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Cost Effectiveness of Pharmacogenetic Testing 
for Drugs with Clinical Pharmacogenetics 
Implementation Consortium (CPIC) Guidelines: 
A Systematic Review
Sarah A. Morris1, Ashraf T. Alsaidi2, Allison Verbyla3, Adilen Cruz3, Casey Macfarlane2, Joseph Bauer3 and 
Jai N. Patel1,*

The objective of this study was to evaluate the evidence on cost- effectiveness of pharmacogenetic (PGx)– guided 
treatment for drugs with Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines. A systematic 
review was conducted using multiple biomedical literature databases from inception to June 2021. Full articles 
comparing PGx- guided with nonguided treatment were included for data extraction. Quality of Health Economic 
Studies (QHES) was used to assess robustness of each study (0– 100). Data are reported using descriptive statistics. 
Of 108 studies evaluating 39 drugs, 77 (71%) showed PGx testing was cost- effective (CE) (N = 48) or cost- saving 
(CS) (N = 29); 21 (20%) were not CE; 10 (9%) were uncertain. Clopidogrel had the most articles (N = 23), of which 22 
demonstrated CE or CS, followed by warfarin (N = 16), of which 7 demonstrated CE or CS. Of 26 studies evaluating 
human leukocyte antigen (HLA) testing for abacavir (N = 8), allopurinol (N = 10), or carbamazepine/phenytoin (N = 8), 
15 demonstrated CE or CS. Nine of 11 antidepressant articles demonstrated CE or CS. The median QHES score 
reflected high- quality studies (91; range 48– 100). Most studies evaluating cost- effectiveness favored PGx testing. 
Limited data exist on cost- effectiveness of preemptive and multigene testing across disease states.

Pharmacogenomics (PGx) has been studied and applied across 
many therapeutic areas to evaluate and predict an individual’s 
response to specific drugs based on his or her genetic makeup.1 
PGx- guided dosing and treatment can be used to normalize sys-
temic drug exposure, reduce side effects, and/or improve clinical 

response for drugs with established evidence. There are several 
robust examples where PGx testing can improve drug safety (e.g., 
abacavir/HLA- B*5701),2 and/or enhance clinical effective-
ness (e.g., clopidogrel/CYP2C19,3 psychiatric medications, and 
CYP2D6/CYP2C19).4
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
☑ There is varying information on the cost- effectiveness of  
pharmacogenetic testing for drugs with Clinical Pharma-
cogenetics Implementation Consortium (CPIC) guidelines and 
no systematic review has collated these data on all drugs with 
CPIC guidelines to date.
WHAT QUESTION DID THIS STUDY ADDRESS?
☑ What is the evidence on cost- effectiveness of pharmacoge-
netic testing for drugs with CPIC guidelines?
WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
☑ For the first time, we demonstrate that 71% of studies evalu-
ating the cost of pharmacogenetic testing for drugs with CPIC 

guidelines determined testing was cost- effective or cost- saving. 
The analysis provides details of key study characteristics and 
differences in cost outcomes.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
☑ These data provide valuable information on the impact 
of pharmacogenetic testing on cost and may support further 
coverage determinations by payors to increase accessibility to 
evidence- based pharmacogenetic testing.

ARTICLE

mailto:﻿
https://orcid.org/0000-0001-9845-3697
mailto:jai.patel@atriumhealth.org


CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 112 NUMBER 6 | December 2022 1319

As of April 2022, the US Food and Drug Administration (FDA) 
has over 400 biomarkers for roughly 300 distinct medications men-
tioned in drug labeling, with most related to somatic mutations for 
cancer targeted therapies.5 In February 2020, the FDA published 
a Table of Pharmacogenetic Associations with a focus on germline 
variations, which was most recently updated in May 2022.6 These 
tables outline drug– gene associations for which data support ther-
apeutic management (56 drugs) and have a potential impact on 
safety or response (19 drugs) or a potential pharmacokinetic impact 
only (39 drugs). As of July 2022, there are eight drugs with black 
box warnings related to germline PGx: abacavir/HLA- B*5701, 
carbamazepine/HLA- B*1502, clopidogrel/CYP2C19, codeine 
and tramadol/CYP2D6, pegloticase and rasburicase/G6PD, and 
valproic acid/POLG.5 Greater awareness, improved testing acces-
sibility, and expanding evidence base has increased the adoption of 
PGx testing at some hospitals.

A key process in implementing PGx testing is the ability to 
standardize the translation of PGx data into actionable prescrib-
ing decisions that are driven by evidence- based medicine. The 
Clinical Pharmacogenetics Implementation Consortium (CPIC) 
is an international group focused on creating, curating, and post-
ing freely available, peer- reviewed, evidence- based, updatable, and 
detailed drug– gene clinical practice guidelines focused on action-
ability (26 guidelines across roughly 70 drugs, as of April 2022).7 
A key assumption underlying these guidelines is that clinical high- 
throughput and preemptive genotyping will become more wide-
spread and that clinicians will be faced with interpreting PGx 
information even if they have not explicitly ordered a test. Factors 
considered in guideline development include available evidence 
supporting PGx intervention, risk of an adverse drug reaction, and 
available test for a gene or set of genes. The guidelines purposefully 
do not address cost of testing nor provide guidance on who should 
be tested, albeit many institutions who have adopted PGx testing 
utilize CPIC guidelines as a reference for drug– gene inclusion.

Cost is an important consideration to healthcare systems and 
patients when applying PGx in clinical practice and is often ranked 
as a major barrier to implementation.8 Third party payors espe-
cially want to understand if PGx test coverage will save or increase 
healthcare costs downstream. Cost- effectiveness of PGx testing 
is changing rapidly as molecular testing platforms are becoming 
more sophisticated, cheaper, accessible, and are transitioning from 
single- gene to multigene tests.9 While it is understandable that 
cost is excluded from clinical practice guidelines, it is still critical 
that cost evaluations are conducted in PGx studies and systematic 
reviews.

Verbelen et al. conducted an economic evaluation for PGx asso-
ciations listed in the FDA Table of Pharmacogenomic Biomarkers 
in Drug Labeling, which included 10 drugs and determined that 
over half of the 44 evaluations drew conclusions in favor of PGx 
testing.10 The evaluation was limited to drugs listed in the FDA 
website up to September 2015. Given CPIC guidelines have be-
come a universally accepted tool for PGx interpretation among 
implementers and these guidelines do not include information 
regarding cost, we proposed an updated systematic review of eco-
nomic evaluations of drugs with CPIC guidelines. The goal was 
to evaluate whether the evidence suggested PGx- guided treatment 

for CPIC drugs was cost- effective, cost- saving, uncertain, or not 
cost- effective for all drugs with CPIC level A or B evidence and 
published guidelines.

MATERIAL AND METHODS
Search strategy
CPIC assigns levels of evidence to gene- drug pairs based on prescribing 
actionability ranging from “A” to “D” with “A” meaning genetic infor-
mation should be used to change prescribing (preponderance of evidence 
is high or moderate in favor of changing prescribing), “B” meaning ge-
netic information could be used to change prescribing because alterna-
tive therapies/dosing are extremely likely to be as effective and as safe as 
nongenetically based dosing (preponderance of evidence is weak with 
little conflicting data) and “C” and “D” meaning clinical actionability 
is unclear. CPIC actionability levels may evolve as more data emerges. 
As of June 2021, 66 drugs with a published CPIC guideline had an evi-
dence level of “A” or “B,” indicating a prescribing action is recommended 
for that gene- drug pair. We conducted a comprehensive literature search 
from database inception to June 2021 for the 66 drugs with a published 
CPIC guideline and level “A” or “B” evidence. Pharmacogenomics, genes, 
and cost terms were searched for in PubMed, Embase, Ovid MEDLINE, 
and Scopus. Pharmacogenomics and gene terms were also searched 
in the Tufts CEA registry. Specific search criteria are included in the 
Supplemental Information. This systematic review was exempt from 
Institutional Review Board review and was not registered.

Study selection
Primary literature assessing any component of cost within a PGx study 
for any drug with a published CPIC guideline and evidence level of “A” 
or “B” was evaluated for inclusion. We excluded studies that were non- 
English, review articles without original data, drugs for which there were 
no CPIC guidelines available, in abstract format only (or full text not 
available), and if no economic evaluation was presented in the analysis. 
Only studies comparing a PGx- guided approach with a non- PGx- guided 
approach were included. Duplicated studies were excluded from the final 
selection. A.T.A. performed the initial literature search; S.A.M. and 
C.M. conducted an independent search for additional articles and re-
viewed the initial list; S.A.M. and J.N.P. reviewed the final list of studies 
for eligibility.

Data extraction and presentation of results
Data extraction of each study focused on three domains. (i) The gene(s) 
and drug(s) under review. (ii) Cohort (hypothetical, observational pro-
spective/retrospective, randomized controlled trial) and type of popu-
lation. (iii) Cost outcomes (cost- effective, cost- saving, not cost- effective, 
or uncertain), including incremental cost- effectiveness ratio (ICER) 
and willingness- to- pay thresholds. Studies which demonstrated the 
PGx intervention resulted in sufficient benefit or value compared with 
the costs (i.e., below the willingness- to- pay threshold) were categorized 
as cost- effective. Studies which found the PGx intervention resulted in 
savings (overall reduction in healthcare costs, as determined by the study 
investigators) were categorized as cost- saving. PGx interventions which 
did not create adequate benefit or value compared with cost (e.g., ICER 
greater than the willingness- to- pay threshold) were categorized as not 
cost- effective. Studies which had conflicting results or indicated that 
cost- effectiveness was dependent upon one or more parameters in the 
model (e.g., event rate, sample size, allele frequency, cost of the drug and/
or event of interest) were categorized as uncertain.

Other information collected included the publication year, continent 
and country where the study was performed, perspective of the poten-
tial decision maker, time horizon, and funding source. This information 
was collected or identified as missing for every study and reported in 
Supplemental Table S1. No assumptions regarding the data were made. 
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Two reviewers were assigned to extract data independently from each arti-
cle that passed inclusion criteria. Data, including study characteristics and 
cost outcomes, are synthesized and reported using descriptive statistics, 
summary tables, and a narrative method.

Quality of Health Economic Studies (QHES)
The Quality of Health Economic Studies (QHES) tool was used to assess 
the robustness of each study,11 emphasizing appropriate methods, valid 
and transparent results, and comprehensive reporting. The instrument 
includes 16 criteria selected by a panel of eight health economics experts. 
The QHES tool is scored from a scale of 0– 100 indicating lowest to high-
est quality studies. Studies with a QHES score of 75– 100 were consid-
ered high quality and a score <75 considered not high quality.12

To standardize the QHES scoring process, a multiple- step method for 
inter- rater reliability was developed: (i) Six raters reviewed and familiar-
ized themselves with the instrument.13 (ii) All raters individually reviewed 
and scored five selected papers as a “training set” from the antidepressant 
studies, which were then discussed among all raters and consensus was 
formed for each question and the total score. Based on this discussion, a 
document was created to standardize interpretation of each QHES ques-
tion.14 (iii) Raters were arranged into three groups of two. Each pair was 
assigned articles to score independently then discuss as a pair until con-
sensus was reached to create a single score for each paper. (iv) The original 
“training set” was re- scored by two raters so that they would be assessed in 

the same methodological fashion as the remaining papers. (v) Differences 
in interpretation or discrepancies in scores between paired raters was 
brought to the larger group for further discussion and consensus.

RESULTS
Study selection
As shown in Figure 1, the search strategy identified 2,819 unique 
articles. We excluded 2,680 articles resulting in 139 full- text ar-
ticles assessed for eligibility. Of these, 108 articles were included 
for data extraction. The most common reasons for exclusion were 
article(s) did not compare PGx- guided to non- PGx- guided treat-
ment or costs were not evaluated.

Summary of study designs and characteristics
All studies evaluated CPIC level A drug– gene pairs with nine mul-
tigene antidepressant studies and one multigene multidrug study 
also including drug– gene pairs with lower levels of evidence. Of the 
108 studies included, 75 (69%) used hypothetical populations with 
model parameter estimates derived from previously published ran-
domized controlled trials or observational studies (Table 1). Most 
studies were conducted using data from North America (n = 51, 

Figure 1 Flowchart of the literature screening. Of the 2,819 unique articles identified, 139 full- text articles were assessed for eligibility and 
108 were included in the final analysis. CPIC, Clinical Pharmacogenetics Implementation Consortium.

(n = 2,908)

(n = 2,819)

(n = 2,819)
(n = 2,680)
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47%), followed by Europe (n = 26, 24%), Asia (n = 28, 26%), and 
Australia (n  =  3, 3%). CYP2C19 had the most single gene stud-
ies performed (n  = 25, 23%), followed by TPMT (n  = 11, 10%). 
Multigene testing was evaluated in 28 articles (26%), including 
genotype- guided trials for depression (e.g., CYP2D6, CYP2C19, 
HTR2A, and SLC6A4) and warfarin (CYP2C9, VKORC1). Only 
two studies evaluated cost- effectiveness of multigene testing across 
multiple therapeutic areas.15,16 Most studies were published after 
2010 (n = 90, 83%). About one- third of the studies were from the 
payor perspective (n = 32, 30%) or universal healthcare system per-
spective (n = 24, 22%). The source of funding primarily came from 
a grant and/or foundation (n  =  46, 43%), whereas 31% (n  =  33) 
did not indicate any funding source or stated that there was no 
funding used. The entire list of articles reviewed, including drug 
/ drug class, gene, year published, study title, study design, popula-
tion, continent/country, cost outcome, PubMed ID, QHES score, 
sample size, perspective, time horizon, funding, willingness- to- pay 
threshold, and ICER are summarized in Supplemental Table S1.

Quality of studies
The overall median QHES score reflected robust studies (91; 
range 48– 100). Most studies were of high quality with a score >75 
(n = 94, 87%). There were 63 studies (58%) in the highest decile 
(scores between 90 and 100), including 7 studies with a score of 
100.

Cost outcomes
Of the 108 articles reviewed, 77 (71%) found PGx- guided treat-
ment to be cost- effective (N = 48) or cost- saving (N = 29), whereas 
21 (20%) were found to be not cost- effective, and 10 (9%) were 
uncertain (Figure 2).

The drug classes, types of drugs within each class, gene(s) re-
lated to each drug or class, number of articles reviewed, and cost 
outcomes are summarized in Table 2. The number of studies 
ranged between 1 and 23 per drug or drug class, with an average 
of 7. Clopidogrel had the most publications analyzing cost as-
sociated with PGx testing, including 23 articles with 96% con-
cluding CYP2C19 genotyping was cost- effective or cost- saving. 
Warfarin had the second most publications with 16 articles, but 

Table 1 Summary of study characteristics

Study characteristics N = 108 n (%)

Year

2002– 2005 7 (6%)

2006– 2010 11 (10%)

2011– 2015 39 (36%)

2016– 2021 51 (47%)

Continent

North America 51 (47%)

Europe 26 (24%)

Asia 28 (26%)

Australia 3 (3%)

Gene

CYP2B6 2 (2%)

CYP2C19 25 (23%)

CYP2C9 1 (1%)

CYP2D6 6 (6%)

DPYD 5 (5%)

HLA- A*31:01 1 (1%)

HLA- B*15:02 7 (6%)

HLA- B*57:01 8 (7%)

HLA- B*58:01 10 (9%)

IFNL3 (IL- 28B) 2 (2%)

mt- RNR1 1 (1%)

TPMT 11 (10%)

UGT1A1 1 (1%)

Multiple genes 28 (26%)

Antidepressants 9 (8%)

Clopidogrel/tramadol 1 (1%)

Cardiovascular medications 2 (2%)

Multiple drug classes 1 (1%)

Warfarin 15 (14%)

Cohort Type

Hypothetical 75 (69%)

Observational 19 (18%)

Randomized controlled trial 7 (6%)

Multiple 7 (6%)

Perspective

Patient 1 (1%)

Payer 32 (30%)

Societal 20 (19%)

US healthcare system 13 (12%)

Universal healthcare system 24 (22%)

Multiple 4 (4%)

Not stated 14 (13%)

Funding source

Government 6 (6%)

Grant/foundation 46 (43%)

 (Continued)

Study characteristics N = 108 n (%)

Pharma 14 (13%)

University/institute 9 (8%)

No funding 16 (15%)

Not stated 17 (16%)

QHES scores

High quality (≥75) 94 (87%)

Not high quality (<75) 14 (13%)

CYP, cytochrome P450; DPYD, dihydropyrimidine dehydrogenase; HLA, human 
leukocyte antigen; IFNL3, interferon lambda 3; mt- RNR1, mitochondrially 
encoded 12S ribosomal RNA; Pharma, pharmaceutical industry; SLCO1B1, 
solute carrier organic anion transporter family member 1B1; TPMT, thiopurine- 
S- methyltransferase; UGT1A1, UDP glucuronosyltransferase family 1 member 
A1.

Table 1 (Continued)
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only 44% suggested cost- effectiveness and no article found it to be 
cost- saving. Twenty- six articles evaluated HLA testing for either 
abacavir, allopurinol, carbamazepine, or phenytoin, 15 of which 
were found to be cost- effective or cost- saving. Nine out of 11 ar-
ticles evaluating antidepressants were found to be cost- effective or 
cost- saving. Eight articles evaluated fluoropyrimidines (N = 5) or 
tamoxifen (N = 3), all of which were found to be cost- effective or 
cost- saving except one for tamoxifen, which was uncertain.

Thirty- four studies did not calculate an ICER and 36 did not 
indicate a willingness- to- pay threshold. All studies evaluating 
DPYD and fluoropyrimidines, 10 of 11 thiopurine studies, both 
voriconazole studies, 2 of 8 abacavir studies, 7 of 11 antidepressant 
studies, 4 of 23 clopidogrel studies, 1 proton pump inhibitor study, 
and 2 of 16 warfarin studies did not report an ICER. Of studies 
classified as either cost- effective or cost- saving and reporting both 
an ICER and willingness- to- pay threshold, the ICER was consis-
tently less than the willingness- to- pay threshold (Supplemental 
Table S1). Of the studies that did report a willingness- to- pay 
threshold, the currency and value varied drastically (~ US $5,000 
to over US $100,000).

Cost outcomes by study characteristics
Figures for cost outcomes stratified by study characteristics, in-
cluding drug / drug class, gene, publication year, cohort type, per-
spective, continent, QHES score, and funding are illustrated in 
Supplemental Figure S1. Several notable trends existed; however, 
statistical comparisons were not applied due to small numbers. 
For example, 13 out of 14 (93%) studies funded by pharmaceu-
tical companies demonstrated PGx testing was cost- effective or 
cost- saving, whereas 64 out of the remaining 94 (68%) studies 
funded by the government, grants/foundations, universities/in-
stitutes, or no funding was used, demonstrated PGx testing was 
cost- effective or cost- saving. Regarding continent, studies per-
formed in Asia (n = 28) had a higher rate of demonstrating PGx 
testing was not cost- effective (n = 10; 36%) compared with North 
America, Europe, and Australia where 11 out of 80 (14%) studies 

demonstrated PGx testing was not cost- effective. Nineteen out 
of 75 studies (25%) based on a hypothetical cohort demonstrated 
PGx testing was not cost- effective, whereas 2 out of 33 studies (6%) 
based on a cohort from observational, retrospective, prospective, 
or randomized controlled trials demonstrated PGx testing was not 
cost- effective. Studies with high QHES scores (75– 100) appeared 
more likely to demonstrate PGx testing was not cost- effective or 
uncertain (29 out of 94; 31%) compared with those with QHES 
scores <75 (2 out of 14; 14%).

DISCUSSION
To aid in the adoption and interpretation of PGx results in clin-
ical practice, CPIC has published many peer- reviewed guidelines 
on how to translate PGx results into actionable prescribing de-
cisions, while the FDA has published their standards for which 
drug– gene pairs have sufficient scientific evidence to suggest PGx 
impacts drug safety/response and/or metabolism.6,7 Importantly, 
these resources do not evaluate or reflect on whether PGx testing 
is cost- effective, which is a common cited barrier to adoption.8 In 
one of the largest systematic reviews evaluating the evidence on 
cost- effectiveness of PGx- guided therapy for drugs with CPIC 
guidelines, we identified that about three- quarters of articles de-
termined PGx testing was either cost- effective or cost- saving, most 
of which were based on single- gene tests.

Although the cost of PGx testing has declined dramatically 
over the last decade, it continues to be one of the major barriers 
to widescale adoption in clinical practice. Verbelen et al. provided 
important insight into which drug– gene pairs with FDA label-
ing had undergone cost evaluations prior to 2015.10 The results 
showed more than half of the 44 articles reviewed found PGx test-
ing was either cost- effective (30%) or cost- saving (27%). Warfarin 
accounted for more than one- fourth of the studies included. The 
authors concluded that as genetic testing becomes cheaper, more 
widely available, and more accessible, further economic evalua-
tions would likely find PGx- guided treatment to be more cost- 
effective compared with standard treatment. Importantly, the 
focus was on drug– gene pairs with PGx mentioned in the FDA 
label, whereas our analysis focused on those with CPIC guidelines 
since these are widely used among implementers in the United 
States for translating PGx results in clinical practice. Since the 
Verbelen et al. publication in 2015, 64 articles evaluating cost of 
a PGx- guided to non- PGx- guided approach for drugs with CPIC 
guidelines have been published. Of these, 47 (73%) found PGx- 
guided treatment to be cost- effective or cost- saving.

It is important to consider the clinical utility and cost impact 
of multigene testing vs. single gene. It is recognized that there are 
minimal cost differences between single- gene testing and multi-
gene testing platforms for targeted candidate genes. Thus, the cost 
of one panel test may inform drug/dose selection for many drugs. 
Hart et al. evaluated the cost- effectiveness associated with a pre-
emptive multigene test focused on CYP2C19 genotype- guided 
antiplatelet therapy and CYP2D6 genotype- guided pain manage-
ment, compared with single- gene test for CYP2C19 with random 
assignment for pain treatment, and with no testing.15 As expected, 
the multigene testing strategy showed a favorable ICER compared 
with other treatment strategies.

Figure 2 Cost outcomes (N = 108). Of 108 articles included in the 
systematic review, 44% demonstrated pharmacogenetic testing 
was cost- effective, 27% cost- saving, 20% not cost- effective, and 9% 
uncertain.
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Most articles evaluated in this review addressed PGx testing 
for one or specific set of genes and one associated drug or drug 
class in a single therapeutic area, all of which were deemed to be 
appropriate populations for the drug– gene pair tested. There is 
likely downstream cost savings if using one multigene panel to 
estimate the combined cost impact on cancer, cardiology, de-
pression, and other therapeutic areas throughout one’s lifetime; 
however, this has not been quantified. There are many instances 
when one or two genes can impact dozens of drugs across dif-
ferent drug classes. For example, CYP2C19 genotyping could be 
informative for antidepressants, clopidogrel, proton pump inhib-
itors, and voriconazole. The cost of PGx testing is a potentially 
one- time fixed cost, while the downstream benefits are multiple 
and beyond what these studies addressed. Further, in clinical 
practice patients are often taking more than one drug or are at 
risk of requiring multiple drugs later in life. Thus, the general-
izability of these studies is rather limited by their study design, 
which is focused on limited gene(s) and drug(s). For example, 9 
out of 16 articles did not find genotyping before warfarin to be 
cost- effective or cost- saving, which could potentially change if 
one considers the lifelong benefit of a one- time multigene PGx 
test (i.e., if CYP2C9 and VKORC1 results were readily available). 
Inevitably, the more drugs the patient is on or may require in the 
future that are affected by a given gene or set of genes, the more 
likely a PGx test will yield cost- effectiveness or cost- savings.

Preemptive vs. reactive PGx testing is likely to impact cost out-
comes. Single- gene testing is most often performed reactively (e.g., 
after the patient initiates a specific drug), but as multigene testing 
becomes more widespread, the results may be used both reactively 
and preemptively for future medications in various therapeutic 
areas. Zhu et al. performed a systematic review on cost- effectiveness 
of PGx- guided treatment for cardiovascular disease and identified 
that two- thirds of studies were cost- effective, but only 2 of the 
46 articles evaluated panel testing and only one examined pre-
emptive testing.17 Subsequently, the investigators compared the 
cost- effectiveness between preemptive PGx panel testing, reactive 
testing, and usual care (no testing) in cardiovascular disease man-
agement, including CYP2C19- clopidogrel, CYP2C9/VKORC1- 
warfarin, and SLCO1B1- statins.18 Using a decision analytic model, 
the authors demonstrated that preemptive testing was cost- effective 
compared with usual care, while reactive testing was not. Those 
with longer follow up and aged 45 to 64 benefited the most. The 
PREDICT (Pharmacogenomic Resource for Enhanced Decisions 
in Care & Treatment) study from Vanderbilt demonstrated that 
preemptive genotyping of nearly 10,000 patients allowed for al-
most 15,000 reactive genetic tests to be avoided when data on mul-
tiple genes was available beforehand, thereby saving genotyping 
test costs by reducing the number of single- gene tests required.19 
The Mayo Clinic RIGHT (Right Drug, Right Dose, Right Time: 
Using Genomic Data to Individualize Treatment) program re-
ported that among 1,013 patients tested, 99% carried an action-
able variant in SLCO1B1, CYP2C19, CYP2C9, or VKORC1.20 
Analysis of the first 5,000 patients tested in the eMERGE- PGx 
(partnership of the Electronic Medical Records and Genomics 
Network and the Pharmacogenomics Research Network) project 
found that >96% of samples had CPIC- designated high- priority 

actionable variants.21 It is consistently shown that most patients 
undergoing multigene panel testing harbor actionable variants. 
Based on these data and findings from the present systematic re-
view, it is evident preemptive panel testing may yield significant 
cost savings over the course of a patient’s medical care.

Some notable trends emerged when evaluating cost outcomes by 
study characteristics, such as source of funding, continent where 
the analysis occurred, and cohort type. While statistical compari-
sons between these groups was not possible due to small numbers, 
it is important to note that certain characteristics may influence 
study findings. Studies funded by pharmaceutical companies over-
whelmingly demonstrated that PGx testing was cost- effective or 
cost- saving. Slight differences in methodology, including estab-
lished willingness- to- pay thresholds, may also influence cost out-
comes. Country or continent of origin may also impact findings. 
Studies conducted in Asia or based on hypothetical cohorts were 
more likely to demonstrate PGx testing was not cost- effective. 
Genetic ancestry is also likely to influence allele frequency and 
number- needed- to- test to avoid an adverse drug reaction.

There are limitations of this analysis, including a limited number 
of studies for some drug– gene pairs. Of the 108 articles included in 
this review, 39 focused on warfarin or clopidogrel, accounting for 
36% of all articles. The finding that most studies were cost- effective 
or cost- saving cannot be generalized to all drugs with CPIC guide-
lines given the limited representation of drugs in the literature (e.g., 
analgesics and proton pump inhibitors only had one study each 
that evaluated cost). Further, almost half of the drugs with CPIC 
guidelines have no published studies evaluating cost, which are 
needed to inform the clinical, research, and economic communi-
ties. Publication bias may also impact which studies were available 
from the systematic literature search. The analysis was meant to be 
inclusive of any study evaluating cost and PGx testing of a drug with 
a CPIC guideline with full article available. These comprehensive 
criteria resulted in the inclusion of some studies which assessed ad-
ditional drug– gene pairs which are not CPIC level A or B with a 
guideline (e.g., multigene panels for antidepressant selection). We 
did not exclude articles based on country of publication, type of 
journal, study design/cohort, or year. Most articles were based on 
a hypothetical cohort, which may not translate to real- world prac-
tice. The cost impact could potentially vary between countries due 
to differences in cost of testing and the frequency of genomic vari-
ants based on ancestry. In addition to the range of willingness- to- 
pay thresholds between studies, the currency of the threshold and 
ICER also varied as most studies reported in the currency of the 
country of the population evaluated. Thus, it is difficult to general-
ize cost- effectiveness or cost- savings without accounting for poten-
tial differences between the populations studied and population of 
interest. Although cost outcomes were dependent on the respective 
study investigators’ conclusions/findings, the average QHES was 
overall high, suggesting these studies were mostly robust. Studies 
with lower QHES scores were more likely to find an intervention 
cost- effective, suggesting a more robust evaluation may lend itself 
to identifying lack of cost- effectiveness; however, the number of 
studies with low QHES scores was very low. Lastly, we included 
drugs with CPIC guidelines as of June 2021. Inevitably, more 
guidelines have and will be produced as the data evolve and several 
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drugs are considered provisional, which if included, may change 
the findings of this systematic review.

In conclusion, we identified that most published studies eval-
uating cost and PGx testing for genes with CPIC guidelines 
determined that PGx- guided treatment was cost- effective or cost- 
saving. This is similar to prior publications and systematic reviews, 
such as the evaluation by Verbelen et al. of drugs with PGx in the 
FDA label.10 The novelty in this systematic review is that it is all in-
clusive of drugs with CPIC guidelines published up to June 2021, 
which are considered the most widely utilized guidelines to facili-
tate adoption and interpretation of PGx- guided therapy in clinical 
practice in the United States. CPIC guidelines and evidence levels 
are also now cited in various local coverage determinations such 
as those from the Centers for Medicare and Medicaid Services.22 
Empey et al. highlights how expanding evidence has led to new 
PGx payor coverage and proposes mechanisms to overcome im-
plementation obstacles to fully comprehend the value of PGx 
testing, including harmonization of coverage between states and 
jurisdictions, greater standardization of testing and interpretation, 
greater clarity on the regulatory landscape, practitioner education, 
and point- of- care clinical decision support.22

While some drugs, like clopidogrel, have an abundance of cost 
data showing there is enough evidence to support the use of PGx 
testing, others, like anesthesia and NSAIDs, still lack robust cost 
evaluations. Future studies and cost evaluations should focus on 
the impact of reactive and preemptive multigene panel testing on 
downstream clinical outcomes across drugs and drug classes and 
reduction in healthcare utilization. In addition to data on clinical 
utility, the data presented herein may support further coverage de-
terminations by payors, thus increasing accessibility to evidence- 
based PGx testing.
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