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ARTICLE

Characterizing Pharmacogenetic Testing Among 
Children’s Hospitals

Jacob T. Brown1, Laura B. Ramsey2,3, Sara L. Van Driest4, Ida Aka4 and Susan I. Colace5,*

Although pharmacogenetic testing is becoming increasingly common across medical subspecialties, a broad range of utiliza-
tion and implementation exists across pediatric centers. Large pediatric institutions that routinely use pharmacogenetics in 
their patient care have published their practices and experiences; however, minimal data exist regarding the full spectrum of 
pharmacogenetic implementation among children’s hospitals. The primary objective of this nationwide survey was to char-
acterize the availability, concerns, and barriers to pharmacogenetic testing in children’s hospitals in the Children’s Hospital 
Association. Initial responses identifying a contact person were received from 18 institutions. Of those 18 institutions, 14 
responses (11 complete and 3 partial) to a more detailed survey regarding pharmacogenetic practices were received. The 
majority of respondents were from urban institutions (72%) and held a Doctor of Pharmacy degree (67%). Among all respond-
ents, the three primary barriers to implementing pharmacogenetic testing identified were test reimbursement, test cost, and 
money. Conversely, the three least concerning barriers were potential for genetic discrimination, sharing results with family 
members, and availability of tests in certified laboratories. Low-use sites rated several barriers significantly higher than 
the high-use sites, including knowledge of pharmacogenetics (P = 0.03), pharmacogenetic interpretations (P = 0.04), and 
pharmacogenetic-based changes to therapy (P = 0.03). In spite of decreasing costs of pharmacogenetic testing, financial 
barriers are one of the main barriers perceived by pediatric institutions attempting clinical implementation. Low-use sites 
may also benefit from education/outreach in order to reduce perceived barriers to implementation.

The implementation of pharmacogenetic testing has 
made remarkable progress in recent years, with select 
institutions introducing preemptive or reactive clinical test-
ing.1,2 Widely available resources, such as PharmVar,3 the 
Pharmacogenomics Knowledge Base (PharmGKB),4 and 
Clinical Pharmacogenetic Implementation Consortium 
(CPIC) guidelines,5 now provide laboratories with consoli-
dated data on pharmacogenetic variants and clinicians with 
up-to-date clinical information in addition to formal dosing 

recommendations for drug-gene pairs. The formalization 
of these resources has undoubtedly contributed to prog-
ress in pharmacogenetic implementation. The number of 
well-characterized specific drug-gene interactions (DGIs) is 
growing exponentially along with our ability to rapidly test 
for and act on clinically relevant gene variants, allowing for 
translation of laboratory knowledge into clinical practice.6

Although not every DGI results in a medication or dos-
ing change, there are institutions where genetic testing 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE OF THE  
TOPIC?
✔  Implementation of pharmacogenetic testing is well-
described at select institutions; however, it is poorly un-
derstood how widespread implementation is, particularly 
at pediatric hospitals.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔  The primary objective of this survey was to characterize 
pharmacogenetic testing in addition to determining avail-
ability, concerns, and barriers to pharmacogenetic testing 
in pediatric hospitals.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
✔  Although this study gives a general sense of pharmaco-
genetic implementation among pediatric hospitals, it also 
highlights the considerable differences between sites with 
limited vs. more extensive implementation, in particular 
the need for additional education of providers.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE?
✔  The results of this survey provide important information 
to institutions that have limited implementation of pharma-
cogenetic testing or for those considering implementation.
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for clinically significant variants is part of routine care. 
CPIC first released guidelines for TPMT and thiopurines 
in March 2011, with subsequent updates in April 20137 
and most recently in November 2018, where the guide-
line was updated to include NUDT15.8 Within pediatric 
oncology, patients with acute lymphoblastic leukemia are 
routinely tested for TPMT and NUDT15 variants prior to 
initiation of therapy with thiopurines.9 TPMT is also rou-
tinely tested for in pediatric inflammatory bowel disease, 
which has improved dosing of thiopurines across pediatric 
centers participating in the ImproveCareNow network.10 
Recently, CPIC has also included pediatric-specific geno-
type-dosing recommendations for voriconazole based on 
CYP2C19 genotype and atomoxetine based on CYP2D6 
genotype.11,12

Implementation requires a collaboration of resources, 
including laboratories for genotyping, bioinformatics/infor-
mation technology for interpretation and communication 
of results, and clinicians to incorporate the results into 
patient care. Historically, such resources were costly and 
often not sufficient for incorporation into clinical care, but 
current and evolving technologies are and will be available 
to make the process both possible and cost-efficient.13 
The US Food and Drug Administration (FDA) has also 
made changes to facilitate the incorporation of pharmaco-
genetics into clinical practice. The FDA has implemented 
a voluntary program allowing companies to submit ge-
nomics data with new drug applications and has recently 
released a Table of Pharmacogenomic Associations that in-
cludes > 100 medications. The table includes subsections 
for those associations that they recommend therapeutic 
changes (dose or medication selection), associations that 
indicate an impact on safety or response, and associa-
tions that have an impact on pharmacokinetics only. Over 
200 drug labels have been updated to include pharma-
cogenetic findings. There are several examples of newly 
approved targeted therapies with companion diagnostic 
tests (crizotinib and vemurafenib), drugs with required 
pharmacogenetic testing (eliglustat, pimozide, and tetra-
benazine), and others with potential pharmacogenetic 
considerations included in the label.

The increase in pharmacogenetic data and progress in 
implementation are encouraging to physicians and other 
clinicians eager to provide safer and more effective ther-
apy for their patients through precision medicine. Although 
discovery and implementation of clinically relevant DGIs 
require considerable resources and effort, the benefits 
have the potential to make such expenditures worthwhile, 
especially as costs decrease with improved technology. 
Collaborative networks, such as the Pharmacogenomics 
Research Network (PGRN),14 the Electronic Medical 
Records and Genomics (eMERGE) Network,15 the 
Implementing Genomics in Practice (IGNITE)16 and the 
Canadian Pharmacogenomics Network,17 allow for distri-
bution of knowledge and effort across multiple institutions. 
Despite these recent advances in the utility, feasibility, and 
cost efficacy of pharmacogenetic testing, there are still 
many institutions that have not implemented routine phar-
macogenetic testing into clinical practice. Analysis of the 
barriers to pharmacogenetic implementation have found 

that information technology,18 clinical utility concerns,19 
and training20 were major barriers to implementation in 
nonpediatric institutions. However, there has been no 
analysis of barriers to pharmacogenetic implementation 
specific to pediatric institutions. In order to assess this, 
we sought to better understand the landscape of pharma-
cogenetic testing in pediatric populations, and from there 
propose solutions to overcome these barriers. Thus, the 
primary objective of this survey was to characterize phar-
macogenetic testing in addition to determining availability, 
concerns, and barriers to pharmacogenetic testing in pe-
diatric hospitals.

METHODS

This study was reviewed and granted a waiver of Health 
Insurance Portability and Accountability Act (HIPAA) 
authorizations by the Institutional Review Board at 
Nationwide Children’s Hospital. Children’s hospitals 
were surveyed through REDCap, a secure, encrypted, 
web-based application for building surveys and man-
aging survey data,21 in order to evaluate the availability, 
concerns, and barriers to pharmacogenetic testing. The 
survey was developed to assess characteristics about the 
respondent (training, specialty, and pharmacogenetics 
background), characteristics of their institution (location, 
setting, and referral patterns), use of pharmacogenetic 
testing at the institution (frequency, indications, results 
reporting, and decision support), and barriers for phar-
macogenetic testing. Questions regarding barriers were 
adapted from a previous publication.22 Requests were 
made via the pharmacy director’s listserv of the Children’s 
Hospital Association (CHA) to identify the appropriate 
point-person for each institution regarding current and fu-
ture pharmacogenetic testing. The survey invitation was 
distributed to all 248 members of the CHA. Following iden-
tification of the appropriate point person for each pediatric 
institution, a more detailed survey was distributed to iden-
tify current practices, future plans, and barriers to future 
plans at those institutions.

The subsequent detailed survey was distributed 
through REDCap, with data stored in the secure database 
(Supplementary File). Several questions were designed to 
characterize the institution, comfort and knowledge level of 
clinicians, and practices related to pharmacogenetic testing as 
well as ascertain individual barriers to, concerns of, and avail-
ability of pharmacogenetic testing. Participants responded on 
a numerical scale of 0–100, with 0 defined as not a barrier, 50 
as somewhat of a barrier, and 100 as a large barrier.

Statistical analysis was primarily descriptive in nature and 
compiled in both tabular and narrative form. Sites were cat-
egorized as high vs. low pharmacogenetic use sites based 
upon participant responses regarding experience and use 
level; respondents who reported that they use pharmacoge-
netic testing “regularly” were categorized as a high-use site, 
whereas those who reported “occasional” use or less were 
categorized as a low-use site. Median values for perceived 
barriers from high-use and low-use sites were compared 
with two-sample Wilcoxon rank sum tests. P values < 0.05 
were considered significant.
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RESULTS

Eighteen initial responses identifying a contact person 
were received from 17 unique institutions (Figures 1 and 
2). Of those 17 institutions, complete detailed surveys were 
submitted by 11 respondents from unique institutions. 
Two respondents from the same institution submitted 
complementary partial responses: although institutional 
demographics and experience of the two respondents 
were similar, only one respondent supplied data regarding 
specific DGIs, whereas the other supplied detailed data 
regarding barriers. For purposes of analysis, the institu-
tional data from these two respondents were condensed 
into one institutional response, while responses specific to 
the experience and roles of the individual respondent were 
kept separate. One additional partially completed survey 

was obtained, which lacked responses to both barriers 
and specific DGIs. Responses were received from diverse 
geographic locations (Figure 2). All institutions were noted 
to be referral centers. Institutional and respondent char-
acteristics, comfort and knowledge level of clinicians, and 
practices related to pharmacogenetic testing are summa-
rized in Tables 1 and 2. The majority of respondents were 
from urban/suburban institutions (92%) and held a Doctor 
of Pharmacy degree (86%). Half of respondents indicated 
they used pharmacogenetics regularly, whereas 14% and 
36% indicated they either used it occasionally or had con-
sidered using it. Eight of the 13 unique institutions (62%) 
indicated that only general and/or subspecialist pediatri-
cians order pharmacogenetic testing, while 4 institutions 
(31%) report pharmacists as ordering providers, and 1 in-
stitution (8%) also reported nurse practitioners and genetic 
counselors. Four institutions (31%) offer “in house” testing, 
and 7 of 13 (54%) sites reported that families had brought 
pharmacogenetic test results to their institution. One in-
stitution reported no pharmacogenetic testing, which is 
reflected in Table 2.

Eleven respondents from 11 unique institutions (4 low-
use and 7 high-use) supplied data regarding specific DGIs 
tested at their institution, as well as clinical decision support 
provided in the electronic prescribing system for these DGIs 
(Figure 3). The most commonly tested DGI among all cen-
ters was thiopurine/TPMT, with nine centers reporting use 
(2 low-use and 7 high-use); this was also the only DGI for 
which a low-use center reported clinical decision support. 
The next most frequently tested DGIs were voriconazole/
CYP2C19 and codeine/CYP2D6, both of which had seven 
centers (1 low-use and 6 high-use) reporting testing. The 
most commonly tested DGI among low-use centers was 
ivacaftor/CTFR, with two low-use centers and three high-
use centers reporting routine testing. Aside from the DGIs 
listed in Figure 3, two high-use centers reported additional 
testing: one center for aripiprazole/CYP2D6, and one center 
with “too many DGIs to list.”

For interpretation of pharmacogenetic results, the major-
ity of respondents cited use of a Literature Search, followed 
by CPIC, Dutch Pharmacogenetics Working Group (DPWG), 
PharmGKB, and a Google/Internet search. Notably, none 
of the low-use sites indicated they used PharmGKB as a 
source. Regarding the need for additional pharmacogenetic 
education for the respondent, nearly half (43%) reported no 
need for further education (all of whom were from a high-use 
site); 21% reported a need for “a lot” of additional educa-
tion, all of whom were at a low-use site. However, when 
asked if other providers at the institution needed more phar-
macogenetic education, 79% said yes, a lot, and 7% said 
yes, a little.

Full results of barriers to implementation are summarized 
in Figure 4. Across all sites, the three highest ranked barriers 
were test reimbursement, test cost, and money. The three 
lowest ranked barriers were potential for genetic discrimi-
nation, sharing results with family members, and availability 
of tests in certified laboratories. Other items that were con-
sidered somewhat of a barrier included electronic health 
records support, other providers’ experience, knowledge or 
education, lack of randomized controlled trials documenting 

Figure 1 CONSORT flow diagram of survey response. CHA, 
Children’s Hospital Association; DGI, drug-gene interaction; 
PGx, pharmacogenetic.
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superiority of pharmacogenetic-guided treatment, and ge-
netic exceptionalism for genetic and pharmacogenetic tests.

High-use and low-use sites ranked barriers differently. 
In high-use sites, test availability, uncertainty about phar-
macogenetic test interpretation, and leadership support 
were the least impactful barriers, whereas reimbursement 
for pharmacogenetic testing, money, and electronic health 
record support were seen as the greatest barriers. In low-
use sites, the least impactful barriers were test availability, 
randomized controlled trials documenting superiority, and 
genetic exceptionalism, whereas the greatest barriers were 
time/personnel, money, and uncertainty about pharmacoge-
netic test interpretation. Low-use sites rated several barriers 
significantly higher than the high-use sites, including sup-
port from leadership (P  =  0.04), administrative support 
(P  =  0.04), time/personnel (P  =  0.01), defining importance 
of ethical, legal, and social implications (ELSI) in pharma-
cogenetic vs. disease genetics (P = 0.04), concerns about 
inclusion of genetic information in the medical record and 
potential for genetic discrimination (P  =  0.02), uncertainty 
about drug therapy decision based on a pharmacogenetic 
test (P  =  0.03), uncertainty about pharmacogenetic test 
interpretation (P = 0.04), and insufficient knowledge of phar-
macogenetic data (P = 0.03).

DISCUSSION

The results of this survey characterize the state of and elicit 
the barriers and concerns of pharmacogenetic testing in 
a sample of pediatric referral centers. Most respondents 
acknowledged the need for additional pharmacogenetic 
education, particularly for other providers (not the individual 
who completed the survey) and all providers (respondent and 
others) in low-use sites. The primary concerns identified of 
survey respondents centered around cost/reimbursement 
for testing and time/personnel, whereas the availability, un-
certainty of interpretation, and concerns about inclusion 
of genetic information into the medical record were con-
sidered lesser barriers. Additionally, low-use sites viewed 
leadership/administrative support, time/personnel, ELSI, 

how to use the information, and insufficient knowledge as 
significantly greater barriers as compared with high-use 
sites. Understanding the issues that are perceived as the 
greatest barriers will help to inform institutions that treat 
children seeking to implement pharmacogenetic testing of 
the perceived challenges that exist specific to the pediatric 
population.

In terms of the greatest need surrounding pharmacoge-
netic implementation, additional education of providers is 
of critical importance. The supplemental pharmacogenetic 
education acknowledged by respondents at low-use sites 
and for other providers is in line with a recent survey of 
pediatricians surrounding their knowledge and attitudes of 
pharmacogenetic testing. In this survey of pediatricians in 
the United States and Japan, few respondents were fa-
miliar with pharmacogenetics or CPIC guidelines, whereas 
most respondents believe pharmacogenetics will improve 
safety and efficacy and expressed interest in additional 
pharmacogenetic education.23 One of the more interesting 
findings of the survey presented herein were differences 
noted between high-use and low-use sites. Among 
high-use sites, uncertainty about pharmacogenetic test 
interpretation was one of the least impactful barriers, 
whereas it was one of the largest barriers among low-use 
respondents. This uncertainty among low-use sites high-
lights the potential utility of widely available resources, 
such as CPIC guidelines and PharmGKB, to empower and 
educate clinicians in practical pharmacogenetic use when 
institutional resources and expertise are not available. In 
addition to the summary data presented above, review of 
the survey data by the authors led to incidental observa-
tions of discrepancies in the two respondents’ answers 
from the same institution. Further, some responses were 
discordant with known practices at individual institutions, 
also highlighting the need for raised awareness of phar-
macogenetics use and resources at the institutional level 
for many sites. There are many opportunities for education 
in pharmacogenetics, including several online certificate 
programs targeted to clinicians, particularly pharmacists. 
We recommend CPIC’s website and the FDA tables cited 

Figure 2 Location of sites responding to survey.
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above as excellent free resources, as well as PharmGKB’s 
website and many pathway publications, IGNITE’s web-
site, and the PGRN’s website.

To date, barriers to the clinical implementation of pharma-
cogenetics have focused more broadly on testing in adults, 

and are more in line with the low-use sites surveyed herein, 
including insufficient knowledge, level of evidence, cost, 
ELSI barriers, and test-related barriers.22,24 These barriers 
are similar to a separate review of pharmacogenetic testing 
in primarily neuropsychiatric medications, which identified a 

Table 1 Institutional and respondent demographics

All High use Low use

Setting of institution (n = 13) (n = 7) (n = 6)

Urban/suburban 12 7 5

Rural 1 0 1

Setting of patients/families (n = 13) (n = 7) (n = 6)

Urban and suburban 3 1 2

Urban, suburban, and rural 10 6 4

Institution type (n = 13) (n = 7) (n = 6)

Academic 12 6 6

Community 1 1 0

Respondent type (n = 14) (n = 7) (n = 7)

PharmD 12 5 7

PhD 1 1 0

MD, PhD 1 1 0

Years since completion of training (n = 14) (n = 7) (n = 7)

0–5 1 1 0

6–10 2 2 0

11–15 1 0 1

≥ 16 10 4 6

Respondent’s pharmacogenetics educationa (n = 14) (n = 7) (n = 7)

None 3 1 2

Seminar, workshop, CME 10 5 5

Online 3 3 0

Relevant fellowship or residency 3 3 0

Self-directed education (reading, mentorship) 2 1 1

Respondent practice specialtiesa (n = 14) (n = 7) (n = 7)

Administrative 8 1 7

Pharmacy 5 2 3

Pharmacology 3 3 0

Critical care 1 1 0

Emergency medicine 1 1 0

General pediatrics 3 3 0

Genetics 3 3 0

Hospital medicine 1 1 0

Laboratory 1 1 0

Cardiology 1 1 0

Hematology/oncology 2 2 0

Developmental pediatrics 1 1 0

Palliative care 1 1 0

Infectious disease 1 0 1

Other provider use of pharmacogenetics (n = 14) (n = 7) (n = 7)

Yes 13 7 6

No 1 0 1

Respondent use of pharmacogenetics (n = 14) (n = 7) (n = 7)

I have considered using it, but have not yet 5 0 5

I use it occasionally 2 0 2

I use it regularly 7 7 0

CME, continuing medical education.
aMultiple responses permitted.
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Table 2 Characteristics of pharmacogenetic testing and implementation at each site

All n (%) High use Low use P value

Pharmacogenetic testing at institution n = 13 n = 7 n = 6

Yes 12 (92) 7 (100) 5 (83)

No 1 (8) 0 1 (17)

Ordering providera n = 13 n = 7 n = 6

General pediatrician 6 (46) 4 (57) 2 (33) 0.59

Subspecialty pediatrician 11 (85) 7 (100) 4 (67) 0.19

Pharmacists 4 (31) 4 (57) 0 0.07

Genetic counselor 1 (8) 1 (14) 0 1.00

Nurse practitioner 1 (8) 1 (14) 0 1.00

N/A (no testing at institution) 1 (8) 0 1 (17)

Reason for pharmacogenetic testinga n = 13 n = 7 n = 6

Patient or family request 5 (38) 3 (43) 2 (33) 1.00

Workup for medication nonresponse 8 (62) 5 (71) 3 (50) 0.59

Workup for medication side effects 8 (62) 5 (71) 3 (50) 0.59

Preemptive testing for all patients 0 0 0

Preemptive testing for subset of patients 7 (54) 5 (71) 2 (33) 0.29

Part of a study protocol 8 (62) 6 (86) 2 (33) 0.29

N/A 1 (8) 0 1 (17)

Type of pharmacogenetic testing n = 13 n = 7 n = 6

Specific gene only 1 (8) 1 (14) 0 1.00

Panel-based only 2 (15) 1 (14) 1 (17) 1.00

Both specific gene and panel-based 6 (46) 4 (57) 2 (33) 0.59

Specific, panel, and targeted Exome 1 (8) 1 (14) 0 1.00

No response 2 (15) 0 2 (33)

N/A 1 (8) 0 1 (17)

Location of pharmacogenetic testing n = 13 n = 7 n = 6

In-house only 1 (8) 1 (14) 0 1.00

Send out only 7 (54) 4 (57) 3 (50) 1.00

Both 3 (23) 2 (29) 1 (17) 1.00

No response 1 (8) 0 1 (17)

N/A 1 (8) 0 1 (17)

Type of in-house testinga n = 13 n = 7 n = 6

Genotype 4 (31) 3 (43) 1 (17) 0.56

Metabolizer status 4 (31) 3 (43) 1 (17) 0.56

Known DGI 2 (15) 2 (29) 0 0.46

No response 2 (15) 1 (14) 1 (17)

N/A 7 (54) 4 (57) 3 (50)

How pharmacogenetic results recordeda n = 13 n = 7 n = 6

Lab result within EMR 7 (54) 5 (71) 2 (33) 0.29

Scanned in 8 (62) 5 (71) 3 (50) 0.59

Discrete result via EMR algorithm 2 (15) 2 (29) 0 0.46

No response 1 (8) 0 1 (17)

N/A 1 (8) 0 1 (17)

Who interprets pharmacogenetic test resultsa n = 13 n = 7 n = 6

Use the report provided 2 (15) 2 (29) 0 0.46

Ordering provider 8 (62) 4 (57) 4 (67) 1.00

Genetic counselor 1 (8) 0 1 (17) 0.46

Clinical pharmacist 6 (46) 5 (71) 1 (17) 0.10

Consultant or pharmacogenetic consult service 6 (46) 4 (57) 2 (33) 0.59

No response 1 (8) 0 1 (17)

N/A 1 (8) 0 1 (17)

Who reports results to patients/familiesa n = 13 n = 7 n = 6

Ordering provider 10 (77) 6 (86) 4 (67) 0.56

(Continues)
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All n (%) High use Low use P value

Genetic counselor 1 (8) 0 1 (17) 0.46

Clinical pharmacist 5 (38) 5 (71) 0 0.021*

Consultant or pharmacogenetic consult service 2 (15) 1 (14) 1 (17) 1.00

No response 1 (8) 0 1 (17)

N/A 1 (8) 0 1 (17)

Have families brought pharmacogenetic test 
results to your institution

n = 13 n = 7 n = 6

Yes 7 (54) 6 (86) 1 (17) 0.07

No 0 0 0

Uncertain 5 (38) 1 (14) 4 (67) 0.07

No response 1 (8) 0 1 (17)

Who sent the outside pharmacogenetic testinga n = 13 n = 7 n = 6

Primary care practitioner 4 (31) 4 (57) 0 0.07

Outside subspecialist 6 (46) 6 (86) 0 0.005*

Patient/family obtained on their own 3 (23) 3 (43) 0 0.192

Uncertain 1 (8) 0 1 (17) 0.46

No response 5 (38) 0 5 (83)

What kind of laboratory performed outside 
pharmacogenetic testing

n = 13 n = 7 n = 6

Commercial/direct-to-consumer 6 (46) 6 (86) 0 0.005*

Academic 1 (8) 1 (14) 0 1.00

Uncertain 1 (8) 0 1 (17) 0.46

No response 5 (38) 0 5 (83)

What sources do you consult for interpretation of 
pharmacogenetic test resultsa

n = 13 n = 7 n = 6

Literature search 11 (85) 7 (100) 4 (67) 0.19

CPIC 9 (69) 7 (100) 2 (33) 0.021*

DPWG 6 (46) 5 (71) 1 (17) 0.10

Google/internet search 2 (15) 1 (14) 1 (17) 1.00

PharmGKB 4 (31) 4 (57) 0 0.07

Other (ClinVar, dbSNP, other variant databases) 2 (15) 2 (29) 0 0.46

No response 1 (8) 0 1 (17)

Respondent need for more pharmacogenetic 
education

n = 14 n = 7 n = 7

No 6 (43) 6 (86) 0 0.005*

Yes, a little 4 (29) 1 (14) 3 (43) 0.56

Yes, a lot 3 (21) 0 3 (43) 0.19

No response 1 (7) 0 1 (14)

Other provider need for more pharmacogenetic 
education

n = 14 n = 7 n = 7

No 0 0 0

Yes, a little 2 (14) 0 2 (29) 0.46

Yes, a lot 11 (79) 7 (100) 4 (57) 0.19

No response 1 (7) 0 1 (14)

Institutional plans for pharmacogeneticsa n = 13 n = 7 n = 6

Expand testing 9 (69) 6 (86) 3 (50) 0.14

Hire a full-time clinician/pharmacist/other to run 
a pharmacogenetic program

3 (23) 1 (14) 2 (33) 0.56

Bring testing “in-house” 5 (38) 3 (43) 2 (33) 1.00

Provide increased clinical support via personnel 
or in EMR

8 (62) 6 (86) 2 (33) 0.103

Formal education for providers 2 (15) 2 (29) 0 0.462

No response 2 (15) 0 2 (33)

CPIC, Clinical Pharmacogenetic Implementation Consortium; dbSNP, database-single-nucleotide polymorphism; DGI, drug-gene interaction; DPWG, Dutch 
Pharmacogenetics Working Group; EMR, electronic medical record; N/A, not applicable; PharmGKB, Pharmacogenomics Knowledge Base.
aMultiple responses allowed.
*P value < 0.05 when comparing high-use vs. low-use institution.

Table 2 (Continued)
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lack of guidelines, unclear clinical validity, variability in avail-
able tests, and cost as additional barriers.25 Notably, several 
of the barriers discussed in other publications were listed as 
either somewhat of a barrier or closer to not a barrier among 
all the respondents herein (e.g., test availability, ELSI issues, 
and pharmacogenetics knowledge level). The differences 
between the results presented herein and prior surveys of 
clinicians at adult institutions may be partially explained by 
the fact that the respondents included were deemed the 
point person for pharmacogenetic testing at their institution, 
and thus barriers, such as a lack of guidelines, may be less 
of a concern to them due to a better understanding of what 
is available. Similar barriers exist globally, as evidenced by 
a recent literature review, which identified primary barriers 
to clinical implementation of pharmacogenetics as scientific, 
educational, ELSI, information technology, and reimburse-
ment.18 As additional research is completed and further 

dosing guidelines are updated and developed, it is likely that 
several of these barriers will become less of a concern over 
time. Looking more broadly at genetic testing, a survey of 
physicians from IGNITE sites felt genetic testing is clinically 
useful, although two-thirds did not believe they were ade-
quately trained to care for genetically high-risk patients,20 
emphasizing the need of having adequately trained indi-
viduals with the skills necessary to assess these types of 
patients.

As previously noted, CPIC guidelines have provided cli-
nicians with formal dosing recommendations based on an 
individual’s genotype for specific drug-gene(s) pairs. In a 
prior survey, the Translational Pharmacogenetics Program 
of the PGRN found that the use of CPIC guidelines allowed 
for consistent use of pharmacogenetic results across insti-
tutions.26 Although CPIC guidelines do not always contain 
dosing recommendations specific for children, a recent 

Figure 3 Drug-gene interactions (DGIs) implemented at high-use and low-use centers. Black box indicates routine implementation of 
DGI. “X” indicates that clinical decision support exists for the DGI.

Low Use Centers High Use Centers
Abacavir and HLA-B x

Allopurinol and HLA-B x
Atazanavir and UGT1A1 x

Atomoxetine and CYP2D6 x
Carbamazepine and HLA-B x
Carbamazepine and HLA-A x

Clopidogrel and CYP2C19 x x
Codeine/Opioids and CYP2D6 x x x x

Ivacaftor and CFTR
Fluoropyrimidines and DPYD x

Ondansetron/Tropisetron and CYP2D6 x x
Oxcarbazepine and HLA-B
Peginterferon and IFNL3
Phenytoin and CYP2C9 x x
Phenytoin and HLA-B x x

Potent Volatile Anesthetic Agents and 
RYR1/CACNA1S

Proton Pump Inhibitors and CYP2C19 x
Rasburicase and G6PD x x

SSRIs and CYP2C19 x x x x
SSRIs and CYP2D6 x x x

Simvastatin and SLCO1B1 x
Stimulants and CYP2D6

Succinylcholine and RYR1/CACNA1S
Tacrolimus and CYP3A5 x x
Tamoxifen and CYP2D6

Thiopurine Drugs and NUDT15
Thiopurine Drugs and TPMT x x x x x x

TCAs and CYP2C19
TCAs and CYP2D6 x x x

Voriconazole and CYP2C19 x x x
Warfarin and CYP2C9 x
Warfarin and VKORC1 x
Warfarin and CYP4F2

Black box indicates rou�ne implementa�on of DGI. “X” indicates that clinical decision support 
exists for the DGI.
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review highlighted several gene-drug pairs and dosing rele-
vant to children.27 In fact, the most commonly reported DGI 
(thiopurines/TPMT) corresponds to one of the earliest CPIC 
guidelines, and nearly all reported DGIs herein have pub-
lished CPIC guidelines.

Among both high-use and low-use sites, reimbursement 
for testing, cost of test/lack of reimbursement, and money 
were the three largest barriers, while test availability was 
one of the least concerning barriers. Cost of testing and 
a lack of reimbursement is consistent with barriers noted 
elsewhere and emphasizes the need for administrative sup-
port and a business plan when considering the introduction 
of any new form of testing.18 The minimal concern regarding 
test availability may be explained in part by the considerable 
growth of testing companies now offering pharmacogenetic 
testing to patients.28 Additionally, the well-known direct to 
consumer genetic testing company 23andMe recently an-
nounced the addition of pharmacogenetic testing to their 
panel, making it likely patients and parents/guardians of pa-
tients will soon begin arriving to appointments with results 
in hand.

This survey-based study has several limitations. Although 
the initial survey was sent to all 248 CHA members, the initial 
survey was answered by only 18, and we have complete 
response data from only 12 pediatric institutions: 11 unique 
institutional respondents completed the full survey; 2 respon-
dents from the same institution provided complementary 
partial responses, which were considered a full response for 
the institution. These 12 centers may not be representative 
of all children’s hospitals as they are predominantly urban, 

academic institutions that may vary considerably from those 
in rural, community settings. Indeed, it is likely that centers 
where no pharmacogenetic experts were identified are sys-
tematically different from respondents. Further, the survey 
was completed by one individual at each site who may not 
have an accurate sense of barriers or other data. Insurance 
coverage decisions for pharmacogenetic testing in psy-
chiatry have changed since the survey was performed, so 
opinions about financial barriers may change with broader 
insurance coverage.29

Currently, few pediatric patients are reaping the benefits 
of such individually tailored therapy due to a variety of chal-
lenges, such as provider knowledge and comfort level, cost, 
appropriate interpretation of results, and effective com-
munication of these results.22 Pharmacogenetics has the 
potential to make a significant impact on pediatric patient 
care using both the DGIs already identified and those that 
could be identified in the future. Through pharmacogenetics 
we have the opportunity to improve drug efficacy and safety, 
thus improving both morbidity and mortality in this unique 
patient population. In spite of decreasing costs of pharma-
cogenetic testing, financial barriers are still perceived as 
a major barrier by pediatric institutions attempting clinical 
implementation. Additionally, low-use sites may also benefit 
from education/outreach in order to reduce perceived barri-
ers to implementation.

Supporting Information. Supplementary information accompa-
nies this paper on the Clinical and Translational Science website (www.
cts-journal.com).

Figure 4 Participant responses to questions regarding availability, knowledge, and barriers to pharmacogenetic testing. *(P < 0.05) 
Responses between high-use and low-use pharmacogenetic sites. EHR, electronic health record; ELSI, ethical, legal, and social 
implications; FTE, full time equivalent; PGx, pharmacogenetic; RCT, randomized controlled trial.
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