
On the potential of preemptive genotyping towards preventing 
medication related adverse events: Results from the South 
Korean national health insurance database

Jonathan S. Schildcrout, PhD, Joshua C. Denny, MD, and Dan M. Roden, MD
Vanderbilt University School of Medicine, Department of Biostatistics (JSS), Department of 
Anesthesiology (JSS), Department of Biomedical Informatics (JCD, DMR), Department of 
Medicine (JCD, DMR), Department of Pharmacology (DMR)

The idea that genetic variation can affect the outcome of drug therapy, and in particular the 

incidence of severe adverse events (AEs) is widely-accepted. However, actual data on how 

programs that seek to reduce such AEs might perform has been hard to come by. In 2012, 

we reported an analysis of use of medications with known pharmacogenetic (PG) effects in 

~53K ‘medical home’ patients at our center [1]. Kim and colleagues [2] have now extended 

this approach to more than 1.3 million patients (a 3% representative sample) with 

prescriptions in 2011 across South Korea using a resource that covers 90% of the South 

Korean population. They observed 32% of patients (~428k) were prescribed at least one PG 

medication associated with a serious AE, and 53,521 unique patients had the variant allele 

associated with the PG prescription. Assuming that genetically-tailored therapy reduces the 

AE rate in those with variants to those with the common allele, the authors estimate that 729 

serious AEs could have been prevented in this sample. Generalizing to the broader 

population represented by the sample, they estimate that approximately 24000 serious AEs 

could have been prevented with an efficient preemptive genotyping program across South 

Korea.

One way to use genetic information to address this issue is to perform “reactive” genotyping 

for drug-specific variants when a PG drug is prescribed. Arguments against this approach 

are the necessary time lags involved, and the potential inefficiencies of such testing given 

that for many PG drugs, relevant genetic variants may be uncommon. An alternative, 

preemptive multiplexed genetic testing, is appealing because if implemented into an 

electronic health system, the genetic data can be available at the time of prescribing which 

eliminates impediments to optimal patient treatment. Further, data collected from a 

multiplexed test are available for as many PG variants as are on the panel and the cost 

difference between testing one or a few dozen genes is minimal. A perceived weakness of 

the preemptive approach could be that some patients will be tested for drugs to which they 

do not get exposed. However, the authors found that in 2011 alone, among those with any 
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prescription, 47.6%, 21.2% and 9.8% of patients were prescribed at least one, two, and three 

medications, respectively, with PG effects.

A number of sites have started to implement and evaluate preemptive programs [3, 4]. At our 

center we have implemented a program of preemptive genotyping, the Pharmacogenomic 

Resource for Enhanced Decisions in Care and Treatment (PREDICT; [5]). PREDICT uses 

clinical data available in the electronic medical record to calculate the risk of being 

prescribed a PG medication on a daily basis and has been implemented into clinical decision 

support systems across the Vanderbilt University Medical Center (VUMC) clinics [6]. If the 

risk is high enough, the physician receives an alert that the patient may benefit from 

(multiplexed) genetic testing. Currently our panel covers 184 functional polymorphisms on 

34 genes. In an analysis of the first ~10,000 patients enrolled, Van Driest et al (2014) [7] 

found that 91% possessed at least one actionable variant across 5 PG medications. Further, 

because over time patients are prescribed multiple medications with PG effects, Van Driest 

et al. estimated that the total number of genetic tests conducted would be reduced by nearly 

35% with a multiplexed testing program compared to a reactive, single-gene testing strategy.

To conduct the analyses, Kim et al followed the approach we previously described [2]. Using 

their own data, they were able to identify patients prescribed medications with PG effects in 

2011. Combining the number exposed to each PG medication with literature based estimates 

of variant allele prevalence and the excess risk of each AE associated with variants, the 

authors estimated the total number of serious AEs that could have been prevented if excess 

risk was mitigated by the use of alternative therapies. Even though the authors were only 

provided de-identified prescription records, they took analyses a step further by estimating 

AE prevalence associated with each medication in their population and this should permit a 

more accurate estimate of excess risk (e.g., excess risk estimates are based on AE 

prevalence, variant allele prevalence, and relative effect measures). Concern about inaccurate 

estimation arises from the fact that, as mentioned by the authors, all prescriptions that 

occurred in 2011 were used. This includes incident and prevalent cases, and the relative 

proportions are unknown. To the extent that this sample contains prevalent prescriptions, the 

sample represents a population that is generally less susceptible to AEs associated with these 

PG medications than the general population. Ideally, this study would only have considered 

incident prescriptions, though we recognize this was impossible since the data pull was from 

2011, data were de-identified, and there was no way to link patients to prior prescriptions or 

to future AEs.

This research will overestimate the beneficial impact of preemptive genotyping to the extent 

that, for example, literature based estimates of effect sizes are optimistic, and to the extent 

that alternative treatments, while reducing studied AE rates, may increase others. However, 

estimates provided by the authors will underestimate the impact of preemptive genotyping as 

more PG medications and alternative treatments are identified.

While we recognize the need for further research into potential benefits of genomic 

medicine, it is crucial to take these first steps towards understanding the potential benefits of 

a pre-emptive genotyping program. The authors should be commended for this work, and 

specifically for attempting to examine this study question on an extremely large scale.

Schildcrout et al. Page 2

Drug Saf. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

Funding: This commentary was supported by the National Institute of General Medical Sciences (RC2GM092318, 
P50GM115305), the National Heart, Lung, and Blood Institute (R01HL094786, U01HL122904), the National 
Human Genome Research Institute (U01HG008672), the Centers for Disease Control and Prevention 
(U47CI000824), and the National Center for Advancing Translational Sciences (UL1TR000445).

References

1. Kim GJ, Lee SY, Park JH, Ryu BY, Kim JH. Role of Preemptive Genotyping in Preventing Serious 
Adverse Drug Events in South Korean Patients. Drug Safety. 2016 Sep 15. PubMed PMID: 
27638658. 

2. Schildcrout JS, Denny JC, Bowton E, Gregg W, Pulley JM, Basford MA, et al. Optimizing drug 
outcomes through pharmacogenetics: a case for preemptive genotyping. Clinical Pharmacology & 
Therapeutics. 2012; 92(2):235–242. [PubMed: 22739144] 

3. Shuldiner AR, Relling MV, Peterson JF, Hicks K, Freimuth RR, Sadee W, et al. The 
Pharmacogenomics Research Network Translational Pharmacogenetics Program: Overcoming 
Challenges of Real-World Implementation. Clinical Pharmacology & Therapeutics. 2013; 94(2):
207–210. [PubMed: 23588301] 

4. Manolio TA, Abramowicz M, Al-Mulla F, Anderson W, Balling R, Berger AC, et al. Global 
implementation of genomic medicine: We are not alone. Science translational medicine. 2015; 
7(290):290ps13–290ps13.

5. Pulley JM, Denny JC, Peterson JF, Bernard GR, Vnencak-Jones CL, Ramirez AH, et al. Operational 
implementation of prospective genotyping for personalized medicine: the design of the Vanderbilt 
PREDICT project. Clinical Pharmacology & Therapeutics. 2012; 92(1):87–95. [PubMed: 
22588608] 

6. Schildcrout JS, Shi Y, Danciu I, Bowton E, Field JR, Pulley JM, et al. A prognostic model based on 
readily available clinical data enriched a preemptive pharmacogenetic testing program. Journal of 
clinical epidemiology. 2016; 72:107–115. [PubMed: 26628336] 

7. Van Driest SL, Shi Y, Bowton EA, Schildcrout JS, Peterson JF, Pulley J, et al. Clinically actionable 
genotypes among 10,000 patients with preemptive pharmacogenomic testing. Clinical 
Pharmacology & Therapeutics. 2014; 95(4):423–431. [PubMed: 24253661] 

Schildcrout et al. Page 3

Drug Saf. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	References

