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How can genomics inform and shape future therapeu4cs? 
 
 

Introduc*on  

Genomics is the scien:fic field associated with studying the structure and func:on of the 

genome. In healthcare this knowledge can be used to inform our understanding of diseases 

and their treatment. Since the structure of DNA was discovered in 1953 by Watson and 

Crick1, the field has expanded exponen:ally. This includes the sequencing of the whole 

human genome in 20032 and comple:on of data collec:on for the 100,000 Genomes Project 

in 20183. Knowledge of the genome has already enabled the development of targeted 

therapeu:cs for malignancies4 and gene:c diseases5, improving outcomes and reducing 

adverse effects6. Genomics will con:nue to have a significant impact and underpins 

personalised medicine, which is the future of healthcare. This is recognised by both the 

government and the Na:onal Health Service (NHS), whose goal of sequencing 500,000 

genomes was realised in November this year7. In the following essay, the poten:al ways 

genomics may inform, and shape therapeu:cs will be discussed with a focus on cancer, rare 

and inherited diseases, pharmacogenomics, and infec:ous disease. In addi:on, some of the 

challenges to be overcome will also be covered. 

 

Cancer 

Cancer is caused by inherited or acquired DNA muta:ons. Genomics is therefore cri:cal to 

understanding the treatment of this disease. Targeted treatments against specific muta:ons 

already exist, for example the use of Ima:nib against BRCA muta:ons8. U:lising the 

muta:ons in a cancer cell to create targeted therapies is an example of precision medicine. 

This approach leads to fewer side effects as the characteris:cs targeted by the therapeu:c 

are not found in normal cells9. This makes the therapeu:c more palatable to pa:ents and 

can improve compliance and outcomes10. As sequencing technologies advance and become 

cheaper, it will be possible to sequence all cancer pa:ents’ genomes. This will allow the 

discovery of new targets, the development of targeted treatments and a shiZ away from the 

more tradi:onal and damaging chemotherapy approach.  

Genomic informa:on may also be used to stra:fy cancer pa:ents. This is useful in 

deciding effec:ve treatment op:ons and inves:ga:ng cancers of unknown primary (CUP). In 
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these cases, the molecular profile of the cancer may provide clues of its origin, or at the 

least muta:ons which may be targeted11. CUPs tend to have poor survival rates11 in part due 

to the lack of knowledge of which drugs will be effec:ve. Therefore, the use of genomics to 

guide therapeu:c choice could have a significant impact in this area. Stra:fica:on can also 

be used to quan:fy risk12. This can allow prophylac:c interven:on (e.g. mastectomies), or 

earlier detec:on. This allows the most effec:ve treatment op:on to be given sooner thus 

improving its efficacy and increasing the pa:ent’s chance of survival. An example of this is 

colon cancer, where survival rates for early-stage are greater than 90%. However, this falls to 

under 15% for late-stage13.  

Finally, through the analysis of circula:ng tumour DNA (ctDNA), genomics may be 

used to determine response to treatment and detect disease relapse14. ctDNA is released 

from dying tumour cells and detected in a pa:ent’s blood stream using DNA sequencing 

techniques. As cancer cells have a unique genomic profile, ctDNA can be used to quan:fy 

response to a par:cular treatment and guide treatment op:ons. As ctDNA can be detected 

months prior to symptoms onset, it may also be a useful, non-invasive tool for monitoring 

for relapse, leading to therapeu:cs being started earlier and improving outcomes14.  

 

Rare and inherited diseases 

Whilst individually rare, collec:vely ~7% of the popula:on are affected by a rare disease in 

their life:me and 80% of these have a gene:c component15. Due to the rarity of these 

condi:ons, screening tests are oZen not available and or only look at specific changes. This 

results in a lengthy, oZen unsuccessful, diagnosis :meline, at the end of which pa:ents have 

missed key :meframes for treatments16. In 2018 it was es:mated that this diagnosis process 

had cost NHS England over £3.4 billion over 10 years16. Whole genome sequencing (WGS) 

could be used to detect many of these muta:ons in a much shorter :meframe.17 Not only 

would this provide pa:ents with an answer, but it will also inform therapeu:c decision-

making and, poten:ally, targeted therapies. With earlier diagnosis comes earlier 

interven:on, which may help slow or prevent disease progression, poten:ally saving up to 

$500,000 per pa:ent18.  

Targeted therapies have already been developed for some common inherited 

diseases such as cys:c fibrosis19. These drugs can work in different ways including using gene 

edi:ng to correct muta:ons, replacing sec:ons of mutated DNA with a non-mutated sec:on, 
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and supplying addi:onal gene:c material to compensate for non-func:onal mutated 

sec:on5. As more genomic data is sequenced, it will become cheaper and easier to develop 

these drugs. Though it will take :me un:l such therapies are common, this will have a 

significant impact on the quality and life expectancy of pa:ents. A recent example of this is 

Casgevy, a gene-edi:ng therapy licensed for the treatment of Sickle Cell disease, which was 

found to prevent ‘severe pain crises for at least 12 months aZer treatment’ in 97% of 

pa:ents20.  If used in conjunc:on with non-invasive prenatal tes:ng, it may even be possible 

to cure these diseases in utero using gene therapy.21 However, it should be noted there are 

significant ethical implica:ons associated with this22. 

  

Pharmacogenomics  

Pharmacogenomics is the study of how genomic varia:on alters drug efficacy and the risk of 

adverse reac:ons (AR). This feeds into ra:onal prescribing; the idea that a one-size-fits-all 

approach to therapeu:cs is incorrect, and both drug choice and dosage should be tailored to 

the individual. This approach aims to prevent AR and the associated health and cost 

implica:ons. Ra:onal prescribing has been inves:gated for some drugs, for example tes:ng 

for variants in the gene TPMT before prescribing Azathioprine for autoimmune condi:ons, 

but is not yet widespread23. This is despite it being long recognised that variants in key drug 

metabolism genes (e.g. CYP2C) are common and linked to significant AR24. These varia:ons 

may affect either the pharmacokine:cs or pharmacodynamics of a drug, with the impact on 

metabolism being a key focus. An example is the variant CYP2C9*3 which leads to pa:ents 

being hypo-metabolizers of warfarin. This results in toxic concentra:ons of warfarin and a 

prolonged bleeding :me24. AR to prescribed medica:ons are responsible for 6.5% of 

hospitaliza:ons25. This, combined with the 15% of pa:ents who suffer an AR during 

hospi:lisa:on26, is es:mated to cost £466 million25 and results in 8000 overnight hospital 

stays26. As such, pharmacogenomics is clearly an important area to focus on to promote 

pa:ent wellbeing and reduce costs.  

Genomic data can be used to stra:fy pa:ents and inform therapeu:cs choice, 

leading to a personalized approach for each individual. This reduces the trial-and-error 

aspect of prescribing and leads to more effec:ve treatment, helping reduce the burden on 

the NHS. A greater understanding of how these variants impact drug efficacy may also lead 
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to the development of new drugs which either aren’t affected by the variants or are tailored 

specifically to them27. 

 

Infec*ous diseases 

Genomics can be used to analyse the genomes of pathogens, elucida:ng their lifecycle and 

mechanism of disease. This enables the iden:fica:on of new drug targets and the 

development of new therapeu:cs and vaccines28. This is par:cularly useful in rapidly 

muta:ng viruses, such as Ebola29, where genomics can be used to iden:fy targets which pre-

exis:ng drugs will be effec:ve against. Ul:mately, this will lead to faster interven:on and 

improved outcomes.   

Genomics can also help us beler understand how pathogens develop drug 

resistance. With this informa:on, new drugs can be developed to overcome this30. It’s been 

es:mated that healthcare-associated infec:ons cost the NHS £2 billion annually31. A small 

minority of the causa:ve bacteria are responsible for much of the an:microbial resistance 

burden32,33. Therefore, it is vital that solu:ons to their resistance are developed before 

prevalence of these bacteria increases. 

The analysis of pa:ents’ genomes can help explain why some pa:ents are more 

suscep:ble to infec:ous disease and have worse outcomes. An example of this is an ongoing 

study into pa:ents’ response to COVID-19 infec:on, which hopes to understand why some 

pa:ents required intensive care when others didn’t34. With this knowledge, pa:ents who are 

more at risk can be iden:fied, and depending on the disease, may be given prophylac:c 

treatment. In addi:on, by iden:fying gene:c causes of increased suscep:bility, new 

therapeu:cs may be developed to help make up for the deficiencies in some individuals 

response to infec:on. 

 

Preven*on 

Genomics may also help prevent and treat common diseases. All diseases have a gene:c 

component influencing the risk of developing the condi:on, oZen through the interplay of 

several different genes with the environment35. Millions of variants can be analysed to 

calculate a polygenic risk score for diseases such as diabetes and heart disease36. Pa:ents 

can then be stra:fied based on their risk. Used in conjunc:on with ra:onal prescribing, this 

can lead to therapeu:c interven:ons being given earlier before symptoms develop. In this 
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way, disease onset may be slowed or prevented. This may be par:cularly useful in reducing 

the prevalence, and therefore cost, of common diseases with mul:system complica:ons. For 

example, in the UK 4.3 million people are diabe:c37, and the NHS spends around £10billion 

annually on their care38.  

 

Challenges  

Several challenges must be overcome before the use of genomics in therapeu:cs can 

become common place; some of these are discussed below. 

 Cost poses a significant challenge. Whilst the cost of WGS is gradually decreasing39, it 

is s:ll prohibi:vely expensive to undertake on the whole popula:on. This is on top of other 

costs, including drug development, clinical trials and training more bioinforma:cians26.  

While several cost-effec:veness studies have been completed for ra:onal prescribing40,41, 

these oZen do not include the ini:al cost of clinical trials. Addi:onally, incen:ves may be 

required to induce pharmaceu:cal companies to research therapeu:cs for rare diseases, 

due to the financial return being lower42. 

Another challenge is the lack of data available. The small popula:on size of those 

with a rare disease can make iden:fying variants difficult. In contrast, common diseases 

have large popula:ons, however the gene:c variants oZen have a smaller impact, meaning 

more data is required for significant findings. Whilst the UK achieved its goal of sequencing 

500,000 genomes this year7, it will take a significant amount of :me for this data to be 

analyzed, meaning it could be years before findings can be acted on. 

The infrastructure and data storage required for implemen:ng genomics throughout 

the healthcare system also poses a problem40. The NHS is in a beler posi:on than most due 

to the 100,000 Genome Project and the crea:on of Genomics England. However, a great 

deal of investment, :me and resources would be needed to increase the capacity of the 

current infrastructure.  

Another poten:al issue for ra:onal prescribing is the aptude of healthcare 

professionals. Educa:on on its benefits may be required to persuade them to u:lize genomic 

informa:on40. On top of this, the prescribing guidelines set out by the Na:onal Ins:tute for 

Health and Care Excellence would need to be altered to include guidance on genomics. 

Without this, prac::oners may be reluctant to adopt a ra:onal prescribing approach for fear 

of breaking these.  
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 Finally, it’s important to appreciate that genomics is part of a larger picture, with 

environmental factors, epigene:cs and transcriptomics all interac:ng to impact disease 

progression43. To develop the most effec:ve therapeu:cs, all this data must be assimilated. 

A poten:al solu:on for this is the use of Ar:ficial Intelligence (AI), which could assess all the 

data available and recommend the best outcome44. However, the AI would require large 

amounts of data to have been fed to it before it could make these decisions and would 

require a significant investment. 

 

Conclusion  

In conclusion, genomics can inform and shape therapeu:cs in several ways, some of which 

have already begun to be demonstrated. In this way, genomics could have a significant 

impact on healthcare in the future, becoming the founda:on of therapeu:cs for many 

condi:ons, and paving the way for personalised medicine. However, significant challenges 

need to be overcome first, and substan:al investments of :me and money will be required 

before this can be achieved. 
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