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Abstract

This opinion article discusses the numerous benefits surrounding 
the introduction of artificial intelligence (AI) to the field of 
pharmacogenomics, specifically in relation to drug prescription 
optimisation and side effect reduction. This topic is paramount to the 
future of medicine, AI potentially providing a realistic approach to 
the rolling out of personalised medications tailored to an individual’s 
genetic profile. This could help patients to experience much more 
efficient treatment programmes with limited adverse effects. 
Additionally, this model may have the ability to decrease treatment 
expenditure, helping to improve the healthcare system in a more 
general sense. The aim of this article is to outline the advantages 
AI brings to pharmacogenomics, as well as to also show the current 
limitations that would prevent its implementation.

Introduction

Medicine is a constantly evolving field, with new discoveries and 
research involving patient care being integrated into healthcare 
continually. With artificial intelligence (AI) becoming increasingly 
more interwoven with our daily lives, the question of how it could be 
combined with healthcare and biomedicine is a consideration that 
has been researched by many – a common theme being how it can 
be used to improve efficacy within the field of personalised medicine 
and pharmacogenomics to treat conditions. 

Personalised medicine, as stated by the European Union, is “a medical 
model that aims to provide tailor-made prevention and treatment 
strategies for defined groups of individuals.”1 One branch that 
personalised medicine takes into consideration is pharmacogenomics, 
which combines the principles of pharmacology and genomes to 
study how an individual’s genetic profile can influence their drug 
responses. Despite other elements affecting drug efficacy, such as 
lifestyle and environmental factors, genomics is believed to be the 
key in the major advancement of personalised medicine.2 

This article aims to discuss the impact AI may be able to have on 
pharmacogenomics, highlighting advantages and disadvantages 
that may be associated with its use in this context. Specifically, 
there is a large focus on AI’s influence on the optimisation of drug 
prescriptions and the reduction of side effects.

Methods

To explore the impacts of AI on pharmacogenomics with relation 
to drug prescription optimisation and side effects, a narrative 
review of the literature was conducted. Several databases were 
searched, consisting of PubMed, Google Scholar, ScienceDirect and 
Web of Science. The key search terms used initially were “artificial 
intelligence”, “pharmacogenomics” and “personalised medicine.” 
To ensure this article’s relevance, searches were limited to articles 
published between the years 2015 and 2025, with the exception of 
one article published in 2009, which defines pharmacogenomics and 
states it relevancy to the future of healthcare.2 Papers included in the 
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research of this article were selected based upon their relevance to 
key themes, including areas like AI efficiency, personalised medicine, 
drug prescription optimisation and side effect reduction.  

Why is this topic important?

Pharmacogenomics aims to resolve the uncertainty around which 
genes influence drug responses. This could help to distinguish 
whether treatment plans will have a positive or adverse reaction for 
a specific person. Additionally, it may provide an insight into how to 
create personalised drugs that will have the maximum efficacy for 
individuals. This field could massively decrease NHS expenditure, 
through limiting the number of failed drug trials; decreasing the time 
it takes for drug approval; shortening the length of treatment plans; 
and predicting how disease may affect specific populations.2 

AI can help reduce these costs further, with many economic 
advantages associated with its roles in personalised medicine. AI’s 
ability to prevent adverse events that could hospitalise patients for 
longer than necessary is a significant area of both financial benefit 
and patient journey improvement. AI can help identify early risk 
to avoid additional treatment costs, as well as optimising resource 
allocation and utilisation. Furthermore, its operational efficiency 
contributes to freeing up more time so that healthcare providers 
can redistribute their priorities away from repetitive tasks, such 
as data entry, and more towards direct patient care. This improves 
productivity and labour costs.3  

To further the progression of pharmacogenomics, the employment of 
AI within this field shows promise. Through deep learning techniques 
encoded into the software, AI could revolutionise pharmacogenomics 
by developing predictive-modelling and efficient data analysis 
techniques.4

Results

How AI can positively impact drug prescriptions and side effects in 
pharmacogenomics

There are numerous benefits in uniting pharmacogenomics and 
AI, the ability to process genomic-wide data efficiently using such 
resources showing potential in the world of individualised medicine. 
Additionally, the ability to identify the biological-level causation of 
variation of response to specific treatments between individuals 
could be achieved on a wider scale.5 

A person’s genome can affect multiple stages in drug response, 
including drug receptors, uptake, breakdown and targeted 
development. AI can impact each of these steps, helping to provide 
further insight and improve efficiency of pharmacogenomic drug 
research. In turn, this will help to optimise genetics-based treatment 
plans.6 For example, regarding drug receptors (which can vary 
dependent on a person’s DNA), AI can measure drug-binding affinity 
through its ability to recognise similarities or differences between a 
drug and its target.7 

Specifying dosages on a person-to-person basis instead of more 
general categories could help transform drug prescriptions and 
reduce adverse reactions.5 To address this, intelligent software 
has been made to develop prediction models that consider 
pharmacogenomic variants to attempt to forecast treatment 
outcomes. However, a limitation that was identified was the training 
of these technologies to do this, due to the number of variables the 
software would have to use far exceeding the samples available 
to prime the methods. Henceforth, alternate approaches were 
considered that would reduce the number of these variables – for 
example, through the introduction of P value thresholds of a genome-
wide association study.5 Despite this, one study used artificial neural 
networks and machine learning to identify common variants of 
cytochrome P450 enzymes which were believed to contribute to 
negative drug reactions. It concluded that AI, in this case, was capable 

of categorising adverse reactions to treatments based on a person’s 
genomic profile. As research progresses, the study claimed that 
more genomic variations could be integrated into the software to 
improve its performance and predict on a wider range of drugs and 
conditions.8 There have also been multiple experiments researching 
the effects of anti-depressants on individual treatment outcomes 
that combine AI and pharmacogenomics – many show promise, 
supplying accurate predictions of responses, helping to provide 
individuals with the most appropriate anti-depressant medications. 
This development could majorly improve drug prescriptions, 
reactions and the reduction of harmful side effects.9

Furthermore, the success of pharmacogenomics is heavily reliant 
on clinical trials, which is consistently problematic due to difficulties 
involving patient matching and design. It is for this reason that AI 
integration is a sensible option, as large quantities of genomic and 
patient history data can then be easily handled. This can massively 
impact drug discovery, as well as diagnostic prediction and 
accuracy.10 With the application of AI, it has even been suggested 
that whole genomes should be sequenced from birth to help enrich 
our understanding of genes, although this topic has huge cause for 
debate. However, improving our understanding of causation can 
improve our understanding of medication prescribing choices.11

Another dilemma is that “phenotype-genotype concordance 
is limited,”12 as stated by a recent study researching alternate 
phenotyping strategies. The article went onto explain how AI was 
able to ‘learn’ using training data, before moving onto unknown 
data to predict phenotypic outcomes, as well as who would respond 
to a certain drug and who would not.12 For example, with respect 
to drug uptake and breakdown, a decrease in gene expression for 
organic anion transporter 1B1 (a type of transporter protein) can 
lead to a decrease in statin uptake. Therefore, using AI to help screen 
for this would be beneficial, as to not provide these individuals with 
drugs that will be ineffective.6 This research can help optimise drug 
prescriptions through ruling out medications that would have little 
or no effect, rather than trialling and re-prescribing. 

Drug prescription optimisation is also affected by when a treatment 
is started. Genomic testing and analysis can be laborious and time 
consuming, limiting the scope of patients that individualised 
genetics-based medicine can reach.13 However, when combined with 
AI, genomic analysis (for example, next generation sequencing and 
genome sequencing) is achieved far quicker, leading to faster decision 
making.4 It can help by looking for specific variants; supporting 
clinicians in extracting and studying both genotypic and phenotypic 
data; and explaining test results. AI can make genomic analysis more 
efficient, thus potentially prescribing earlier and improving the effect 
of a person’s genetics-based treatment.14

In addition to scanning for known genes that cause disease, AI 
can help to discover new genes which potentially cause harm, as 
many genetic conditions are not yet known.14 For example, a study 
involved in neurodevelopment disorders found evidence for 28 
genetic disorders when combining exome sequencing and AI. Some 
limitations include challenges such as the reliance on input data 
quality and sample size. However, the benefits of AI helped in areas 
of scalability and efficiency, able to handle large datasets.15 Therefore, 
more potentially harmful genes can be screened for in patients, and 
consequently, more treatments can be developed around this.14 With 
there potentially being thousands of impactful genes that have not 
yet been investigated, one group of researchers used AI to support 
them in finding possible drug targets.16 Treatment plans could 
become more specific because medical professionals can begin to 
separate peoples’ medicinal paths and categorise them based on 
genetic findings – this could make these routes much more efficient.14

Lastly, AI can also be of use in the manufacturing of genetics-based 
medications. This can be achieved through its ability to 3D print 
drugs that have been designed by smart drug delivery systems, 
which in turn, can then enhance its positive impact on individual 

Inspire Student Health Sciences Research Journal | Spring 2026



patients.6 It can save time for users of these systems, as well as 
additional expenditure on the collection of further data to allow 
them to operate. AI can also maintain printers, helping to prevent 
the supply of medications being interrupted as a result of machine 
failure.17 One study successfully implemented AI in the customisation 
of capsules in the pursuit of 3D printing personalised medications. 
They accomplished this through the encoding of capsule geometry 
to investigate how they would dissolve in the body. However, there 
were several limitations in this study that required addressing. These 
consisted of using only one type of material, a limited range of drug 
types and the lack of in vivo application. The authors therefore 
encourage further exploration in these three areas.18 

Limitations

As highlighted in the discussion above, a common theme is ‘the 
future’. As much as AI is showing great potential, it is still in its 
early stages and there are a lot more improvements to be made. 
For example, the training of AI is still a work in progress,5 and the 
current range of conditions AI can predict on is also limited.8 For 
AI to progress in this field, the dilemma surrounding the minimal 
pharmacogenomics data needs to be resolved. Without the 
appropriate quantity, training data can become majorly skewed, 
negatively impacting the machine’s ability to learn. Furthermore, 
there are a surplus of variables when trialling drugs that idealistically 
need to be controlled, as otherwise, the relevancy of the data 
collected is difficult to extract. Simultaneously, data also needs 
to be extracted from varying subunits of the population to ensure 
that genetic and environmental diversity between communities 
is accounted for. If this is ignored, it can lead to an algorithmic bias 
within the AI system which could exacerbate the issue surrounding 
healthcare inequities for underrepresented groups. However, there is 
hope, with techniques like federated learning and cloud computing 
being developed that allows shared prediction models between a 
multitude of study sites.19 

As well as quantity, the quality of training data is also important for 
AI in pharmacogenomics. Achieving this requires much effort and 
huge expenses, as identifying relevant information from datasets is 
extremely complicated. For AI to recognise relevant links between 
particular variables, these datasets need to be cleaned so that 
incorrect information, missing values and outdated statistics can be 
appropriately removed. This is a dilemma that has a huge impact on 
AI’s ability to work in this field, and unfortunately there are limited 
suggestions as how to overcome this problem.19 

Another issue is data security, with the danger of AI being at threat 
from cyber-attacks. Patient records and research data, for example, 
could be at risk. Not only does this pose a concern to the protection 
of private and sensitive information, but it also incurs large costs to 
healthcare services. This means continuous monitoring and updates 
will be necessary. Although these endeavours can be expensive to 
pursue, meaning many smaller healthcare providers may not have 
the sufficient budget to invest in the appropriate cyber-security 
measures. There are also risks from human error, in which data 
may be accidentally sent to cyber-criminals. This could be through 
means of phishing attacks, for example. This is where a hacker 
may impersonate others to trick employees into believing they are 
someone else, hence gaining access to sensitive information. To limit 
these data breaches, it is vital that strict regulations are imposed in 
relation to patient information, with repercussions for organisations 
that do not follow them. Regulatory oversight would be mandatory. 
More time and money need to be spent on developing robust 
security systems, which are consistently updated so that they always 
adhere to the latest safety standards as technology advances.20 

In terms of ethical quandaries, as briefly addressed, there are concerns 
that algorithmic biases could arise from the data used to train the 
software. These can lead to systematically incorrect conclusions and 
perpetuate biases. This may be solved through research into AI’s 
rationale behind certain decisions it makes and integrating more 

ethics-based research into the software. Transparency amongst these 
systems is a crucial step in mitigating this issue.10 

For the reasons listed above, there are many steps that need to be 
taken before AI can be implemented in pharmacogenomics on 
a wider scale. However, some of the current applications include 
algorithms trained on genomic data in oncology to help personalise 
treatment; AI combining genomic and proteomic (information about 
proteins) data to predict cardiovascular complications; the revealing 
of more actionable insights in endocrinology; and the use of AI in 
pharmacogenomics to help improve antidepressant efficacy and 
reduce side effects in mental health interventions.21

Conclusion

To conclude, I believe, based on the evidence at hand, that AI is the way 
forward in pharmacogenomics. Even in its early development, AI has 
shown great potential, proving that it can aid healthcare professionals 
and researchers in the progression of pharmacogenomics. It has so 
many positive qualities, helping to optimise drug prescriptions and 
reduce side effects. However, before AI is employed further in the 
pharmacogenomics industry, its limitations do need to be addressed 
and overcome. Some potential next steps that could allow for this 
would be the introduction of strict regulations of AI in this field, to 
try and mitigate the dangers of data breaches. More research should 
be conducted into ensuring satisfactory cybersecurity, as well as 
enhancing the transparency with which AI makes decisions to solve 
issues surrounding algorithmic bias. 
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