations (Norris et al., 2018; Silgado-
Guzman et al., 2022), underscoring the importance of considering
local ancestry composition when interpreting pharmacogenomic
test results.

In contrast, warfarin provides a separate and well-established
example in which pharmacogenetic models developed in European
or East Asian populations often perform poorly in admixed Latin
American and Caribbean populations. These differences arise from
distinct allele-frequency patterns, alternative functional variants,
and unique linkage disequilibrium structures, highlighting the
need to evaluate each gene-drug pair individually rather than
assuming direct transferability across ancestries (Suarez-Kurtz
and Botton, 2015; Galvez et al., 2018).

Marked differences in allele frequencies across Latin American
populations limit the applicability of international guidelines in the
region. Variants enriched in Indigenous, African, or admixed
populations remain poorly characterized due to their
underrepresentation in global datasets, a challenge shared by
RELIVAF acknowledges these
limitations and aims to: (i) make such gaps visible in a regional

many non-European groups.

framework; (ii) integrate all available Latin American evidence,
including Spanish- and Portuguese-language studies; (iii) provide
context-adapted recommendations even when data are limited; and
(iv) prioritize under-studied alleles for multicenter validation. While
CPIC and DPWG offer more mature curation models, RELIVAF
seeks to progressively emulate this approach. This first regional
guideline aims to catalyze curated databases and coordinated
evidence generation across Latin America.
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Including studies published in Spanish and Portuguese can

partially mitigate information gaps for Latin American
populations. However, expanding the search to these sources
cannot necessarily compensate for the fundamental lack of large,
high-quality studies involving underrepresented populations, which
remains the core limitation.

International pharmacogenomic guidelines often overlook Latin
America’s clinical, socioeconomic, and infrastructural realities,
including limited testing access and variable standards of care
(Cacabelos et al., 2021). RELIVAF

incorporating regional pharmacological interactions and, when

addresses this by

relevant, dietary habits, particularly for anticoagulants. Its

framework balances clinical validity with implementation
feasibility by aligning recommendations with national capacities
and data availability (Weitzel et al., 2014). RELIVAF also documents
country-specific interaction profiles and nutritional patterns that
influence  drug  response, ensuring  context-appropriate
prescribing guidance.

The creation of Latin America-specific pharmacogenomic

clinical guidelines would ensure that:

1. Locally relevant genetic variants and allele frequencies are
incorporated.

2. Recommendations are adapted to regional therapeutic
protocols and formularies.

3. The guidelines are harmonized with local regulations, testing
capabilities, and healthcare models and economics, and are
culturally sensitive.

4. Underrepresented groups, particularly the Afro-Latin and
Indigenous populations, are considered in risk stratification
and therapeutic decision-making.

While CPIC provides recommendations for alleles with available
evidence, RELIVAF adds essential regional granularity for Latin
America. Allele frequencies are reported by country and, when
possible, by ancestry cluster, enabling identification of variants
that are globally rare but locally common. Some Latin American
exhibit
homozygosity and

regions also consanguinity, which can increase

enrich rare alleles, while Indigenous
populations often show high frequencies of population-specific
variants in ADME genes due to historical isolation (De Castro
and Restrepo, 2015). RELIVAF aligns recommendations with
national drug availability and clinical protocols to ensure
feasibility, highlights regionally relevant alleles often absent from
commercial panels, and systematically identifies evidence gaps. In
doing so, RELIVAF complements, rather than duplicates, the
foundational work of CPIC and DPWG.

The Red Latinoamericana de Implementacién y Validacion de
(RELIVAF) has
of this

approach, promoting evidence generation, capacity building,

Guias Clinicas Farmacogenéticas already

demonstrated the feasibility and value regional

and collaborative implementation of population-tailored
pharmacogenomic practices.

In conclusion, while CPIC and DPWG provide essential
foundational knowledge, the development of Latin American
pharmacogenomic clinical guidelines is imperative to ensure
equity, accuracy, and feasibility in the application of precision

medicine in this highly diverse region.
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As an initial strategy, RELIVAF has prioritized the development
of three pharmacogenomic clinical guidelines:

1. DPYD genotyping for fluoropyrimidine-based chemotherapy

2. Genotype-guided dosing of coumarin anticoagulants, and

3. TPMT and NUDT15 genotyping for purine-based treatment
with focus on paediatric patients.

This selection is based not only on the clinical relevance of these
pharmacogenomic interventions, both associated with widely used,
high-risk medications, but also on their documented cost-
effectiveness, existing evidence of clinical utility, and the practical
feasibility of implementation within the regulatory, infrastructural,
and economic frameworks of several Latin American countries.
Furthermore, these cases exemplify the disparities in drug safety and
access across the region, reinforcing the urgent need for region-
specific guidance and standardized practice.

The DPYD gene, which
dehydrogenase (DPD), plays a critical role in the metabolism of

encodes dihydropyrimidine
fluoropyrimidines such as 5-fluorouracil, capecitabine and tegafur.
Carriers of reduced-function DPYD alleles are at high risk for life-
threatening toxicities when treated with standard fluoropyrimidine
doses. Although drug labels and certain regulatory or clinical bodies
strongly recommend pre-treatment DPYD genotyping, CPIC and
DPWG do not issue recommendations about whether testing should
be performed; rather, they provide guidance on how to adjust
therapy once genotype information is available. Despite these
recommendations, the clinical use of DPYD genotyping in Latin
America remains minimal. This is particularly concerning given that
the distribution of pathogenic DPYD variants appears to vary across
populations, and Latin America, being highly admixed, likely
harbours unique or under-characterized alleles. Moreover, the
region suffers from serious underreporting of adverse drug
reactions, especially in oncology, making proactive genotyping
even more critical for patient safety. Several clinically relevant
DPYD variants have not been systematically evaluated in Latin
American populations, despite their potential to cause severe or
fatal toxicities. Beyond the well-established actionable variants
recognized by CPIC, 153918290 (DPYD*2A), rs55886062
(c.1679T>G, DPYD*13), rs75017182 (c.1236G>A/HapB3) and
rs67376798 (c.2846A>T, DPYD*9B), other alleles with elevated
frequencies in the region, such as rs2297595 (c.1601G>A) in LD
with rs1801625, may also have significant functional consequences.
The presence of such variants underscores the ethical and legal
imperative to incorporate DPYD genotyping into clinical oncology
practice across Latin America, to prevent avoidable toxicity and
ensure equitable patient protection (Hamzic et al., 2021; Cerpa,
2024; Quinones, 2025).

Although some effect size estimates are available from regional
cohorts, such as the contribution of NUDTI5 to thiopurine
intolerance or DPYD variants to fluoropyrimidine toxicity, many
Latin American populations remain underrepresented in clinical
studies. This lack of locally derived effect-size data limits the
certainty of pharmacogenomic associations and their applicability
across the region. To address this, RELIVAF applies the GRADE
framework to qualify recommendations and transparently
communicate uncertainty, while also identifying critical gaps for
future validation studies.
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RELIVAF will develop a clinical guideline for genotype-guided
dosing of coumarin anticoagulants, warfarin, acenocoumarol, and
phenprocoumon, which are widely used across Latin America for
thromboembolic prevention. Warfarin predominates in public
health systems, while acenocoumarol is common in Chile and
parts of Argentina, Uruguay, and Brazil. The pharmacogenetic
relevance of these agents is well established: variants in CYP2C9,
VKORCI, and CYP4F2 influence dose variability and bleeding risk,
and NQOI2 (rs1800566) may further modulate dosing in Latino
populations (Bress et al., 2012; Duconge et al., 2016; Hernandez-
Suarez et al, 2016; El Rouby et al, 2021). In Chile, a locally
developed algorithm combining VKORCI, CYP2C92/*3, and
clinical variables explained nearly 50% of acenocoumarol dose
variability (Roco et al., 2020), differing from European models.
These results highlight the value of region-specific pharmacogenetic
tools. Supporting this, a recent survey across 17 countries ranked
CYP2C9/VKORCI-coumarins among the highest-priority gene-
drug pairs (96%-99%) for clinical implementation (Salas-
Hernandez et al., 2023), reflecting broad professional consensus.

Thiopurines (6-mercaptopurine, thioguanine, azathioprine) are
cornerstone agents in pediatric acute lymphoblastic leukaemia
(ALL), but their
myelotoxicity a frequent cause of treatment interruption. Loss-of-
function variants in TPMT and NUDTI5 are well-established
predictors of intolerance, and CPIC and DPWG provide strong,

narrow therapeutic index makes early

phenotype-stratified dosing recommendations (Relling et al., 2019).
However, these guidelines were developed in European and North
American populations, assuming allele frequencies and healthcare
infrastructure not representative of Latin America. In Chile and
neighbouring countries, Amerindian-European admixture elevates
NUDTI15 c.415C>T frequencies, with minor allele frequencies
(MAF) around 7%-8%, including ~12-13% heterozygotes and
1%-2% homozygotes, substantially higher than in Europe (<1%)
(von Muhlenbrock et al., 2023). This confers a significantly higher
baseline risk of leukopenia and neutropenia at standard 6-MP doses.
In contrast, TPMT loss-of-function alleles occur at ~8%, mainly
TPMT*3A, resembling Caucasian profiles. Thus, NUDT1I5 is a more
relevant predictor of toxicity in this region (Farfan et al., 2014;
Alvarez et al., 2009; Garrido et al., 2013). Additionally, many Latin
American centres lack routine therapeutic drug monitoring (TGN/
TiMe) and infrastructure for close dose adjustments, making pre-
emptive genotype-guided dosing especially valuable. Conservative
initial dosing in carriers of NUDT15%1/*3 or biallelic variants can
significantly reduce hospitalizations and treatment interruptions
(Dean et al., 2012). From a health-economic perspective, where
NUDT15 prevalence and adverse event costs are high, pre-treatment
genotyping with stronger dose-reduction thresholds is more cost-
effective than applying unmodified European or U.S.-based
protocols, where the utility of NUDTI5 testing is less clear
(Roberts et al., 2025).

In this context, the integration of TPMT + NUDTI5 testing into
routine ALL paediatric management represents not only a precision-
medicine imperative but also a pragmatic, regionally justified
adaptation. Using CPIC as the scientific foundation while
tailoring implementation to Latin American allele frequencies,
drug availability, and monitoring capacity offers the most
rational path to toxicity,
continuity, and optimizing resource use across the region.

reducing improving treatment
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In summary, these three topics were selected due to their high
clinical impact and mortality risk if unmanaged, the presence of
established pharmacogenomic evidence in the region, the regional
variability in allele frequencies and drug usage, and the need for
guidance in public health settings, where implementation is most
challenging and most needed.

By starting with DPYD, TPMT + NUDTI5, and coumarin-
related genes, RELIVAF aims to deliver high-priority, high-
impact pharmacogenomic tools that can be feasibly adopted
across Latin American healthcare systems and that exemplify the
importance of locally adapted, evidence-based clinical guidance.

RELIVAF guideline
development process

RELIVAF pharmacogenomic guidelines are based on
international frameworks such as CPIC and DPWG, adapted to
meet Latin American needs. CPIC recommendations provide the
foundational evidence base, while RELIVAF introduces region-
adaptations, with
formularies, stratification by ancestry clusters, adjustments for

specific including  alignment national

laboratory infrastructure, and consideration of linguistic,

regulatory, and reimbursement barriers. The development
process emphasizes clinical feasibility across diverse healthcare
settings, supported by systematic evidence reviews and regionally
relevant data, such as allele frequencies and therapeutic availability,
to ensure scientific rigor, actionability, and equitable
implementation.

To clarify the RELIVAF guideline-development process, we
adopt a three-layer evidence integration strategy. First, CPIC and
DPWG reviews serve as the primary evidence base. Second,
RELIVAF conducts complementary searches for Latin American
studies, including publications in English, Spanish, and Portuguese.
Third,

frequencies,

contextual factors, such as ancestry-enriched allele

local drug formularies, and implementation
feasibility, are systematically incorporated (Figure 2). All evidence
is evaluated using a unified GRADE framework. Greater weight is
given to high-quality peer-reviewed studies (Q1-Q2), while data
from non-curated sources or genotyping methods with limited
validation are transparently identified. This approach balances
scientific rigor with the need to include all relevant regional data.

Each RELIVAF guideline will explicitly include a section
describing  clinically relevant pharmacological interactions
frequently observed in Latin American settings, considering both
polypharmacy patterns and country-specific therapeutic protocols.
In addition, dietary and nutritional habits characteristic of each
subregion, such as high vitamin K intake from local vegetables
influencing anticoagulant response, or folate and methionine
consumption affecting fluoropyrimidine metabolism, will be
evaluated as potential modulators of genotype-to-phenotype
relationships. These culturally dependent factors are crucial to
accurately predict treatment response and to contextualize
recommendations for coumarin anticoagulants and other drugs
with narrow therapeutic windows.

Each guideline will outline the pharmacogenomic relevance of
the gene-drug pair, associated clinical risks, and recommended

actions. Recommendations will include evidence grading and a
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Evidence Sources

CPIC and/or DPWG (primary)
Other relevant guidelines (complementary)
To examine identity discrepancies (RELIVAF vs Global)

v

Regional Evidence Generation (Latin America)

RELIVAF (primary)
Targeted literature in English, Spanish, and Portuguese (secondary)
Extract allele frequencies, LD patterns, and effect sizes for country/ethnicity
Identify regionally relevant alleles

v

Evidence Synthesis

Global evidence P> Regional evidence
Ancestry proximity (Fst, IBD, PCA)
Drug availability and costs by country
Healthcare infrastructure by country
Educational status by country

FIGURE 2

Three-layer evidence review and integration workflow. Fs = Fixation Index, IBD = (Identity By Descent), PCA = Principal Component Analysis.

clear rationale based on both global and regional data. Sources will
be cited and, when appropriate, supported by prescribing tables.
Identified evidence gaps will guide future regional research and
implementation priorities.

The pharmacogenetic background will describe gene function,
key polymorphisms, and allele/genotype frequencies disaggregated
by country and ancestry, supplemented by global references (e.g.,
1,000 Genomes, gnomAD). Analytical reliability will be ensured
through participation in proficiency testing schemes for genotyping.
Interpretation of genetic tests will follow standardized genotype-to-
phenotype translations (e.g., poor, intermediate, normal, ultrarapid
metabolizers), with technical guidance on validated testing
platforms and coverage. Sample reports and genotype-phenotype
tables will support harmonized clinical interpretation across
laboratories.

Therapeutic recommendations will be stratified by phenotype
and graded using the GRADE methodology (Balshem et al., 2011),
with at least one actionable intervention per phenotype (e.g., dose
adjustment or alternative drug selection), as recommended by
Guyatt et al. (2008). The GRADE framework will be applied to
both global and regional evidence. When Latin American data are
sparse, CPIC and DPWG evaluations will be incorporated as high-
quality external evidence, and any regional studies, when available,
will be assessed separately. Summaries will include decision
algorithms and prescribing tables adapted to the availability of
therapeutic alternatives and monitoring infrastructure in different
Latin American countries. In situations where overall evidence
remains limited, RELIVAF will
with

issue conditional or weak

recommendations explicit statements describing the
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underlying uncertainty. This integrated approach underscores the
need for prospective validation studies in Latin American
populations (Cavallari et al., 2019).

Pharmacist-centred recommendations will define structured
follow-up protocols, including frequency of monitoring, clinical
endpoints, and use of validated tools for adherence and toxicity
assessment (Tommelein et al., 2014). Ethical and operational
considerations require careful integration of technical feasibility
with sociopolitical determinants, such as public health priorities,
healthcare infrastructure, and equitable access to genetic services
(Bonham et al, 2018). This includes addressing regulatory
variability and best practices in IRB engagement, while
supporting risk-based implementation strategies, such as adapting
informed consent requirements for low-risk scenarios to avoid
unnecessary barriers to care (Ando and Terada, 2023).

When relevant, pharmacokinetic data, including clearance, half-
life, and exposure variability, will be incorporated, with special
attention to model-informed precision dosing and available
population-specific PK data. Genomic literacy challenges will be
addressed through tailored educational resources for clinicians,
laboratory professionals, and patients. Guidelines will promote
implementation via infographics, institutional protocols, and
integration into clinical decision support systems and electronic
health records.

Evidence reviews will include publications in English, Spanish,
and Portuguese, drawing from PubMed, Embase, SciELO, LILACS,
and LatinDex. This strategy enables the inclusion of Latin American
pharmacogenomic studies that, while peer-reviewed, may not be
indexed in international databases and are thus often excluded from
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global reviews. Examples include national studies on TPMT,
CYP2C9, and CYP2D6 variants from Chile, Colombia, and
Uruguay. Strength of evidence and recommendation grade will
follow the GRADE framework (Balshem et al., 2011).

The prioritization of gene-drug pairs will consider: (1) perceived
clinical relevance based on surveys ranking 54 gene-drug pairs by
Latin American professionals (Salas-Herndndez et al., 2023); (2)
polymorphisms with wide population coverage across countries;
and (3) the presence of regional clinical validation studies, including
efficacy, toxicity, and pharmacokinetic outcomes.

Guideline development will be coordinated by a multidisciplinary
steering committee of pharmacogenomics experts, clinicians,
pharmacists, bioethicists, and laboratory professionals, selected
through an open call within RELIVAF. Participation will be
documented, and all members must disclose personal and financial
conflicts of interest (COI), including those of immediate relatives.

Once approved by RELIVAFs steering committee, each
guideline topic will be assigned to a multidisciplinary writing
team led by one or two chairs. These experts will conduct
literature reviews and draft recommendations following IOM
standards, with support from scientific curators. One or two
scientific curators will support each team, providing expertise in
evidence curation, genotype-phenotype mapping, actionability
assessment, and preparation of background materials and tables.
Curators will also monitor new findings and recommend updates
when necessary. All recommendations will follow a clear, actionable
format specifying the intervention and conditions for its use. Draft
guidelines will undergo open review by RELIVAF members and
external stakeholders.

Accordingly, validation will include an internal assessment
using the AGREE II instrument (AGREE II Consortium, 2009)
and external peer review. Each guideline will be submitted to a
Q1-Q2 peer-reviewed journal, while its regional open-access
dissemination in English, Spanish, and Portuguese will take place
through RELIVAF, SOLFAGEM, regional scientific societies, and
the Latin American Pharmacogenomics

Congress. External

validation will involve international curator-reviewers from
recognized pharmacogenomic consortia (e.g., CPIC, DPWG) to
ensure methodological —rigor, scientific  oversight, and
harmonization with global standards. This external review will
also include representatives spanning the full spectrum of
relevant perspectives: clinical experts, professional organizations
and scientific societies, regulatory agencies, patients or patient
advocates, and members of the public.

Guidelines will be reviewed every 2 years to incorporate new
evidence, with comprehensive updates every 5 years. A defined
procedure will allow interim revisions to ensure continued scientific
validity and clinical relevance across countries in the region.

Based on the above, the proposed structure and content of the
RELIVAF guidelines are outlined in Table 1. A general illustrative
framework for genotype-phenotype translation is summarized
in Table 2.

To ensure consistency in clinical implementation, RELIVAF will
support the development of interoperable digital infrastructure for
pharmacogenomic data. Although no single platform is currently
recommended, the guidelines advocate for the integration of
genotype information into national electronic health records

(EHRs) and clinical decision support systems (CDSS), enabling
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secure and longitudinal access across healthcare facilities.
RELIVAF also will encourage alignment with emerging digital
health Latin

harmonization and data portability.

initiatives  in America, fostering regional

Latin American-specific extensions to
CPIC and DPWG guidelines

Although the RELIVAF guidelines will adopt a structure
compatible with internationally recognized frameworks such as
those of the CPIC and the DPWG, they introduce several key
distinctions as sections that reflect the unique genetic, clinical,
economic, and educational realities of Latin America.

First, RELIVAF incorporates a culturally sensitive strategy to
promote pharmacogenomic literacy, recognizing that foundational
knowledge is limited across Latin America, even among biomedical
professionals. Unlike CPIC and DPWG, which assume baseline
familiarity with genetic testing, RELIVAF addresses the educational
gap through clinician, pharmacist, and laboratory training, as well as
patient- and public-facing initiatives. To support these efforts, a
modified Spanish- and Portuguese-language version of the MAPL
software (Allen et al., 2022) will be deployed, adapted to local
formularies, infrastructure, and regulatory settings. RELIVAF
promotes an interprofessional implementation model in which
prescribers, pharmacists,

laboratory personnel, and genetic

counselors collaborate across the pharmacogenomic care
continuum, from test ordering and interpretation to therapy
adjustment and patient counseling. This collaborative framework
will be reflected in standardized clinical protocols and role-based
implementation strategies across healthcare facilities. RELIVAF
follows a structured, interprofessional workflow for guideline
development and implementation, incorporating international
data, COI

strategies. Figure 3 outlines this process, from evidence review

evidence, regional safeguards, and educational

through genotype-phenotype translation to
clinical application across Latin American health systems.

context-adapted

Second, RELIVAF considers the dynamic landscape of drug
availability and regulatory approval across Latin American
countries. Many genotype-guided therapies included in CPIC/
DPWG guidelines are unavailable, inconsistently distributed, or
subject to restrictions in the region. A representative example is
the CPIC and DPWG recommendation to switch from clopidogrel
to prasugrel or ticagrelor in CYP2CI9 poor or intermediate
metabolizers. However, in many Latin American public
healthcare systems, these alternatives are not included in national
formularies, are inconsistently available, or are cost-prohibitive,
leaving clopidogrel as the only feasible option. Such limitations
constrain the implementation of genotype-guided therapy. For
instance, Brazil’s public system (SUS) has historically covered
only clopidogrel, while other countries restrict prasugrel or
ticagrelor to privately insured patients or select profiles
(Muntaner et al, 2021; Athanazio et al., 2022). More broadly,
Persaud et al. (2019) found marked differences in essential
medicines lists across 137 countries, including Latin America.
These disparities illustrate the structural and economic barriers
that limit adherence to pharmacogenomic guidelines. A recent
the United Kingdom Centre for

clinical guideline from
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TABLE 1 Structure and Content of the RELIVAF Pharmacogenomic Clinical Guidelines (standard format).

Section Content description

1. Background and Clinical Relevance « Overview of the pharmacogenomic importance of the selected gene-drug pair
Mechanisms by which genetic variation influences drug response (e.g., metabolism,
transport, target binding)

Clinical implications of gene-drug interactions (e.g., toxicity, treatment failure)
Relevance to Latin American clinical practice (e.g., disease burden, usage patterns in
public health systems)

Rationale for prioritization by RELIVAF.

2. Pharmacogenetic Background

Gene function and biological role

Description of clinically relevant polymorphisms

Integrated allele and genotype frequencies from Latin American populations,
disaggregated by country and ancestry, and compared with global reference datasets
(e.g., 1,000 Genomes, gnomAD)

3. Genetic Test Interpretation

Standardized genotype-to-phenotype translation (e.g., poor, intermediate, normal,
ultrarapid metabolizers)

Sample genotype reports and interpretative guidance for clinical laboratories
Technical considerations: recommended testing platforms and coverage (e.g., SNP
panels, targeted sequencing)

Proficiency testing for genotyping, ensuring the analytical accuracy and reliability
Genotype-Phenotype Table summarizing expected clinical phenotypes

4. Therapeutic Recommendations Actionable prescribing recommendations by phenotype:

- Dose adjustment

- Drug substitution or avoidance

- Additional monitoring requirements

Summary table of recommendations across phenotypes is required

Decision-making algorithms or flowcharts for clinical application

Discussion of applicability based on drug availability and monitoring resources across
Latin American countries

5. Pharmacist and Clinical Care Recommendations

Roles and responsibilities of clinical pharmacists and prescribing clinicians
Suggested monitoring plans:

- Follow-up strategies (e.g., laboratory tests, clinical assessments)

- Tools for toxicity and efficacy monitoring (e.g., INR, blood counts)

- Approaches to assess medication adherence

Key points for patient education and counselling

6. Ethical, Regulatory, and Operational Considerations

Overview of ethical and administrative heterogeneity across Latin America regarding
genetic testing

Recommendations for low-risk implementation, including support for not requiring
written informed consent for routine pharmacogenomic testing (Ando and Terada,
2023)

Examples of flexible Institutional Review Board policies and national regulatory
frameworks

Best practices for sample collection, biobanking, and genetic data governance

7. Pharmacokinetic Considerations (if applicable) Genotype effects on key pharmacokinetic parameters (e.g., clearance, half-life, Cy.x)
Population pharmacokinetic data from Latin American cohorts (if available)

Guidance on the use of model-informed precision dosing when relevant

8. Pharmacogenomic Literacy and Implementation Strategies

Challenges related to genomic literacy in the region

Educational recommendations for:

- Healthcare providers (undergraduate and postgraduate levels)

- Clinical laboratory professionals

- Patients and communities

Implementation tools:

- Infographics, case studies, institutional protocols

- Integration into electronic health records (EHRs) and clinical decision support
systems (CDSS)

9. Evidence Review and Grading

Methodological approach for literature selection:

- Inclusion of sources in English, Spanish, and Portuguese

- Databases: PubMed, SciELO, Embase

Types of evidence considered (RCTs, meta-analyses, observational studies, in vitro/in
silico studies)

Application of the GRADE framework to rate evidence quality and recommendation
strength

(Continued on following page)
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TABLE 1 (Continued) Structure and Content of the RELIVAF Pharmacogenomic Clinical Guidelines (standard format).

Section Content description

10. Knowledge Gaps, Limitations, and Research Priorities

11. Applicability by Ethnic and National Groups

12. Guideline Development Process

13. Updating Policy

14. Dissemination Plan

15. References and Supplementary Materials

Pharmacogenomics and Stratified Medicine (Dello Russo et al.,
2025) reaffirms the validity of CYP2CI9-guided clopidogrel
prescribing, while emphasizing that implementation feasibility
depends on drug availability, an especially relevant consideration
in Latin America. RELIVAF addresses this by prioritizing gene-drug
pairs with confirmed access in national formularies to ensure clinical
actionability.

Third, RELIVAF emphasizes the inclusion of locally generated
evidence, including studies published in Spanish and Portuguese
that may not be captured by international reviews such as those by
CPIC or DPWG. While not all of these studies meet the strictest
quality thresholds (e.g., randomized trials or Q1 journals), many are
nonetheless relevant for regional pharmacogenomic contexts. This
approach enhances regional scientific visibility and ensures that
recommendations reflect local allele frequencies, LD patterns,
heterogeneity in effect size estimates, prescribing practices, and
ancestry-informed patterns. When available, data will be stratified
by ancestry to identify knowledge gaps and research priorities.

Fourth, RELIVAF addresses the regulatory and ethical
heterogeneity of pharmacogenomic implementation in the region.
Clinical research and sample collection procedures vary widely due
to differing national laws, ethics board requirements, and genetic
data policies. These considerations are central to RELIVAF’s
approach, particularly to avoid perpetuating disparities affecting
historically underrepresented groups, such as Indigenous and Afro-
descendant populations (Popejoy and Fullerton, 2016).

Given these differences, RELIVAF guidelines will address ethical,
literacy, and regulatory feasibility on a country-by-country basis,
recognizing the importance of adapting implementation strategies to
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Identification of gaps in current data:

- Allele frequencies in underrepresented countries or ethnic groups
- Clinical outcome data in Latin American populations

- Local pharmacokinetic/pharmacodynamic validation studies
Recognition of limitations in generalizability

Recommendations for future research in the region

Analysis of genetic proximity among ethnic groups by country to support extrapolation
of dosing recommendations

Evaluation of drug availability by country and ethnic distribution

Identification of political and administrative barriers to implementation and strategies
to address them

Composition of the writing group and expert reviewers

Criteria for selecting gene-drug pairs and country participation

Declaration and management of conflicts of interest (COIs)

Adherence to established methodological standards (e.g., AGREE II instrument)

Annual review of emerging scientific evidence
Full guidelines update every 5 years
Process for proposing and validating interim modifications

Open-access dissemination through RELIVAF and SOLFAGEM platforms
Trilingual summaries in English, Spanish, and Portuguese

Promotion through professional societies, scientific congresses, and national clinical
networks

Public access to educational resources and implementation tools

Comprehensive reference list

Supplementary tables:

- Allele frequencies by country and ethnicity
- GRADE evidence classifications

- Conflict of interest declarations

the local context. This approach is essential to facilitate responsible
and practical adoption of pharmacogenomic testing within national
healthcare systems, particularly in countries where infrastructure or
regulation is still evolving.

In all cases, each document will strongly recommend that
written informed consent should not be considered mandatory
for pharmacogenomic testing conducted as part of routine
clinical care, particularly when it is integrated into standard
diagnostic procedures and not associated with research protocols.
This recommendation aligns with the position of Ando and Terada
(2023), who advocate for a pragmatic and risk-adapted approach to
consent in clinical pharmacogenomics, especially in settings where
excessive procedural barriers could limit patient access and delay the
benefits of personalized therapy.

RELIVAF therefore promotes a framework that balances ethical
rigor with clinical accessibility, ensuring that genomic medicine can
be equitably implemented while respecting national norms and
minimizing unnecessary barriers to care.

To the of
pharmacogenomic guidelines, RELIVAF will use population

support cross-national  applicability its
genetics tools to evaluate genetic relatedness among Latin
American populations. Methods such as principal component
analysis (PCA), admixture-based ancestry estimation, Fgr genetic
distance metrics (Fixation Index), and haplotype structure analysis
will be applied to assess inter-population similarities and differences.

Allele frequency data will be drawn from global resources,
including the 1000 Genomes Project, gnomAD, and The Cancer
Genome Atlas (TCGA), as well as from local studies conducted by

RELIVAF collaborators. Additional data will be integrated from
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TABLE 2 Illustrative conceptual framework for understanding genotype—phenotype translation.

Predicted
phenotype

Generic genotype
pattern (illustrative
only)®

Enzyme/Transporter
activity or function

Recommended clinical
action®

Clinical implication®

Normal/Normal Normal Metabolizer = Normal activity Expected response at standard Use standard dosing
dose
Normal/Reduced Intermediate Decreased activity Possibly reduced efficacy or Consider dose adjustment or closer
Metabolizer altered exposure monitoring
Reduced/Reduced Poor Metabolizer Low or no activity Increased risk of toxicity or Avoid the drug or reduce the dose;
reduced drug clearance choose an alternative
Normal/Increased Rapid Metabolizer Increased activity Reduced drug levels, risk of Consider a dose increase or alternative
treatment failure therapy
Increased/Increased Ultrarapid Significantly increased activity Therapeutic failure due to low Avoid drug use or use a higher dose if
Metabolizer drug levels supported by evidence

No function/No function Non-functional No activity

Severe loss of function; the drug =~ Contraindicated or use an alternative

may be ineffective or unsafe

Unknown/Unknown Indeterminate Unknown or variable Unclear clinical implications Use clinical judgment; monitor closely
Phenotype
Example 1¢
CYP2D6*1/*1 Normal Metabolizer =~ Normal enzyme activity Expected therapeutic response at =~ Prescribe standard dose for drugs
standard dose metabolized by CYP2D6 (e.g., fluoxetine)
Example 2¢
CYP2C19*2/*2 Poor Metabolizer Low or no activity Increased risk of toxicity or Avoid drug or reduce dose; choose

“Allele Function Definitions:
Normal: Comparable enzymatic activity to the wild-type allele.
Reduced: Partial loss of function relative to wild-type.

No function: Complete loss of activity due to deleterious variants (e.g., nonsense, frameshift).

Increased: Enhanced activity (e.g., gene duplication, promoter gain).
Uncertain: Insufficient evidence to classify function.

reduced drug clearance alternative (e.g., clopidogrel)

*Drug response may vary depending on whether the agent is a prodrug activated by metabolism.
“Variant frequencies vary across Latin American populations; some genotypes may be rare or absent in specific groups. Clinical recommendations should consider local allele distributions.

9These examples are for illustrative purposes and aligned with CPIC definitions.

RELIVAF, adopts CPIC/DPWG, phenotype definitions for each gene-drug pair unless new, validated evidence supports modification.

emerging regional initiatives such as LatinGen (http://www.latingen.
org), the Latin American Genomic Consortium (https://www.
latinamericangenomicsconsortium.org), LatinGenomes (https://x.
com/latingenomes?lang=es), BIPMed (https://www.bipmed.org),
and ChileGenomico (https://chilegenomico.med.uchile.cl/home/).

By combining these data sources and analytical approaches,
RELIVAF aims to identify clusters of populations with shared
genomic profiles. This will support the careful generalization of
gene-drug recommendations across countries, while maintaining
relevance to local variation.

For instance, the 1000 Genomes Project has shown that
Peruvians from Lima (PEL), Mexicans of Los Angeles (MXL),
and Colombians from Medellin (CLM) share substantial Native
American and European ancestry, with variable African
contributions (1000 Genomes Project Consortium et al, 2015).
These shared patterns suggest that clinically relevant allele
frequencies, such as TPMT*3C (rs1142345) or CYP2C9*2/*3, may
be comparable across these populations. As a result, harmonized
recommendations for thiopurines or warfarin dosing may be both
feasible and justified in these settings.

RELIVAF  aims regionally
pharmacogenomic guidelines while allowing country-specific

to  deliver coordinated
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flexibility based on drug availability, healthcare infrastructure,
and regulatory contexts. Its framework incorporates elements
rarely addressed by CPIC or DPWG, including a pharmacist-
centered care model focused on therapeutic follow-up, safety
monitoring, and individualized care pathways. Additionally,
RELIVAF provides pharmacokinetic adjustment tools to support
dosing decisions informed by local data. The initiative aligns with
the National Academy of Medicine (NAM/IOM) standards for
trustworthy guideline development, emphasizing methodological
transparency, external peer review, scheduled updates, conflict-of-
interest disclosure, and stakeholder inclusion. Beyond these
principles, RELIVAF
recommendations and context-sensitive implementation strategies
tailored to the diverse healthcare realities of Latin America.

In line with these standards, conflicts of interest (COIs) will be
managed through mandatory annual disclosures, with contributors
required to recuse themselves from deliberations or voting when

introduces ancestry-stratified

direct financial, academic, or intellectual conflicts are present. Each
guideline will also undergo independent external review to ensure
methodological transparency and minimize potential bias.

In summary, RELIVAF distinguishes itself by promoting
genomic literacy, addressing drug availability disparities, and
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FIGURE 3

RELIVAF Guideline Development and Pharmacogenomic Implementation workflow.

prioritizing Latin American evidence. This approach ensures that
pharmacogenomic guidelines are scientifically robust, regionally
relevant, and clinically actionable.

Conclusion

Latin America presents a unique opportunity to advance
pharmacogenomics, given its rich genetic diversity and the urgent
need for tailored therapeutic approaches. Yet, global guidelines often
fail to account for the region’s specific allele frequencies, patterns of
admixture, and healthcare disparities. In response, RELIVAF is
developing population-specific pharmacogenomic guidelines that
integrate international standards with regional evidence, drug
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availability, and implementation realities. These guidelines aim to
expand access to precision medicine, improve clinical outcomes, and
strengthen local research and regulatory capacity. They are designed
to inform, but not replace, clinical judgment, recognizing that real-
world variation in drug response may arise even in genetically
“normal” individuals.

Author contributions

LQ: Conceptualization, Writing - original draft, Validation,
Writing and MM:  Methodology,
Writing - review and editing. RV: Methodology, Writing — review
editing. LC: Writing editing. AL-C:

review

editing.

and review and

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1721828

Quifones et al.

Writing - review and editing. FG-M: Writing - review and editing.
DF: Writing - review and editing. JD: Writing — review and editing.
NV: Writing - review and editing. IL-A: Writing - review and editing.
MR: Writing - review and editing. PE: Writing - review and editing.
FR-S: Writing - review and editing. AR: Writing — review and editing.
RS: Writing - review and editing. EO: Writing — review and editing.
LS-D: Writing - review and editing. ES: Writing - review and editing.
MA: Writing - review and editing. DR: Writing - review and editing.
AM: Writing — review and editing.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Acknowledgements

The authors wish to thank the Latin American Society of
Pharmacogenomics and Personalized Medicine (SOLFAGEM) for
sponsoring this article.

Conflict of interest

Author RS was employed by PhV Latam.

References

1000 Genomes Project Consortium, Auton, A., Brooks, L. D., Durbin, R. M., Garrison,
E. P, Kang, H. M, et al. (2015). A global reference for human genetic variation. Nature
526 (7571), 68-74. doi:10.1038/nature15393

Adhikari, K., Mendoza-Revilla, J., Chacén-Duque, J. C., Fuentes-Guajardo, M., and
Ruiz-Linares, A. (2016). Admixture in Latin America. Curr. Opin. Genet. Dev. 41,
106-114. doi:lO.l016/j.gde.2016.09.003

AGREEII Consortium (2009). The AGREE research trust. Available online at: https://
www.agreetrust.org/wp-content/uploads/2013/06/ AGREE_II_Spanish.pdf.

Allen, J. D., Zhang, L., Johnson, A. N. K,, Jacobson, P. A., McCarty, C. A., Pittenger, A.
L., et al. (2022). Development and validation of the Minnesota assessment of
pharmacogenomic literacy (MAPL). J. Pers. Med. 12 (9), 1398. do0i:10.3390/
jpm12091398

Alvarez, L. L., Venegas, S. M, Larrondo, L. M., Becerra, B. N., Castro, L. A., and Quera,
P. R. (2009). Polimorfismo del gen de la tiopurina S-metiltransferasa en donantes de
sangre de un hospital universitario Thiopurine S-methyltransferase gene polymorphism
in Chilean blood donors. Rev. Med. Chil. 137 (2), 185-192. Spanish.

Ando, Y., and Terada, T. (2023). Consent in pharmacogenetic testing. J. Clin. Oncol.
41 (22), 3875. do0i:10.1200/JCO.23.00664

Athanazio, R. A., Ceresetto, . M., Marfil Rivera, L. ]., Cesarman-Maus, G., Galvez, K.,
Marques, M. A,, et al. (2022). Direct oral anticoagulants for the treatment of cancer-
associated venous thromboembolism: a Latin American perspective. Clin. Appl.
Thromb. Hemost. 28, 10760296221082988. doi:10.1177/10760296221082988

Balshem, H., Helfand, M., Schiinemann, H. J., Oxman, A. D., Kunz, R., Brozek, J., et al.
(2011). GRADE guidelines: 3. Rating the quality of evidence. J. Clin. Epidemiol. 64 (4),
401-406. doi:10.1016/j.jclinepi.2010.07.015

Belbin, G. M., Nieves-Colon, M. A., Kenny, E. E., Moreno-Estrada, A., and Gignoux,
C. R. (2018). Genetic diversity in populations across Latin America: implications for
population and medical genetic studies. Curr. Opin. Genet. Dev. 53, 98-104. doi:10.1016/
j.gde.2018.07.006

Bonham, V. L., Green, E. D., and Pérez-Stable, E. J. (2018). Examining how race,
ethnicity, and ancestry data are used in biomedical research. JAMA 320 (15), 1533-1534.
doi:10.1001/jama.2018.13609

Bress, A, Patel, S. R, Perera, M. A., Campbell, R. T., Kittles, R. A., and Cavallari, L. H.
(2012). Effect of NQO1 and CYP4F2 genotypes on warfarin dose requirements in

Frontiers in Pharmacology

13

10.3389/fphar.2026.1721828

The remaining author(s) declared that this work was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

The author LQ declared that they were an editorial
board member of Frontiers at the time of submission.
This had no impact on the peer review process and the
final decision.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Hispanic-Americans and african-Americans. Pharmacogenomics 13 (16), 1925-1935.
doi:10.2217/pgs.12.164

Bustamante, C. D., Burchard, E. G., and De la Vega, F. M. (2011). Genomics for the
world. Nature. 475 (7355), 163-165. doi:10.1038/475163a

Cacabelos, R., Naidoo, V., Corzo, L., Cacabelos, N., and Carril, J. C. (2021).
Genophenotypic factors and pharmacogenomics in adverse drug reactions. Int.
J. Mol. Sci. 22 (24), 13302. doi:10.3390/ijms222413302

Caudle, K. E., Klein, T. E.,, Hoffman, J. M., Muller, D. J., Whirl-Carrillo, M., Gong, L.,
et al. (2014). Incorporation of pharmacogenomics into routine clinical practice: the
clinical pharmacogenetics implementation consortium (CPIC) guideline development
process. Curr. Drug Metab. 15 (2), 209-217. doi:10.2174/1389200215666140130124910

Cavallari, L. H., Beitelshees, A. L., Blake, K. V., Dressler, L. G, Duarte, J. D., Elsey, A.,
etal. (2019). The IGNITE pharmacogenetics working group: an opportunity for building
evidence with pharmacogenetic implementation in a real-world setting. Clin. Transl. Sci.
12 (2), 103-106. doi:10.1111/cts.12456

Cerpa, L. (2024). Variaciones genéticas, epigenéticas y clinicas implicadas en la
respuesta al tratamiento basado en 5-Fluorouracilo, en pacientes con céncer
colorrectal: Establecimiento de un modelo predictivo de eficacia y seguridad PhD
thesis; Genetic, epigenetic, and clinical variations involved in the response to 5-
fluorouracil-based treatment in colorectal cancer patients: establishment of a
predictive model of efficacy and safety. Santiago, Chile: Universidad de Chile.

Collie-Duguid, E. S., Pritchard, S. C., Powrie, R. H., Sludden, J., Collier, D. A, Li, T.,
et al. (1999). The frequency and distribution of thiopurine methyltransferase alleles in
Caucasian and Asian populations. Pharmacogenetics 9 (1), 37-42. doi:10.1097/
00008571-199902000-00006

De Castro, M., and Restrepo, C. M. (2015). Genetics and genomic medicine in
Colombia. Mol. Genet. Genomic Med. 3 (2), 84-91. doi:10.1002/mgg3.139

Dean, L., Pratt, V. M., Scott, S. A., Pirmohamed, M., and Esquivel, B. (2012).
“Azathioprine therapy and TPMT and NUDTI15 genotype,” in Medical genetics
summaries (Bethesda (MD): National Center for Biotechnology Information US).

Dello Russo, C., Frater, L, Kuruvilla, R, Lip, S., O’Neill, H., Burke, K., et al. (2025).
CYP2C19 genotype testing for clopidogrel: a guideline developed by the UK centre of
excellence for regulatory science and innovation in pharmacogenomics (CERSI-PGx).
Br. J. Clin. Pharmacol., bep.70370. doi:10.1002/bcp.70370

frontiersin.org


https://doi.org/10.1038/nature15393
https://doi.org/10.1016/j.gde.2016.09.003
https://www.agreetrust.org/wp-content/uploads/2013/06/AGREE_II_Spanish.pdf
https://www.agreetrust.org/wp-content/uploads/2013/06/AGREE_II_Spanish.pdf
https://doi.org/10.3390/jpm12091398
https://doi.org/10.3390/jpm12091398
https://doi.org/10.1200/JCO.23.00664
https://doi.org/10.1177/10760296221082988
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1016/j.gde.2018.07.006
https://doi.org/10.1016/j.gde.2018.07.006
https://doi.org/10.1001/jama.2018.13609
https://doi.org/10.2217/pgs.12.164
https://doi.org/10.1038/475163a
https://doi.org/10.3390/ijms222413302
https://doi.org/10.2174/1389200215666140130124910
https://doi.org/10.1111/cts.12456
https://doi.org/10.1097/00008571-199902000-00006
https://doi.org/10.1097/00008571-199902000-00006
https://doi.org/10.1002/mgg3.139
https://doi.org/10.1002/bcp.70370
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1721828

Quifones et al.

Duconge, J., Ramos, A. S., Claudio-Campos, K., Rivera-Miranda, G., Bermudez-
Bosch, L., Renta, J. Y., et al. (2016). A novel admixture-based pharmacogenetic approach
to refine warfarin dosing in Caribbean hispanics. PloS One 11 (1), e0145480. doi:10.
1371/journal.pone.0145480

Echeverrfa, O., Angulo-Aguado, M., Vela, R, Calderén-Ospina, C., Parra, K,
Contreras, N., et al. (2024). The polygenic implication of clopidogrel responsiveness:
insights from platelet reactivity analysis and next-generation sequencing. PloS One 19
(7), €0306445. doi:10.1371/journal.pone.0306445

El Rouby, N., Rodrigues, M. L., Claudio, K., Camargo Tavares, L., Steiner, H., Botton,
M. R, et al. (2021). Multi-site investigation of genetic determinants of warfarin dose
variability in latinos. Clin. Transl. Sci. 14 (1), 268-276. doi:10.1111/cts.12854

Fagundes, N. J., Kanitz, R., and Bonatto, S. L. (2008). A reevaluation of the native
American mtDNA genome diversity and its bearing on the models of early colonization
of Beringia. PloS One 3 (9), €3157. doi:10.1371/journal.pone.0003157

Farfan, M. ], Salas, C., Canales, C,, Silva, F., Villarroel, M., Kopp, K., et al. (2014).
Prevalence of TPMT and ITPA gene polymorphisms and effect on mercaptopurine
dosage in Chilean children with acute lymphoblastic leukemia. BMC Cancer 14, 299.
doi:10.1186/1471-2407-14-299

Ferreira, G. M. A, Ribeiro Elias, A. B., Nascimento, J., Monteiro, W. M., Melo, G. C,,
Baia-da-Silva, D. C,, et al. (2020). Pharmacogenomics of thiopurines: distribution of
TPMT and NUDTI15 polymorphisms in the Brazilian Amazon. Pharmacogenet
Genomics 30 (8), 184-189. doi:10.1097/FPC.0000000000000411

Galvez, J. M., Restrepo, C. M., Contreras, N. C., Alvarado, C., Calderén-Ospina, C. A.,
Pefia, N, et al. (2018). Creating and validating a warfarin pharmacogenetic dosing
algorithm for Colombian patients. Pharmgenomics Pers. Med. 11, 169-178. doi:10.2147/
PGPM.S170515

Garcia-Cérdenas, J. M., Indacochea, A., Pesantez-Coronel, D., Teran-Navas, M.,
Aleaga, A., Armendariz-Castillo, I, et al. (2024). Toward equitable precision
oncology: monitoring racial and ethnic inclusion in genomics and clinical trials. JCO
Precis. Oncol. 8, €2300398. doi:10.1200/P0O.23.00398

Garrido, C., Santizo, V. G., Miillers, P., Soriano, D. R., Avila, G. B., Dean, M., et al.
(2013). Frequency of thiopurine S-methyltransferase mutant alleles in indigenous and
admixed Guatemalan patients with acute lymphoblastic leukemia. Med. Oncol. 30 (1),
474. doi:10.1007/s12032-013-0474-2

Goedde, H. W., Rothhammer, F., Benkmann, H. G., and Bogdanski, P. (1984).
Ecogenetic studies in Atacamefo Indians. Hum. Genet. 67 (3), 343-346. doi:10.1007/
BF00291366

Guerrero, S., Lopez-Cortés, A., Indacochea, A., Garcfa-Cérdenas, J. M., Zambrano, A.
K., Cabrera-Andrade, A, et al. (2018). Analysis of Racial/Ethnic representation in select
basic and applied cancer research studies. Sci. Rep. 8, 13978. doi:10.1038/541598-018-
32264-x

Guyatt, G. H., Cook, D. J.,, Jaeschke, R., Pauker, S. G., and Schiinemann, H. J. (2008).
Grades of recommendation for antithrombotic agents: American college of chest
physicians evidence-based clinical practice guidelines (8" Edition). Chest 133
(6 Suppl. 1), 1235-1318S. doi:10.1378/chest.08-0654

Hamzic, S., Schirer, D., Offer, S. M., Meulendijks, D., Nakas, C., Diasio, R. B., et al.
(2021). Haplotype structure defines effects of common DPYD variants ¢.85T > C
(rs1801265) and c.496A > G (rs2297595) on dihydropyrimidine dehydrogenase activity:
implication for 5-fluorouracil toxicity. Br. J. Clin. Pharmacol. 87 (8), 3234-3243. doi:10.
1111/bcp.14742

Hernandez-Suarez, D. F., Claudio-Campos, K., Mirabal-Arroyo, J. E., Torres-
Herndndez, B. A., Lopez-Candales, A., Melin, K, et al. (2016). Potential of a
pharmacogenetic-guided algorithm to predict optimal warfarin dosing in a high-risk
Hispanic patient: role of a novel NQOI*2 polymorphism. J. Investig. Med. High. Impact
Case Rep. 4 (4), 2324709616682049. doi:10.1177/2324709616682049

Homburger, J. R., Moreno-Estrada, A., Gignoux, C. R., Nelson, D., Sanchez, E., Ortiz-
Tello, P., et al. (2015). Genomic insights into the ancestry and demographic history of
South America. PloS Genet. 11 (12), €1005602. doi:10.1371/journal.pgen.1005602

Johnson, J. A. (2008). Ethnic differences in cardiovascular drug response: potential
contribution of pharmacogenetics. Circulation 118 (13), 1383-1393. doi:10.1161/
CIRCULATIONAHA.107.704023

Kodidela, S., Dorababu, P., Thakkar, D. N., Dubashi, B., Sundaram, R., Muralidharan,
N., et al. (2020). Association of NUDT15*3 and FPGS 2572C>T variants with the risk of
early hematologic toxicity during 6-MP and low-dose methotrexate-based maintenance
therapy in Indian patients with acute lymphoblastic leukemia. Genes (Basel) 11 (6), 594.
doi:10.3390/genes11060594

Koopmans, A. B., Braakman, M. H., Vinkers, D. J., Hoek, H. W., and van Harten, P. N.
(2021). Meta-analysis of probability estimates of worldwide variation of CYP2D6 and
CYP2C19. Transl. Psychiatry 11 (1), 141. doi:10.1038/s41398-020-01129-1

Marifio-Ramirez, L., Sharma, S., Hamilton, J. M., Nguyen, T. L., Gupta, S., Natarajan,
A. V., et al. (2025). The consortium for genomic diversity, ancestry, and health in
Colombia (CODIGO): building local capacity in genomics, bioinformatics, and
precision medicine. Commun. Biol. 8 (1), 1062. doi:10.1038/s42003-025-08496-9

Melin, K., Moon, J. Y., Qi, Q., Hernandez-Suarez, D. F., Duconge, J., Hua, S., et al.
(2019). Prevalence of pharmacogenomic variants affecting the efficacy of clopidogrel
therapy in the Hispanic community health study/study of latinos cohort.
Pharmacogenomics 20 (2), 75-83. doi:10.2217/pgs-2018-0148

Frontiers in Pharmacology

14

10.3389/fphar.2026.1721828

Moriyama, T., Nishii, R., Perez-Andreu, V., Yang, W., Klussmann, F. A., Zhao, X,,
et al. (2016). NUDT15 polymorphisms alter thiopurine metabolism and hematopoietic
toxicity. Nat. Genet. 48 (4), 367-373. doi:10.1038/ng.3508

Muntaner, J., Cohen Arazi, H., Mrad, S., Lopez, L., Perea, J., Schiavone, L., et al. (2021).
Estrategia antiplaquetaria en el Registro ARGEN-IAM. Rev. Fed. Arg. Cardiol. 50 (2),
65-69. doi:10.63600/238x6626

Norris, E. T., Wang, L., Conley, A. B, Rishishwar, L., Marifio-Ramirez, L.,
Valderrama-Aguirre, A., et al. (2018). Genetic ancestry, admixture and health
determinants in Latin America. BMC Genomics 19 (Suppl. 8), 861. doi:10.1186/
512864-018-5195-7

Perego, U. A., Achilli, A., Angerhofer, N., Accetturo, M., Pala, M., Olivieri, A., et al.
(2009). Distinctive paleo-Indian migration routes from Beringia marked by two rare
mtDNA haplogroups. Curr. Biol. 19 (1), 1-8. doi:10.1016/j.cub.2008.11.058

Persaud, N,, Jiang, M., Shaikh, R, Bali, A., Oronsaye, E., Woods, H., et al. (2019).
Comparison of essential medicines lists in 137 countries. Bull. World Health Organ 97
(6), 394-404C. doi:10.2471/BLT.18.222448

Popejoy, A. B., and Fullerton, S. M. (2016). Genomics is failing on diversity. Nature
538 (7624), 161-164. doi:10.1038/538161a

Quifiones, L. A. (2025). Genotipificacion del gen DPYD: una obligacion ética y legal
para la proteccién del paciente oncoldgico [Genotyping of the DPYD Gene: an Ethical
and Legal Obligation for the Protection of the Oncology Patient]. Rev. Med. Chil. 153
(10), 745-747. doi:10.4067/50034-98872025001000745

Quinones, L. A., Da Luz, J. A., Esper6n, P., Lopez-Cortéz, A., Marcheco, B., and
Llerena, A. (2025). “Pharmacogenetics and pharmacogenomics in Latin American
populations: admixture and drug response,” in Human genetics in Latin America.
Editors J. Hoenicka, M. Larrandaburu, M. Sans, R. Verdugo, and H. Ravent6s (Cham,
Switzerland: Springer Nature).

Ramamoorthy, A., Kim, H. H., Shah-Williams, E., and Zhang, L. (2022). Racial and
ethnic differences in drug disposition and response: review of new molecular entities
approved between 2014 and 2019. J. Clin. Pharmacol. 62 (4), 486-493. d0i:10.1002/jcph.
1978

Ramirez, B., Nifio-Orrego, M. J., Cérdenas, D., Ariza, K. E., Quintero, K., Contreras
Bravo, N. C,, et al. (2019). Copy number variation profiling in pharmacogenetics CYP-
450 and GST genes in Colombian population. BMC Med. Genomics 12 (1), 110. doi:10.
1186/512920-019-0556-x

Ramirez, G., Vital, M., Vergara, C., Carusso, F., Neffa, F., Valle, A. D,, et al. (2023).
CYP2D6 genotyping and the clinical impact on outcomes in breast cancer tamoxifen-
treated patients. Per Med. 20 (6), 477-483. doi:10.2217/pme-2023-0063

Reich, D., Patterson, N., Campbell, D., Tandon, A., Mazieres, S., Ray, N., et al. (2012).
Reconstructing Native American population history. Nature 488 (7411), 370-374.
doi:10.1038/naturel 1258

Relling, M. V., Schwab, M., Whirl-Carrillo, M., Suarez-Kurtz, G., Pui, C. H., Stein, C.
M,, et al. (2019). Clinical Pharmacogenetics Implementation Consortium Guideline for
thiopurine dosing based on TPMT and NUDTI15 genotypes: 2018 update. Clin.
Pharmacol. Ther. 105 (5), 1095-1105. doi:10.1002/cpt.1304

Roberts, C., Peters, J., Sazonvos, A., Goodman, N., Sharip, M., Smith, R., et al. (2025).
Clinical utility and cost-effectiveness of pretreatment NUDT15 pharmacogenetic testing
to prevent thiopurine-induced myelosuppression: a genotype-first reverse phenotyping
cohort study within the UK NIHR inflammatory bowel disease bioresource. Aliment.
Pharmacol. Ther. 62 (6), 630-645. doi:10.1111/apt.70232

Roco, A., Nieto, E., Sudrez, M., Rojo, M., Bertoglia, M. P., Verén, G., et al. (2020). A
pharmacogenetically guided acenocoumarol dosing algorithm for Chilean patients: a
discovery cohort study. Front. Pharmacol. 11, 325. doi:10.3389/fphar.2020.00325

Ruiz-Linares, A., Adhikari, K., Acuna-Alonzo, V., Quinto-Sanchez, M., Jaramillo, C.,
Arias, W., et al. (2014). Admixture in Latin America: geographic structure, phenotypic
diversity and self-perception of ancestry based on 7,342 individuals. PLoS Genet. 10 (9),
€1004572. doi:10.1371/journal.pgen.1004572

Salas-Hernandez, A., Galleguillos, M., Carrasco, M., Lopez-Cortés, A., Redal, M. A,
Fonseca-Mendoza, D., et al. (2023). An updated examination of the perception of
barriers for pharmacogenomics implementation and the usefulness of drug/gene pairs in
Latin America and the Caribbean. Front. Pharmacol. 14, 1175737. doi:10.3389/fphar.
2023.1175737

Salzano, F. M., and Sans, M. (2014). Interethnic admixture and the evolution of Latin
American populations. Genet. Mol. Biol. 37 (1 Suppl. 1), 151-170. doi:10.1590/s1415-
47572014000200003

Silgado-Guzman, D. F., Angulo-Aguado, M., Morel, A., Nifio-Orrego, M. J., Ruiz-
Torres, D. A., Contreras Bravo, N. C,, et al. (2022). Characterization of ADME gene
variation in Colombian population by exome sequencing. Front. Pharmacol. 13,931531.
doi:10.3389/fphar.2022.931531

Soler, A. M., Olano, N., Méndez, Y., Lopes, A, Silveira, A., Dabezies, A., et al. (2018).
TPMT and NUDT15 genes are both related to mercaptopurine intolerance in acute
lymphoblastic leukaemia patients from Uruguay. Br. J. Haematol. 181 (2), 252-255.
doi:10.1111/bjh.14532

STATISTA. (2025). Estamos consolidando nuestro contenido en un solo idioma - el
inglés. Available online at: https://es.statista.com/estadisticas/1067800/poblacion-total-
de-america-latina-y-el-caribe-por-subregion/ (Accessed September 18, 2025).

frontiersin.org


https://doi.org/10.1371/journal.pone.0145480
https://doi.org/10.1371/journal.pone.0145480
https://doi.org/10.1371/journal.pone.0306445
https://doi.org/10.1111/cts.12854
https://doi.org/10.1371/journal.pone.0003157
https://doi.org/10.1186/1471-2407-14-299
https://doi.org/10.1097/FPC.0000000000000411
https://doi.org/10.2147/PGPM.S170515
https://doi.org/10.2147/PGPM.S170515
https://doi.org/10.1200/PO.23.00398
https://doi.org/10.1007/s12032-013-0474-2
https://doi.org/10.1007/BF00291366
https://doi.org/10.1007/BF00291366
https://doi.org/10.1038/s41598-018-32264-x
https://doi.org/10.1038/s41598-018-32264-x
https://doi.org/10.1378/chest.08-0654
https://doi.org/10.1111/bcp.14742
https://doi.org/10.1111/bcp.14742
https://doi.org/10.1177/2324709616682049
https://doi.org/10.1371/journal.pgen.1005602
https://doi.org/10.1161/CIRCULATIONAHA.107.704023
https://doi.org/10.1161/CIRCULATIONAHA.107.704023
https://doi.org/10.3390/genes11060594
https://doi.org/10.1038/s41398-020-01129-1
https://doi.org/10.1038/s42003-025-08496-9
https://doi.org/10.2217/pgs-2018-0148
https://doi.org/10.1038/ng.3508
https://doi.org/10.63600/z38x6626
https://doi.org/10.1186/s12864-018-5195-7
https://doi.org/10.1186/s12864-018-5195-7
https://doi.org/10.1016/j.cub.2008.11.058
https://doi.org/10.2471/BLT.18.222448
https://doi.org/10.1038/538161a
https://doi.org/10.4067/s0034-98872025001000745
https://doi.org/10.1002/jcph.1978
https://doi.org/10.1002/jcph.1978
https://doi.org/10.1186/s12920-019-0556-x
https://doi.org/10.1186/s12920-019-0556-x
https://doi.org/10.2217/pme-2023-0063
https://doi.org/10.1038/nature11258
https://doi.org/10.1002/cpt.1304
https://doi.org/10.1111/apt.70232
https://doi.org/10.3389/fphar.2020.00325
https://doi.org/10.1371/journal.pgen.1004572
https://doi.org/10.3389/fphar.2023.1175737
https://doi.org/10.3389/fphar.2023.1175737
https://doi.org/10.1590/s1415-47572014000200003
https://doi.org/10.1590/s1415-47572014000200003
https://doi.org/10.3389/fphar.2022.931531
https://doi.org/10.1111/bjh.14532
https://es.statista.com/estadisticas/1067800/poblacion-total-de-america-latina-y-el-caribe-por-subregion/
https://es.statista.com/estadisticas/1067800/poblacion-total-de-america-latina-y-el-caribe-por-subregion/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1721828

Quifiones et al.

Suarez-Kurtz, G. (2011). Population diversity and the performance of warfarin dosing
algorithms. Br. J. Clin. Pharmacol. 72 (3), 451-453. doi:10.1111/§.1365-2125.2011.04018.x

Suarez-Kurtz, G. (2021). Population impact of pharmacogenetic tests in admixed
populations across the Americas. Pharmacogenomics J. 21 (2), 216-221. doi:10.1038/
541397-020-00200-w

Suarez-Kurtz, G., and Botton, M. R. (2015). Pharmacogenetics of coumarin
anticoagulants in Brazilians. Expert Opin. Drug Metab. Toxicol. 11, 67-79. doi:10.
1517/17425255.2015.976201

Swen, J. J., Nijenhuis, M., de Boer, A., Grandia, L., Maitland-van der Zee, A. H.,
Mulder, H., et al. (2011). Pharmacogenetics: from bench to byte-an update of guidelines.
Clin. Pharmacol. Ther. 89 (5), 662-673. doi:10.1038/clpt.2011.34

Tommelein, E., Mehuys, E., Van Hees, T., Adriaens, E., Van Bortel, L., Christiaens, T.,
et al. (2014). Effectiveness of pharmaceutical care for patients with chronic obstructive

Frontiers in Pharmacology

15

10.3389/fphar.2026.1721828

pulmonary disease (PHARMACOP): a randomized controlled trial. Br. J. Clin.
Pharmacol. 77 (5), 756-766. doi:10.1111/bcp.12242

von Muhlenbrock, C., Estay, C., Covarrubias, N., Miranda, J., and Venegas, M. (2023).
The ¢.415C>T polymorphism in NUDT15 is more frequent than the polymorphisms in
TPMT in Chilean patients who use thiopurine drugs. Pharmacogenet Genomics 33 (7),
161-163. doi:10.1097/FPC.0000000000000503

Weitzel, K. W., Aquilante, C. L., Johnson, S., Kisor, D. F., and Empey, P. E. (2014). An
evidence-based framework for evaluating and implementing pharmacogenomics in the
clinic. Clin. Pharmacol. Ther. 96 (5), 562-564.

Yang, G., Gonzalez, P., Monerd, M., Carrasquillo, K., Renta, J. Y., Hernandez-Suarez,
D. F,, et al. (2025). Discovery of ancestry-specific variants associated with clopidogrel
response among Caribbean Hispanics. NPJ Genom Med. 10 (1), 20. doi:10.1038/s41525-
025-00479-3

frontiersin.org


https://doi.org/10.1111/j.1365-2125.2011.04018.x
https://doi.org/10.1038/s41397-020-00200-w
https://doi.org/10.1038/s41397-020-00200-w
https://doi.org/10.1517/17425255.2015.976201
https://doi.org/10.1517/17425255.2015.976201
https://doi.org/10.1038/clpt.2011.34
https://doi.org/10.1111/bcp.12242
https://doi.org/10.1097/FPC.0000000000000503
https://doi.org/10.1038/s41525-025-00479-3
https://doi.org/10.1038/s41525-025-00479-3
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1721828

	Addressing genetic diversity and health inequities: RELIVAF’s proposal for Latin American pharmacogenomic guidelines
	Introduction
	Genetic diversity and pharmacogenomics in Latin America: a unique opportunity for precision medicine
	Why Latin America needs region-specific pharmacogenomic clinical guidelines despite the existence of other consortia such a ...
	RELIVAF guideline development process
	Latin American-specific extensions to CPIC and DPWG guidelines
	Conclusion
	Author contributions
	Funding
	Acknowledgements
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


