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The Ethical, Legal and Regulatory Issues 
Associated with Pharmacogenomics: 
Systematically Quantifying the Literature
Jayne E Hewitt*

Since the human genome was successfully mapped much academic attention 
has been given to ethical, legal and regulatory issues associated with the 
integration and application of genomics in health care. In line with the recent 
political commitment to promoting precision medicine that relies heavily on 
“omic knowledge”, it is timely to review the issues that this body of literature 
has addressed. Focusing on “pharmacogenomics”, this review quantifies the 
issues identified in this body of academic work. It reveals that, after nearly 
two decades, interest in the regulatory and legal issues associated with 
pharmacogenomics continues to generate significant attention. The ethical 
issues, while not as predominant, also persist. The analyses highlights that 
there is a dearth of empirical research exploring the impact that these issues 
have had.
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BACKGROUND

Collectively referred to as “omics”, the current technologies that efficiently measure and characterise genes, 
proteins and small metabolites are expected to personalise health care.1 Although some may argue that health 
care has always been focused on the individual,2 it is anticipated that armed with knowledge of the roles, 
relationships and actions of the various molecules, clinicians will be ideally placed to individualise diagnoses 
and treatment.3 Colloquially termed “precision medicine”,4 omic knowledge includes “pharmacogenomics”, 
the ability to select therapeutic drugs, and customised doses, based on individual genetic profiles.5

Completion of the Human Genome Project provided incentive for governments around the developed 
world to promote the assimilation of omic knowledge, and support scientific initiatives aimed at 
accelerating its progress. The Precision Medicine Initiative was announced by President Obama is 2015. 
By collecting data from a large national research cohort, this initiative aims to enable the development 
of individualised treatments and a “new era of medicine”.6 Director of the National Institutes of Health, 
Francis Collins, believes that this will further advance pharmacogenomics.7 The National Health Service 
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Remedy Inequities in Patient Care and International Health” (2008) 6 Current Pharmacogenomics and Personalized Medicine 108.
6 The White House, The Precision Medicine Initiative (2015) <http://www.whitehouse.gov/precision-medicine>.
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in the United Kingdom is also committed to a Personalised Medicine Strategy that embraces targeted and 
personalised interventions.8 Similar initiatives have been heralded in Canada and Australia.9

Integral to any precision medicine strategy that includes pharmacogenomics is recognition that many 
current drug treatments are inefficient, ineffective or possibly harmful.10 While non-genetic environmental 
factors and the presence of concurrent diseases play a significant role in drug response,11 it is the genetic 
contribution to suboptimal or harmful responses that pharmacogenomics seeks to identify, in order to 
improve drug safety and efficacy.12 The expectation that this will improve patient outcomes has been reflected 
in the substantial academic literature addressing the ethical, legal and regulatory issues that accompany the 
translation of pharmacogenomics into health care.13 Given the current scientific and political commitment, 
it is timely to review the issues identified in the literature and explore the major themes that have emerged.

The first objective of this review is to identify and quantify the academic literature addressing the 
ethical, legal and regulatory issues associated with pharmacogenomics. Because of the heterogeneous, 
interdisciplinary nature of the literature, the systematic quantitative literature review methodology of 
Pickering and Byrne was used.14 Using a systematic approach to search and select the literature means 
that the way articles were identified for inclusion in the study was both explicit and reproducible.15 This 
article details the method used to first identify and then quantify the relevant literature. It is followed by 
a review of metrics that sets out key findings about the publications selected, such as the author locations, 
journal focus and so on. The next part considers the major themes and trends that emerge in the literature, 
with a discussion placing these results into a broader context. The article concludes that although the 
ethical, regulatory and legal issues associated with this evolving technology persist, there is a dearth of 
empirical research that explores their ultimate significance and effect.

METHOD

The first step involved conducting a systematic search of the academic literature. Recognising that the 
ethical, legal and regulatory issues associated with pharmacogenomics span more than one discipline, 
six databases were selected. These were Google Scholar, ProQuest, Scopus, HeinOnline, PubMed and 
Health Reference Center. Using the terms (pharmacogenetics or pharmacogenomics) or (personalized 
or precision medicine) and (ethic* or legal or regul*), searches were conducted in June 2016. As a 
relatively new field of study, the search was not restricted by any dates, but it was limited to English 
language and peer-reviewed articles that included these terms in the full text.

One thousand seven hundred and fifty-four articles were identified in the initial search. After 
removing 291 duplicates, 1,463 original articles remained for further screening. The abstracts of these 
articles were read, and those that did not relate to pharmacogenomics, or referred to the regulation of 
genes, were discarded. At this point 486 articles remained. The full texts of these articles were scanned. 
Articles that described conference proceedings were excluded. Those that included substantive discussion 
or analysis of the ethical, legal or regulatory issues associated with pharmacogenomics were selected for 
inclusion. At the end of these three phases of screening, 281 articles remained and were included in the  
final review. Figure 1 details the methodology as it was applied.

8 Bruce Keogh, Personalized Medicine Strategy, NHS Board Paper PB 24.09.15/05 (2015).
9 See, eg, Canadian Institutes of Health Research, Personalized Medicine Overview (2013) <http://www.cihr-irsc.gc.ca/e/43707.
html>; National Health and Medical Research Council, Targeted Call for Research into Preparing Australia for the 
Genomics Revolution in Health Care (Genomics TCR). (2015) <http://www.nhmrc.gov.au/grants-funding/apply-funding/
targeted-and-urgent-calls-research/targeted-call-research-tcr-genomics>.
10 Keogh, n 8.
11 Rashmi R Shah, “Pharmacogenetics in Drug Regulation: Promise, Potential and Pitfalls” (2005) 360 Philosophical Transactions 
of the Royal Society of London Series B, Biological Sciences 1617.
12 Andrew Marshall, “Laying the Foundations for Personalized Medicines” (1997) 16 Nature Biotechnology 6.
13 Eric Juengst et al, “After the Revolution? Ethical and Social Challenges in Personalized Genomic Medicine” (2012) 9 
Personalized Medicine 429.
14 Catherine Pickering and Jason Byrne, “The Benefits of Publishing Systematic Quantitative Literature Reviews for PhD 
Candidates and Other Early-Career Researchers” (2014) 33 Higher Education Research & Development 534.
15 Pickering and Byrne, n 14, 538.
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http://www.nhmrc.gov.au/grants-funding/apply-funding/targeted-and-urgent-calls-research/targeted-call-research-tcr-genomics
http://www.nhmrc.gov.au/grants-funding/apply-funding/targeted-and-urgent-calls-research/targeted-call-research-tcr-genomics
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FIGURE 1. Method of selecting relevant literature. To quantify this literature, details about each article were collated and entered into a personal 
database. This included the year that the article was published, the journal it was published in and 
the geographical location of the authors. The methodology used in the article was also recorded. In 
this category articles that did not describe literature reviews or empirical research were classified as 
“commentary and analysis”.

Before beginning to quantify the ethical, legal and regulatory issues that the literature addressed, 
defining what could be included in each of these terms was required. Although regulation has 
traditionally been associated with governmental control and authority over people’s lives, it has more 
recently been defined as a “social activity that includes persuasion, influence, voluntary compliance and 
self-regulation”.16 Julia Black has recognised that in relation to genetic technology, regulation has an 
important role to play in facilitating the integration of the wide range of views and interests of the varied 
stakeholders.17 In terms of pharmacogenomics this can include national governments, private and public 
health care organisations, pharmaceutical and biotechnology entities and the numerous professional 
disciplines involved in each of these groups. Therefore, for the purposes of the review regulatory 
issues were broadly defined to include not only those aspects of regulation traditionally associated with 
government or statutory bodies (such as drug and medication device marketing approval), but also those 
interests of pharmaceutical companies and insurers who can influence the development and integration 
of the technology. Legal issues were more narrowly defined to include issues addressed by legislation or 
recourse to legal action.

Recognising that the categories of ethical issues could be indeterminably large, a representative 
sample of articles that included “pharmacogenomics” in the title was selected to generate the 
subcategories to be included under the broad headings of research and clinical practice. The reason for 
selecting these articles was that with this term in the title it was expected that pharmacogenomics would 
be a substantive focus of the article and highlight the predominant issues. The ethical issues identified 
were generally associated with ensuring that people were treated fairly and justly, and were related to 
either participation in pharmacogenomic research, or as a patient where pharmacogenomic testing might 
be recommended prior to treatment. At the end of this process there were 12 subcategories of regulatory 
issues and six subcategories of legal issues. Nine subcategories of ethical issues associated with research 
and seven with clinical treatment were created. The outcomes of this analysis are set out in Table 1.

TABLE 1. Quantifying the issues in the literature. Details about the article were collected in 
addition to extracting a count of the number of issues that it raised
Publication details that were collected

Year of publication

Geographic location of author/s

Journal title

Methodology used in the article

Regulatory issues No of times issue raised

Design and conduct of clinical trials (incl post-marketing surveillance) 112

Drug development and approval 82

In-vitro diagnostic device development and approval 83

Assessment of risk/benefit 32
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To quantify this literature, details about each article were collated and entered into a personal 
database. This included the year that the article was published, the journal it was published in and 
the geographical location of the authors. The methodology used in the article was also recorded. In 
this category articles that did not describe literature reviews or empirical research were classified as 
“commentary and analysis”.
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traditionally been associated with governmental control and authority over people’s lives, it has more 
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self-regulation”.16 Julia Black has recognised that in relation to genetic technology, regulation has an 
important role to play in facilitating the integration of the wide range of views and interests of the varied 
stakeholders.17 In terms of pharmacogenomics this can include national governments, private and public 
health care organisations, pharmaceutical and biotechnology entities and the numerous professional 
disciplines involved in each of these groups. Therefore, for the purposes of the review regulatory 
issues were broadly defined to include not only those aspects of regulation traditionally associated with 
government or statutory bodies (such as drug and medication device marketing approval), but also those 
interests of pharmaceutical companies and insurers who can influence the development and integration 
of the technology. Legal issues were more narrowly defined to include issues addressed by legislation or 
recourse to legal action.

Recognising that the categories of ethical issues could be indeterminably large, a representative 
sample of articles that included “pharmacogenomics” in the title was selected to generate the 
subcategories to be included under the broad headings of research and clinical practice. The reason for 
selecting these articles was that with this term in the title it was expected that pharmacogenomics would 
be a substantive focus of the article and highlight the predominant issues. The ethical issues identified 
were generally associated with ensuring that people were treated fairly and justly, and were related to 
either participation in pharmacogenomic research, or as a patient where pharmacogenomic testing might 
be recommended prior to treatment. At the end of this process there were 12 subcategories of regulatory 
issues and six subcategories of legal issues. Nine subcategories of ethical issues associated with research 
and seven with clinical treatment were created. The outcomes of this analysis are set out in Table 1.

TABLE 1. Quantifying the issues in the literature. Details about the article were collected in 
addition to extracting a count of the number of issues that it raised
Publication details that were collected

Year of publication

Geographic location of author/s

Journal title

Methodology used in the article

Regulatory issues No of times issue raised

Design and conduct of clinical trials (incl post-marketing surveillance) 112

Drug development and approval 82

In-vitro diagnostic device development and approval 83

Assessment of risk/benefit 32

16 Valerie Braithwaite, “Ten Things You Need to Know About Regulation and Never Wanted to Ask” (2006) 14 ALLJ 19, 19.
17 Julia Black, “Regulation as Facilitation: Negotiating the Genetic Revolution” (1998) 61 Modern Law Review 621.
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TABLE 1. continued

Labelling and product information 58

Analytic validity of biomarkers 66

Clinical utility of biomarkers 44

Storage and use of DNA 48

Harmonisation of regulation 16

Cost-effectiveness 84

Payment/reimbursement 62

Commercial considerations 37

Legal issues No of times issue raised

Role or application of legislation or regulations 63

Legislative protection of individual data 32

Anti-discrimination legislation 17

Orphan drugs (incl potential rescue of drugs) 42

Potential legal liability 42

Intellectual property and patents 28

Ethical issues associated with PGx research No of times issue raised

Research with vulnerable populations 26

Race/ethnicity as proxy for genetic difference 46

Stratification of research populations 65

Benefits/risks associated with participation 26

Consent 62

Disclosure of findings 27

Confidentiality/privacy 47

Potential for discrimination/stigmatisation 27

Potential for data sharing among researchers 11

Ethical issues associated with clinical practice No of times issue raised

Education of health care providers 57

Avoidance of adverse drug reactions 20

Access to benefits of pharmacogenomic testing 61

Consent 38

Disclosure of findings 32

Confidentiality/privacy 27

Potential for discrimination/stigmatisation 31

Each of the full-text articles was read by the author, and issues included in the database as they arose. 
The process of quantifying these issues did not discriminate between positive or negative treatment in the 
article. Nor did the process attempt to quantify the depth of analysis of an issue. In some cases, an article 
discussed one or two issues in significant detail and depth, while others covered several more issues in 
less detail. The differential treatment can be attributed to the fact that the majority of this literature is 
commentary and analysis rather than empirical research.

METRICS

Publication Data
Figure  2 depicts the heightened interest in the ethical, legal and regulatory issues associated with 
pharmacogenomics that arose shortly after the Human Genome Project was completed. Although the 
expectations associated with pharmacogenomics at this time were high, the literature recognised that if a 
new health care paradigm was to emerge, then the potential consequences warranted careful consideration. 
For example, in 2003 Bryn Williams-Jones and Oonagh Corrigan observed that pharmacogenomics 
promised to be the first functional technology to come from the significant public and private investment 
in the Human Genome Project.18 They also cautioned that while the “hype” underpinning the expectations 
was necessary for developing interest and enrolling political support, it should be tempered to avoid 
discrediting the science before it is properly developed and undermining public trust.19

The overall steady rise in the number of articles published between 2000 and 2014 however suggests 
that little “tempering” has occurred.

Journal Types
Articles on the ethical, legal and regulatory issues associated with pharmacogenomics have been 
published in 148 different journals demonstrating the breadth of academic interest in this topic. As 
can be seen in Figure 3, while the majority of these articles have been published in journals with a 
specific focus on pharmacogenomics, they also included journals within the pharmacology and clinical 
disciplines. What is of interest is that although collectively there were 16 ethical subcategories that 
represented almost 50% of the types of issues identified, they featured only marginally in those journals 
with a focus on ethics. This suggests that ethical concerns are being addressed more broadly, although 
not necessarily deeply, by a range of disciplines.
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18 Bryn Williams-Jones and Oonagh P Corrigan, “Rhetoric and Hype: Where’s the ‘Ethics’ in Pharmacogenomics?” (2003) 3 
American Journal of Pharmacogenomics 375, 379.
19 Williams-Jones and Corrigan, n 18, 377.

FIGURE 2. Number of publications per year from January 1998 to June 2016.
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Author Locations
Although the articles were published in a wide variety of academic journals, the geographic location 
of authors based on their institutional affiliations was more limited. Figure 4 sets out the geographical 
location of authors. Nearly two-thirds of authors (65%) were from institutions in the United States or 
the United Kingdom. In their 2003 paper providing a sociological analysis of the early development and 
integration of pharmacogenomics, Adam Hedgecoe and Paul Martin observed that the “construction 
of a bioethics discourse around pharmacogenetics is mainly being shaped by researchers advocating 
the development of the technology and is closely tied to the creation of scientific and commercial 
expectations”.20 In this way, they become critically engaged with the process of innovation and influence 
the societal acceptance that is imperative for successful translation into clinical practice.21 Seven of 
the top 10 pharmaceutical and biotechnological companies in the world are located in the same two 
countries where most of the research was from, supporting this assertion.22 It also helps to explain why 

FIGURE 3. The types of journals where articles are published.

FIGURE 4. The geographic location of authors. This data was extracted from the author 
affiliations included with the published article.

20 Adam Hedgecoe and Paul Martin, “The Drugs Don’t Work Expectations and the Shaping of Pharmacogenetics” (2003) 33 Social 
Studies of Science 327, 351.
21 Hedgecoe and Martin, n 20.
22 Statista, 2017 Ranking of the Global Top 10 Pharmaceutical and Biotech Companies Based on Revenue (in Billion US Dollars) 
(2017) <https://www.statista.com/statistics/272717/top-global-biotech-and-pharmaceutical-companies-based-on-revenue/>.

the majority of academic literature creating the bioethical discourse around pharmacogenomics has 
emanated from here.

Article Methodologies
The first article addressing the ethical, regulatory and legal issues associated with pharmacogenomics was 
published in 1998. With the exception of 1999, articles have been published in every year since. Figure 5 
sets out the methodologies of the articles and demonstrates that the overwhelming majority provided 
commentary and varying levels of analysis of one or more issues. As the science of pharmacogenomics 
has developed there has been a small but gradual increase in empirical research. Between 1998 and 
December 2007 only four of the 116 articles identified reported empirical research. Since January 2008 
there have been a further 165 articles published and 15 of these have reported the findings of empirical 
research.

MAJOR THEMES

There were three themes that emerged from the literature. The first was how pharmacogenomic 
knowledge could or should be used in clinical trials. The second reinforced the importance of facilitative 
regulatory processes for translation of emerging technologies, and the third highlighted the barriers to 
the successful integration of pharmacogenomics into clinical practice. Each of these themes will now be 
discussed in detail.

Pharmacogenomics and Clinical Trials
More than 40% of issues identified in this scoping review were related to clinical trials. When 
combined with issues associated with individual research participants, this increased to over 60%. The 
predominance of these concerns reflects a current tension in new drug development. As the patents that 
protect blockbuster drugs begin to expire, new drugs to take their place must be discovered, developed 
and marketed.23 Referred to as the development pipeline, it is estimated that less than 10% of new drugs 
successfully reach the end of the pipeline and receive approval for marketing.24 In many instances, these 
potentially new drugs fail due to their demonstrated lack of efficacy, or concerns about their inherent 
safety.25

Assuming that there is a genetic component that is responsible for reduced efficacy or safety of a 
new drug, excluding those individuals who are most likely to exhibit an unwanted response from clinical 

https://www.statista.com/statistics/272717/top-global-biotech-and-pharmaceutical-companies-based-on-revenue/
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23 Olivier et al, n 5.
24 Issam Zineh and Michael A Pacanowski, “Pharmacogenomics in the Assessment of Therapeutic Risks versus Benefits: Inside the 
United States Food and Drug Administration” (2011) 31 Pharmacotherapy 729, 730.
25 Zineh and Pacanowski, n 24.

FIGURE 5. The methodologies employed within the articles.
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trials would increase the probability of success. Even before completion of the Human Genome Project, 
the potential for pharmacogenomic information to influence the design of clinical trials in this way 
was postulated.26 It was also anticipated that pharmacogenomic knowledge would allow researchers to 
streamline clinical trials by decreasing the number of participants and the time required to complete the 
trial.27 Resulting in a more efficient and informative process, the attrition rate of new drug candidates 
could be reduced, lowering the development cost to the pharmaceutical company.28

While the expectation that pharmacogenomic knowledge would create more efficient and streamlined 
clinical trials continued, the potential difficulties that this might create also began to be highlighted.29 
For example, commentators recognised that the smaller trial sizes might limit the applicability and 
generalisability of research results.30 This concern persisted as regulatory agencies recognised that 
reduced sample sizes can overestimate the size of an effect making it difficult for subsequent trials to 
replicate.31 Bryn Williams-Jones and Oonagh Corrigan note that as inter- and intra-individual variation 
in therapeutic response is determined by factors that extend beyond their genetic makeup, failing to 
account for this confounds replication.32

The leading response to this concern was to recommend that, as smaller trials are less likely to 
detect the potential for adverse reactions in the wider population, vigilant post-marketing surveillance 
should be undertaken.33 As one of the most significant benefits associated with pharmacogenomics is 
the potential to reduce adverse drug reactions, this response seems to implicitly accept that there will be 
an increased risk to which individuals will be exposed, if marketing approval is granted on the basis of 
research that is conducted on unrepresentative samples of the population. Guillaume Sillon et al suggest 
that rather than excluding those research participants with unfavourable genotypes it may be preferable 
to modify the research protocol and adapt it to their genotypic profile.34 However, rather than simplifying 
the clinical trial process, modifying protocols to accommodate diverse genotypes, and extrinsic variables 
that influence response, would make the process more complex.35 This view has been reiterated more 
recently by Matthew Avery who believes that pharmacogenomic informed clinical trials would become 
more time-consuming and expensive.36

The disparate views on the outcomes of including pharmacogenomic information in clinical trials 
suggests that the issue is yet to be resolved. It is apparent, however, that genotyping to stratify participants 
in clinical trials challenges traditional understandings of clinical research design.37 It also brings to the 

26 John Hodgson and Andrew Marshall, “Pharmacogenomics: Will the Regulators Approve?” (1998) 16 Nature Biotechnology 243.
27 M Gabriella Alcalde and Mark A Rothstein, “Pharmacogenomics: Ethical Concerns for Research and Pharmacy Practice” (2002) 
59 American Journal of Health-System Pharmacy 2239, 2239.
28 Lawrence J Lesko and Janet Woodcock, “Pharmacogenomic-guided Drug Development: Regulatory Perspective” (2002) 2 The 
Pharmacogenomics Journal 20, 21.
29 Guillaume Sillon et al, “An Ethical and Legal Overview of Pharmacogenomics: Perspective and Issues” (2008) 27 Medicine 
and Law 843.
30 Alcalde and Rothstein, n 27, 2240.
31 Krishna Prasad and Alasdair Breckenridge, “Pharmacogenomics: A New Clinical or Regulatory Paradigm? European Experiences 
of Pharmacogenomics in Drug Regulation and Regulatory Initiatives” (2011) 16 Drug Discovery Today 867.
32 Williams-Jones and Corrigan, n 18, 379.
33 See, eg, Alcalde and Rothstein, n 27; Sillon et al, n 29; S M Thomas, “Pharmacogenetics: The Ethical Context” (2001) 1 
Pharmacogenomics Journal 239; Tilo Mandry, “Legal Implications of Pharmacogenomics Regarding Drug Trials, Drug Labeling, 
and Genetic Testing for Drug Prescription: An International Approach” (2004) 59 Food and Drug Law Journal 519; Jai Shah, 
“Economic and Regulatory Considerations in Pharmacogenomics for Drug Licensing and Healthcare” (2003) 21 Nature 
Biotechnology 747.
34 Sillon et al, n 29.
35 Williams-Jones and Corrigan, n 18, 380.
36 Matthew Avery, “Personalized Medicine and Rescuing Unsafe Drugs with Pharmacogenomics: A Regulatory Perspective” 
(2010) 65 Food and Drug Law Journal 37.
37 Amalia M Issa, “Ethical Considerations in Clinical Pharmacogenomics Research” (2000) 21 Trends in Pharmacological 
Sciences 247, 247.
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fore the differences between the primary purpose of the clinical trial for a pharmaceutical company, 
which is to attain marketing authorisation for a new (potentially profitable) drug, and the purpose for 
which these drugs are prescribed. In this space, the collected evidence may not necessarily satisfy both 
requirements.38

Pharmacogenomics and Regulation
Internationally, regulatory agencies are charged with attempting to balance the competing interests 
associated with drug approval and patient safety.39 The challenge this provides may also be the reason 
that issues related to regulation of drugs and devices featured prominently in the pharmacogenomic 
literature.

Regulatory decision-making plays a pivotal role in the successful implementation of new 
technologies and the literature reinforced the need for clear guidance to achieve this.40 Internationally 
regulators have made strident attempts to harmonise processes. Stuart Hogarth notes that regulatory 
agencies now embed an organisational structure dedicated to the application of pharmacogenomics.41 
However, not all regulatory agencies wield equal influence, with the hegemonic status of the United 
States Food and Drug Administration setting the “foundational conceptual terms of pharmaceutical 
regulation globally”, and underpinning transnational harmonisation.42 This observation is also reflected 
quantitatively in the literature. Of those articles that specifically addressed the role of regulation, 
legislation and policy, half were written by authors based in the United States. Despite this imbalance, 
international regulatory agencies continue to work collaboratively, among themselves, and with industry 
to harmonise and streamline regulatory requirements.43 An additional challenge inherent in this process 
is that pharmacogenomics knowledge will only be useful in the setting of a validated and reliable test.

Writing in 2002, L A Bristol noted that the core technologies essential to the design and interpretation 
of pharmacogenomics-based diagnostics are currently under-regulated by those agencies delegated to do 
so.44 This had not gone unnoticed by regulators. Lawrence Lesko reports that one of the Food and Drug 
Administration’s concerns is to ensure the quality of pharmacogenomics tests that might be used in drug 
development, and clinical practice.45 Notwithstanding these efforts, issues of test regulation in addition 
to drug regulation emerged as a pressing concern,46 and featured frequently in the literature.47 Kathryn 
Phillips and Stephanie Van Bebber observed in 2006 that the Human Genome Project facilitated rapid 
advancement of diagnostic tests, but often with limited understanding of their clinical utility, making 
regulation for the protection of public safety challenging.48 Nearly a decade later, Shannon Gibson and 

38 Issa, n 37, 248.
39 Brian K Chen and Y Tony Yang, “Post-marketing Surveillance of Prescription Drug Safety: Past, Present, and Future” (2013) 34 
Journal of Legal Medicine 193, 195.
40 Lesko and Woodcock, n 28, 24.
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47 Issues around in-vitro diagnostic device development and approval, analytic validity of biomarkers and their clinical utility were 
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Trudo Lemmens suggest that further guidance and policy development is needed to clarify uncertainty 
around the coordination in the review of drugs and companion diagnostics.49

Pharmacogenomics and Clinical Practice
It is interesting to note that over the course of nearly 20 years, some of the ethical, legal and regulatory 
concerns have remained unchanged. Ross McKinnon, Michael Ward and Michael Sorich recognise 
that new technologies progress through an “adoption life cycle” where they sequentially penetrate 
different segments of the uptake chain.50 Without resolution of the issues associated with clinical trials 
and regulation, the concerns of health care practitioners and other stakeholders who are expected to 
directly benefit from pharmacogenomic knowledge do not come to the fore. Consequently, while these 
represent “live” issues, it may also explain why issues associated with pharmacogenomics in clinical 
practice featured in a comparatively limited manner. Even when combining those issues related to health 
care practitioners with individual patients, they accounted for less than one fifth of the overall issues 
discussed.

Within this relatively small number, the most notable concern was health care practitioner’s lack 
of knowledge and understanding around the information that pharmacogenomic testing can provide. A 
need for ongoing education was therefore seen as imperative.51 There are two broad assumptions that 
underpin the recommendation for additional and continuing education of health care practitioners. The 
first is that there is a pharmacological trait that is subject to appreciable genetic control.52 However, 
Ozdemir et al note that the role of genetics in drug response will depend on the temporal, geographic or 
therapeutic environment in which the drugs are being administered.53 This adds a layer of complexity 
to decision-making as clinicians will be required to determine how much of a particular pharmacologic 
response can be attributed to genetics in relation to other extrinsic factors.54 The second assumption is 
that further, better and continuing education is the key to ensuring that clinicians adopt the appropriate 
pharmacogenomic test in their practice. However, as one of the few articles reporting on empirical 
sociological research, Adam Hedgecoe found that a more nuanced understanding of clinical practice and 
professional values is required to support changes to traditional prescribing practices.55 In Hedgecoe’s 
study resistance to the use of a particular pharmacogenomic test was not based on a knowledge deficit 
but other factors.56 Highlighting the importance of considering different perspectives to identify the 
ethical and structural issues of most relevance to pharmacogenomics.

LIMITATIONS AND FUTURE RESEARCH DIRECTIONS

The complexity and widespread nature of the issues associated with pharmacogenomics mean that the 
literature discussing the ethical, legal and regulatory concerns is diverse and scattered across many 
disciplines. This review, while following standard systematic reporting requirements, only assessed 
peer-reviewed articles in academic journals published in English. Additionally, it did not seek to include 
grey literature and hence was not comprehensive. Expanding the search criteria to include other types of 
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publications such as book chapters, books, government reports etc would provide a broader assessment 
of the literature. It may also identify topics that form only part of articles, but that expand the range 
and depth of the themes identified here. This is particularly relevant as pharmacogenomics moves 
from a stand-alone biotechnology, to part of an integrative and collaborative approach to “personalised 
medicine”. An additional and related limitation is that the review was conducted by one author who 
reviewed all articles and extracted all relevant data. Without additional reviewers, the potential for “drift” 
cannot be ruled out. Strategies to minimise this included re-reading and reviewing a significant portion 
of the literature on more than one occasion ensuring that data extraction remained consistent.

CONCLUSION

The initial burst of academic interest in the ethical, legal and regulatory issues associated with 
pharmacogenomics as it emerged following completion of the Human Genome Project identified 
an array of potential issues. While some of these were concerns that had previously permeated the 
bioethical literature (such as informed consent, confidentiality and access to the benefits of new 
technologies), a number of novel issues surfaced. Anticipating that the benefits of successfully integrating 
pharmacogenomics into the development of new drugs and clinical practice would eventually yield 
substantial benefits, these novel issues were enthusiastically canvassed. Quantifying the issues addressed 
by this literature, the review has demonstrated that despite nearly two decades of work in this area, 
some of these novel issues persist yet endeavours to address them through empirical research has not 
been forthcoming. While this may reflect the struggles that have been encountered translating the basic 
scientific and clinical discoveries associated with pharmacogenomics into clinically useful outcomes, 
future empirical research is required to address this gap.


