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Editorial on the Research Topic

Pharmacogenomics of Adverse Drug Reactions

WHY DO ADVERSE DRUG REACTIONS MATTER

Therapeutic adherence is necessary to achieve drug targets, improve outcomes, and reduce the occurrence
of morbidity and preventable mortality. Adverse drug reactions (ADRs) are a major contributor to
reduced compliance, adherence to treatments, morbidity, and mortality. ADRs are estimated to be the
fourth leading cause of death in the United States—ahead of pulmonary disease (before the COVID-19
pandemic), diabetes, AIDS, pneumonia, accidents, and automobile deaths (Center for Drug Evaluation
and Research, 2021). Individuals experiencing ADRs are more likely to seek follow up visits with
healthcare providers, have decreased compliance, and a higher rate of drug failure. Therefore,
understanding both the clinical and genetic risk factors for ADR is crucial in the delivery of
precision medicine.

DATA SUBSTRATES FOR ADR RESEARCH

Randomised clinical trials provide a key resource for post-hoc pharmacogenetic studies.
However, there is a substantial diversion between in-trial behaviours and real-world
practices. RCTs usually have strict inclusion and exclusion criteria, meaning that the
patients enrolled in RCTs typically do not represent the complexity of patients in real-world
clinical practice. Moreover, the practice of conducting a run-in period results in the retention of a
sub-set of individuals more likely to comply with therapy. RCTs are also typically run for a finite
amount of time, typically one to a few years at the most, during which dose and therapies are not
changed, and patients in the real-world are treated with drugs for much longer periods of time.
On the other hand, observational data resources reflect real-world behaviours such as highly
complex patients with multiple drug therapies and comorbidities, physicians adapting therapies
based on drug response, and altered prescribing patterns due to changes in guidelines or expiring
patents. In observational data resources, the longer follow up period allows researchers to better
gauge patterns of adherence, and adverse drug reactions that are milder but perhaps more
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commonplace. While RCTs are the most reliable source of
recorded severe ADRs, individual behaviours in the
ambulatory setting shed light on long-term adherence, drug-
response, and milder ADRS. This is reflected in the breadth of
articles in this special issue, which are all based on
observational data resources from across the world,
including the United Kingdom, United States, India, and
China.

WHAT DOES PHARMACOGENETICS ADD?

Pharmacogenetics and genomics allow researchers to assess the
role of genetic variants in key genes such as those involved in
pharmacokinetic and immune pathways. This can shed light on
the functional role of variants and help tailor newer therapies.
There are several examples in which candidate gene studies have
identified and validated genetic variants associated with ADRs,
which are now recommended in clinical practice guidelines and
by regulatory agencies across the world to reduce patient risk of
ADRs (PharmGKB, 2022). However, ADRs remain a major
clinical problem, and thus more real-world evidence is needed.
While a lot of studies have focussed on candidate gene studies,
latterly research has suggested that most genome-wide signals are
found in non-candidate regions–further highlighting the
potential for discovery in the field of pharmacogenetics
(Linskey et al., 2021). Another avenue of investigation are rare
variants, which are poorly characterised due to the lack of
sequencing-based genomic data. Recent studies have
highlighted the added value of rare variants in drug response,
and it stands to reason that they would have value in
understanding ADRs (McInnes et al., 2021). The majority of
pharmacogenetic research has also focused on patients of
European ancestry; this is largely driven by the preponderance
of trials and observational cohorts available on individuals of
European descent. However, this leaves a substantial gap in our

understanding of ADRs and pharmacogenetics in non-European
ethnicities, a field with enormous potential.

IN THIS SPECIAL ISSUE

The special issue advances the much-needed evidence base for
pharmacogenetics of adverse drug reactions by covering a wide
breadth of therapeutic areas, including cardiovascular, neurology,
endocrinology and diabetes, as well as cancer. For clinical
conditions with limited treatment strategies and with severe
adverse outcomes, pharmacogenetics helps identify new drug
targets and patients at risk of ADRs. In this issue, Tirozzi and
Willcocks investigate ADRs in Parkinson’s disease and
schizophrenia that present such challenges (Tirozzi et al.;
Willcocks et al.). This special issue also advances the evidence
base for non-European populations such as East Asian and Asian
Indians bringing a much needed global perspective (Shanbhag
et al.). Evidence is also emerging to show that genetic risk for
ADRs is polygenic, and the papers by Melhem et al. and Ooi et al.
in this special issue applied advanced methods such as genetic
scores and machine learning to further our understanding of the
polygenic risk for ADRs (Melhem et al.; Ooi et al.). Moving
forward, the field of pharmacogenetics and genomics for adverse
drug reactions has three main lacunae: the use of data from
under-represented ethnicities, methods to translate genetic risk to
clinical practice, and the use of novel genetic methods that can
help establish causal relationships such as Mendelian
Randomisation.

AUTHOR CONTRIBUTIONS

MS developed the presented idea and drafted the manuscript. JL,
MC, and SHM contributed to the manuscript content. All authors
approved the submitted version.

REFERENCES

Center forDrug Evaluation, andResearch (2021). PreventableAdverseDrugReactions:A
Focus onDrug Interactions. U.S. Food andDrugAdministration. Available at https://
www.fda.gov/drugs/drug-interactions-labeling/preventable-adverse-drug-reactions-
focus-drug-interactions (Accessed January 19, 2022).

Linskey, D.W., Linskey, D. C., McLeod, H. L., and Luzum, J. A. (2021). TheNeed to Shift
Pharmacogenetic Research from Candidate Gene to Genome-wide Association
Studies. Pharmacogenomics 22, 1143–1150. doi:10.2217/pgs-2021-0108

McInnes, G., Lavertu, A., Sangkuhl, K., Klein, T. E., Whirl-Carrillo, M., and
Altman, R. B. (2021). Pharmacogenetics at Scale: An Analysis of the UK
Biobank. Clin. Pharmacol. Ther. 109, 1528–1537. doi:10.1002/cpt.2122

PharmGKB (2022). Available at https://www.pharmgkb.org/(Accessed January 19,
2022).

Conflict of Interest: SHM is employed by Merk KGaA.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

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.

Copyright © 2022 Siddiqui, Luzum, Coenen and Mahmoudpour. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Genetics | www.frontiersin.org March 2022 | Volume 13 | Article 8599092

Siddiqui et al. Editorial: ADR Pharmacogenetics

https://www.frontiersin.org/articles/10.3389/fphar.2021.640603/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.658734/full
https://www.frontiersin.org/articles/10.3389/fgene.2020.607532/full
https://www.frontiersin.org/articles/10.3389/fgene.2020.607532/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.713181/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.605764/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.713181/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.605764/full
https://www.fda.gov/drugs/drug-interactions-labeling/preventable-adverse-drug-reactions-focus-drug-interactions
https://www.fda.gov/drugs/drug-interactions-labeling/preventable-adverse-drug-reactions-focus-drug-interactions
https://www.fda.gov/drugs/drug-interactions-labeling/preventable-adverse-drug-reactions-focus-drug-interactions
https://doi.org/10.2217/pgs-2021-0108
https://doi.org/10.1002/cpt.2122
https://www.pharmgkb.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

	Editorial: Pharmacogenomics of Adverse Drug Reactions
	Why Do Adverse Drug Reactions Matter
	Data substrates for ADR Research
	What Does Pharmacogenetics Add?
	In This Special Issue
	Author Contributions
	References


