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Alexis and Noah Beery were misdiagnosed and mistreated for 
cerebral palsy for 14 years, until genetic sequencing led to a 
proper diagnosis of dopa-responsive dystonia in 2010 and 

cured them of the symptoms that had plagued their childhood.1 How-
ever, despite the power of genetic sequencing in 
medicine, it is still emerging in translation and is 
reserved for certain subsets of patients. Sequencing 
the first human genome was a 13‑year interna-
tional collaborative effort costing US$3 billion.2 
Today, it can be completed for US$1000 in under 
24 hours3 due to advancements in biotechnolo-
gies. This opens the door to the exciting prospect 
of routine whole-genome sequencing (genomic 
sequencing) for the standard patient, bringing 
forth an era of precision medicine, which tailors 
the prevention and management of illness to an 
individual patient using their detailed genomic data in combination 
with their environment, lifestyle, and background. 

Current uses of genetics in medicine
Prenatal screening tests are the most widely offered genetic tests across 
North America, whereby fragments of placental DNA fragments drawn 
from maternal blood are sequenced for genetic abnormalities. In recent 
years, cancer therapy has focused on using tumor-specific antigens4 elu-
cidated by sequencing as the targets of biologic therapies. For example, 
ado-trastuzumab is a monoclonal chemotherapy combination drug that 
has reduced the 3-year disease-free remission rate of HER2-positive breast 
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cancer by 11.3% from the prior standard of treatment.5 Let us not forget 
that the sequencing of factors VIII, IX, and insulin were the foundation 
of pharmacologic management of hemophilia and diabetes respectively.

Pharmacogenomics, the optimization of drug response in relation 
to genetics, is another promising emerging field 
and is a cornerstone of current genetic medicine. 
Ivacaftor is a potentiator of the CFTR channel 
and is the most effective cystic fibrosis medication 
on the market; however, it is only applicable to the 
4% to 5% of the patient population who are ho-
mozygous for the F508del mutation.6 In Canada, 
genetic testing is offered to patients only under 
specific circumstances, such as having a lineage of 
Huntington disease or a high index of suspicion 
for BRCA1/2 mutations. Otherwise, patients may 
access fee-based genotyping through private bio-

technology companies such as 23andMe7 that profile patients’ genomes 
for specific genes of interest. Whole-genomic sequencing is currently 
not widely available for typical consumers outside of specific research 
circumstances. Nevertheless, genomics has its place in current medicine 
and is poised to expand vastly in the next decade. 

The future of genomics in medicine
Clinician leaders visualize two primary future roles for preventive whole-
genome sequencing: 
1.	 As a noninvasive screening test for preventive medicine. 
2.	 As a test to improve diagnostic capabilities.8 

In effect, similar to how the identification of BRCA1/2 mutation 
carriers led to prophylactic mastectomy and oophorectomies, early de-
tailed genomic data would lead to valuable insight into future disease 
risks spanning diverse specialties from oncology9 to psychiatry10 and 
would aid in their prevention. In order to accomplish this feat, there is 
a worldwide push for “big data” in genomic medicine, where millions 
of reference sequences, individualized patient factors, and phenotypic 
expression are collected and coalesced into a multifactorial database and 
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algorithm where individually sequenced genomes can be compared. To 
reach this goal, President Barack Obama launched the National Institutes 
of Health’s All of Us campaign in 2015, mandating the collection of  
1 million sequenced genomes, complementing environmental factors, and 
demographic information from US citizens.11 Currently, over 600 000 
have been collected.12 This is a multinational effort; countries such as 
the United Kingdom and China have launched similar initiatives. The 
Global Alliance for Genomics and Health (GA4GH) predicts 60 mil-
lion genomes will be sequenced worldwide by 2025. Just as radiological 
imaging has increased the positive predictive value of suspected diag-
noses based on clinical signs and symptoms, and has decreased the rates 
of exploratory surgical procedures, genomics in medicine is poised to 
augment this further and add another layer of confidence to diagnostic 
approaches. 

Conclusion
It is exciting to hypothesize how the expanding role of genomics in 
medicine will impact our understanding and classification of disease. 
Perhaps purely clinical diagnoses such as trigeminal neuralgia, major 
depressive disorder, or atopic dermatitis will reform in light of underlying 
genetic origins. Ultimately, this will better classify our understanding of 
illnesses and improve treatment strategies and research. 

Lastly, we cannot turn a blind eye to the barriers to precision medi-
cine. With much of the world’s population still deplete of basic resources 
and health care, genomics and precision medicine would primarily be a 
resource for developed countries in the next decade. The ethics of storing 
identifiable genetic information, the rights of patients to knowledge of 
such data, and the potential effects on stakeholders at all levels of health 
care are additional complex issues. However, given the current funding 
status and international attention garnered by precision medicine and 
genomics, it will certainly have its place in the future of medicine. n

Acknowledgments
I would like to acknowledge Mr Shanning Yang, Ms LanLan Meng, and Dr Meng-
lin Yang for their discussions, which helped formulate the idea for this article.

Competing interests
None declared.

References
1.	 Check Hayden E. Genome study solves twins’ mystery condition. Nature Publishing 

Group, 2011. Accessed 31 October 2019. www.nature.com/news/2011/110615/full/
news.2011.368.html.

2.	 Venter JC, Adams MD, Myers EW, et al. The sequence of the human genome. Science 
2001;291:1304-1351.

3.	 Davies K. The $1,000 genome: The revolution in DNA sequencing and the new era of 
personalized medicine: New York, NY: Simon and Schuster; 2015.

4.	 Bettegowda C, Sausen M, Leary RJ, et al. Detection of circulating tumor DNA in early-
and late-stage human malignancies. Sci transl med 2014;6:224ra24.

5.	 Lambert JM, Chari RV. Ado-trastuzumab Emtansine (T-DM1): An antibody-drug con-
jugate (ADC) for HER2-positive breast cancer. J Med Chem 2014;57:6949-6964.

6.	 Wainwright CE, Elborn JS, Ramsey BW, et al. Lumacaftor-ivacaftor in patients with cys-
tic fibrosis homozygous for Phe508del CFTR. N Engl J Med 2015;373:220-231.

7.	 23andMe. Accessed 31 October 2019. www.23andme.com.
8.	 Ashley EA. Towards precision medicine. Nat Rev Genet 2016;17:507-522.
9.	 Friedman AA, Letai A, Fisher DE, Flaherty KT. Precision medicine for cancer with next-

generation functional diagnostics. Nat Rev Cancer. 2015;15:747-756.
10.	 Insel TR. The NIMH Research Domain Criteria (RDoC) Project: Precision medicine for 

psychiatry. Am J Psychiatry 2014;171:395-397.
11.	 Collins FS, Varmus H. A new initiative on precision medicine. N Engl J Med 2015; 

372:793-795.
12.	 Collins F. Presidential plenary: Whole genome approaches to unravelling diseases. 

ENDO 2019. 23 March 2019. New Orleans, LA.

Perhaps purely clinical 
diagnoses such as 

trigeminal neuralgia, 
major depressive 

disorder, or atopic 
dermatitis will reform 
in light of underlying 

genetic origins. 


