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   Abstract 
Genomic data has been increasingly used by the pharmaceutical industry in the identification of therapeutic targets and the 

development of precision medicine strategies. Large pharmaceutical corporations often acquire DNA samples from trial 

participants and undertake pharmacogenomic (PGx) investigations as part of their standard operating procedure. However, 

there are several obstacles to implementing PGx trials throughout clinical development. Among these obstacles include the 

need to respond to a globally regulatory climate that is in a perpetual state of flux, difficulties in research design and clinical 

execution, and rising worries about patient privacy. The availability of massive genetic databases connected to patient health 

information, the rising usage of polygenic risk scores, and the direct sequencing of participants in clinical trials are all 

examples of how advances in genomics are creating new possibilities for pharmaceutical firms. Companies in the 

pharmaceutical industry that are involved in pharmacogenomics work together as part of the Industry Pharmacogenomics 

Working Group (I-PWG). Here, the I-PWG offers a bird's-eye view of the initiatives being undertaken by the 

pharmaceutical industry to meet these difficulties and seize new scientific openings. 

Introduction 
It is now common practice for pharmaceutical firms to 

gather DNA samples from trial participants, particularly 

in preliminary stages of clinical studies. However, there 

are a number of obstacles that businesses may encounter 

while adopting PGx research, ranging from the ever-

changing global regulatory framework to rising 

concerns about patient privacy and data access. 

Meanwhile, recent breakthroughs in genetics have 

opened up exciting new avenues for PGx study. Due to 

the dramatic drop in price of high-throughput 

sequencing and genotyping over the last several years, 

businesses frequently do complete genetic profiling of 

clini- cal trial participants. An increasing amount of 

patient health and genetic data is being stored in large 

databases, making these records invaluable tools for the 

pharmaceutical industry. These databases may be used 

for both the discovery of new targets and a more in-

depth analysis of already discovered ones. An 

organization of pharmaceutical industry professionals, 

the Industry Pharmacogenomics Working Group (I-

PWG) company that is now engaged in the area of 

pharmacog-enomics. Each year, the 26 member 

companies that make up the I-PWG conduct hundreds 

of clinical studies that need DNA collection as part of 

their procedures. This I-PWG viewpoint aims to provide 

an overview of the opportunities and threats that 

pharmaceutical firms encounter in the area of clinical 

pharmacogenomics (PGx). Future clinical trials may 

benefit from industry-sponsored PGx investigations if 

researchers and regulators collaborate to resolve the 

problems mentioned in this viewpoint while also taking 

advantage of new scientific prospects. 
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Recent breakthroughs in science: sequencing participants in PGx clinical trials 

 

Companies commonly do extensive genetic 

characteriza- tion of individuals in clinical trials due to 

the declining costs of high-throughput sequencing and 

genotyping in recent years. According to an 

unpublished 2017 survey of I-PWG members, almost 

80% of member businesses reported employing next-

generation sequencing (NGS) technologies for internal 

PGx investigations (in at least one study), and more 

than a third of member companies were using these 

technologies extensively. There were 53 percent of 

firms that said they used NGS for whole-genome 

sequencing and 71 percent that said they used it for 

whole-exome sequencing in clinical trials. Companies 

claimed that NGS technologies were being employed 

for PGx investigations in a wide variety of non- 

oncology therapeutic areas, including as cardiology, 

neurology, immunology, and rare disorders, however 

cancer was by far the most common use. Incorporating 

next-generation sequencing (NGS) into clinical trial 

samples enables a more in-depth genomic examination 

of trial participants and, perhaps, a more expansive 

study for PGx analysis that takes into account both 

common and unusual genetic variation (Schwarz et al. 

2019). 

 

Problems with Global Regulations for Clinical PGx 

Studies 

 

The European Medicines Agency (EMA) and the Food 

and Drug Administration (FDA) both recommend 

collecting DNA samples for PGx evaluation throughout all 

phases of clinical development (EMA 2018; FDA 2013), 

but this is not always possible due to global laws and 

regulations or the opinions of individual Investigational 

Review Boards and Independent Ethics Committees 

(IRB/IEC). Companies conducting worldwide clinical 

trials must comply with a complicated set of standards 

governing the collection and use of DNA and generated 

data for PGx research. Completely Extra! The laws, rules, 

and recommendations that have an effect on PGx studies 

are included in Table S1. This chart is not comprehensive, 

but it does include a substantial portion of the nations and 

regulations that are most often faced by sponsors. 

Obtaining DNA samples or conducting genetic research is 

prohibited by law in several nations. The collection, 

maintenance, use, or provision of China's human genetic 

resources to foreign organizations, for instance, are all 

regulated under the country's Regulation of Human 

Genetic Resources. This rule was modified in 2019 to 

increase the severity of punishments for noncompliance 

and to further clarify the expanded scope of actions that 

fall within the purview of monitoring. In actuality, 

 

 

Multinational corporations have been asked to provide 

information on the assay, vendor, and contract for carrying 

out genetic testing. These rules might also necessitate 

conducting tests on Chinese subjects inside China, which 

could increase the assay variability of global research. 

When combined, these rules might make it difficult for 

businesses to export samples or even gather them in the 

first place for future use. In addition, the law mandates 

that the Chinese partner get ownership of any IP 

developed throughout the course of the research 

collaboration (i.e., the clinical site in China). In addition, 

in October of this year, China enacted a new Biosecurity 

Law that aims to further strengthen the standards 

established in the control of genetic resources. Companies 

are still trying to figure out how this new rule will affect 

them, but in the meantime, it's making it harder than ever 

to gather biospecimens and evaluate people's DNA, which 

might slow the progress of pharmacogenomic research in 

China. 

Resolution 340/2004 (NHC 2004) pertaining to genetic 

research and Resolution 2201/2001 on biorepository and 

biobank requirements have implications for the conduct of 

genetic research and storage of genetic specimens, 

including the requirements to share any biobanked 

samples with investigators in Brazil. Specific duties for 

the conduct of clinical trials with genetic research 

components are outlined in the Israeli government's 

Guideline for Clinical Trials in Human Subjects (2006). 

This may include an extra approval procedure dedicated 

only to the genetic research component. Last but not least, 

several nations have biobanking regulations that affect a 

company's capacity to biobank genetic material for 

research (e.g., Taiwan (MoHW 2019), Sweden 

(Regerings- kansliet 2002), and Finland (MoSAH 2012)). 

Further complicating matters is the fact that different laws 

and regulations in various parts of the world address the 

issue of an individual's right to access their own genetic 

information that is derived from these samples. Research 

participants in Brazil, for instance, are guaranteed access 

to their genetic data, informed consent, and genetic 

counseling upon request according to Resolution 

340/2004. Access to genetic information is also 

guaranteed under the Biomedical Research Law 14/2007 

of Spain and by Italy's General Authorization No.8/2014 

(IDPA 2014) for the processing of genetic data. Data 

privacy laws exist in some countries that grant citizens 

access to their own personal information, which may 

include genetic research results; examples of such 

countries include Norway (2000) and Argentina (2000). 

More generally, the EU General Data Protection 



 

 

Regulations (GDPR) also grants citizens access rights to 

personal data (GDPR 2016). In addition, several regional 

and national ethical bodies have taken stands on the 

repatriation of inci- dental results. Research ethics 

regulations in Denmark have been established by the 

National Committee on Health Research Ethics (NVK).  

that uses whole-genome sequencing and requires 

therapeutically relevant data to be sent to participants 

proactively if they wish to have it returned to them (NVK 

2020). Similarly, the Ethics Committee for Clinical 

Research (CEIC) in Portugal has established guidelines for 

dealing with unexpected results from genetic testing in the 

course of clinical studies. 

Returning genetic information to people who participated 

in clinical trials is a complicated process, the details of 

which have been covered at length elsewhere (Downey et 

al. 2018; MRCT-Center 2017; Prucka et al. 2015). It is 

important to remember that providing individual genetic 

data to participants and their healthcare practitioners may 

be unethical and illegal in PGx research that is being 

undertaken for exploratory reasons (Thorogood et al. 

2019). Analytical and clinical validity standards for 

diagnostic testing are not often met by the research-grade 

assays typically used in PGx studies. Quality standards for 

the testing of human specimens in laboratories for the 

purposes of disease diagnosis, prevention, and treatment 

were set, for instance, in the United States by the Clinical 

Laboratory Improvement Amendments (CLIA) (CLIA 

2003). No clinical decision should be made based on 

genetic research data that were not generated in a CLIA-

certified lab and did not fulfill proper analytical criteria. 

These results should be seen as exploratory in nature 

(MRCT-Center 2017). Since most clinical studies rely on 

underpowered exploratory research, it is important to think 

about how to interpret the data. While progress has been 

made, sponsors still face a minefield when trying to decide 

if, when, and how genetic data from worldwide trials 

should be returned to participants. 

Disparities in the use of con- 

 

Challenges for using PGx techniques in global research 

include the duct of PGx studies and even local variances in 

IRB/ EC requirements and preferences. Because of these 

variations, it may be difficult to manage and keep track of 

things like informed consent agreements, data needs, and 

constraints on sample usage. Although the significance of 

these regional requirements is recognized, the 

administrative effort required to handle them may 

discourage the collection and use of PGx samples from 

certain locations, thereby compromising analytical rigor 

and the transferability of results to other areas. We think 

the scientific and regulatory community can overcome 

some of the difficulties caused by this complexity and help 

forward vital genetic research. 

 

Clinical development pitfalls for PGx analysis 

 

Clinical trial data genetic analysis may serve as a 

foundation for better decisions across the clinical 

development life cycle, opening up new avenues for 

patient classification and commercialization of therapeutic 

value propositions (Nelson et al. 2016). However, doing 

genetic analysis during clinical development presents a 

number of obstacles and constraints, including as small 

research sizes, lack of worldwide representation, and 

issues in validating results. 

To begin, the majority of clinical trials do not prioritize 

testing a genetic and/or PGx hypothesis. The primary goal 

of a study is to test a treatment hypothesis, and its power is 

calculated so that any differences in safety and 

effectiveness may be detected. Except when data from 

numerous trials are combined, phase I studies seldom have 

enough participants to perform even candidate variant 

analysis (Guo et al. 2019; Kobie et al. 2019). It is common 

for genome-wide association studies to be underpowered, 

especially in bigger phase II and phase III research. 

One such difficulty is the general lack of variety in clinical 

trial populations. Most people who take part in clinical 

trials are of European descent (FDA 2017). The existing 

corpus of research in genetics is limited by this imbalance, 

and it is not specific to genetic analysis performed in 

clinical trials (Popejoy and Fullerton 2016). However, key 

signals may be overlooked in clinical practice if global 

genetic diversity is not effectively captured in PGx 

investigations. In fact, non-European groups either lack or 

have much greater frequencies of numerous recognized 

clinically important PGx indicators. Certain East Asian 

and South Asian populations have the HLA-B*15:02 

allele, which is linked to skin responses to carbamazepine 

and oxcarbazepine (Phillips et al. 2018). Another case in 

point: Asians seem to have a greater prevalence of the 

CYP2C19 poor metabolizer phenotype, which is linked to 

varying degrees of medication toxicity and ineffectiveness 

(Scott et al. 2012). The inability to identify such 

relationships depends on the inclusion of a sufficiently 

broad sample of the population. Furthermore, when the 

number of participants from whom to draw conclusions is 

small, assessing the applicability of results from a genetic 

association study of drug response done in a dataset 

dominated by people of European ancestry to other (non-

European) groups may be difficult. 

Lastly, the information gathered from early clinical 

development programs is probably the first and only 

information available for new chemical entities and/or 

medications with unique mechanisms.



 

 

Therefore, it is difficult to validate or deny fresh genetic 

discoveries until further clinical trials have been 

undertaken. However, it may be difficult to interpret PGx 

data from subsequent clinical trials because to changes in 

clinical trial design, population heterogeneity, and a lack 

of statistical power for replication (Hopewell et al. 2019; 

Shen et al. 2020). The danger of an uninterpretable, 

unconfirmable exploratory discovery may exceed the 

upside potential, and this ambiguity in interpreting 

therapeutic usefulness for genetic analysis during drug 

development is a general barrier for commencing 

exploratory research. 

Studying the ADME of PGx is not without its difficulties. 

 

The majority of the known PGx correlations may be 

attributed to genetic variations that cause changes in drug 

metabolizing enzymes and drug transporters (FDA 2015; 

Tremaine et al. 2015). Such variations might affect 

medication safety or effectiveness because they modify 

enzyme or transporter function, resulting in inter-

individual variability in exposure that can go beyond the 

therapeutic window for small molecules. There are a 

number of obstacles that are particular to PGx research in 

early phase studies, in addition to the problems with small 

clinical trial sizes that we've already covered. Emergence 

of novel variations with clinical importance, and the 

possibility of ambiguity in defining metabolic routes for 

new medicines in early clinical development, are two 

examples. To maximize the likelihood of success when 

conducting analyses in very small trial datasets, PGx 

studies in early phase studies should be conducted in a 

targeted manner, giving higher priority to variants in genes 

that have been shown via preclinical work to be important 

for the disposition of the compound. However, major and 

minor metabolic pathway investigations in vitro are 

generally not finished prior to phase II or even pivotal 

trials in humans. Therefore, it is generally necessary to 

combine as much PK data from early phase clinical trials 

as feasible to increase statistical power and evaluate a 

larger group of ADME genes. The population PK 

modeling estimates of PK parameters from bigger phase 

II/III studies may also be utilized to evaluate the possible 

effect of variations in ADME genes (Guo et al. 2019; 

Kobie et al. 2019). However, it's possible that these data 

sets don't have enough statistical power to discover genetic 

connections. In instance, individuals may have more than 

one functional mutation in a set of metabolizing enzymes, 

which makes it difficult to find uncommon variations that 

potentially alter safety exposure. Drugs that are primarily 

metabolized by highly polymorphic Cytochrome P450 

enzymes (CYPs) like CYP2D6 have been largely phased 

out of use in recent decades as rational drug design has 

shifted focus to maximizing the distribution of drug 

metabolism across many CYPs and other enzyme families. 

Even yet, the possibility is not completely nullified 

 

possibility that a patient's exposure will vary due to the 

presence of a poor metabolizer phenotype in two of those 

enzymes. Studies of PGx have also shown promise in 

illuminating the potential importance of other metabolic 

clearance pathways, such as glucuronidation and the 

function of membrane transporters (Desai et al. 2003; 

Guillemette 2003; Yee et al. 2018). PGx investigations 

may be necessary to understand the possible influence of 

genetic polymorphisms in these other groups of metabolic 

enzymes or in membrane transporters on PK and 

pharmacodynamics, despite the typically weaker previous 

clinical data supporting their functional impact. 

Genotyping for ADME genes should be performed in both 

early and late stage clinical trials, and it is advised that the 

metabolic pathways of all incoming clinical candidates be 

thoroughly evaluated. It is reasonable to investigate the 

possible impact during NCE development if the 

medication is metabolized via pathways with known 

polymorphism variation and there is substantial evidence 

suggesting clinically important effects for other authorized 

agents in the same class. When there is unexpected PK 

variability that cannot be explained by standard PGx 

genotyping, the European Medicines Agency (EMA) has 

issued PGx recommendations that suggest the possible use 

of wider, whole-exome or whole-genome sequencing to 

investigate potential new vari- ants (EMA 2018). 

Additional difficulties arise with more comprehensive 

genome sequencing, such as the potential requirement for 

regulatory authorities to demand phenotypic confirmation 

of new variations. 

Clinical implementation challenges 

 

The number of clinically relevant indicators that might be 

used to enhance patient care is rising (FDA 2015; Relling 

et al. 2020), however despite the commitment of resources 

by business and academia in developing PGx biomarkers, 

such information is still not frequently employed in 

clinical practice. Many factors contribute to this; these 

have been reviewed at length elsewhere (Chenoweth et al. 

2020; Klein et al. 2017) and include, but are not limited to, 

challenges with ordering, reimbursement, and 

interpretation of genetic tests; a lack of education for both 

patients and clinicians; and limited evidence supporting 

the clinical utility and health economic value of many PGx 

bio-markers. Further, it has been found that different 

regulatory agencies for the same drug have different 

recommendations for PGx testing included in drug labels 

(Koutsilieri et al., 2020; Shekhani et al., 2020), suggesting 

that the lack of consensus guidelines for genetic testing 

and implementation may be an additional barrier for 

clinicians attempting to incorporate PGx information into 

clinical practice. 

The obstacles to clinical implementation have been 

studied and attempts made to remove them. Organizations 



 

 

such as the Clinical Pharmacogenetics Implementation 

Consortium (CPIC) and



 

 

For clinical use of PGx data, the Dutch 

Pharmacogenomics Working Group (DWPG) has 

developed recommendations (Bank et al. 2018). Some 

hospitals and healthcare networks have begun doing 

pre-emptive PGx testing (Cecchin et al. 2017, 

Dunnenberger et al. 2015) so that doctors don't have to 

wait for test results before giving medicine. For certain 

commonly prescribed medications, studies have been 

conducted to establish the clinical validity, utility, and 

economic worth of PGx biomarkers (Anderson et al. 

2007; Claassens et al. 2019; Pereira et al. 2020; 

Wadelius et al. 2009; Zhu et al. 2020). However, genetic 

testing are still not widely used in clinical practice, and 

the lack of a PGx companion diagnosis is often seen as a 

major roadblock in the pharmaceutical industry. 

Industry's emphasis on and investment in PGx research 

is projected to increase as PGx data gradually finds its 

way into clinical practice. 

It's important to remember that environmental, 

anthropometric, and genetic variables, as well as 

biological subsystems impacted by the illness, may all 

interact to produce a medication response that is very 

complicated in many circumstances (Armstrong 2008). 

This means that the use of genetic markers, biomarkers, 

and other single stratifying factors is likely to be 

constrained by the fact that no one factor is likely to 

capture the entire extent of the complexity involved and 

provide sufficiently accurate predictions for therapeutic 

use. This motivates researchers to look into novel 

avenues, such as polygenic risk scores (discussed further 

below) and machine learning techniques, for further 

progress in the area. Increases in processing capacity 

and the development of machine learning algorithms 

have made it possible to combine different forms of data 

for a more complete picture of a patient's reaction to a 

treatment, leading to greater accuracy in predictions and 

easier clinical translation. 

    Polygenic risk ratings in PGx research: a new 

frontier 

The use of polygenic risk scores to PGx research is a hot 

new topic in the field. The use of polygenic risk scores for 

coronary artery disease (CAD) precision medicine has 

been recommended by a number of research. Patients with 

higher CAD polygenic risk scores have been shown to 

benefit more from statin therapy, according to two meta-

analyses (Mega et al. 2015; Natarajan et al. 2017). Patients 

with high polygenic risk scores for coronary artery disease 

had more clinical benefit from therapy with PCSK9 

inhibitors in two large, independent retrospective 

investigations (Damask et al. 2020; Levin and Rader 

2020; Marston et al. 2020). Likewise, polygenic risk 

scores have been investigated in the prevention of 

atherothrombotic events. In a retrospec- tive PGx study 

of clopidogrel, Lewis et al. identified a poly- genic risk 

score that was associated with increased platelet 

reactivity, risk of developing major adverse 

cardiovascular events, and risk of cardiovascular death 

(Lewis et al. 2020). Finally, in the field of oncology a 

recent study found that high vitiligo, high psoriasis, and 

low atopic dermatitis polygenic risk scores were 

associated with longer overall survival after treatment 

with atezolizumab (anti-PD-L1) monotherapy compared 

to treatment with chemotherapy in bladder cancer 

patients (Khan et al. 2020). 

Patient enrolment in clinical trials may be improved with 

the use of polygenic risk ratings. It is possible for people 

with high polygenic risk scores to have illness risk 

equivalent to that seen in those with monogenic 

disorders (Khera et al. 2018). There is a possibility that 

clinical trial sizes may be reduced or the length of event-

driven studies could be shortened if individuals with 

high polygenic risk scores were included selectively. 

Although the association between polygenic risk scores 

and treatment response is a relatively new topic of 

inquiry in drug development, it is expected to garner 

increasing scientific attention across a wide variety of 

illnesses and therapeutic domains in the future. 

Applying methods like polygenic risk scores and machine 

learning to patient selection tactics in clinical research has 

regulatory ramifications, including potential effects on 

medication labeling and the necessity for a companion 

diagnosis. As a result, once a medicine is authorized, 

regulatory agencies want to know that there is a reliable 

way to identify the patients who would get the most 

benefits from it and that the label appropriately represents 

the enrichment tactics used to choose them. Regular 

communication with regulatory agencies throughout 

medication development is essential, as is consideration of 

the impact of enrichment tactics on labeling and the path 

to approval of any test intended as a companion diagnostic 

(FDA 2019). 

    

 

 

 

 

 

 

 

 

 

 

Patients with common cancers and their families in the NHS, as 

well as those with rare diseases and their families substances 

currently available on the market (Diogo et al. 2018; McInnes et 

al. 2020). The success rates of drug development projects are 

higher when the medication target has genetic proof to back it up 



 

 

(Nelson et al. 2015). It's possible that various types of genetic 

variation might provide light on potential therapeutic targets. In 

particular, LOF variations have attracted a lot of attention 

because of their potential as therapeutic targets. When this kind 

of genetic polymorphism is protective against illness risk, it may 

analagize to the actions of therapeutic antagonists (like PCSK9) 

(Cohen et al. 2006). Phenomenon-wide association studies 

(PheWAS) inside these massive datasets may characterize 

pharmacological targets to find new indications, related 

indications, or even possible safety flags (Diogo et al. 2018; 

Jerome et al. 2020). Additional evidence in favor of variations 

found by PGx analysis of current clinical trials for medications 

in development may be gathered from the material included in 

these huge databases. In conclusion, unique genetic patient 

subpopulations may be discovered for precision medicine 

clinical development programs or for call back studies to do 

further in-depth patient phenotyping. 

   Summary 

Pharmaceutical corporations have already invested extensively 

in genomic technology, databases, and PGx research, and this 

trend will only              accelerate. From initial target 

identification through late-stage clinical development, genomics 

is now an essential aspect of the drug development process. 

Although the difficulties highlighted here are substantial, they 

will be overcome as pharmaceutical firms increasingly use 

precision medicine tactics across the drug development process. 

One of the biggest obstacles to doing international research is 

the ever-evolving legal and regulatory framework in which such 

studies must be conducted. Worries, while 

While worries about patient privacy and the exploitation of 

patient data are warranted, too restrictive laws would stifle 

progress in PGx discoveries and, by extension, precision 

medicine for the world's populations as a whole. Positively, 

developments in genomic technology are accelerating, and 

pharmaceutical firms are adapting to the new landscape. In the 

next years, clinical trial PGx investigations will likely benefit 

from the addition of patient-level sequencing, polygenic risk 

scores, and data from massive electronic health record 

(EHR)/genomic databases to seed their results. 
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