1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pharmacogenet Genomics. Author manuscript; available in PMC 2023 February 01.

-, HHS Public Access
«

Published in final edited form as:
Pharmacogenet Genomics. 2022 February 01; 32(2): 51-59. doi:10.1097/FPC.0000000000000452.

COMPARISON OF CLINICAL PHARMACOGENETIC
RECOMMENDATIONS ACROSS THERAPEUTIC AREAS

Tyler Shugg, PharmD, PhD12, Amy L. Pasternak, PharmD, BCPS1, Jasmine A. Luzum,
PharmD, PhD, BCPS?
1Department of Clinical Pharmacy, University of Michigan College of Pharmacy, Ann Arbor, Mi

2Division of Clinical Pharmacology, Department of Medicine, Indiana University School of
Medicine, Indianapolis, IN

Abstract

Objectives: Evaluations from pharmacogenetics implementation programs at major U.S.
medical centers have reported variability in the clinical adoption of pharmacogenetics across
therapeutic areas. A potential cause for this variability may involve therapeutic area-specific
differences in published pharmacogenetics recommendations to clinicians. To date, however,
the potential for differences in clinical pharmacogenetics recommendations by therapeutic areas
from prominent U.S. guidance sources has not been assessed. Accordingly, our objective was to
comprehensively compare essential elements from clinical pharmacogenetics recommendations
contained within Clinical Pharmacogenetics Implementation Consortium guidelines, U.S. Food
and Drug Administration drug labels, and clinical practice guidelines from U.S. professional
medical organizations across therapeutic areas.

Methods: We analyzed clinical pharmacogenetics recommendation elements within Clinical
Pharmacogenetics Implementation Consortium guidelines, U.S. Food and Drug Administration
drug labels, and professional clinical practice guidelines through 05/24/19.

Results: We identified 606 unique clinical pharmacogenetics recommendations, with the

most recommendations involving oncology (217 recommendations), hematology (79), psychiatry
(65), cardiovascular (43), and anesthetic (37) medications. Within our analyses, we observed
considerable variability across therapeutic areas within the following essential pharmacogenetics
recommendation elements: the recommended clinical management strategy; the relevant genetic
biomarkers; the organizations providing pharmacogenetics recommendations; whether routine
genetic screening was recommended; and the time since recommendations were published.

Conclusions: Based on our results, we infer that observed differences in clinical
pharmacogenetics recommendations across therapeutic areas may result from specific factors
associated with individual disease states, the associated genetic biomarkers, and the characteristics
of the organizations providing recommendations.
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INTRODUCTION

Pharmacogenetics (PGx) holds tremendous promise as a means to inform optimal
medication therapy based on patient-specific genetic factors. To date, genetic biomarkers
have been discovered to predict the efficacy and/or toxicity of over 200 medications across
a multitude of therapeutic areas.[1] PGX is typically viewed as a single field, but like many
other areas of health care, PGx is highly specialized within different therapeutic areas (e.g.,
oncology, cardiology, psychiatry, etc.). Nuances that are specific to particular therapeutic
areas may affect the clinical recommendations, use, and implementation of PGx.[2] For
example, some PGx biomarkers, particularly in therapeutic areas like hematology, oncology,
and infectious disease, involve genetic alterations apart from the human germline genome
(i.e., genes inherited from parents). Genetic biomarkers in oncology include both germline
biomarkers and somatic biomarkers that develop during oncogenesis.[3, 4] In contrast,
antiviral pharmacotherapy is influenced by both germline biomarkers and biomarkers related
to the genomes of human pathogens.[5] For most other PGx-relevant therapeutic areas, like
cardiology and psychiatry, somatic and pathogen mutations are not applicable.

Formal evaluations of PGx implementation efforts have reported dramatic variability in

the clinical adoption of PGX, including differences in adoption across therapeutic areas.
[6-9] A 2017 survey conducted at the seven health centers within the Translational
Pharmacogenomics Program of the NIH-led Pharmacogenomics Research Network revealed
that certain germline drug-gene pairs involving cardiovascular drugs, including clopidogrel/
CYP2C19, simvastatin/ SLCO1B1, and warfarin/ CYP2C9 & VKORCI, were among the
most widely implemented.[6] In contrast, psychiatry drug-gene pairs, including tricyclic
antidepressants/ CYP2D6 & CYP2CI19and selective serotonin reuptake inhibitors/ CYP2D6,
were less widely implemented, with PGx testing only being performed at two sites

and one site, respectively.[6] These observed differences in PGx implementation by
therapeutic area are consistent with results from a nationwide PGx implementation survey
that included responses from institutions within the Implementing Genomics in Practice
(IGNITE), Clinical Sequencing Evidence-Generating Research (CSER), and Electronic
Medical Record and Genomic (eM ERGE) networks.[9]

One potential cause for the reported variability in the clinical PGx implementation

could relate to differences in the clinical PGx recommendations published for different
therapeutic areas. However, to our knowledge, clinical PGx recommendations have not
been compared across therapeutic areas. Therefore, the objective of this study was to
compare clinical PGx recommendations from prominent U.S. guidance sources, including
Clinical Pharmacogenetics Implementation Consortium (CPI C) guidelines, U.S. Food and
Drug Administration (FDA) drug labels, and clinical practice guidelines (CPGs) from
professional medical organizations, across therapeutic areas. This investigation, which
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comprehensively compares PGx recommendation elements by therapeutic area, expands on
our previous work which assessed inconsistencies among clinical PGx recommendations by
the sources providing the recommendations (i.e., CPIC, FDA, or medical organizations).[10]

METHODS

Data Collection

Our data collection methods have been previously published in detail.[10] Briefly, we
collected clinical PGx recommendations by reviewing CPIC guidelines, FDA drug labels,
and official recommendations from U.S. professional medical organizations until 05/24/19.
Collected PGx recommendation elements included the following: (1) the medication and
(2) genetic biomarker (e.g., abacavir/ HLA-B); (3) the recommended clinical strategy

(e.g., contraindication); (4) whether routine genetic screening should be performed in a//
patients prescribed the drug; (5) the section of the FDA drug label containing the PGx
recommendation, when applicable; (6) the publication date of the recommendation (i.e.,
when the article was first available online or in-print); and (7) the therapeutic area of the
medication. Therapeutic area was assigned based on the indications listed in the FDA drug
label and the FDA Division that approved the product, as found in the approval letter in
the Drugs@FDA database. We analyzed genetic biomarkers contained in human germline,
human somatic, and pathogen-related genomes, and we included genetic biomarkers that
consisted of both genetic variants and alterations in gene expression.

CPIC guidelines and FDA drug labels were accessed from the CPIC website and the
Drugs@FDA database, as previously described.[10] For drug-gene pairs identified in

CPIC guidelines or FDA drug labels, we searched for PGx recommendations from U.S.
professional organizations using the following procedures: (1) searching guidelines.gov,
PubMed, and Google Scholar with keywords that included the specific drug and biomarker;
(2) reviewing cited references in the most recent version of CPIC guidelines, when available;
and (3) reviewing guidelines of prominent U.S. medical organizations in the therapeutic area
of the drug in the drug-gene pair. CPGs intended for individual hospitals or health systems
were excluded, and only recommendations from the most recently published professional
CPG for each drug-gene pair was collected.

Categorization of PGx Clinical Management Strategies

Clinical management strategies within PGx recommendations were categorized as
previously described,[10] and included the following: presence or absence of the biomarker
required for drug I ndication; Contraindication in the presence of the biomarker;
administration Not Recommended in the presence of the biomarker; Dose Adjustment
recommended in the presence of the biomarker; Use With Caution in the presence of

the biomarker; No Dose Adjustment recommended in the presence of the biomarker; and
Informational (None) when information related to the drug-gene interaction was provided
but no explicit therapeutic management recommendation was given. Examples of this
categorization method are provided in Supplementary Table 1. For FDA drug labels, the
location of information was also used to assign the clinical management strategy when
specific label language was not available (see Supplementary Table 2 for details). Clinical
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management strategy categories of Indication, Contraindication, Not Recommended, Dose
Adjustment, and Use With Caution were defined as “clinically actionable”, while categories
of No Dose Adjustment and Informational (None) were not.

Comparisons of PGx Recommendation Elements Across Therapeutic Areas

Information contained in PGx recommendations were compared based on the therapeutic
areas of the medications involved. Specific recommendation elements that were

tabulated and compared by therapeutic area included the following: (1) the clinical
management strategy, including whether clinically actionable; (2) the sources providing
PGx recommendations; (3) the genetic biomarkers, including whether biomarkers related to
genetic variation or gene expression and whether biomarkers related to germline, somatic, or
pathogenic genomes; (4) whether routine genetic screening was recommended; and (5) the
elapsed time since the recommendations were published.

Statistical Analysis

We analyzed data using descriptive statistics in JMP v13.0.0 (SAS Institute®; Cary, NC).
Data are expressed as counts and percentages or, for our time since publication analysis,
median and interquartile range (I QR). We expressed time since publication dates in years
with median and IQR as the measures of central tendency and variability, respectively, to
account for data skewed towards the distant past.

We analyzed 302 unique PGx recommendation documents, yielding a total of 267 unique
drugs, 86 unique genes, 433 unique drug-gene pairs, and 606 unique drug-gene pair
recommendations. The complete dataset is available in the supplemental information of

our previous publication.[10] The distribution of clinical management strategies within

PGx recommendations, with stratification by therapeutic area, is shown in Table 1.
Therapeutic areas with <15 clinical PGx recommendations were combined into the “all other
therapeutic areas” group, with clinical management strategy categories for each therapeutic
area comprising this group displayed in Supplementary Table 3. The therapeutic areas

with the most PGx recommendations were oncology (217 drug-gene pairs; 62 unique
drugs), hematology (80 drug-gene pairs; 24 unique drugs), and psychiatry (65 drug-gene
pairs; 35 unigue drugs). Indication was the most frequent recommendation for oncology
(65.4%) and hematology (43.8%) drugs, while Informational (None) was the most common
recommendation for drug-gene pairs in antivirals (61.5%), gastroenterology (47.4%),
cardiovascular (30.2%), psychology (36.9%), and neurology (27.3%). Recommendations
were actionable in 67.3% of cases overall, with the highest proportion of actionable
recommendations in anesthetics (100%), anti-infectives (78.9%), and oncology (74.2%) and
the lowest proportion in gastroenterology (47.4%) and antivirals (34.6%).

The sources providing PGx recommendations varied by therapeutic area (Figure 1;
numerical data available in Supplementary Table 4). CPIC guidelines most commonly
provided recommendations for anesthetics (comprised 37.8% of all PGx recommendations
for the therapeutic area), psychiatry (27.7%), and antivirals (23.1%); in contrast, CPIC
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guidelines least commonly provided recommendations for anti-infective (5.3%), hematology
(5.0%), and oncology medications (1.4%). FDA drug labels were the most common

source of PGx recommendations for all therapeutic areas except anesthetics (comprised
24.3% of all recommendations) and were most common for gastroenterology (89.5%), anti-
infectives (78.9%), and neurology (78.8%). Professional CPGs most commonly provided
recommendations for oncology (comprised 43.8% of all recommendations), hematology
(40.0%), and anesthetics (37.8%), but they did not provide PGx recommendations for

any gastroenterology medications. A list of the professional organizations providing PGx
recommendations is shown in Supplementary Table 5.

The most common genes contained in PGx recommendations by therapeutic area are
displayed in Table 2. Broadly, these genes included (1) drug metabolism enzymes

(e.g., CYPZ2D6), (2) drug targets or patient-related genetic predictors of drug response
(e.g., ERBB2), (3) pathogen-related predictors of drug response (e.g., NS5A), and (4)
pharmacodynamic genes that predispose to drug adverse events (e.g., HLA-A). Drug
metabolizing enzymes comprised the most common biomarkers within drug-gene pairs
for psychiatry, cardiovascular, and gastroenterology. In contrast, drug targets or predictors
of drug response were the most common genetic biomarkers for oncology, hematology,
and antivirals. Biomarkers related to pathogen-related predictors of drug response were
only identified in antiviral PGx recommendations related to HCV therapy. Finally,
pharmacodynamic genes that predispose to drug adverse events comprised the most common
biomarkers for neurology, anesthetics, and anti-infectives.

Genetic variation, including both point mutations and structural variation (e.g., gene
deletions), served as the genetic basis for 79.9% of clinical PGx recommendations

overall. Recommendations based on gene expression comprised the remaining 20.1%.

Gene expression formed the basis for 51.6% and 11.3% of PGx recommendations for
oncology and hematology medications, respectively; all PGx recommendations for all other
therapeutic areas were based on genetic variation. The majority of PGx recommendations
were based on germline genetic biomarkers (58.3%), with fewer recommendations based on
somatic (41.3%) and pathogen (0.5%) biomarkers. Somatic biomarkers were only present
within PGx recommendations for oncology and hematology medications, forming the basis
for 84.3% and 83.8% of recommendations, respectively. All genetic biomarkers related

to pathogen genomes were contained within antiviral PGx recommendations (forming the
genetic basis for 11.5% of recommendations), and the applicable pathogen in all of these
cases was HCV. Germline genetic biomarkers formed the basis for all recommendations for
the remaining therapeutic areas. Complete data for the genetic biomarker types (i.e., genetic
variation or gene expression) and the relevant genome (i.e., germline, somatic, or pathogen)
for all therapeutic areas are displayed in Table 3.

We next assessed whether recommendations for routine genetic screening were included
within PGx recommendations from the FDA professional CPGs. CPIC does not provide
recommendations for when genetic testing should be ordered;[11] therefore, routine
screening recommendations were not assessed within CPIC guidelines. The rates of
recommendations for routine screening by recommendation source are shown in Table 4
for all therapeutic areas with =15 recommendations and in Supplementary Table 6 for
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therapeutic areas comprising the “all other therapeutic areas” category. Overall, 38.2%
of drug-gene pairs had recommendations for routine genetic screening, and the rate of
routine screening was higher within professional CPGs (60.5%) relative to FDA drug
labels (27.8%), a trend that was consistent across therapeutic areas except psychiatry and
neurology. Routine screening was most commonly recommended for oncology (64.0%)
and hematology (46.1%) drug-gene pairs. In contrast, psychiatry (4.3%), cardiovascular
(0%), and anesthetics (0%) were among the therapeutic areas with the lowest rates of
recommendations for routine screening.

The distribution of the times since publication for PGx recommendations across therapeutic
areas is shown in Figure 2. For all recommendations (irrespective of therapeutic area), the
average times since publication were 0.8 + 1.6 [median £ IQR] years. PGx recommendations
containing oncology (0.2 + 0.6 years), hematology (0.5 £ 0.8), and anesthetic (0.6 + 0.7)
medications had median times since publication of under one year, while recommendations
for psychiatry (2.5 £ 3.6) and anti-infective (2.5 + 3.9) drugs averaged greater than two years
old. All other therapeutic areas with =15 PGx recommendations had median times since
publication between one and two years old. Average calculated times since publication for
all therapeutic areas are shown in Supplementary Table 7.

DISCUSSION

In this investigation, we comprehensively analyzed recommendation elements within clinical
PGx recommendations from U.S. sources including CPIC guidelines, FDA drug labels, and
professional organization CPGs by therapeutic area. PGx is typically viewed as a single
field, but our results illustrate a vast amount of heterogeneity in PGx recommendations
across different therapeutic areas. Specifically, we found notable differences in the following
PGx recommendation elements by therapeutic area: the sources providing recommendations;
the genetic biomarkers included; the recommended clinical management strategies; whether
routine genetic screening was recommended; and how recently recommendations were
published.

These findings likely reflect differences in the progress of clinical PGx adoption across
therapeutic areas. Based on our findings, clinical adoption of PGx appears to be most
strongly established within the fields of oncology and hematology. For example, nearly
half (~49%) of all identified PGx recommendations involved oncology or hematology
medications. PGx recommendations in oncology and hematology were published more
recently than those from other therapeutic areas and were among those with the

highest rates of both clinically actionable management strategies and recommendations
for routine genetic screening. Perhaps most importantly, oncology and hematology were
the two therapeutic areas with the most PGx recommendations from CPGs (~40% of
recommendations for both), indicating the acceptance of PGx approaches by prominent
professional organizations (e.g., the National Comprehensive Cancer Network) within
these therapeutic areas. Our results align with the emerging role for PGx both within

the fields of oncology and hematology. Given that genetic alterations are central to the
pathophysiology of cancer, molecular tumor boards have been developed at major medical
centers across the country to provide somatic genotype-guided treatment recommendations
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that have improved patient outcomes.[12, 13] Additionally, germline genetic biomarkers
are increasingly being clinically implemented to ensure safe use of fluoropyrimidine and
thiopurine chemotherapies.[14, 15]

In contrast, our findings also suggest the need for continued investigation to demonstrate the
clinical utility of PGx approaches in other therapeutic areas in order to facilitate widespread
adoption. For instance, psychiatry and cardiovascular medicine were the therapeutic areas
with the third and fourth most PGx recommendations, respectively. However, our analyses
revealed the following findings that reflect limited clinical PGx adoption within these fields:
both therapeutic areas had a modest number of recommendations from CPGs (~15% for
both); both were among the therapeutic areas with the longest time since publication for
PGx recommendations; both had modest rates (~55% for both) of clinically actionable
recommendations; and both had very low rates (<5% for both) of recommendations for
routine genetic screening. These findings reflect current challenges towards PGx adoption
within these fields. While CPIC guidelines currently provide clinically actionable PGx
recommendations for 18 drug-gene pairs in psychiatry,[16-18] these same drug-gene pairs
are either not mentioned (~28% of cases) or, if mentioned, are not given actionable
recommendations (~47% of cases) within FDA drug labels or professional CPGs. In fact,
the only identified professional CPG source for psychiatry is a 2007 statement from

the Evaluation of Genomic Applications in Practice and Prevention Working Group that
discourages PGx testing to guide prescribing of selective serotonin reuptake inhibitors in
depression.[19] This finding is significant since CPGs, rather than CPIC guidelines or FDA
drug labels, are likely the greatest indicator of PGx adoption within a field; CPGs are
written by expert professional organizations within a therapeutic area and largely influence
decisions related to clinical practice as well as medical policy and reimbursement.[20]
Therefore, our findings support the need for continued PGx research and implementation
efforts to better elucidate a clear role for PGx in psychiatry, an opinion that was recently
voiced by PGx experts in the field.[21]

Similarly, our findings evidence limited clinical PGx adoption within the field of
cardiovascular medicine. Although clinical PGx initiatives at major academic medical
centers have successfully implemented genotype-guided approaches for medications with
CPIC recommendations, including clopidogrel, simvastatin, and warfarin,[6] widespread
adoption of these approaches remains limited. Currently there is no professional CPG

for simvastatin/ SLCO1B1, and guidelines from the American Heart Association-American
College of Cardiology for clopidogrel and American College of Chest Physicians for
warfarin do not make actionable PGx recommendations.[22, 23] CPGs in cardiology may
include more PGx recommendations soon since randomized controlled trials of genotype-
guided antiplatelet therapy have been recently published.[24, 25] Finally, more evidence is
needed to conclusively define the potential role for PGx testing for other cardiovascular
medications mentioned in FDA drug labels, including beta-blockers and thrombopoietin
receptor agonists.

Previous studies have compared PGx recommendations from professional organizations and
drug regulatory bodies both within the U.S. and abroad. An investigation by Shekhani,
et al. compared recommendations from CPIC, the FDA, the Dutch Pharmacogenetics

Pharmacogenet Genomics. Author manuscript; available in PMC 2023 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shugg et al.

Page 8

Working Group (DPWG), and the European Medicines Agency (EMA).[26] While the
authors categorized drug therapeutic area based on the World Health Organization’s
Anatomical Therapeutic Chemical (ATC) classification, they only compared whether there
was overlap in actionable PGx recommendations between the EMA and FDA by ATC
category. Bank, et al. compared PGx recommendations within guidelines from CPIC and
DPWG, but they did not stratify their comparisons by therapeutic area.[27] Similarly,
Abdullah-Koolmees, et al. did not stratify by therapeutic area in their comparison of
recommendations from CPIC, DPWG, the Canadian Pharmacogenomics Network for Drug
Safety (CPNDS), and the French National Network of Pharmacogenetics (RNPGX).[28]
Filipski, et al. compared PGx recommendations for drug-metabolizing enzyme genes
within CPIC guidelines, FDA drug labels, and professional CPGs but also did not

assess differences across therapeutic areas.[29] We previously assessed the prevalence of
inconsistencies within PGx recommendations from CPIC guidelines, FDA drug labels,

and professional CPGs in the U.S.[10] Notably, we found significant differences across
therapeutic areas in the rates of composite recommendation inconsistencies, which included
inconsistencies related to the clinical management strategy, the group subject to the
recommendation, and whether routine genetic screening was recommended. Within our
analyses, psychiatry and cardiovascular medicine were the therapeutic areas with the highest
rates of composite inconsistencies (100% for both) while oncology (42.3%) and hematology
(50%) had lower inconsistency rates. Our past findings also likely reflect differences in the
progress of PGx adoption by therapeutic area since inconsistent PGx recommendations to
clinicians are an established barrier to PGx adoption.[26] In contrast to past studies, the
current investigation assessed differences among therapeutic areas in novel and important
PGx recommendation elements, including the sources providing recommendations, the
rates of clinically actionable recommendations, whether routine genetic screening was
recommended, and the time elapsed since publication. Accordingly, the present study builds
upon past investigations by contributing novel insights into the observed variability in PGx
adoption across therapeutic areas.

As evidenced by recent advances in oncology and hematology clinical practice, PGx
approaches have the potential to enhance both medication outcomes when effectively
implemented.[13, 30, 31] However, our findings along with those from PGx implementation
efforts at academic medical centers have consistently demonstrated inconsistencies in PGx
adoption across therapeutic areas that limit the potential benefit of PGx in many areas.[6-9]
Furthering the widespread clinical adoption of PGx in these therapeutic areas will likely
require multiple approaches. First, research is needed to demonstrate both the scientific
validity and clinical utility of PGx approaches for new drug-gene pairs. As curated by CPIC,
there are nearly 200 novel drugs (i.e., those not contained in current CPIC guidelines) with
provisional PGx associations with genetic biomarkers that span many therapeutic areas.[32]
Similarly, the FDA has released the “Table of Pharmacogenetic Associations” that lists
nearly 100 drugs with PGx associations, the majority of which are not currently included in
CPIC guidelines.[33] Research investigating both the biological underpinnings and clinical
significance, including effects on important patient outcomes, is needed to establish the
clinical potential of PGx-guided approaches for these drugs.[34] Second, implementation
science efforts are needed to overcome common obstacles (e.g., challenges associated with
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embedding PGx clinical decision support into the electronic health record) that limit the
clinical adoption of PGx approaches for drug-gene pairs with established clinical utility.[35,
36]

By comparing PGx recommendations from therapeutic areas that are leading and lagging
behind in terms of PGx adoption, we believe our findings reveal critical barriers to PGx
implementation. Specifically, we note two important differences when comparing oncology
and hematology to other therapeutic areas. Most principally, the evidence base is stronger
for many drug-gene pairs within oncology and hematology, particularly for those containing
somatic genetic biomarkers for which drug sponsors have conducted rigorous clinical trials
to establish the effectiveness of PGx-guided approaches during drug development. Next,
and likely secondary to the stronger evidence base, oncology and hematology professional
organizations publish far more PGx recommendations in CPGs than similar professional
organizations in therapeutic areas like cardiology and psychiatry. Therefore, our findings
suggest the need for stronger evidence, including findings from prospective clinical trials,
and enhanced engagement with professional organizations in order to advance PGx adoption
in lagging therapeutic areas.

We acknowledge several limitations of our investigation. First, our analyses focused

on comparing PGx recommendations from U.S. organizations. By only analyzing U.S.
sources, our findings may not accurately represent the progress of PGx adoption in other
countries. However, PGx recommendations from both U.S. and non-U.S. sources, including
pharmacogenetics organizations, drug regulatory bodies, and other professional medical
societies are catalogued and accessible through the Pharmacogenetics Knowledge Base
(PharmGKB).[37] In addition, our search strategy for identifying professional CPGs only
focused on drug-gene pairs contained in CPIC guidelines or FDA drug labels. As a result,

it is possible that our search strategy omitted professional CPGs for drug-gene pairs
without CPIC or FDA recommendations. Given that PGx is a dynamic field, new PGx
recommendations have been published by CPIC and the FDA since our data were collected
and analyzed. However, at the time of manuscript preparation, our analyses included data
from 23 of 25 published CPIC guidelines[32] and for ~88% of the drug-gene pairs included
in the FDA’s “Table of Pharmacogenetic Associations” that was released in 2020.[33]
Therefore, we do not expect that the new PGx recommendations from CPIC and the FDA
would strongly influence our findings.

CONCLUSION

Our work provides the first comprehensive comparison of clinical PGx recommendations
across therapeutic areas, demonstrating vast therapeutic area-specific differences in
important recommendation elements. Our findings likely reflect differences in PGx adoption
across therapeutic areas and identify therapeutic areas in which research is needed to
advance the progress of PGx. In order to facilitate widespread PGx adoption, future research
must demonstrate stronger evidence for the clinical benefit of PGx approaches in lagging
therapeutic areas and identify best practices for PGx implementation when high-level
evidence exists.
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Figure 1. Recommendation Sources Informing Clinical Phar macogenetic Recommendations by
Therapeutic Area.
As collected from 302 pharmacogenetic recommendation documents, the total number

of recommendations from each source (i.e., CPIC, FDA, or CPGs) are displayed as a
percentage of the total number of recommendations for each therapeutic area. The “all other
therapeutic areas” category includes pulmonary, rheumatology, endocrinology, analgesic,
urology, immunosuppressant, medical countermeasure, metabolism, reproduction, addiction,
and bone products.

Abbreviations: CPG = Clinical Practice Guidelines from U.S. Professional Organizations;
CPIC = Clinical Pharmacogenetics Implementation Consortium; FDA = U.S. Food and
Drug Administration; TA = therapeutic area
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Figure 2. Boxplots of Years Since Publication Date for the Most Recent Clinical
Phar macogenetic Recommendations by Therapeutic Area.

Horizontal box lines represent third quartiles, medians, and first quartiles (top to bottom),
respectively. The X indicates the arithmetic mean. The “all other therapeutic areas” category
includes pulmonary, rheumatology, endocrinology, analgesic, urology, immunosuppressant,

medical countermeasure, metabolism, reproduction, addiction, and bone products.
Abbreviations: TA = therapeutic area
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Whether Routine Screening for Genetic Biomar ker s was Recommended by Therapeutic
Area.

Counts represent instances wherein guidance sources recommended genetic screening in all patients being
prescribed the applicable medication. CPIC guidelines were not included since they do not address whether
genetic testing should be ordered.

Therapeutic Area Recommendation for Routine Screening
Overall FDA CPG
Oncology 137 (64.0%) | 60 (50.4%) | 77 (81.1%)
Hematology 35(46.1%) | 17(38.6%) | 18 (56.3%)
Psychiatry 2 (4.3%) 2 (5.4%) 0 (0%)
Cardiovascular 0 (0%) 0 (0%) 0 (0%)
Anesthetics 0 (0%) 0 (0%) 0 (0%)
Neurology 8 (28.6%) 8 (30.8%) 0 (0%)
Antivirals 3 (15.0%) 1 (6.3%) 2 (50.0%)
Anti-Infectives 4 (23.5%) 2 (14.3%) 2 (66.7%)
Gastroenterology 3 (17.6%) 3(17.6%) N/A
All Other TAs 14 (23.3%) 9 (16.4%) 5 (100%)
Total | 206 (38.2%) | 102 (27.8%) | 104 (60.5%)

All data are presented as follows: counts (percentages). “All Other TAs” include pulmonary, rheumatology, endocrinology, analgesic, urology,

immunosuppressant, medical countermeasure, metabolism, reproduction, addiction, and bone products.

Abbreviations: CPG = Clinical Practice Guidelines from U.S. Professional Organizations; CPIC = Clinical Pharmacogenetics Implementation

Consortium; FDA = U.S. Food and Drug Administration; N/A = not applicable, indicates that no recommendations were provided by the

designated source
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