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Purpose: Little is known about how many insured patients receive
pharmacogenetic testing. We describe trends of single-gene
pharmacogenetic testing in a US managed care population, and
demographic and clinical characteristics of patients who received
a test.

Methods: We leveraged a random sample of nearly 11 million
patients from a data set of paid medical and pharmacy claims to
identify patients with at least one claim indicating receipt of at least
one of these single-gene pharmacogenetic tests: CYP2C19, CYP2D6,
CYP2C9, VKORC1, UGT1A1, and HLA class 1 typing.

Results: From 1 January 2013 to 30 September 2017, 5712 patients
received at least one pharmacogenetic test (55% female; mean
age = 43 years). The median number of tests per patient was 3
(mean= 2.7, max= 12); 54% were processed through Managed
Medicare/Medicaid, while 45% were processed through commercial

insurance. The total number of pharmacogenetic tests received
more than doubled from 2013 (n= 1955) to 2015 (n= 4192), then
decreased slightly in 2016 (n= 3946). The most common test was
CYP2C19 (n= 4719), and “long-term (current) use of other
medications” was the most common diagnosis.

Conclusion: Pharmacogenetic testing through patients’ insurance
was low, but more than doubled from 2013 to 2016. This study
highlights the need to better understand utilization patterns and
insurance coverage for pharmacogenetic tests.
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INTRODUCTION
Personalized medicine leverages a person’s unique character-
istics, such as their environment, lifestyle, and genetic
makeup, to individually tailor strategies for the prevention
and treatment of disease.1 Pharmacogenetics is a component
of personalized medicine that studies the impact of genetic
variation on interindividual variability in drug disposition,
response, and adverse effects.2 Many actionable drug–gene
pairs exist across a variety of therapeutic areas. For example,
genetically mediated CYP2C19 poor metabolism is associated
with decreased response to clopidogrel, an antiplatelet
medication;3 CYP2C19 and CYP2D6 genetic variants are
associated with altered metabolism of certain selective
serotonin reuptake inhibitors and tricyclic antidepressants
used in the treatment of mental health disorders;4,5 and HLA-
B genetic variants are associated with increased risk of
cutaneous and noncutaneous hypersensitivity reactions to
certain drugs (e.g., abacavir, carbamazepine, oxcarbazepine,
phenytoin, and allopurinol).6–9 However, uptake of pharma-
cogenetic testing in the clinical setting has been slow.10

Barriers to widespread adoption include lack of evidence
supporting the clinical utility of testing, lack of physician and

patient knowledge, and limited insurance coverage and
reimbursement of testing.11–15

The who, what, and when of pharmacogenetic testing are
largely determined by insurance coverage of the tests, which is
low and varies across tests and health plans.16–18 Coverage
determination is informed by the availability of evidence
supporting clinical utility.13,16,17 Data from 2012 indicate
that coverage of pharmacogenetic tests across a handful of
commercial plans was only 30% of the tests reviewed,
and coverage was inconsistent from insurer to insurer.17

The most commonly covered pharmacogenetic tests among
commercial insurers and Medicare at that time included
CYP2C19 for clopidogrel, CYP2D6 for tetrabenazine, HLA-
B*15:02 for carbamazepine (only for persons of Asian
ancestry), and HLA-B*57:01 for abacavir.17,19

Another factor complicating the insurance coverage land-
scape is that documentation of pharmacogenetic testing in
claims and medical records has been inconsistent and has
changed over time. The Current Procedural Terminology
(CPT) coding system is used to code medical services and
procedures, including pathology and laboratory tests that
encompass pharmacogenetic testing.20 Documentation of
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pharmacogenetic testing is only as good as the codes available.
Prior to 2012, specific CPT codes were not available for
pharmacogenetic tests and they were typically assigned a
molecular pathology procedure code.21 In 2012, the American
Medical Association (AMA) assigned unique CPT codes to
pharmacogenetic tests known to detect genetic variants
associated with specific drugs; these specific codes were
implemented in 2013 and most recently updated in 2018.21,22

Implementing pharmacogenetic testing in the clinical
setting has the potential to improve patient care by decreasing
failed treatment attempts due to medication ineffectiveness
and/or adverse effects and by increasing effectiveness of
improperly dosed medications. Insurance coverage plays an
integral role in the clinical expansion of testing, yet little is
known about how many insured patients receive pharmaco-
genetic testing, what types of tests they receive, and for what
clinical reasons. To the best of our knowledge, no other
studies have comprehensively examined coverage of single-
gene pharmacogenetic tests among a large, insured population
that includes different types of insurance. The purpose of this
study is to describe the landscape of pharmacogenetic testing
in a managed care population. Specifically, we describe the
trends of single-gene pharmacogenetic testing between 2013
and 2017, the demographic and clinical characteristics of
patients who received a pharmacogenetic test through their
insurance, and the coverage and billed amounts of the
pharmacogenetic tests in this cohort. We consider only single-
gene pharmacogenetic tests because CPT codes had not been
implemented for multiple-gene pharmacogenetic panel tests
during the period for which data for the managed care
population were available.

MATERIALS AND METHODS
Data source
This descriptive retrospective cross-sectional study leveraged
IQVIA® PharMetrics. This data source includes health plan
information for over 75 million unique patients and is
nationally representative in terms of age and gender
distributions of patients in the US commercially insured
population.23 The paid medical and pharmacy claims are
from 75 US health plans. Claim-level variables include service
date, place of service, CPT procedure codes, International
Classification of Diseases, Ninth Revision, Clinical Modifica-
tion (ICD-9-CM) and ICD-10 diagnosis codes, and prescrip-
tions filled (date, medication identification code, and days
supplied). The University of Colorado Skaggs School of
Pharmacy and Pharmaceutical Sciences holds a license for a
random sample of nearly 11 million patients from IQVIA®
PharMetrics. This study was approved as exempt by the
Colorado Multiple Institutional Review Board.

Study population
We identified patients of all ages from the random sample of
IQVIA® PharMetrics who were enrolled in a health plan at
some point from 1 January 2013 through the end of the
available data (30 September 2017). We then identified

patients with at least one procedure code indicating a
pharmacogenetic test processed through their health plan,
with a service date from 1 January 2013 through 30 September
2017. We included single-gene pharmacogenetic tests identi-
fied using specific CPT procedure codes: CYP2C19 (CPT
code 81225), CYP2D6 (CPT code 81226), CYP2C9 (CPT code
81227), VKORC1 (CPT code 81355), HLA class 1 typing (CPT
code 81381), and UGT1A1 (CPT code 81350). A list of the
tests and corresponding clinically actionable medications is
provided in Table 1. We excluded patients not enrolled in a
health plan during the month of the test. UGT1A1 tests were
excluded if the patient ever had a claim indicating disorders of
porphyrin and bilirubin metabolism. HLA class 1 typing tests
were excluded if the patient ever had any diagnosis or
procedure codes indicating a solid organ or allogeneic bone
marrow transplant. Patients could have received more than
one type of pharmacogenetic test during the study period, and
could have received the same test more than once on different
dates.

Measures
Measures of interest included diagnoses received on the same
service date as the pharmacogenetic test (up to 12 diagnoses
are provided on each claim), coverage amount of the test, and
demographic characteristics of patients receiving the tests. We
identified the most common diagnoses for each type of
pharmacogenetic test using ICD-9-CM and ICD-10 diagnos-
tic codes recorded on the same day as the test. Coverage
amount of the test was measured using the allowed cost,
defined as the contracted or accepted reimbursable amount
for covered medical services or supplies that the health plan
agrees to pay to service providers. If the test was represented
in the data by more than one claim on the same date, the
allowed costs were added across all claims for that specific test
on that date to calculate the total allowed cost for that test for
that patient. Available patient demographic characteristics
include year of birth, gender, region of residence (East, South,
Midwest, and West), and insurance type. Insurance types
included Medicare Risk and Medicaid administered through
private carriers (i.e., managed Medicare/Medicaid), and
commercial insurance.

Statistical analysis
We used descriptive statistics to characterize demographic
and clinical characteristics of patients receiving pharmaco-
genetic tests. Specifically, counts and percentages described
categorical variables, while means, medians, and ranges
described continuous variables (including coverage and
billed amounts). Associations between patient character-
istics and types of pharmacogenetic tests received were not
explored because patients could receive more than one type
of pharmacogenetic test and therefore groups would not be
mutually exclusive. We did, however, compare demographic
characteristics between patients with commercial insurance
and patients with managed Medicare/Medicaid using chi-
square tests for categorical variables and a t-test for age in
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years (a normally distributed, continuous variable). Two-
sided tests and an alpha cutoff of 0.05 were used to
determine statistical significance. We examined the trend of
testing by plotting the annual count of each type of test from
2013 through 2017, and examined trends in costs by
plotting annual mean coverage amounts and annual mean
billed amounts from 2013 through 2017. We used SAS
version 9.4 for all data management and statistical
calculations.24

RESULTS
From the nearly 11 million patients included in the IQVIA®
PharMetrics random sample, 4,655,570 were enrolled in a
health plan at some point from 1 January 2013 through the
end of the available data (30 September 2017). From this 4.66
million, we identified 5712 patients (0.12%) who received a
total of 15,382 single-gene pharmacogenetic tests of interest
from January 2013 to September 2017. The most common
pharmacogenetic test was CYP2C19, followed by CYP2D6 and

CYP2C9 (Table 2). The median number of tests received per
patient was 3 (mean= 2.7, range 1–12). Just over half of the
patients (55%) were female, and the average age was 43 years.
For just over half (54%), the pharmacogenetic test claim was
processed through managed Medicare/Medicaid; for 45%, the
claim was processed through commercial insurance; insur-
ance type was indicated as other or unknown for the
remaining 1%. Patients with commercial insurance were less
likely to be female compared with patients with managed
Medicare/Medicaid (53% vs. 57% respectively, p < 0.05); they
were also older (mean age 43 years vs. 42 years, p < 0.05).
There was a significant association between type of insurance
and region of residence (p < 0.05): 61% of patients with
commercial insurance lived in the East or South regions of the
United States (compared with 38% of patients with managed
Medicare/Medicaid), while 62% of patients with managed
Medicare/Medicaid lived in the Midwest or West regions of
the United States (compared with 39% of patients with
commercial insurance).

Table 2 Most common diagnoses reported for each single-gene pharmacogenetic test of interesta.

Diagnosis reported on
pharmacogenetic test claim

CYP2C19
(N= 4719) N (%)

CYP2D6
(N= 3775) N (%)

CYP2C9
(N= 3289) N (%)

HLA class 1
(N= 1821) N (%)

VKORC1
(N= 1587) N (%)

UGT1A1
(N= 191) N (%)

Long-term (current) use of medications 966 (20.5%) 883 (23.4%) 705 (21.4%) 110 (6.0%) 534 (33.7%) 48 (25.1%)
Depression 976 (20.1%) 940 (24.9%) 826 (25.1%) 507 (27.8%) 165 (10.4%) 25 (13.1%)
Anxiety 622 (13.2%) 592 (15.7%) 523 (15.9%) 299 (16.4%) 117 (7.4%) 32 (16.8%)
Lipid disorders 664 (14.1%) 221 (5.8%) 228 (6.9%) 73 (4.0%) 204 (12.8%) 15 (7.8%)
Hypertension 563 (11.9%) 310 (8.2%) 310 (9.4%) 43 (2.4%) 293 (18.5%) 29 (15.2%)
Pain/low back pain 436 (9.2%) 440 (11.7%) 389 (11.8%) 41 (2.2%) 238 (15.0%) 58 (30.4%)
ADHD 515 (10.9%) 519 (13.8%) 460 (14.0%) 301 (16.5%) 53 (3.3%) 25 (13.1%)
HIV 0 0 0 544 (29.9%) 0 0

ADHD attention deficit–hyperactivity disorder.
aTop three diagnoses for each test are indicated in italics.

Table 1 Description of single-gene pharmacogenetic tests.

CPT code Single-gene pharmacogenetic test Examples of clinically actionable medicationsa

81225 CYP2C19 (cytochrome P450, family 2, subfamily C, polypeptide 19)

(e.g., drug metabolism), gene analysis, common variants (e.g., *2,

*3, *4, *8, *17)

Clopidogrel, voriconazole, selective serotonin reuptake inhibitors

(i.e., citalopram, escitalopram), tertiary amine tricyclic

antidepressants (e.g., amitriptyline)

81226 CYP2D6 (cytochrome P450, family 2, subfamily D, polypeptide 6)

(e.g., drug metabolism), gene analysis, common variants (e.g., *2,

*3, *4, *5, *6, *9, *10, *17, *19, *29, *35, *41, *1XN, *2XN,

*4XN)

Secondary and tertiary amine tricyclic antidepressants

(e.g., amitriptyline, nortriptyline), selective serotonin reuptake

inhibitors (e.g., paroxetine, fluvoxamine); opioids (e.g., codeine,

oxycodone, tramadol), atomoxetine, ondansetron, pitolisant,

tamoxifen

81227 CYP2C9 (cytochrome P450, family 2, subfamily C, polypeptide 9)

(e.g., drug metabolism), gene analysis, common variants (e.g.,*2, *3,

*5, *6)

Phenytoin, siponimid, warfarin

81355 VKORC1 (vitamin K epoxide reductase complex, subunit 1)

(e.g., warfarin metabolism), gene analysis, common variant(s)

(e.g., −1639G>A, c.173+1000C>T)

Warfarin

81381 HLA class I typing, high resolution (i.e., alleles or allele groups);

1 allele or allele group (e.g., B*57:01P), each

Abacavir, allopurinol, carbamazepine, oxcarbazepine, phenytoin

81350 UGT1A1 (UDP glucuronosyltransferase 1 family, polypeptide A1)

(e.g., irinotecan metabolism), gene analysis, common variants

(e.g., *28, *36, *37)

Atazanavir, irinotecan

CPT Current Procedural Terminology.
aClinically actionable, as defined by Clinical Pharmacogenetics Implementation Consortium (CPIC) Level A designation.
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Figure 1a graphically displays time trends for annual counts
of each pharmacogenetic test from 2013 to 2017 (2017
includes data only through 30 September). The number of
patients receiving at least one of these tests nearly doubled
from 2013 (n= 893) to 2015 (n= 1567), then decreased
slightly in 2016 (n= 1372) and again in 2017 (n= 733). With
the exception of HLA class 1, annual counts of each test
increased steadily from 2013 to 2015, then decreased between
2015 and 2017. Counts of HLA class 1 testing, on the other
hand, continued to increase from 2015 to 2016, then
decreased in 2017. Figure 1b, c display time trends for
patients with commercial insurance and managed Medicare/
Medicaid, respectively. These stratified results indicate that
while the count of tests increased over time for patients under
a managed Medicare/Medicaid plan, they generally decreased
over time for patients covered by commercial insurance.
Coverage amount (i.e., mean allowed cost) for most of the

pharmacogenetic tests of interest decreased from 2015 to 2017
(Fig. 2a). The single-gene test with the highest coverage
amount was CYP2D6, with the total coverage amount for one

test ranging from $0 to $6780 (mean from 2013 to 2017=
$288.60). The test with the lowest coverage amount
was VKORC1, ranging from $0 to $830 (mean from 2013 to
2017= $57.79). These temporal trends for the coverage
amount for the single-gene tests coincide with the trends of
the annual count of each type of test, which also decrease after
2015 (Fig. 1a). In general, coverage amounts were higher
under commercial plans compared with managed Medicare/
Medicaid (data not presented in figure). For CYP2D6, the test
with the highest coverage amount, the total coverage amount
for one test ranged from $0 to $6780 (mean from 2013 to
2017= $317.43) for commercial insurance and ranged from
$0 to $2432 (mean from 2013 to 2017= $270.73) for
managed Medicare/Medicaid. The test with the lowest
coverage amount overall, VKORC1, ranged from $0 to
$748.71 (mean from 2013 to 2017= $70.68) for commercial
insurance and ranged from $0 to $830 (mean from 2013 to
2017= $49.42) for managed Medicare/Medicaid. While mean
coverage amounts for most single-gene pharmacogenetic tests
decreased from 2013 to 2017 (Fig. 2a), mean billed amounts
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Fig. 1 Annual counts of each type of single-gene pharmacogenetic test from 2013 to 2017. Note: 2017 only includes data through 30 September
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(b) Annual counts from 2013 to 2017 for all tests covered by commercial insurance. (c) Annual counts from 2013 to 2017 for all tests covered by managed
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tended to increase (Fig. 2b). The most drastic increase was
seen for HLA class 1—the mean billed amount doubled from
2013 ($421) to 2017 ($980).
The most commonly documented diagnosis for CYP2C19,

CYP2D6, CYP2C9, UGT1A1, and VKORC1 was “long-term
(current) use of other medications”, with the most commonly
documented diagnosis for HLA class 1 typing being HIV
(Table 2). Depression or anxiety was the second most
common diagnosis for all tests except VKORC1. Pain,
including specifically coded low back pain, was a commonly
documented diagnosis for VKORC1 and UGT1A1. Such a
diagnosis is likely indicative of a comorbidity.

DISCUSSION
We leveraged a large sample of paid medical and pharmacy
claims for patients in managed care plans across the United
States to identify patients receiving CYP2C19, CYP2D6,
CYP2C9, VKORC1, UGT1A1, and HLA class 1 typing
pharmacogenetic tests from 2013 through 2017. To the best
of our knowledge, this is the first study examining coverage of
single-gene pharmacogenetic tests among a large insured
population that includes different types of insurance, includ-
ing managed Medicare/Medicaid and commercial insurance.
Overall, the number of single-gene pharmacogenetic tests was
low; however, there was an uptick in testing from 2013 to
2015. CYP2C19, CYP2D6, and CYP2C9 were the most
commonly received tests, respectively. All pharmacogenetic
tests identified from this data source were covered at least
partially through the patients’ insurance.
A unique aspect of our study was the broad catchment,

including commercial insurance and managed Medicare/
Medicaid. While patients with managed Medicare/Medicaid
represent over half of this cohort receiving pharmacogenetic
tests, patients with managed Medicare/Medicaid comprise less
than 25% of the 75 million patients represented in IQVIA®

PharMetrics. We observed an increase in single-gene pharma-
cogenetic testing from 2013 to 2015, which subsequently
started to decline in 2015, coinciding with a decline in
coverage amounts. It is unknown if this indicates a decrease in
costs of testing, or a decrease in coverage of testing. The timing
of the decline we observed likely coincides with a change in
Medicare policy in October 2015 that limited coverage for
CYP2C19 and CYP2D6 testing to defined indications, and
deemed CYP2C9 and VKORC1 testing for all medications as
not reasonable or necessary.25 The decrease also likely
coincides with gaining popularity of multiple-gene panel tests
and direct-to-consumer genetic testing (which were not
captured in this study).26–29

Our findings are consistent with a recent study by Lynch
and colleagues of Medicare beneficiaries, which showed that
CYP pharmacogenetic tests were the most common tests
received by this group in 2013.30 Likewise, “long-term
(current) use of other medication” was the most common
diagnosis for CYP pharmacogenetic tests among both
Medicare cohorts.30 In our entire cohort, we identified
patients with paid claims for these single-gene pharmacoge-
netic tests, indicating some level of insurance coverage.
Weitzel and colleagues reported an 85% reimbursement rate
for outpatient claims for CYP2C19 genotyping for clopidogrel
in the setting of percutaneous coronary intervention (PCI)
during the first month of their pharmacogenomic program in
2013.14

While few studies have systematically assessed insurance
coverage patterns of pharmacogenetic tests for inherited
(germline) variants, more work has been conducted in the
field of oncology and noninherited (somatic) variants. Lu and
colleagues reported variability in insurance coverage policies
and prior authorization requirements for single- and multiple-
gene pharmacogenetic tests for somatic variants influencing
cancer treatment.19 However, insurance coverage of precision
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medicine-related tests in oncology is gaining traction. For
example, in 2018 the Centers for Medicare and Medicaid
Services (CMS) issued a National Coverage Determination for
next-generation sequencing tests that detect genetic variants in
solid tumors of patients with advanced cancer, thus providing
information for cancer diagnosis and treatment.31–33 Along
the same lines, the field is seeing an increase in coverage for
exome sequencing. For example, Douglas and colleagues
reported a shift from no coverage among the five largest
private payers in 2015 to over 50% coverage by the 15 largest
payers in 2017 for the use of exome sequencing in pediatric
patients with neurodevelopmental disorders.34

The landscape of germline pharmacogenetic testing is
beginning to mirror some of the advances observed in the
somatic and exome testing space, moving from single-gene
tests to more comprehensive multiple-gene panels. However,
it is only recently that germline pharmacogenetic multiple-
gene panel tests have been included in coverage policies. On 1
October 2019, United Healthcare issued a coverage decision
indicating “the use of multi-gene panels to guide therapy
decisions is proven medically necessary for antidepressants
and antipsychotics medication” when certain criteria are met,
including a diagnosis of major depressive disorder or anxiety
and at least one failed prior medication.35

While these recent developments are promising, the
reimbursement landscape for pharmacogenetic tests, particu-
larly multiple-gene tests, still remains uncertain, as payers
grapple with questions about clinical utility and application,
economic utility, and impact on coverage policies.36–39 Lack
of evidence is often cited as a major barrier to pharmacoge-
netic test use and insurance coverage. Phillips and colleagues
suggested some potential solutions for remedying this
evidence gap: (1) document what evidence is lacking, (2)
standardize testing procedures and interpretation, (3) provide
incentives for closing evidence gaps, and (4) develop creative
approaches to obtaining evidence.40 While their framework
was focused on the example of trastuzumab and HER2
testing, most of the suggested solutions can be applied to
germline pharmacogenetic testing as well.
There are several limitations of our study that deserve to be

addressed. First, we leveraged insurance claims data to conduct
this landscape study, thus we cannot make generalizations
about the receipt of pharmacogenetic tests outside of US
managed care systems. Patients who used direct-to-consumer
genetic tests or who paid entirely out of pocket are not
represented in this data source. We also did not capture
patients who received one of these tests through their
insurance but had it coded using a general CPT code (e.g.,
81479, “Unlisted molecular pathology procedure”). Second, as
of the time these data were extracted from IQVIA®
PharMetrics, CPT codes had not been implemented for
multiple-gene panel tests so only single-gene pharmacogenetic
tests were captured and described. Lastly, we cannot determine
whether the testing was conducted in a reactive manner (as a
pharmacogenetically relevant medication was prescribed or to
explain the occurrence of medication-related side effects) or a

preemptive manner (before a pharmacogenetically relevant
medication was needed, typically using a multiple-gene panel).
Regardless of these limitations, this is the first study known

to take a broad look at receipt of single-gene pharmacogenetic
tests covered at least partially through insurance using a large
population of patients. Our findings provide insight to
temporal trends of single-gene testing and reasons for testing.
This study also highlights the need for widespread imple-
mentation of procedure and billing codes to capture multiple-
gene panel tests. Secondary analysis of existing administrative
data sets such as insurance claims and electronic medical
records provides a platform for robust and powerful
evaluations of the clinical utility of pharmacogenetic testing.
Such studies will continue to build the evidence necessary to
expand insurance coverage and increase the judicious clinical
use of pharmacogenetic tests in this era of personalized and
precision medicine.
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