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Approaches to assessing the provider experience with clinical
pharmacogenomic information: a scoping review
Nicholas J. Keeling1, Tyler J. Dunn1✉, John P. Bentley1, Sujith Ramachandran1, James M. Hoffman2 and Meagen Rosenthal1

PURPOSE: Barriers to the implementation of pharmacogenomics in clinical practice have been thoroughly discussed over the past
decade.
METHODS: The objective of this scoping review was to characterize the peer-reviewed literature surrounding the experiences and
actions of prescribers, pharmacists, or genetic counselors when using pharmacogenomic information in real-world or hypothetical
research settings.
RESULTS: A total of 33 studies were included in the scoping review. The majority of studies were conducted in the United States
(70%), used quantitative or mixed methods (79%) with physician or pharmacist respondents (100%). The qualitative content
analysis revealed five major methodological approaches: hypothetical clinical case scenarios, real-world studies evaluating
prescriber response to recommendations or alerts, cross-sectional quantitative surveys, cross-sectional qualitative surveys/
interviews, and a quasi-experimental real-world study.
CONCLUSION: The findings of this scoping review can guide further research on the factors needed to successfully integrate
pharmacogenomics into clinical care.
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INTRODUCTION
Barriers to the expanded use of pharmacogenomics in clinical
practice have been thoroughly discussed over the past decade.1–4

While many of these barriers have been addressed, obstacles
persist that preclude the successful application of pharmacoge-
nomics into routine clinical practice. These obstacles include an
underdeveloped clinical decision support (CDS) infrastructure, lack
of third-party payer coverage policies and reimbursement, and
limited clinician and patient understanding.1,5–9 Several of these
barriers were highlighted in recent work from the Implementing
Genomics into Practice (IGNITE) consortium, which ranked 28
constructs for their importance to the future sustainability of
genomic medicine.10 Interestingly, three of the top five ranked
constructs (1, 2, and 4) focused on provider needs and included:
(1) expanded genomic education, (2) making CDS tools available,
and (3) integrating genomic information into clinical workflow.
Numerous descriptive or cross-sectional studies assessing the

attitudes of providers toward pharmacogenomics have been
published. Descriptive papers often come from the implementa-
tion initiatives established at academic hospitals.11–14 Cross-
sectional studies focus on the attitudes, awareness, and concerns
of physicians, community pharmacists, cardiologists, and psychia-
trists. The findings of these studies demonstrate that the majority
of physicians and community pharmacists, as well as specialists
such as cardiologists and psychiatrists, have positive views of
pharmacogenomics, yet feel unprepared to deliver it in their
practices.6,15–18 While these papers clarify the nuances and
considerations necessary to establish pharmacogenomics in
practice, they typically do not include a measurement or
assessment of the interventions’ impact on those delivering them
to patients. Real-world assessments and intervention-based
studies are crucial to provide actionable insights enabling clinical
pharmacogenomics use for patient care.

With these considerations, the overall research goal of this
scoping review is to assess how the prospective or retrospective
experiences and actions of prescribers, pharmacists, or genetic
counselors have been measured when using pharmacogenomic
information in either real-world practice or a hypothetical research
setting. This is an important gap in the literature to address as
many studies to date have focused more on implementation
strategies rather than collecting data on the decision making or
experiences of the providers who will be responsible for acting on
this information in clinical care.

MATERIALS AND METHODS
Study design
A scoping review is a synthesis of the existing literature on a topic
in terms of the volume, nature, and characteristics of the primary
research.19 A scoping review was selected to assess the extent,
range, and nature of evidence to summarize heterogeneous
methods or disciplines, without pursuing a quality assessment of
the literature.20 The steps to conduct a scoping review are as
follows: (1) clarify and link the review purpose and research
question, (2) balance feasibility with breadth and comprehensive-
ness of the review process, (3) use an iterative team approach
when selecting studies, (4) extract data, and (5) incorporate a
quantitative summary and qualitative thematic analysis of results
and state implications of study findings.21 To increase the
methodological transparency and uptake of these findings, the
recent checklist extension by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) published for
scoping reviews (PRISMA-ScR) was used throughout this study.22
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Eligibility criteria
To be included in the scoping review, studies had to include an
outcome that measured the experiences or actions of a physician
or advanced-practice provider, pharmacist, or genetic counselor
when engaged in actual or hypothetical pharmacogenomic
testing scenarios. At least 50% of the data must have come from
responses or decisions made by physicians (MD/DO), advanced-
practice providers (nurse practitioners or physician assistants),
pharmacists (RPh/PharmD), or genetic counselors (CGC). The
scoping review excluded studies that were purely descriptive,
anecdotal, or opinion in nature. To achieve our stated research
goal, these exclusions focused our findings to studies that
collected and reported provider decision making or experience
data when acting on pharmacogenomic information. This exclu-
sion approach eliminated cross-sectional provider studies focused
only on attitudes and awareness, not actual use of pharmacoge-
nomics, as well as studies that only describe the strategies and
learnings of clinical pharmacogenomic implementation. Studies
not primarily focused on pharmacogenomics, published before
the year 2000, or published in a language other than English were
also excluded.

Information sources and search
Potentially relevant papers were searched using the MEDLINE®

and Embase® bibliographic databases. The search was executed in
December 2020 and included studies published through the end
of June 2020. Search strategies were developed by the lead author
and refined through discussion with other authors. Two individual
searches were performed in MEDLINE® and Embase® combining
various alternative search terms for “pharmacogenetics” and

“health personnel,” “genetic counselors,” “pharmacists,” “physi-
cians,” “education,” “surveys,” or “questionnaire.” “Nurse practi-
tioner” and “physician assistant” were not included as explicit
search terms, but appropriate studies that utilized these
individuals as prescribers were included. The full search strategy
is outlined in Supplement Table 1.

Selection of sources of evidence
Prior to beginning the selections, a screening form was developed
and agreed upon by the authors. Two authors (N.J.K. and T.J.D.)
independently and iteratively reviewed titles and abstracts, then
full papers, making decisions to include or exclude at each stage.
At the completion of each stage, the authors discussed their
individual assessments and came to consensus on study inclusion.

Data charting and data elements
The data charting process used the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) checklist to
determine which variables to extract from the included studies.
Final variables were extracted by two authors (N.J.K. and T.J.D.)
and included author and publication year, study location, research
aims, study design and methods, population and setting, outcome
(s) of interest, and major findings.

Synthesis of results
Finally, two authors (N.J.K. and M.R.) performed an inductive
content analysis of the study designs and methods extracted
during data charting to structure the results. This inductive
analysis was first performed independently, with these authors
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Fig. 1 After removing duplicates, 1,119 articles were screened against the eligibility criteria, the full text of 123 articles were reviewed, and
ultimately 33 articles were included in the scoping review.
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coming together to discuss initial findings and codes. These codes
were then applied to each included study by the lead author. The
authors met once more to ensure coding consistency before
finalizing the results.

RESULTS
Fig. 1 provides an overview of the number of studies screened,
determined eligible (with reasons for exclusion at each stage), and
included in the review findings.

Characteristics of sources of evidence
A total of 592 unique studies were identified from MEDLINE®. The
search of Embase® produced 527 unique studies that were not
captured in the MEDLINE® search. A total of 33 studies underwent
complete data extraction (Table 1). All studies, except for three,
were conducted in the United States and Europe.23–25 Among the
33 studies, 24 contained only physician participants, 7 involved
both physicians and pharmacists, and 2 only included

pharmacists.26,27 None of the studies included respondents who
identified as genetic counselors.

Results of individual sources of evidence
Table 2 outlines the extracted data for each included study. The
qualitative content analysis revealed five major methodological
approaches: hypothetical clinical case scenarios, real-world studies
evaluating prescriber response to recommendations or alerts,
cross-sectional quantitative surveys, cross-sectional qualitative
surveys/interviews, and a quasi-experimental real-world study.
The following sections define each methodological approach,
identify specific study aims, and briefly describe major study
findings.

Hypothetical clinical case scenarios
Studies in this section engaged with a provider in an exercise that
mimics some form of real-world clinical decision making. Of the
ten studies included in this section, three themes were identified:
information seeking, prescribing tasks, and other. The first of these
themes, information seeking, includes three studies directly
measuring the time to complete certain tasks involving pharma-
cogenomic information use.28–30 The specific tasks were (1)
modifying the appropriate dosage for a hypothetical patient
based on pharmacogenomic alert messages triggered by the
medication ordered and patient-specific laboratory, (2) searching
online resources for pharmacogenomic information (UpToDate®
and PharmGKB) to guide hypothetical clinical decisions, and (3)
identifying correct dosages using algorithm-produced interpreta-
tions of genetic tests during organ transplantation immunosup-
pressive treatment. These studies cut across physician specialties,
from internists to cardiologists to oncologists, and included
multiple disease states and/or pharmacogenes. The sample size
was small for these studies, ranging from 6 to 10 physicians. The
variability between the findings of each of the included studies
was high given the inherent differences among clinical decision
support systems (CDSS) and study tasks. One study used two
scenarios to gauge improvements task completion times.30

Comparisons across studies were difficult to establish due to
variability in information-seeking tasks.
The second theme, prescribing tasks, included three studies

where the prescribers were presented with hypothetical scenarios
and evaluated on the actions they might take with pharmacoge-
nomic information.31–33 All studies in this section used quantita-
tive methods. The sample size was larger for this theme compared
to information seeking, ranging from 15 to over 200 physicians.
The measured variables included the percentages of physicians
who would change a decision or initial orders based on new
pharmacogenomic information, response to or dismissal of CDSS
messages, as well as prescriber-reported evaluations of whether
the alerts or information were helpful to decision making. Overall,
these providers agreed that the alerts were helpful and there was
high utilization of the CDS resources.
The third theme, other, included four studies among three

unique approaches.34–37 The first two focused on assessments of
PGx-CDS usability, using both quantitative and qualitative
assessments.34,35 The third evaluated psychiatrists’ use of irrele-
vant genomic information (average symptom change associated
with a genetic biomarker when pre- and post-symptom scores
were already given).36 Finally, a survey examined the intercountry
differences as drivers of oncologist test ordering. Similar to the
previous section, providers involved in the studies cut across
specialties and quantitative outcomes were reported. However,
the sample in one study included both physicians and pharma-
cists.34 Attitudes toward the CDSS (measured as the usability,
trustworthiness, usefulness, and workflow integration subscale
totals) were moderately positive (mean score: 42.3 of 64), younger
psychiatrists were significantly more likely to use irrelevant

Table 1. General characteristics of included studies (n= 33).

Characteristics n %

Region of origin

United States 21 64

Netherlands 3 9

Canada 2 6

United Kingdom 1 3

Italy 1 3

Norway 1 3

Northern Ireland 1 3

New Zealand 1 3

Multiple countries 2 6

Years published

2019–2020 8 24

2015–2018 17 52

2010–2014 7 21

2005–2009 1 3

2000–2004 0 0

Study participants

Physicians 24 73

Physicians and pharmacists 7 21

Pharmacists 2 6

Methods used

Quantitative 20 61

Qualitative 7 21

Mixed methods 6 18

Study design

Hypothetical clinical case scenarios 10 30

Real-world studies on prescribing/testing decisions 10 30

Cross-sectional qualitative interviews 6 18

Cross-sectional quantitative surveys 6 18

Quasi-experimental 1 4

N.J. Keeling et al.

1591

Genetics in Medicine (2021) 23:1589 – 1603



Ta
bl
e
2.

Pe
er
-r
ev

ie
w
ed

su
m
m
ar
y
o
f
st
u
d
ie
s
th
at

m
et

in
cl
u
si
o
n
cr
it
er
ia

fo
r
sc
o
p
in
g
re
vi
ew

.

A
u
th
o
r
an

d
p
u
b
lic
at
io
n
ye
ar

St
u
d
y
lo
ca
ti
o
n

R
es
ea
rc
h
ai
m
s

St
u
d
y
d
es
ig
n
an

d
m
et
h
o
d
s

Po
p
u
la
ti
o
n
an

d
se
tt
in
g

O
u
tc
o
m
e(
s)

o
f
in
te
re
st

M
aj
o
r
fi
n
d
in
g
s

B
ai
n
et

al
.,
20

18
3
8

U
n
it
ed

St
at
es

To
d
et
er
m
in
e
th
e
fe
as
ib
ili
ty

o
f
im

p
le
m
en

ti
n
g
a

p
h
ar
m
ac
is
t
le
d
PG

x
se
rv
ic
e

fo
r
th
e
Pr
o
g
ra
m

o
f
A
ll-

In
cl
u
si
ve

C
ar
e
fo
r
th
e

El
d
er
ly

(P
A
C
E)
.

Pr
o
sp
ec
ti
ve

ev
al
u
at
io
n
o
f

PA
C
E
im

p
le
m
en

ta
ti
o
n

p
ro
ce
ss
es

in
cl
u
d
in
g

re
vi
ew

in
g
p
o
lic
ie
s
an

d
p
ro
ce
d
u
re
s,
o
b
se
rv
at
io
n
s

d
o
cu

m
en

te
d
p
h
ar
m
ac
is
ts
,

g
en

et
ic

va
ri
an

ts
p
re
va
le
n
ce
,

an
d
d
ru
g
–
g
en

e
in
te
ra
ct
io
n
s.

2
se
n
io
r
p
h
ar
m
ac
is
ts
an

d
a

p
h
ar
m
ac
y
re
si
d
en

t
le
d

PG
x
co

n
su
lt
at
io
n
s
in

a
ce
n
tr
al
iz
ed

p
h
ar
m
ac
y

se
rv
in
g
15

–
20

%
o
f
PA

C
E

p
ar
ti
ci
p
an

ts
in

21
st
at
es
.

R
at
es

o
f
p
re
sc
ri
b
er
s’

ac
ce
p
ta
n
ce
s
o
f
th
e
PG

x
co

n
su
lt
at
io
n

re
co

m
m
en

d
at
io
n
s.

89
%

o
f
re
co

m
m
en

d
at
io
n
s
w
er
e

ac
ce
p
te
d
b
y
th
e
p
re
sc
ri
b
er
.1
00

%
o
f
re
co

m
m
en

d
at
io
n
s
w
er
e

ac
ce
p
te
d
in

th
e
fo
llo

w
in
g
:

co
n
ti
n
u
e
d
ru
g
,
d
ru
g
d
o
se

ad
ju
st
m
en

t,
an

d
co

n
si
d
er

d
ru
g

re
g
im

en
ch

an
g
e.

38
.5
%

o
f

re
co

m
m
en

d
at
io
n
s
w
er
e

ac
ce
p
te
d
fo
r
im

p
le
m
en

ti
n
g
d
ru
g

d
o
se

ad
ju
st
m
en

t
o
r
d
ru
g

re
g
im

en
ch

an
g
e.

B
an

k
et

al
.,
20

19
4
5

N
et
h
er
la
n
d
s

To
in
ve

st
ig
at
e
w
h
et
h
er

g
en

o
ty
p
e-
g
u
id
ed

d
o
si
n
g
in

p
ri
m
ar
y
ca
re

u
si
n
g
a
PG

x
te
st

p
an

el
in

th
e

N
et
h
er
la
n
d
s
is
fe
as
ib
le
,a

n
d

to
in
ve
st
ig
at
e
th
e
fr
eq

u
en

cy
o
f
a
ac
ti
o
n
ab

le
g
en

o
ty
p
es

in
a
p
an

el
o
f
g
en

es
an

d
co

rr
es
p
o
n
d
in
g
g
en

e–
d
ru
g

in
te
ra
ct
io
n
s,
if
ap

p
lic
ab

le
.

A
p
ro
sp
ec
ti
ve

m
u
lt
ic
en

te
r

o
b
se
rv
at
io
n
al

st
u
d
y
o
f
th
e

ro
u
ti
n
e
cl
in
ic
al

p
ra
ct
ic
e
to

te
st

th
e
fe
as
ib
ili
ty

o
f

p
h
ar
m
ac
is
t-
in
it
ia
te
d

p
h
ar
m
ac
o
g
en

o
m
ic
s
te
st
in
g

in
p
ri
m
ar
y
ca
re
.

R
et
ro
sp
ec
ti
ve

an
al
ys
is
o
f

d
efi

n
ed

d
ai
ly

d
o
sa
g
es
,

p
h
ar
m
ac
y
vi
si
ts
,
an

d
d
ru
g

re
la
te
d
in
te
rv
en

ti
o
n
s
w
er
e

co
lle
ct
ed

.

El
ig
ib
le

p
at
ie
n
ts

to
b
e

g
en

o
ty
p
ed

w
as

d
et
er
m
in
ed

b
y
p
re
vi
o
u
s

m
ed

ic
at
io
n
u
se

an
d

p
h
ar
m
ac
is
t
ev
al
u
at
io
n
o
f

su
it
ab

ili
ty

fo
r
in
cl
u
si
o
n
.

Ph
ys
ic
ia
n
s
an

d
p
h
ar
m
ac
is
ts

(jo
in
tl
y)

w
er
e

re
sp
o
n
si
b
le

fo
r
m
ak
in
g

m
ed

ic
at
io
n
d
ec
is
io
n
s

u
si
n
g
th
e
p
at
ie
n
t

g
en

o
ty
p
es
.

A
d
h
er
en

ce
to

D
PW

G
g
u
id
el
in
es

b
as
ed

o
n
p
at
ie
n
t

g
en

o
ty
p
es
.

62
o
f
th
e
20

0
p
at
ie
n
ts

(3
1%

)
g
en

o
ty
p
ed

h
ad

a
g
en

e–
d
ru
g

in
te
ra
ct
io
n
th
at

re
q
u
ir
ed

ac
ti
o
n

b
y
a
p
h
ys
ic
ia
n
–
p
h
ar
m
ac
is
t
te
am

.
Fo

r
52

(8
9%

)
o
f
th
es
e
p
at
ie
n
ts
,

th
e
h
ea
lt
h
ca
re

p
ro
vi
d
er
s

ad
h
er
ed

to
D
PW

G
g
u
id
el
in
es
.I
n

5
ca
se
s,
th
e
g
en

e–
d
ru
g
p
ai
r

CY
P2
D
6
an

d
ve
n
la
fa
xi
n
e
w
as

p
re
se
n
t
w
h
ile

tr
ea
tm

en
t

co
n
ti
n
u
ed

,1
ca
se

th
e
d
o
se
-

m
ax
im

u
m

fo
r
es
ci
ta
lo
p
ra
m

w
as

su
rp
as
se
d
,a

n
d
1
ca
se

in
w
h
ic
h

th
e
p
h
ys
ic
ia
n
w
as

m
o
ti
va
te
d
to

co
n
ti
n
u
e
b
as
ed

o
n
p
re
vi
o
u
s

to
le
ra
ti
o
n
.

B
la
g
ec

et
al
.,

20
16

3
4

A
u
st
ri
a
an

d
U
n
it
ed

St
at
es

To
ev
al
u
at
e
th
e
p
er
ce
p
ti
o
n

an
d
u
sa
b
ili
ty

o
f
a
w
eb

-
an

d
m
o
b
ile
-e
n
ab

le
d
C
D
SS

(M
ed

ic
at
io
n
Sa
fe
ty

C
o
d
e)

fo
r
p
h
ar
m
ac
o
g
en

et
ic
s-

g
u
id
ed

d
ru
g
th
er
ap

y
am

o
n
g
p
h
ys
ic
ia
n
s
an

d
p
h
ar
m
ac
is
ts
.

Q
u
an

ti
ta
ti
ve

as
se
ss
m
en

t
o
f

p
h
ys
ic
ia
n
an

d
p
h
ar
m
ac
is
t

at
ti
tu
d
es

to
w
ar
d
M
SC

s
u
si
n
g
tw

o
h
yp

o
th
et
ic
al

u
se

ca
se
s.
25

fo
llo

w
-u
p

q
u
es
ti
o
n
s
m
ea
su
re
d

u
sa
b
ili
ty
,t
ru
st
w
o
rt
h
in
es
s,

u
se
fu
ln
es
s,
an

d
w
o
rk
fl
o
w

in
te
g
ra
ti
o
n
.

39
p
h
ys
ic
ia
n
s
an

d
p
h
ar
m
ac
is
ts
,w

it
h
an

o
ve

rw
h
el
m
in
g
m
aj
o
ri
ty

fr
o
m

A
u
st
ri
a
o
r
G
er
m
an

y
(~
90

%
).

Sc
o
re
s
o
n
th
e
u
sa
b
ili
ty
,

tr
u
st
w
o
rt
h
in
es
s,
u
se
fu
ln
es
s,

an
d
w
o
rk
fl
o
w

in
te
g
ra
ti
o
n

su
b
sc
al
es

an
d
to
ta
l

sc
al
e
sc
o
re
.

A
ve

ra
g
e
u
sa
b
ili
ty

sc
o
re

w
as

10
.6

o
f
16

,1
0.
5
tr
u
st
w
o
rt
h
in
es
s,
11

.4
u
se
fu
ln
es
s,
an

d
9.
9
w
o
rk
fl
o
w

in
te
g
ra
ti
o
n
.A

ve
ra
g
e
sc
o
re

w
as

42
.3

o
f
64

.N
o
d
iff
er
en

ce
b
et
w
ee

n
p
h
ys
ic
ia
n
s
an

d
p
h
ar
m
ac
is
ts
,o

r
re
sp
o
n
d
en

ts
aw

ar
e
o
r
u
n
aw

ar
e
o
f
g
en

o
m
e

g
u
id
ed

p
re
sc
ri
b
in
g
an

d
C
D
SS

.

B
o
rd
en

et
al
.,

20
19

5
1

U
n
it
ed

St
at
es

To
st
u
d
y
p
ro
vi
d
er

at
ti
tu
d
es

o
f
an

d
p
er
ce
iv
ed

b
ar
ri
er
s
to

th
e
cl
in
ic
al

u
se

o
f

p
h
ar
m
ac
o
g
en

o
m
ic
s
b
ef
o
re

an
d
d
u
ri
n
g
p
ar
ti
ci
p
at
io
n
in

an
im

p
le
m
en

ta
ti
o
n

p
ro
g
ra
m
.

B
et
w
ee

n
20

12
an

d
20

17
,

p
ro
vi
d
er
s
w
er
e
re
cr
u
it
ed

.
Th

es
e
p
ro
vi
d
er
s
co

m
p
le
te
d

a
se
m
is
tr
u
ct
u
re
d
in
te
rv
ie
w

ab
o
u
t
PG

x
an

d
re
ce
iv
ed

tr
ai
n
in
g
o
n
an

d
ac
ce
ss

to
a

C
D
S
w
it
h
p
at
ie
n
t-
sp
ec
ifi
c

PG
x
re
p
o
rt
s.
Pr
o
vi
d
er
s

co
m
p
le
te
d
su
rv
ey
s
b
ef
o
re

an
d
d
u
ri
n
g
st
u
d
y

p
ar
ti
ci
p
at
io
n
.

Pr
o
vi
d
er
s
w
er
e
re
cr
u
it
ed

fr
o
m

th
e
12

00
Pa

ti
en

ts
Pr
o
je
ct

at
th
e
U
n
iv
er
si
ty

o
f

C
h
ic
ag

o.
Th

is
in
cl
u
d
es

7
p
ri
m
ar
y
ca
re
,3

o
n
co

lo
g
y,
2

ca
rd
io
lo
g
y,
2

g
as
tr
o
en

te
ro
lo
g
y,
1

ex
ec
u
ti
ve

h
ea
lt
h
,

h
ep

at
o
lo
g
y,
n
ep

h
ro
lo
g
y,

an
d
p
u
lm

o
n
o
lo
g
y.
M
ed

ia
n

ye
ar
s
in

p
ra
ct
ic
e
w
as

17
.5
.

Pr
o
vi
d
er

ad
o
p
ti
o
n
o
f
PG

x
in
fo
rm

at
io
n
.P

ro
vi
d
er
-

re
p
o
rt
ed

b
ar
ri
er
s
to

PG
x

re
su
lt
s
ac
ce
ss
io
n
.P

ro
vi
d
er
-

re
p
o
rt
ed

u
ti
lit
y
o
f
th
e

G
en

o
m
ic

Pr
es
cr
ib
in
g

Sy
st
em

.

Pa
ti
en

t-
sp
ec
ifi
c
re
su
lt
s
w
er
e

ac
ce
ss
ed

at
64

%
o
f
vi
si
ts
,a

n
d

m
ed

ic
at
io
n
ch

an
g
es

w
er
e

in
fl
u
en

ce
d
b
y
PG

x
in
fo
rm

at
io
n

42
%

o
f
th
e
ti
m
e.

Pr
o
vi
d
er
s

re
p
o
rt
ed

th
ey

h
ad

en
o
u
g
h
ti
m
e

to
ev
al
u
at
e
th
e
in
fo
rm

at
io
n
an

d
th
e
re
su
lt
s
w
er
e
ea
si
ly

u
n
d
er
st
o
o
d
.I
f
p
ro
vi
d
er
s
d
id

n
o
t

lo
g
in
to

th
e
G
PS

,n
ea
rl
y
40

%
re
p
o
rt
ed

th
is
w
as

d
u
e
to

a
fu
ll

sc
h
ed

u
le
,a
n
d
ju
st

o
ve
r
25

%
sa
id

th
at

th
ey

d
id

n
o
t
ex
p
ec
t
an

y
n
ew

p
at
ie
n
t
in
fo
rm

at
io
n
.

N.J. Keeling et al.

1592

Genetics in Medicine (2021) 23:1589 – 1603



Ta
bl
e
2
co
nt
in
ue

d

A
u
th
o
r
an

d
p
u
b
lic
at
io
n
ye
ar

St
u
d
y
lo
ca
ti
o
n

R
es
ea
rc
h
ai
m
s

St
u
d
y
d
es
ig
n
an

d
m
et
h
o
d
s

Po
p
u
la
ti
o
n
an

d
se
tt
in
g

O
u
tc
o
m
e(
s)

o
f
in
te
re
st

M
aj
o
r
fi
n
d
in
g
s

D
ev

in
e
et

al
.,

20
14

2
8

U
n
it
ed

St
at
es

To
ev
al
u
at
e
an

ea
rl
y

p
ro
to
ty
p
e,

co
m
m
er
ci
al

C
PO

E
sy
st
em

w
it
h
PG

x-
C
D
S

al
er
ts

in
a
si
m
u
la
te
d

en
vi
ro
n
m
en

t,
id
en

ti
fy

p
o
te
n
ti
al

sy
st
em

u
se
r

in
te
rf
ac
e
im

p
ro
ve
m
en

ts
,

an
d
u
n
d
er
st
an

d
u
se
fu
ln
es
s

o
f
PG

x
kn

o
w
le
d
g
e

em
b
ed

d
ed

in
an

EH
R
.

C
o
n
ve

rg
en

t,
p
ar
al
le
l,
m
ix
ed

m
et
h
o
d
s
d
es
ig
n
u
si
n
g
fi
ve

h
yp

o
th
et
ic
al

cl
in
ic
al

ca
se

sc
en

ar
io
s
fe
at
u
ri
n
g

m
ed

ic
at
io
n
o
rd
er

tr
ig
g
er
ed

PG
x
al
er
t
m
es
sa
g
es
.

A
u
d
io
–
vi
d
eo

re
co

rd
in
g
s

co
d
ed

p
o
si
ti
ve

an
d
n
eg

at
iv
e

ev
al
u
at
io
n
h
eu

ri
st
ic
s.

7
ca
rd
io
lo
g
y
fe
llo

w
s
an

d
3

o
n
co

lo
g
y
fe
llo

w
s
at

th
e

U
n
iv
er
si
ty

o
f
W
as
h
in
g
to
n
.

Ti
m
e
to

co
m
p
le
ti
o
n
o
f

p
re
sc
ri
b
in
g
ta
sk
.T

h
em

es
an

d
im

p
ro
ve
m
en

ts
id
en

ti
fi
ed

u
si
n
g
th
e

h
eu

ri
st
ic

ev
al
u
at
io
n

te
ch

n
iq
u
e.

Ph
ys
ic
ia
n
s
sp
en

t
3.
6
to

4.
9

m
in
u
te
s
p
er

p
re
sc
ri
b
in
g
ta
sk
.9

th
em

es
em

er
g
ed

fr
o
m

th
e

h
eu

ri
st
ic

ev
al
u
at
io
n
.5

in
cl
u
d
ed

im
p
ro
ve
m
en

t
su
g
g
es
ti
o
n
s
fo
r

th
e
C
PO

E
u
se
r
in
te
rf
ac
e,

2
su
g
g
es
te
d
in
cl
u
d
in
g
PG

x
in
fo
rm

at
io
n
in

al
er
ts
,a

n
d
3

em
p
h
as
iz
ed

re
le
va
n
t
g
u
id
el
in
es

an
d
d
o
si
n
g

re
co

m
m
en

d
at
io
n
s
n
ee

d
s.

D
re
ss
le
r
et

al
.,

20
19

5
3

U
n
it
ed

St
at
es

To
as
se
ss

fe
as
ib
ili
ty

an
d

p
er
sp
ec
ti
ve

s
o
f
PG

x
in

ru
ra
l

p
ri
m
ar
y
ca
re

p
h
ys
ic
ia
n

(P
C
P)

p
ra
ct
ic
es

w
h
en

th
ey

ar
e
tr
ai
n
ed

to
in
te
rp
re
t/

ap
p
ly

re
su
lt
s
an

d
te
st
in
g

co
st

ar
e
co

ve
re
d
.

PC
Ps

ag
re
ed

to
tw

o,
1-
h
o
u
r

co
n
ti
n
u
in
g
m
ed

ic
al

ed
u
ca
ti
o
n
se
ss
io
n
s.
PC

Ps
w
er
e
al
so

g
iv
en

th
e
o
p
ti
o
n

o
f
h
av
in
g
th
ei
r
o
w
n
te
st

d
o
n
e.
Pr
e-
ed

u
ca
ti
o
n
m
o
d
u
le

an
d
p
o
st
ed

u
ca
ti
o
n
m
o
d
u
le

su
rv
ey
s
w
er
e
co

n
d
u
ct
ed

,i
n

ad
d
it
io
n
to

an
in
te
ri
m

su
rv
ey
.P

h
o
n
e
in
te
rv
ie
w
s

w
er
e
al
so

co
n
d
u
ct
ed

at
th
e
en

d
.

94
PC

P
p
h
ys
ic
ia
n
s
w
er
e

in
vi
te
d
to

p
ar
ti
ci
p
at
e
in

th
e
st
u
d
y
co

n
d
u
ct
ed

b
et
w
ee

n
Se

p
te
m
b
er

20
16

an
d
O
ct
o
b
er

20
17

.
Pa

rt
ic
ip
an

ts
h
ad

to
b
e

lo
ca
te
d
w
it
h
in

o
n
e
h
o
u
r
o
f

th
e
M
is
si
o
n
H
o
sp
it
al

in
w
es
te
rn

N
o
rt
h
C
ar
o
lin

a.

Ph
ys
ic
ia
n
re
sp
o
n
se
s
to

th
e

p
o
st
st
u
d
y
su
rv
ey

an
d

in
te
rv
ie
w
s,
in
te
ri
m

su
rv
ey
.

Po
st
su
rv
ey

st
u
d
y
re
su
lt
s

d
em

o
n
st
ra
te
d
im

p
ro
ve

d
aw

ar
en

es
s,
m
o
re

co
m
fo
rt

w
it
h

u
si
n
g
PG

x
in
fo
rm

at
io
n
,a

b
et
te
r

u
n
d
er
st
an

d
in
g
o
f
re
le
va
n
ce

an
d

th
e
p
h
ar
m
ac
is
t’s

ab
ili
ty

to
su
m
m
ar
iz
e
th
e
p
at
ie
n
t
re
su
lt
s.

A
d
d
ed

cl
in
ic
al

va
lu
e
ca
m
e

th
ro
u
g
h
a
b
et
te
r
p
at
ie
n
t–
d
o
ct
o
r

re
la
ti
o
n
sh
ip

an
d
b
et
te
r

m
ed

ic
at
io
n
m
an

ag
em

en
t.
PG

x
as

a
p
ra
ct
ic
es

co
m
p
et
it
iv
e
ed

g
e

w
as

m
ix
ed

,a
s
w
el
l
as

th
e

re
sp
o
n
se

to
p
re
em

p
ti
ve

vs
.

re
ac
ti
ve

te
st
in
g
.B

ar
ri
er
s

in
cl
u
d
ed

b
et
te
r
g
u
id
an

ce
o
n

w
h
o
to

te
st
,u

se
o
f
th
e
in
fo

o
ve

r
ti
m
e,

EH
R
su
p
p
o
rt
,
an

d
p
ri
ci
n
g
.

D
u
n
b
ar

et
al
.,

20
12

2
3

N
ew

Z
ea
la
n
d

To
as
se
ss

cl
in
ic
ia
n

ex
p
er
ie
n
ce
s
o
rd
er
in
g
an

A
m
p
liC

h
ip
®
CY

P4
50

te
st

ki
t,

re
ce
iv
in
g
re
su
lt
s,
u
ti
liz
at
io
n

o
f
th
e
re
su
lt
s,
an

d
p
er
ce
iv
ed

ad
va
n
ta
g
es

an
d

d
is
ad

va
n
ta
g
e.

C
lin

ic
ia
n
w
as

d
ir
ec
te
d
to

p
re
sc
ri
b
e
“a
s
u
su
al
,”
th
en

co
m
p
le
te

an
o
rd
er

fo
rm

fo
r

th
e
p
at
ie
n
t
to

g
et

th
e

te
st
in
g
d
o
n
e.

R
es
u
lt
s
w
er
e

fe
d
b
ac
k
to

th
e
cl
in
ic
ia
n
s

d
ir
ec
tl
y.
O
rd
er
in
g
cl
in
ic
ia
n
s

th
en

co
m
p
le
te
d
q
u
al
it
at
iv
e

in
te
rv
ie
w
s.

A
cr
o
ss

3
D
is
tr
ic
t
H
ea
lt
h

B
o
ar
d
s
w
it
h
in

N
ew

Z
ea
la
n
d
,4

2
cl
in
ic
ia
n
s

o
rd
er
ed

te
st
s
an

d
33

w
er
e

in
te
rv
ie
w
ed

.

PG
x
te
st

re
su
lt
s
u
ti
liz
at
io
n

an
d
p
er
ce
iv
ed

ad
va
n
ta
g
es

an
d
d
is
ad

va
n
ta
g
es
.

Te
st

re
su
lt
s
co

n
fi
rm

cl
in
ic
al

d
ec
is
io
n
s,
p
ro
vi
d
es

re
as
su
ra
n
ce
,

p
ro
vi
d
es

ad
d
it
io
n
al

p
at
ie
n
t

re
sp
o
n
se

in
fo
rm

at
io
n
,i
n
fl
u
en

ce
s

d
o
si
n
g
,a

n
d
im

p
ro
ve
s

d
o
ct
o
r–
p
at
ie
n
t
re
la
ti
o
n
sh
ip
.

N
o
n
u
se

re
as
o
n
s
w
er
e
re
su
lt

d
el
ay
s,
in
ap

p
ro
p
ri
at
e
se
tt
in
g
,

an
d
u
n
n
ec
es
sa
ry

in
fo
rm

at
io
n
.

A
d
va
n
ta
g
es

w
er
e
d
o
se

d
et
er
m
in
at
io
n
,
ad

ve
rs
e
ef
fe
ct

re
d
u
ct
io
n
,
an

d
ex
te
rn
al

ap
p
lic
at
io
n
.D

ra
w
b
ac
ks

w
er
e

cl
in
ic
al

ju
d
g
m
en

t
in
te
rf
er
en

ce
,

co
st
,a

n
d
p
ra
ct
ic
al
it
ie
s.

Fe
rr
er
i
et

al
.,

20
14

3
9

U
n
it
ed

St
at
es

To
d
et
er
m
in
e
th
e
fe
as
ib
ili
ty

o
f
im

p
le
m
en

ti
n
g
a
PG

x
se
rv
ic
e
in

a
co

m
m
u
n
it
y

p
h
ar
m
ac
y.

Pr
o
sp
ec
ti
ve

ev
al
u
at
io
n
o
f

th
e
p
ro
g
ra
m
’s
fe
as
ib
ili
ty

fo
llo

w
in
g
a
re
tr
o
sp
ec
ti
ve

d
at
a
ab

st
ra
ct
io
n
o
f

p
re
sc
ri
p
ti
o
n
fi
lls

fo
r

cl
o
p
id
o
g
re
l.

A
si
n
g
le

p
h
ar
m
ac
y
w
it
h
in

a
re
g
io
n
al
ch

ai
n
kn

o
w
n
fo
r

p
ro
vi
d
in
g
cl
in
ic
al

se
rv
ic
es
.

R
at
e
o
f
p
re
sc
ri
b
er

ac
ce
p
ta
n
ce

to
a
cl
in
ic
al

p
h
ar
m
ac
is
t
p
ra
ct
it
io
n
er

(C
PP

)
re
co

m
m
en

d
at
io
n

ac
ro
ss

fi
ve

d
iff
er
en

t
g
en

o
ty
p
es
.

M
aj
o
ri
ty

o
f
C
PP

re
co

m
m
en

d
at
io
n
s
w
er
e

ap
p
ro
ve
d
b
y
p
re
sc
ri
b
er
.1

00
%

ap
p
ro
va
l
ac
ro
ss

g
en

o
ty
p
es

*1
/*
1

(E
M
),
*1
7/
*1
7
(U
M
),
an

d
*2
/*
17

(IM
).
50

%
ap

p
ro
va
l
in

g
en

o
ty
p
e

N.J. Keeling et al.

1593

Genetics in Medicine (2021) 23:1589 – 1603



Ta
bl
e
2
co
nt
in
ue

d

A
u
th
o
r
an

d
p
u
b
lic
at
io
n
ye
ar

St
u
d
y
lo
ca
ti
o
n

R
es
ea
rc
h
ai
m
s

St
u
d
y
d
es
ig
n
an

d
m
et
h
o
d
s

Po
p
u
la
ti
o
n
an

d
se
tt
in
g

O
u
tc
o
m
e(
s)

o
f
in
te
re
st

M
aj
o
r
fi
n
d
in
g
s

*1
/*
2
(IM

),
o
th
er

50
%

st
ar
te
d

as
p
ir
in

EC
32

5
m
g
d
ai
ly
.7

5%
ap

p
ro
va
l
in

g
en

o
ty
p
e
*1
/*
17

(U
M
).
C
lo
p
id
o
g
re
l
w
as

d
is
co

n
ti
n
u
ed

in
th
e
o
th
er

p
at
ie
n
t.

G
o
o
d
sp
ee

d
et

al
.,

20
19

5
4

U
n
it
ed

St
at
es

To
ev
al
u
at
e
in
p
u
t
fr
o
m

m
en

ta
l
h
ea
lt
h
cl
in
ic
ia
n
s
o
n

EH
R
-in

te
g
ra
te
d
C
D
S,

PG
x,

an
d
th
e
re
ac
ti
o
n
o
f

p
sy
ch

ia
tr
ic

cl
in
ic
ia
n
s
to

a
C
D
S
p
ro
to
ty
p
e.

3
fo
cu

s
g
ro
u
p
s:
o
n
e
to

d
et
er
m
in
e
sp
ec
ifi
c
n
ee

d
s
fo
r

cl
in
ic
ia
n
s
in

m
en

ta
l
h
ea
lt
h

an
d
tw

o
to

an
al
yz
e

in
te
ra
ct
io
n
s
w
it
h
a
C
D
S

p
ro
to
ty
p
e.

16
n
u
rs
e
p
ra
ct
it
io
n
er
s
an

d
p
h
ys
ic
ia
n
s
em

p
lo
ye
d
in

a
m
en

ta
lh

ea
lt
h
ca
re

se
tt
in
g.

D
es
ir
ed

C
D
S
fe
at
u
re
s,

fo
cu

si
n
g
o
n

p
h
ar
m
ac
o
g
en

o
m
ic
s
an

d
p
o
te
n
ti
al

n
eg

at
iv
e
o
r

u
n
in
te
n
d
ed

co
n
se
q
u
en

ce
s

o
f
C
D
S
in
te
g
ra
ti
o
n
.

3
th
em

es
em

er
g
ed

:d
es
ir
ed

cl
in
ic
al

d
ec
is
io
n
su
p
p
o
rt
fe
at
u
re
s

o
f
m
en

ta
l
h
ea
lt
h
cl
in
ic
ia
n
s,

p
h
ar
m
ac
o
g
en

o
m
ic
s
u
se

in
p
ra
ct
ic
e,

an
d
u
n
in
te
n
d
ed

an
d

n
eg

at
iv
e
co

n
se
q
u
en

ce
s
o
f

cl
in
ic
al

d
ec
is
io
n
su
p
p
o
rt

in
te
g
ra
ti
o
n
at

th
e
p
o
in
t
o
f
ca
re
.

H
ag

a
et

al
.,

20
17

5
2

U
n
it
ed

St
at
es

To
in
ve

st
ig
at
e
p
ro
vi
d
er

u
ti
liz
at
io
n
o
f
p
h
ar
m
ac
is
t

su
p
p
o
rt

in
th
e
d
el
iv
er
y
o
f

PG
x
te
st
in
g
in

a
p
ri
m
ar
y

ca
re

se
tt
in
g
.

2
p
ri
m
ar
y
ca
re

p
ra
ct
ic
es
,

o
n
e
w
it
h
an

in
-c
lin

ic
p
h
ar
m
ac
is
t
an

d
o
n
e
w
it
h
an

o
n
-c
al
l
su
p
p
o
rt

p
h
ar
m
ac
is
t.

A
su
rv
ey

as
se
ss
ed

PG
x

te
st
in
g
at
ti
tu
d
e,

kn
o
w
le
d
g
e,

an
d
ex
p
er
ie
n
ce

b
ef
o
re

an
d

af
te
r
a
PG

x
se
m
in
ar
.

Tw
el
ve

p
ri
m
ar
y
ca
re

p
ro
vi
d
er
s
fr
o
m

tw
o

in
te
rn
al

m
ed

ic
in
e
cl
in
ic
s

w
it
h
in

th
e
D
u
ke

U
n
iv
er
si
ty

H
ea
lt
h
Sy
st
em

.

Pe
rc
ep

ti
o
n
s
an

d
co

m
fo
rt

u
si
n
g
PG

x.
Pa

ti
en

t
ch

ar
ts

p
ro
vi
d
ed

n
u
m
b
er

o
f
PG

x
te
st
s
o
rd
er
ed

in
ea
ch

tr
ia
l

ar
m
.V

ar
ia
b
le
s
o
f
in
te
re
st

w
er
e
n
u
m
b
er

o
f
ti
m
es

a
p
h
ar
m
ac
is
t
w
as

co
n
su
lt
ed

(p
re
te
st

o
r
p
o
st
-t
es
t)
,a

n
d

h
o
w

th
e
re
su
lt
s
w
er
e

ap
p
lie
d
to

tr
ea
tm

en
t.

5
o
f
9
p
ro
vi
d
er
s
st
ro
n
g
ly

o
r

so
m
ew

h
at

ag
re
ed

th
at

fe
lt
m
o
re

in
fo
rm

ed
ab

o
u
t
PG

x
te
st
in
g.

6
fe
lt
m
o
re

co
m
fo
rt
ab

le
d
is
cu

ss
in
g

PG
x
w
it
h
p
at
ie
n
ts

af
te
r.
63

te
st
s

w
er
e
o
rd
er
ed

,4
8
b
ei
n
g
o
rd
er
ed

fr
o
m

th
e
p
h
ar
m
ac
is
t
in
-h
o
u
se

ar
m
.P

h
ys
ic
ia
n
s
co

n
su
lt
ed

p
h
ar
m
ac
is
ts
in

13
o
f
th
e
15

ca
se
s

in
th
e
in
-h
o
u
se

p
h
ar
m
ac
is
t

g
ro
u
p
co

m
p
ar
ed

to
7.
5
o
f
15

in
th
e
o
n
-c
al
l
g
ro
u
p
.

H
ea
le

et
al
.,

20
17

2
9

U
n
it
ed

St
at
es

To
in
ve

st
ig
at
e
p
h
ys
ic
ia
n
s’

in
fo
rm

at
io
n
n
ee

d
s
an

d
in
fo
rm

at
io
n
-s
ee

ki
n
g

b
eh

av
io
r
w
h
en

ex
p
o
se
d
to

p
h
ar
m
ac
o
g
en

o
m
ic
s
ca
se

vi
g
n
et
te
s.

M
ix
ed

m
et
h
o
d
s
ap

p
ro
ac
h

w
it
h
a
p
re
st
u
d
y

q
u
es
ti
o
n
n
ai
re

o
f
PG

x
at
ti
tu
d
es

an
d
kn

o
w
le
d
g
e,

o
b
se
rv
at
io
n
o
f
in
fo
rm

at
io
n

se
ek
in
g
in

3
ca
se

vi
g
n
et
te
s,

an
d
a
p
o
st
st
u
d
y

q
u
es
ti
o
n
n
ai
re

an
d

in
te
rv
ie
w
.

A
p
u
rp
o
si
ve

sa
m
p
le

o
f
6

p
h
ys
ic
ia
n
s,
5
m
al
e
an

d
1

fe
m
al
e.

Ti
m
e
sp
en

t
b
y
p
h
ys
ic
ia
n
o
n

in
fo
rm

at
io
n
se
ek
in
g
,t
im

e
b
et
w
ee

n
n
av
ig
at
io
n
al

ac
ti
o
n
s
an

d
n
u
m
b
er
,

n
u
m
b
er

o
f
se
ar
ch

es
en

te
re
d
.C

at
eg

o
ri
es

o
f
th
e

in
fo
rm

at
io
n
n
ee

d
s
fr
o
m

p
o
st
st
u
d
y
as
se
ss
m
en

t.

A
ve

ra
g
e
se
ss
io
n
ti
m
e
w
as

8:
22

m
in
u
te
s
(2
:4
1
to

15
:0
8)
,t
im

e
b
et
w
ee

n
n
av
ig
at
io
n
w
as

0:
53

(0
:0
3
to

8.
27

),
p
ag

e
n
av
ig
at
io
n
s

p
er

su
b
je
ct

w
as

8
(1

to
18

),
an

d
n
u
m
b
er

o
f
se
ar
ch

es
w
as

2.
3
(1

to
8)
.F

o
llo

w
-u
p
id
en

ti
fi
ed

6
in
fo
rm

at
io
n
n
ee

d
s:
al
te
rn
at
iv
e

th
er
ap

ie
s,
te
st
in
g
g
u
id
an

ce
,

te
st
in
g
fr
eq

u
en

cy
in
d
ic
at
io
n
,

te
st
in
g
im

p
o
rt
an

ce
ev

id
en

ce
,

g
en

et
ic

ef
fe
ct
s,
an

d
in
fo
rm

at
io
n

se
ar
ch

in
g
ai
d
.

Ie
lm

in
i
et

al
.,

20
18

4
6

It
al
y

To
id
en

ti
fy

if
p
sy
ch

ia
tr
is
t’s

tr
ea
tm

en
t
w
as

co
n
si
st
en

t
w
it
h
th
e
tr
ea
tm

en
t

su
g
g
es
te
d
b
y
PG

x
te
st

an
d

to
as
se
ss

if
cl
in
ic
ia
n
s
h
ad

ch
an

g
ed

tr
ea
tm

en
t
at

3-
m
o
n
th

fo
llo

w
-u
p
vi
si
t

ac
co

rd
in
g
to

th
e
re
su
lt
s
o
f

th
e
PG

x
te
st
.

O
b
se
rv
at
io
n
al

st
u
d
y
w
it
h
a

fo
llo

w
-u
p
at

3
m
o
n
th
s.
A
t

b
as
el
in
e,

p
at
ie
n
ts

re
ce
iv
ed

g
en

et
ic

te
st
s
an

d
w
er
e

g
iv
en

4
sc
al
es
.A

t
th
e
fo
llo

w
-

u
p
,c
h
an

g
es

to
tr
ea
tm

en
t

an
d
ad

ve
rs
e
ev
en

ts
w
er
e

re
co

rd
ed

.

Ps
yc
h
ia
tr
is
t
d
ec
is
io
n

m
ak
in
g
fo
r
30

b
ip
o
la
r
ty
p
e

1
an

d
2
p
at
ie
n
ts

w
h
o

re
ce
iv
ed

PG
x
te
st

at
2

p
sy
ch

ia
tr
ic

in
st
it
u
te
s.

Pa
ti
en

ts
’
o
ve
ra
ll
as
se
ss
m
en

t
an

d
cl
in
ic
al

ev
o
lu
ti
o
n
,

an
xi
et
y-
d
ep

re
ss
iv
e

sy
m
p
to
m
s,
m
an

ic
sy
m
p
to
m
s,
an

d
si
d
e
ef
fe
ct
s

o
f
o
n
g
o
in
g

p
h
ar
m
ac
o
lo
g
ic
al

th
er
ap

y.

A
t
b
as
el
in
e,

13
%

o
f
p
at
ie
n
ts

re
ce
iv
ed

o
p
ti
m
al

th
er
ap

y.
A
t

fo
llo

w
-u
p
,4

0%
o
f
p
at
ie
n
ts

h
ad

th
er
ap

y
ch

an
g
es

co
n
si
st
en

t
w
it
h

th
e
PG

x
te
st

re
su
lt
s
an

d
32

%
m
ai
n
ta
in
ed

a
th
er
ap

y
d
is
ag

re
ei
n
g
w
it
h
re
su
lt
s.
A

w
it
h
in
-g
ro
u
p
re
d
u
ct
io
n
in

ad
ve
rs
e
ev
en

ts
o
b
se
rv
ed

in
p
at
ie
n
ts

w
h
o
re
ce
iv
ed

th
er
ap

y
m
o
d
ifi
ca
ti
o
n
.

N.J. Keeling et al.

1594

Genetics in Medicine (2021) 23:1589 – 1603



Ta
bl
e
2
co
nt
in
ue

d

A
u
th
o
r
an

d
p
u
b
lic
at
io
n
ye
ar

St
u
d
y
lo
ca
ti
o
n

R
es
ea
rc
h
ai
m
s

St
u
d
y
d
es
ig
n
an

d
m
et
h
o
d
s

Po
p
u
la
ti
o
n
an

d
se
tt
in
g

O
u
tc
o
m
e(
s)

o
f
in
te
re
st

M
aj
o
r
fi
n
d
in
g
s

Læ
ru
m

et
al
.,

20
13

3
0

N
o
rw

ay
To

d
ev
el
o
p
a
p
ro
to
ty
p
e
fo
r

au
to
m
at
ed

in
te
rp
re
ta
ti
o
n
o
f

g
en

et
ic

te
st
s
an

d
ev

al
u
at
e

h
o
sp
it
al

p
h
ys
ic
ia
n
s’

re
ac
ti
o
n
s
to

it
in

a
sp
ec
ifi
c

u
se

ca
se
.

A
lg
o
ri
th
m

ap
p
lie
d
to

in
te
rp
re
ta
ti
o
n
o
f
CY

P3
A
5

an
d
im

p
ac
t
o
n
m
et
ab

o
lis
m

o
f
im

m
u
n
o
su
p
p
re
ss
iv
e
d
ru
g

ta
cr
o
lim

u
s.
Sc
en

ar
io
s

in
vo

lv
ed

vi
ew

in
g
an

d
re
so
lv
in
g
2
tr
ea
tm

en
t

sc
en

ar
io
s.
Ph

ys
ic
ia
n
as
ke
d

to
id
en

ti
fy

co
rr
ec
t
d
o
si
n
g

w
h
ile

sp
ee

ch
an

d
ac
ti
o
n
s
o
n

sc
re
en

w
er
e
re
co

rd
ed

.

9
ex
p
er
ie
n
ce
d
an

d
le
ss
-

ex
p
er
ie
n
ce
d
p
h
ys
ic
ia
n
s,

fi
ve

o
f
w
h
o
m

co
m
p
le
te
d

sp
ec
ia
lt
ie
s
af
te
r
q
u
al
ify

in
g

as
a
m
ed

ic
al

d
o
ct
o
r.
O
n
e

p
h
ys
ic
ia
n
h
ad

a
Ph

D
in

m
o
le
cu

la
r
g
en

et
ic
s.

M
ed

ia
n
ti
m
e
to

re
so
lv
e
th
e

tw
o
sc
en

ar
io
s
p
re
se
n
te
d

an
d
th
e
sp
ee

ch
an

d
ac
ti
o
n
s

re
co

rd
ed

w
h
ile

u
si
n
g
th
e

ap
p
lic
at
io
n
.R

ea
ct
io
n
s
to

th
e
ap

p
lic
at
io
n
af
te
r

co
m
p
le
ti
n
g
th
e
sc
en

ar
io
.

A
ve

ra
g
e
se
co

n
d
s
to

co
m
p
le
te

sc
en

ar
io

1
w
as

16
4
(1
10

to
33

9)
.

M
o
st

p
h
ys
ic
ia
n
s
d
id

n
o
t

im
m
ed

ia
te
ly

g
ra
sp

th
e
co

n
ce
p
t

o
f
“i
n
te
rp
re
te
d
re
p
o
rt
”
ve
rs
u
s

o
ri
g
in
al

g
en

et
ic

d
at
a.

Sc
en

ar
io

2
to
o
k
le
ss

th
an

h
al
f
th
e
ti
m
e
to

re
so
lv
e.

Ph
ys
ic
ia
n
at
ti
tu
d
e
to

th
e

ap
p
lic
at
io
n
w
as

g
en

er
al
ly

p
o
si
ti
ve
.S

o
m
e
d
et
ai
ls
w
er
e
to
o

ex
te
n
si
ve
,
u
n
cl
ea
r,
o
r
d
iffi

cu
lt
to

u
n
d
er
st
an

d
.

Le
m
ke

et
al
.,

20
17

5
5

U
n
it
ed

St
at
es

To
ex
p
lo
re

p
ri
m
ar
y
ca
re

p
h
ys
ic
ia
n
s’
vi
ew

s
o
f
th
e

u
ti
lit
y
an

d
d
el
iv
er
y
o
f
d
ir
ec
t

ac
ce
ss

to
PG

x
te
st
in
g
in

a
co

m
m
u
n
it
y
h
ea
lt
h
sy
st
em

.

St
u
d
y
p
ar
ti
ci
p
an

ts
re
ce
iv
ed

co
m
p
lim

en
ta
ry

PG
x
te
st
in
g

ki
ts

fo
r
th
em

se
lv
es

an
d

p
at
ie
n
ts
.3

0-
m
in
u
te

q
u
al
it
at
iv
e
se
m
is
tr
u
ct
u
re
d

in
te
rv
ie
w
s
co

n
d
u
ct
ed

to
id
en

ti
fy

vi
ew

p
o
in
ts

re
la
te
d

to
PG

x
cl
in
ic
al

d
ec
is
io
n

m
ak
in
g
.

15
p
ri
m
ar
y
ca
re

p
h
ys
ic
ia
n
s

in
th
e
N
o
rt
h
Sh

o
re

U
n
iv
er
si
ty

H
ea
lt
h
Sy
st
em

,
a
4-
h
o
sp
it
al

co
m
m
u
n
it
y

h
ea
lt
h
sy
st
em

.

B
ro
ad

th
em

es
an

d
as
so
ci
at
ed

su
b
th
em

es
fr
o
m

th
e
q
u
al
it
at
iv
e
an

al
ys
is

w
er
e
th
e
p
ri
m
ar
y
o
u
tc
o
m
e.

3
th
em

es
w
er
e
p
er
ce
iv
ed

va
lu
e

an
d
u
ti
lit
y
o
f
PG

x
te
st
in
g,

im
p
le
m
en

ta
ti
o
n
ch

al
le
n
g
es
,a

n
d

p
ro
vi
d
er

an
d
p
at
ie
n
t
n
ee

d
s.

Su
b
th
em

es
w
er
e
te
st

fi
n
d
in
g
s

g
u
id
in
g
p
ri
m
ar
y
ca
re

d
ec
is
io
n

m
ak
in
g
an

d
h
o
w

te
st

in
fo
rm

at
io
n
le
ad

s
to

sp
ec
ifi
c

p
o
si
ti
ve

o
u
tc
o
m
es
.

M
an

zi
et

al
.,

20
17

4
3

U
n
it
ed

St
at
es

To
d
es
cr
ib
e
th
e

d
ev
el
o
p
m
en

t
an

d
im

p
le
m
en

ta
ti
o
n
o
f
a

co
m
p
re
h
en

si
ve

cl
in
ic
al

p
h
ar
m
ac
o
g
en

o
m
ic
s
se
rv
ic
e

w
it
h
in

a
p
ed

ia
tr
ic

te
rt
ia
ry

ca
re

u
rb
an

te
ac
h
in
g

h
o
sp
it
al
,

R
et
ro
sp
ec
ti
ve

ev
al
u
at
io
n
o
f

fi
rs
t
tw

o
ye
ar
s
o
f
TP
M
T

si
n
g
le
-g
en

e
se
q
u
en

ci
n
g

o
p
er
at
io
n
an

d
su
b
se
q
u
en

t
ac
ti
o
n
s
o
f
th
e
cl
in
ic
ia
n

b
as
ed

o
n
C
D
SS

al
er
ts
.

16
0
al
er
ts

ac
ro
ss

31
p
at
ie
n
ts

w
it
h
69

u
n
iq
u
e

p
ra
ct
it
io
n
er
s
at

B
o
st
o
n

C
h
ild

re
n’
s
H
o
sp
it
al
.

R
at
e
o
f
p
re
sc
ri
b
er
s
w
h
o

ca
n
ce
le
d
o
rd
er
s
af
te
r
al
er
t,

m
o
d
ifi
ed

d
o
se

in
it
ia
ti
o
n
,

an
d
p
er
ce
n
ta
g
e
o
f
te
st
s

o
rd
er

p
ri
o
r
to

in
it
ia
l

p
re
sc
ri
p
ti
o
n
.

23
%

o
f
p
re
sc
ri
b
er
s
ca
n
ce
le
d

o
rd
er
s
af
te
r
TP
M
T
al
er
t.
71

%
o
f

p
re
sc
ri
b
er
s
m
o
d
ifi
ed

th
e
d
o
se

af
te
r
re
ce
iv
in
g
th
e
al
er
t
fo
r
th
e

in
it
ia
l
p
re
sc
ri
p
ti
o
n
.9

0%
o
f
te
st
s

w
er
e
o
rd
er
ed

p
ri
o
r
to

th
e
d
ru
g

b
ei
n
g
o
rd
er
ed

.

M
cM

ic
h
ae
l
et

al
.,

20
17

3
6

N
o
rt
h
er
n

Ir
el
an

d
To

d
em

o
n
st
ra
te

h
o
w

at
tr
ib
u
te

n
o
n
at
te
n
d
an

ce
an

al
ys
is
ca
n
b
e
u
se
d
in

m
ed

ic
al

d
ec
is
io
n
m
ak
in
g
to

as
se
ss

w
h
et
h
er

p
sy
ch

ia
tr
is
ts
’
tr
ea
tm

en
t

re
co

m
m
en

d
at
io
n
s
w
er
e

in
fl
u
en

ce
d
b
y
o
n
th
e

g
en

o
ty
p
e
in
fo
rm

at
io
n
,

d
es
p
it
e
kn

o
w
in
g
p
at
ie
n
t’s

re
sp
o
n
se

to
tr
ea
tm

en
t.

Ps
yc
h
ia
tr
is
ts

g
iv
en

p
at
ie
n
ts
’

p
re

o
r
p
o
st

tr
ea
tm

en
t

sy
m
p
to
m

sc
o
re
s
fo
r
tw

o
sc
h
iz
o
p
h
re
n
ia

tr
ea
tm

en
ts
,

to
ld

w
h
et
h
er

p
at
ie
n
ts

h
ad

a
g
en

o
ty
p
e
lin

ke
d
to

a
30

%
in
cr
ea
se

in
ef
fe
ct
iv
en

es
s
in

o
n
e
tr
ea
tm

en
t
an

d
as
ke
d
fo
r

tr
ea
tm

en
t
ch

o
ic
e.

26
vi
g
n
et
te
s
as
se
ss
ed

th
e

ef
fe
ct

o
f
at
tr
ib
u
te
s
o
n

tr
ea
tm

en
t

re
co

m
m
en

d
at
io
n
s.

67
p
ra
ct
ic
in
g
p
sy
ch

ia
tr
is
ts

fr
o
m

N
o
rt
h
er
n
Ir
el
an

d
re
cr
u
it
ed

d
u
ri
n
g

co
n
ti
n
u
o
u
s
p
ro
fe
ss
io
n
al

d
ev
el
o
p
m
en

t
m
ee

ti
n
g
s
in

3
h
o
sp
it
al
s.

Ps
yc
h
ia
tr
is
ts

es
ti
m
at
ed

p
ro
b
ab

ili
ty

th
at

th
ey

w
ill

ei
th
er

ig
n
o
re

o
r
at
te
n
d
to

in
fo
rm

at
io
n
ab

o
u
t
th
e

p
at
ie
n
t
g
en

o
ty
p
e
w
h
en

al
re
ad

y
p
re
se
n
te
d
th
ei
r
p
re

an
d
p
o
st
sy
m
p
to
m

sc
o
re
s.

84
%

p
ro
b
ab

ili
ty

th
at

p
sy
ch

ia
tr
is
ts

d
id

n
o
t
co

n
si
d
er

ir
re
le
va
n
t
g
en

o
ty
p
e
in
fo
rm

at
io
n
.

Ps
yc
h
ia
tr
is
ts

w
it
h
le
ss

th
an

o
n
e

ye
ar

o
f
cl
in
ic
al

ex
p
er
ie
n
ce

w
er
e

m
o
re

lik
el
y
to

in
co

rp
o
ra
te

ir
re
le
va
n
t
g
en

et
ic

in
fo
rm

at
io
n

in
to

p
at
ie
n
t
tr
ea
tm

en
t
(4
6%

p
ro
b
ab

ili
ty
).
Ps
yc
h
ia
tr
is
t
w
it
h
15

ye
ar
s
o
f
ex
p
er
ie
n
ce

h
ad

7%
p
ro
b
ab

ili
ty

o
f
in
co

rp
o
ra
ti
n
g
th
e

sa
m
e
in
fo
rm

at
io
n
.

M
o
ad

d
eb

et
al
.,

20
15

2
6

U
n
it
ed

St
at
es

To
ch

ar
ac
te
ri
ze

PG
x
te
st

ex
p
er
ie
n
ce
s
an

d
fe
as
ib
ili
ty
,

in
cl
u
d
in
g
ti
m
e
to

p
ro
vi
d
e

th
e
te
st
in
g
,p

at
ie
n
t
in
te
re
st
,

p
er
ce
p
ti
o
n
s
o
f
p
at
ie
n
ts
’

p
o
st
-t
es
t
co

m
p
re
h
en

si
o
n
,

p
h
ar
m
ac
is
t
an

d
p
re
sc
ri
b
in
g

p
h
ys
ic
ia
n
in
te
ra
ct
io
n
s,
an

d

Ph
ar
m
ac
is
ts

co
m
p
le
te
d

su
rv
ey
s
at

tw
o
ti
m
e
p
o
in
ts

fo
r
ea
ch

p
at
ie
n
t
th
at

w
as

o
ff
er
ed

PG
x
te
st
in
g
.O

n
e
fo
r

w
h
en

th
e
te
st
in
g
w
as

o
ff
er
ed

,a
n
d
an

o
th
er

af
te
r

te
st
in
g
w
as

co
m
p
le
te
d
an

d
te
st

re
su
lt
s
w
er
e

C
o
m
m
u
n
it
y
p
h
ar
m
ac
is
ts

in
N
o
rt
h
C
ar
o
lin

a
ac
ro
ss

5
co

m
m
u
n
it
y
p
h
ar
m
ac
ie
s.

Le
n
g
th

o
f
th
e
p
re
te
st

co
u
n
se
lin

g,
th
e
m
ed

iu
m
,

an
d
ti
m
e
to

re
su
lt

co
m
m
u
n
ic
at
io
n
w
it
h

p
at
ie
n
t;
p
h
ar
m
ac
is
ts
’
b
el
ie
fs

o
f
p
at
ie
n
ts
’
u
n
d
er
st
an

d
in
g

o
f
re
su
lt
s;
an

d
p
er
ce
n
ta
g
e

O
ve

r
80

%
o
f
p
re
te
st

co
u
n
se
lin

g
w
as

u
n
d
er

5
m
in
u
te
s,
84

%
o
f

re
su
lt
s
co

m
m
u
n
ic
at
ed

b
y
p
h
o
n
e,

p
h
ar
m
ac
is
ts

b
el
ie
ve
d
95

%
o
f

p
at
ie
n
ts

u
n
d
er
st
o
o
d
th
e
re
su
lt
s

ve
ry

w
el
l
o
r
so
m
ew

h
at

w
el
l,
an

d
90

%
o
f
p
h
ar
m
ac
is
t

in
te
rp
re
ta
ti
o
n
s
w
er
e
co

rr
ec
t.

N.J. Keeling et al.

1595

Genetics in Medicine (2021) 23:1589 – 1603



Ta
bl
e
2
co
nt
in
ue

d

A
u
th
o
r
an

d
p
u
b
lic
at
io
n
ye
ar

St
u
d
y
lo
ca
ti
o
n

R
es
ea
rc
h
ai
m
s

St
u
d
y
d
es
ig
n
an

d
m
et
h
o
d
s

Po
p
u
la
ti
o
n
an

d
se
tt
in
g

O
u
tc
o
m
e(
s)

o
f
in
te
re
st

M
aj
o
r
fi
n
d
in
g
s

p
re
sc
ri
b
in
g
ch

an
g
es

b
as
ed

o
n
re
su
lt
s.

co
m
m
u
n
ic
at
ed

.T
es
ti
n
g
w
as

o
ff
er
ed

fo
r
CY

P2
C1

9
an

d
/o
r

SL
CO

1B
1.

o
f
re
su
lt
in
te
rp
re
ta
ti
o
n
s

d
o
n
e
co

rr
ec
tl
y.

Ph
ar
m
ac
is
ts

re
ac
h
ed

o
u
t
to

a
p
h
ys
ic
ia
n
4
ti
m
es

ac
ro
ss

56
p
at
ie
n
ts
.

N
g
u
ye
n
et

al
.,

20
19

3
7

U
n
it
ed

St
at
es

To
ap

p
ly

u
se
r-
ce
n
te
re
d

d
es
ig
n
m
et
h
o
d
s
to

d
ev
el
o
p

an
d
ev
al
u
at
e
a
p
ro
to
ty
p
e
o
f

a
PG

x-
C
D
S
u
se
r
in
te
rf
ac
e
fo
r

th
io
p
u
ri
n
e
m
ed

ic
at
io
n
s
to

as
si
st

p
ro
vi
d
er
s
w
it
h
th
ei
r

p
re
sc
ri
b
in
g
d
ec
is
io
n
s.

Q
u
al
it
at
iv
e
in
te
rv
ie
w
s
to

as
se
ss

p
ro
vi
d
er
s’

in
fo
rm

at
io
n
n
ee

d
s
an

d
ev
al
u
at
e
th
e
u
sa
b
ili
ty

o
f
a

PG
x-
C
D
S
u
se
r
in
te
rf
ac
e.

14
p
h
ys
ic
ia
n
s
w
it
h
in

a
la
rg
e,

M
id
w
es
te
rn

Ve
te
ra
n
s
A
ff
ai
rs

(V
A
)

M
ed

ic
al

C
en

te
r
an

d
a

co
lo
ca
te
d
,m

aj
o
r
ac
ad

em
ic

h
ea
lt
h
-c
ar
e
sy
st
em

.

Q
u
an

ti
ta
ti
ve

u
sa
b
ili
ty

d
at
a

co
lle
ct
ed

o
n
fo
u
r
m
ea
su
re
s

o
f
u
sa
b
ili
ty
:l
ea
rn
ab

ili
ty
,

u
sa
b
ili
ty

er
ro
rs
,e

ffi
ci
en

cy
,

an
d
sa
ti
sf
ac
ti
o
n
.

11
th
em

es
em

er
g
ed

:n
ee

d
fo
r

PG
x-
C
D
S
fo
r
TP

M
T,
im

p
ac
t
o
f

PG
x-
C
D
S
o
n
cl
in
ic
al

w
o
rk
fl
o
w
,

la
b
te
st
in
g
p
re
fe
re
n
ce
s,

p
er
ce
iv
ed

b
ar
ri
er
s
to

PG
x

im
p
le
m
en

ta
ti
o
n
,P

G
x-
C
D
S

co
n
te
n
t,
PG

x-
C
D
S
d
is
p
la
y,

re
fe
re
n
ce
s
w
it
h
in

PG
x-
C
D
S,

g
en

et
ic
re
su
lt
co

n
te
n
t,
d
is
p
la
y
o
f

p
at
ie
n
ts
’
g
en

et
ic

re
su
lt
s,
PG

x
ca
re

co
o
rd
in
at
io
n
,a

n
d
ex
am

p
le
s

o
f
re
la
te
d
so
ft
w
ar
e
an

d
C
D
S

sy
st
em

s.

N
is
h
im

u
ra

et
al
.,

20
16

3
1

U
n
it
ed

St
at
es

To
d
et
er
m
in
e
if
p
h
ys
ic
ia
n
s

fi
n
d
cl
in
ic
al

d
ec
is
io
n

su
p
p
o
rt

al
er
ts

fo
r

p
h
ar
m
ac
o
g
en

o
m
ic

d
ru
g
–
g
en

e
in
te
ra
ct
io
n
s

u
se
fu
l
an

d
as
se
ss

th
ei
r

p
er
ce
p
ti
o
n
s
o
f
u
sa
b
ili
ty

as
p
ec
ts

th
at

im
p
ac
t

u
se
fu
ln
es
s.

C
as
e
sc
en

ar
io

ap
p
ro
ac
h
,

p
h
ys
ic
ia
n
p
re
sc
ri
b
ed

d
u
al

an
ti
p
la
te
le
t
th
er
ap

y.
R
eg

ar
d
le
ss

o
f
ch

o
ic
e,

a
PG

x
al
er
t
fo
r
cl
o
p
id
o
g
re
l
an

d
CY

P2
C1

9
va
ri
an

t
w
as

sh
o
w
n
,

fo
llo

w
ed

b
y
15

-it
em

q
u
es
ti
o
n
n
ai
re

an
d
o
p
en

-
en

d
ed

q
u
es
ti
o
n
s
o
n
th
ei
r

re
sp
o
n
se

to
th
e
al
er
t.

55
p
h
ys
ic
ia
n
s
(5
8%

at
te
n
d
in
g
p
h
ys
ic
ia
n
s)

at
th
e
U
n
iv
er
si
ty

o
f

W
as
h
in
g
to
n
w
h
o
w
o
rk
ed

in
m
aj
o
r
m
ed

ic
al

ce
n
te
rs
,

o
u
tp
at
ie
n
t
an

d
sp
ec
ia
lt
y

cl
in
ic
s,
an

d
em

er
g
en

cy
d
ep

ar
tm

en
ts
.

Ph
ys
ic
ia
n
re
sp
o
n
se

to
th
e

al
er
t
in

an
ac
tu
al

cl
in
ic
al

in
te
ra
ct
io
n
.
U
se
fu
ln
es
s
o
f

th
e
al
er
t
in

g
en

er
al
,q

u
al
it
y

o
f
th
e
al
er
t’s

vi
su
al

d
es
ig
n
,

ap
p
ro
p
ri
at
en

es
s
o
f
th
e
al
er
t

in
a
cl
in
ic
al

w
o
rk
fl
o
w
,a

n
d

u
se
fu
ln
es
s
o
f
th
e

p
h
ar
m
ac
o
g
en

o
m
ic

co
n
te
n
t.

40
%

o
f
p
h
ys
ic
ia
n
s
w
o
u
ld

ca
n
ce
l

an
d
49

%
w
o
u
ld

m
o
d
ify

in
it
ia
l

as
p
ir
in

o
r
cl
o
p
id
o
g
re
lo

rd
er

af
te
r

al
er
t.
4%

w
o
u
ld

o
ve

rr
id
e
th
e

al
er
t.
7%

re
p
o
rt
ed

th
ey

w
o
u
ld

co
n
ta
ct

a
p
h
ar
m
ac
is
t.
90

%
ag

re
ed

o
r
st
ro
n
g
ly

ag
re
ed

al
er
t

w
as

h
el
p
fu
l,
te
xt

w
as

h
el
p
fu
l
fo
r

d
ec
is
io
n
m
ak
in
g
,a

n
d

ap
p
ro
p
ri
at
e
al
er
t
ti
m
e.
30

%
w
er
e

u
n
su
re

o
f
d
at
a
u
se
fu
ln
es
s.

N
u
te
sc
u
et

al
.,

20
13

4
0

U
n
it
ed

St
at
es

To
d
et
er
m
in
e
th
e

p
ro
ce
d
u
ra
l
fe
as
ib
ili
ty

o
f
a

p
h
ar
m
ac
is
t-
le
d

in
te
rd
is
ci
p
lin

ar
y
se
rv
ic
e
fo
r

p
ro
vi
d
in
g
g
en

o
ty
p
e-
g
u
id
ed

w
ar
fa
ri
n
d
o
si
n
g
fo
r

h
o
sp
it
al
iz
ed

p
at
ie
n
ts

n
ew

ly
st
ar
ti
n
g
w
ar
fa
ri
n
.

Pr
o
sp
ec
ti
ve
,o

b
se
rv
at
io
n
al

st
u
d
y
o
f
g
en

o
ty
p
e-
g
u
id
ed

w
ar
fa
ri
n
th
er
ap

y
p
at
ie
n
ts
.

O
u
tc
o
m
es

w
er
e
in
it
ia
l

g
en

o
ty
p
e
an

d
co

n
su
lt
o
rd
er

ti
m
e,

ti
m
e
to

re
su
lt
s

ap
p
ea
ri
n
g
in

EH
R
,t
im

e
to

in
it
ia
l
co

n
su
lt
an

d
g
en

o
ty
p
e-
g
u
id
ed

d
o
se

re
co

m
m
en

d
at
io
n
,a

n
d

w
ar
fa
ri
n
d
o
se
s.

Th
e
EH

R
sy
st
em

fo
r
th
e

U
n
iv
er
si
ty

o
f
Ill
in
o
is
.

C
lin

ic
al

d
o
se

re
co

m
m
en

d
at
io
n
s
w
er
e

m
ad

e
b
y
th
e

p
h
ar
m
ac
o
g
en

et
ic
s

co
n
su
lt
te
am

.

A
d
h
er
en

ce
o
f
th
e
m
ed

ic
al

st
af
f
to

d
o
se
s

re
co

m
m
en

d
ed

b
y
th
e

p
h
ar
m
ac
o
g
en

et
ic
s
se
rv
ic
e.

A
cc
ep

ta
n
ce

o
f
th
e
d
o
se

re
co

m
m
en

d
ed

d
efi

n
ed

as
w
it
h
in

0.
5
m
g
.

35
3
d
o
se

re
co

m
m
en

d
at
io
n
s

w
er
e
p
ro
vi
d
ed

fo
r
80

p
at
ie
n
ts
.

73
%

o
f
w
ar
fa
ri
n
d
o
se
s
w
er
e

w
it
h
in

0.
5
m
g
o
f
re
co

m
m
en

d
ed

d
o
se
.R

ec
o
m
m
en

d
at
io
n

ad
h
er
en

ce
in
cr
ea
se
d
o
ve

r
ti
m
e:

66
%

in
m
o
n
th
s
1
an

d
2,

76
%

in
m
o
n
th
s
3
an

d
4,

an
d
80

%
in

m
o
n
th
s
5
an

d
6.

O
ve

rb
y
et

al
.,

20
15

3
2

U
n
it
ed

St
at
es

To
as
se
ss

vi
a
a
p
ilo

t
st
u
d
y

th
e
p
h
ys
ic
ia
n
,t
ec
h
n
o
lo
g
y,

an
d
ta
sk

ch
ar
ac
te
ri
st
ic
s
o
f

ef
fe
ct
iv
e
co

m
m
u
n
ic
at
io
n

an
d
cl
in
ic
al

im
p
ac
t
o
f
u
si
n
g

a
p
ro
to
ty
p
e
C
D
SS

em
b
ed

d
ed

in
th
e
EH

R
to

d
el
iv
er

PG
x
in
fo
rm

at
io
n
.

C
lin

ic
al

ex
p
er
ts

d
ev
el
o
p
ed

h
yp

o
th
et
ic
al

cl
in
ic
al

sc
en

ar
io
s
p
ro
m
p
ti
n
g

p
re
sc
ri
b
in
g
ta
sk
s,
an

d
re
vi
si
o
n
s
o
f
sc
en

ar
io
s
th
at

in
cl
u
d
ed

p
re
se
n
ta
ti
o
n
o
f

PG
x
in
fo
rm

at
io
n
.E

ac
h

p
ar
ti
ci
p
an

t
w
as

p
re
se
n
te
d

w
it
h
fi
ve

sc
en

ar
io
s.

15
o
n
co

lo
g
y
an

d
7

ca
rd
io
lo
g
y
fe
llo

w
s

p
ra
ct
ic
in
g
at

th
e

U
n
iv
er
si
ty

o
f
W
as
h
in
g
to
n
.

A
ss
es
sm

en
ts

o
f
cl
in
ic
al

im
p
ac
t
m
ea
su
re
d
b
y

p
re
sc
ri
b
in
g
u
p
ta
ke
,

p
re
sc
ri
b
in
g
in
te
n
t,
an

d
ch

an
g
e
in

p
er
so
n
al
iz
ed

d
ru
g
d
o
si
n
g
(P
D
D
).

A
cr
o
ss

b
o
th

h
ig
h
an

d
lo
w

ac
ti
o
n
ab

le
al
er
ts
,f
el
lo
w
s
u
se
d

g
en

e
sp
ec
ifi
c
re
so
u
rc
es

in
88

%
o
f

ta
sk
s
an

d
al
er
t
m
es
sa
g
e

ev
id
en

ce
in

74
%

o
f
ta
sk
s.
65

%
o
f

p
h
ys
ic
ia
n
s
ch

an
g
ed

d
o
se

af
te
r

u
si
n
g
PG

x-
C
D
S.

A
d
ec
re
as
e
w
as

o
n
ly

o
b
se
rv
ed

fo
r
ca
p
ec
it
ab

in
e

an
d
m
er
ca
p
to
p
u
ri
n
e/

th
io
g
u
an

in
e.

N.J. Keeling et al.

1596

Genetics in Medicine (2021) 23:1589 – 1603



Ta
bl
e
2
co
nt
in
ue

d

A
u
th
o
r
an

d
p
u
b
lic
at
io
n
ye
ar

St
u
d
y
lo
ca
ti
o
n

R
es
ea
rc
h
ai
m
s

St
u
d
y
d
es
ig
n
an

d
m
et
h
o
d
s

Po
p
u
la
ti
o
n
an

d
se
tt
in
g

O
u
tc
o
m
e(
s)

o
f
in
te
re
st

M
aj
o
r
fi
n
d
in
g
s

Pa
yn

e
et

al
.,

20
11

5
0

U
n
it
ed

K
in
g
d
o
m

To
co

m
p
ar
e
th
e
p
re
fe
re
n
ce
s

o
f
p
at
ie
n
ts

an
d
h
ea
lt
h
ca
re

p
ro
vi
d
er
s
fo
r
th
e
ke
y

at
tr
ib
u
te
s
o
f
a
PG

x
te
st
in
g

se
rv
ic
e.

A
d
is
cr
et
e
ch

o
ic
e

ex
p
er
im

en
t
th
ro
u
g
h
an

o
n
lin

e
su
rv
ey

th
at

co
n
si
st
ed

o
f
fi
ve
,f
o
u
r-
le
ve
l
at
tr
ib
u
te
s

re
su
lt
in
g
in

1,
02

4
p
o
ss
ib
le

sc
en

ar
io
s,
d
o
n
e
al
o
n
g
si
d
e
a

p
ro
sp
ec
ti
ve

ra
n
d
o
m
iz
ed

co
n
tr
o
lle
d
tr
ia
l
(T
A
R
G
ET

st
u
d
y)
.

13
8
h
ea
lt
h
-c
ar
e
p
ro
vi
d
er
s

(8
3%

p
h
ys
ic
ia
n
)
w
it
h

ex
p
er
ie
n
ce

o
f
p
re
sc
ri
b
in
g

an
d
ad

vi
si
n
g
o
n

az
at
h
io
p
ri
n
e.

5
at
tr
ib
u
te
s
w
er
e
le
ve
l
o
f

in
fo
rm

at
io
n
g
iv
en

,
p
re
d
ic
ti
ve

ab
ili
ty

o
f
th
e
te
st
,

h
o
w

th
e
sa
m
p
le

is
co

lle
ct
ed

,
tu
rn
ar
o
u
n
d
ti
m
e

fo
r
a
re
su
lt
,w

h
o
ex
p
la
in
s

th
e
te
st

re
su
lt
.

H
ea
lth

-c
ar
e
p
ro
vi
d
er
s
w
er
e
w
ill
in
g

to
w
ai
t
2.
2
d
ay
s
fo
r
1%

im
p
ro
ve
m
en

t
in

p
re
d
ic
tiv
e

ac
cu
ra
cy
,8

.9
d
ay
s
fo
r
h
ig
h
le
ve
ls

of
in
fo
rm

at
io
n
p
ro
vi
si
on

.T
h
ey

w
er
e
w
ill
in
g
to

w
ai
t
9.
5
d
ay
s
an

d
g
iv
e
up

4.
4%

in
p
re
d
ic
tiv

e
ab

ili
ty

fo
r
p
hy

si
ci
an

s
to

d
el
iv
er

re
su
lts

ov
er

p
h
ar
m
ac
is
ts
,a
n
d
6.
1%

fo
r

h
os
p
ita

l
d
oc
to
rs

d
el
iv
er
y.
N
o

d
iff
er
en

ce
s
in

sa
m
p
le

co
lle
ct
io
n

p
re
fe
re
n
ce
s.

Pe
p
p
er
co

rn
et

al
.,

20
13

3
3

U
n
it
ed

St
at
es

To
as
se
ss

th
e
u
se

o
f
th
e

CY
P2
D
6
te
st

fo
r
ta
m
o
xi
fe
n

m
et
ab

o
lis
m

o
u
ts
id
e
o
f

cl
in
ic
al

tr
ia
ls
an

d
th
e

at
ti
tu
d
es

o
f
co

m
m
u
n
it
y-

b
as
ed

o
n
co

lo
g
is
ts

an
d

b
re
as
t
ca
n
ce
r
sp
ec
ia
lis
ts

ab
o
u
t
te
st
in
g
am

o
n
g
b
re
as
t

ca
n
ce
r
p
at
ie
n
ts

el
ig
ib
le

fo
r

ta
m
o
xi
fe
n
th
er
ap

y.

C
ro
ss
-s
ec
ti
o
n
al

su
rv
ey

ev
al
u
at
ed

CY
P2
D
6
te
st

kn
o
w
le
d
g
e,

u
se

o
u
ts
id
e
o
f

tr
ia
ls
,p

at
ie
n
t
an

d
th
ir
d
-

p
ar
ty

re
q
u
es
ts
,
an

d
h
yp

o
th
et
ic
al

te
st

re
su
lt

re
sp
o
n
se
s.
A
ss
o
ci
at
io
n
s

b
et
w
ee

n
p
ra
ct
ic
e
se
tt
in
g

an
d
CY

P2
D
6
kn

o
w
le
d
g
e,

ta
m
o
xi
fe
n
te
st

u
se
,a

n
d

p
ra
ct
ic
e
p
at
te
rn
s
w
er
e

ev
al
u
at
ed

.

R
an

d
o
m

sa
m
p
le

m
ai
l

su
rv
ey

o
f
b
re
as
t
ca
n
ce
r

o
n
co

lo
g
is
ts

fr
o
m

N
at
io
n
al

C
o
m
p
re
h
en

si
ve

C
an

ce
r

N
et
w
o
rk

an
d
co

m
m
u
n
it
y-

b
as
ed

o
n
co

lo
g
is
ts

fr
o
m

A
m
er
ic
an

So
ci
et
y
o
f

C
lin

ic
al

O
n
co

lo
g
y.

R
es
p
o
n
se

to
h
yp

o
th
et
ic
al

te
st

re
su
lt
s
p
re
se
n
te
d

th
ro
u
g
h
th
re
e
sc
en

ar
io
s

re
g
ar
d
in
g
m
an

ag
in
g

m
an

ag
em

en
t
o
f
p
at
ie
n
ts

o
n

ta
m
ox

ife
n
w
h
o
o
b
ta
in
ed

co
m
m
er
ci
al
ly

av
ai
la
b
le

CY
P2
D
6
re
su
lt
s
fr
o
m

an
ex
te
rn
al

so
u
rc
e.

Fo
r
p
re
m
en

o
p
au

sa
l
w
o
m
en

w
it
h

a
p
o
o
r
m
et
ab

o
liz
er

(P
M
)

g
en

o
ty
p
e,

33
%

w
o
u
ld

m
ak
e
n
o

th
er
ap

y
ch

an
g
es

an
d
56

%
w
o
u
ld
.I
n
th
o
se

w
it
h
an

in
te
rm

ed
ia
te

g
en

o
ty
p
e
66

%
m
ad

e
n
o
ch

an
g
e,

w
h
er
ea
s
20

%
w
o
u
ld

ch
an

g
e.

O
n
ly

14
%

o
f

re
sp
o
n
d
en

ts
w
o
u
ld

n
o
t
ch

an
g
e

th
er
ap

y.

Pe
te
rs
o
n
et

al
.,

20
16

4
7

U
n
it
ed

St
at
es

To
so
lic
it
cl
in
ic
ia
n
s’

p
er
ce
p
ti
o
n
s
o
f
cl
in
ic
al

u
ti
lit
y,
p
re
p
ar
ed

n
es
s
to

ef
fe
ct
iv
el
y
u
se

PG
x
te
st

re
su
lt
s,
an

d
q
u
es
ti
o
n
s
o
f

re
sp
o
n
si
b
ili
ty

fo
r
d
is
cl
o
su
re

an
d
cl
in
ic
al

u
se

o
f

m
u
lt
ip
le
xe
d
re
su
lt
s.

O
n
lin

e
su
rv
ey

d
es
ig
n
w
it
h

q
u
es
ti
o
n
s
b
as
ed

o
n
a

p
re
vi
o
u
s
p
u
b
lic
at
io
n
b
y

St
an

ek
et

al
.a

n
d

co
n
tr
ib
u
ti
o
n
s
b
y
tw

o
au

th
o
rs
.T

w
o
cl
in
ic
al

sc
en

ar
io
s
w
er
e
p
re
se
n
te
d
to

d
et
er
m
in
e
w
h
ic
h
p
ro
vi
d
er
s

sh
o
u
ld

b
e
re
sp
o
n
si
b
le

fo
r

cl
in
ic
al

ac
ti
o
n
.

C
ar
d
io
lo
g
y,
p
ri
m
ar
y
ca
re
,

an
d
en

d
o
cr
in
o
lo
g
y

cl
in
ic
ia
n
s
at

Va
n
d
er
b
ilt

U
n
iv
er
si
ty

w
h
o
o
rd
er
ed

a
PG

x
te
st

o
r
ca
re
d
fo
r
a

p
at
ie
n
t
w
it
h
a
PG

x
re
su
lt
.

88
%

o
f
re
sp
o
n
d
en

ts
w
er
e

p
h
ys
ic
ia
n
s.

R
es
p
o
n
se
s
to

th
e
q
u
es
ti
o
n

o
f
w
h
ic
h
p
ro
vi
d
er
s
w
er
e

re
sp
o
n
si
b
le

fo
r
cl
in
ic
al

ac
ti
o
n
w
it
h
a
PG

x
re
su
lt
.

C
ar
d
io
lo
g
y
an

d
n
o
n
ca
rd
io
lo
g
y

p
ro
vi
d
er
s
ag

re
ed

m
u
lt
ip
le

p
ro
vi
d
er
s
sh
o
u
ld

re
ce
iv
e
re
su
lt
s,

b
u
t
50

%
ag

re
ed

p
at
ie
n
ts

sh
o
u
ld

b
e
n
o
ti
fi
ed

.9
0%

o
f
ca
rd
io
lo
g
y

p
ro
vi
d
er
s
se
le
ct
ed

th
e
tr
ea
ti
n
g

sp
ec
ia
lis
t
an

d
80

%
se
le
ct
ed

th
e

d
ru
g
th
er
ap

y
p
re
sc
ri
b
er
.9

5%
o
f

n
o
n
ca
rd
io
lo
g
y
p
ro
vi
d
er
s

se
le
ct
ed

th
e
p
re
sc
ri
b
er
.8

0%
o
f

ca
rd
io
lo
g
y
an

d
74

%
o
f

n
o
n
ca
rd
io
lo
g
y
ch

o
se

th
e

tr
ea
ti
n
g
sp
ec
ia
lis
t
to

ac
t
o
n

re
su
lt
s.
50

%
o
f
b
o
th

g
ro
u
p
s

ch
o
se

th
e
p
ro
vi
d
er

w
h
o
o
rd
er
ed

th
e
PG

x
te
st
.

Pe
te
rs
o
n
et

al
.,

20
16

4
1

U
n
it
ed

St
at
es

To
in
ve

st
ig
at
e
h
o
w

p
h
ys
ic
ia
n
s
re
sp
o
n
d
to

an
en

te
rp
ri
se
-w

id
e
PG

x
im

p
le
m
en

ta
ti
o
n
u
ti
liz
in
g

ei
th
er

a
cl
in
ic
al

d
ec
is
io
n

su
p
p
o
rt

an
d
a
p
h
ar
m
ac
is
t-

le
d
su
rv
ei
lla
n
ce

sy
st
em

.

In
a
n
ew

im
p
le
m
en

ta
ti
o
n

p
ro
g
ra
m
,c

o
ro
n
ar
y
st
en

t
p
at
ie
n
ts

re
ce
iv
in
g

cl
o
p
id
o
g
re
lw

er
e
g
en

o
ty
p
ed

CY
P2
C1

9
va
ri
an

ts
.P

o
o
r
an

d
in
te
rm

ed
ia
te

d
ru
g

m
et
ab

o
liz
er
s
w
er
e
fl
ag

g
ed

an
d
re
p
o
rt
ed

to
at
te
n
d
in
g

ca
rd
io
lo
g
is
ts

to
se
e
if

al
te
rn
at
iv
e
an

ti
p
la
te
le
t

ag
en

ts
w
er
e
p
re
sc
ri
b
ed

.

Pr
es
cr
ib
in
g
d
ec
is
io
n
s
w
er
e

tr
ac
ke
d
fo
r
51

4
p
at
ie
n
ts

w
it
h
p
o
o
r
o
r
in
te
rm

ed
ia
te

d
ru
g
m
et
ab

o
liz
er

st
at
u
s
o
f

2,
67

6
th
at

re
ce
iv
ed

a
co

ro
n
ar
y
st
en

t
an

d
w
er
e

d
is
ch

ar
g
ed

o
n
cl
o
p
id
o
g
re
l

th
er
ap

y.

Ti
m
e
to

a
g
en

o
ty
p
e-
ta
ilo

re
d

an
ti
p
la
te
le
t
p
re
sc
ri
p
ti
o
n

w
it
h
in

12
m
o
n
th
s
o
f
th
e

st
en

t
p
ro
ce
d
u
re
.

In
te
rc
ep

ti
o
n
ra
te
s
fr
o
m

th
e

p
h
ar
m
ac
is
t
su
rv
ei
lla
n
ce

sy
st
em

.

A
t
12

m
o
n
th
s,
57

.6
%

o
f
p
o
o
r

m
et
ab

o
liz
er
s
an

d
33

.2
%

o
f

in
te
rm

ed
ia
te

m
et
ab

o
liz
er
s

re
ce
iv
ed

al
te
rn
at
iv
e
tr
ea
tm

en
t.

CY
P2
C1

9
w
as

m
o
st

p
re
d
ic
ti
ve

fa
ct
o
r
o
f
p
re
sc
ri
b
in
g
ch

an
g
es
.

Ph
ar
m
ac
is
t-
le
d
su
rv
ei
lla
n
ce

in
te
rc
ep

te
d
48

1
o
f
51

4
p
at
ie
n
ts

fo
r
al
te
rn
at
iv
e
th
er
ap

y.
30

4
p
at
ie
n
ts

w
er
e
re
co

m
m
en

d
ed

fo
r

th
er
ap

y
ch

an
g
e
an

d
13

0
ch

an
g
es

w
er
e
m
ad

e.

N.J. Keeling et al.

1597

Genetics in Medicine (2021) 23:1589 – 1603



Ta
bl
e
2
co
nt
in
ue

d

A
u
th
o
r
an

d
p
u
b
lic
at
io
n
ye
ar

St
u
d
y
lo
ca
ti
o
n

R
es
ea
rc
h
ai
m
s

St
u
d
y
d
es
ig
n
an

d
m
et
h
o
d
s

Po
p
u
la
ti
o
n
an

d
se
tt
in
g

O
u
tc
o
m
e(
s)

o
f
in
te
re
st

M
aj
o
r
fi
n
d
in
g
s

St
.S

au
ve
r
et

al
.,

20
16

4
9

U
n
it
ed

St
at
es

To
as
se
ss

th
e
p
er
sp
ec
ti
ve

s
o
f
cl
in
ic
ia
n
s
an

d
th
e
im

p
ac
t

o
f
PG

x
al
er
ts

o
n
p
re
sc
ri
b
in
g

p
ra
ct
ic
es

w
h
o
re
ce
iv
ed

in
fo
rm

at
io
n
al

m
at
er
ia
ls

th
ro
u
g
h
a
cl
in
ic
al

d
ec
is
io
n

su
p
p
o
rt

in
th
e
el
ec
tr
o
n
ic

d
ru
g
p
re
sc
ri
b
in
g
sy
st
em

.

Em
ai
l
su
rv
ey

to
u
n
d
er
st
an

d
p
er
sp
ec
ti
ve

s
o
n

im
p
le
m
en

ta
ti
o
n
an

d
u
se

o
f

PG
x
te
st
in
g
in

cl
in
ic
al

p
ra
ct
ic
e.

O
n
ce

th
e
su
rv
ey

w
as

re
tu
rn
ed

,t
h
e
n
u
m
b
er

o
f

PG
x-
C
D
SS

al
er
ts

w
er
e

ex
tr
ac
te
d
fr
o
m

th
e
EH

R
.

15
9
p
ri
m
ar
y
ca
re

p
h
ys
ic
ia
n
s
at

th
e
M
ay
o

C
lin

ic
in

R
o
ch

es
te
r,

M
in
n
es
o
ta
.

C
lin

ic
ia
n
p
er
sp
ec
ti
ve

s
an

d
re
sp
o
n
se

to
an

al
er
t
if
th
ey

re
m
em

b
er

re
ce
iv
in
g
o
n
e.

C
D
SS

al
er
ts

w
er
e
g
ro
u
p
ed

in
to

tw
o
ca
te
g
o
ri
es
:a

le
rt

re
co

m
m
en

d
ed

ca
u
ti
o
n
w
it
h

th
e
p
re
sc
ri
p
ti
o
n
o
r
th
e
al
er
t

re
co

m
m
en

d
ed

an
al
te
rn
at
e

p
re
sc
ri
p
ti
o
n
.

36
cl
in
ic
ia
n
s
re
p
o
rt
ed

PG
x
al
er
t

re
sp
o
n
se
s.
12

h
ad

p
o
si
ti
ve

re
sp
o
n
se
,1
9
h
ad

n
eg

at
iv
e,
an

d
5

re
p
o
rt
ed

b
o
th
.E

H
R
an

d
C
D
SS

d
at
a
fr
o
m

27
cl
in
ic
ia
n
s
an

d
50

al
er
ts

w
er
e
in
cl
u
d
ed

.2
6
al
er
ts

re
co

m
m
en

d
ed

ca
u
ti
o
n
w
it
h

p
re
sc
ri
p
ti
o
n
.3

re
su
lt
ed

in
p
re
sc
ri
p
ti
o
n
ch

an
g
e,

23
d
id

n
o
t.

24
al
er
ts

su
g
g
es
t
a
p
re
sc
ri
p
ti
o
n

ch
an

g
e.

7
re
su
lt
ed

in
a

p
re
sc
ri
p
ti
o
n
ch

an
g
e,

17
d
id

n
o
t.

U
b
an

yi
o
n
w
u

et
al
.,
20

18
4
4

U
n
it
ed

St
at
es

To
re
p
o
rt

th
e
re
su
lt
s
o
f

p
re
sc
ri
b
er
s’
re
sp
o
n
se
s
to

a
PG

x-
b
as
ed

C
D
SS

al
er
t

d
es
ig
n
ed

to
p
ro
m
p
t
TP

M
T

st
at
u
s
te
st
in
g.

R
et
ro
sp
ec
ti
ve
,c
h
ar
t
re
vi
ew

to
ev

al
u
at
e
p
re
sc
ri
b
er

co
m
p
lia
n
ce

w
it
h
a
p
re
te
st

C
D
S
al
er
t
th
at

w
ar
n
ed

o
f

p
o
te
n
ti
al

th
io
p
u
ri
n
e
d
ru
g

to
xi
ci
ty

re
su
lt
in
g
fr
o
m

d
efi

ci
en

t
TP

M
T
ac
ti
vi
ty
.

Th
e
M
ay
o
C
lin

ic
’s

R
o
ch

es
te
r
ca
m
p
u
s

el
ec
tr
o
n
ic

h
ea
lt
h
re
co

rd
sy
st
em

b
et
w
ee

n
20

N
o
ve

m
b
er

20
14

an
d
31

A
u
g
u
st

20
15

.

Th
e
p
ro
p
o
rt
io
n
o
f
p
at
ie
n
ts

fo
r
w
h
o
m

a
te
st
to

as
ce
rt
ai
n

TP
M
T
st
at
u
s
w
as

o
rd
er
ed

an
d
n
u
m
b
er

o
f
g
u
id
el
in
e-

su
p
p
o
rt
ed

d
o
se
s
o
rd
er
ed

af
te
r
C
D
SS

al
er
t.

O
f
50

0
C
D
SS

al
er
ts

g
en

er
at
ed

,
10

1
TP
M
T
p
h
en

o
ty
p
in
g
o
r
TP
M
T

g
en

o
ty
p
in
g
w
er
e
o
rd
er
ed

.A
le
rt

fa
ti
g
u
e
m
ay

co
n
tr
ib
u
te

to
th
is
.

24
p
at
ie
n
ts

w
er
e
p
ro
vi
d
ed

w
it
h

th
io
p
u
ri
n
e
d
o
si
n
g

re
co

m
m
en

d
at
io
n
s,
o
n
ly

12
.5
%

re
ce
iv
ed

co
n
co

rd
an

t
d
o
se
s.

U
n
er
tl
et

al
.,

20
15

4
8

U
n
it
ed

St
at
es

To
d
es
cr
ib
e
th
e
kn

o
w
le
d
g
e

an
d
at
ti
tu
d
es

o
f
cl
in
ic
ia
n
s

p
ar
ti
ci
p
at
in
g
in

a
la
rg
e

p
h
ar
m
ac
o
g
en

o
m
ic
s

im
p
le
m
en

ta
ti
o
n
p
ro
g
ra
m
.

Se
m
is
tr
u
ct
u
re
d
in
te
rv
ie
w
s

o
f
su
b
je
ct
s
re
cr
u
it
ed

th
ro
u
g
h
em

ai
l
o
r
in

p
er
so
n

an
d
co

m
p
en

sa
te
d
fo
r

th
ei
r
ti
m
e.

13
p
h
ys
ic
ia
n
s
an

d
2
n
u
rs
e

p
ra
ct
it
io
n
er
s
fr
o
m

ei
th
er

a
p
ri
m
ar
y
ca
re

o
r
ca
rd
io
lo
g
y

p
ra
ct
ic
e
at

Va
n
d
er
b
ilt

U
n
iv
er
si
ty
.

K
ey

th
em

es
ca
te
g
o
ri
es

an
d

th
e
m
u
lt
ip
le

th
em

es
re
p
re
se
n
ti
n
g
th
es
e

ca
te
g
o
ri
es
.

3
th
em

es
:p

re
p
ar
at
io
n
an

d
kn

o
w
le
d
g
e,

PG
x
u
se

in
p
ra
ct
ic
e,

an
d
fu
tu
re

im
p
le
m
en

ta
ti
o
n

ch
al
le
n
g
es
.C

lin
ic
ia
n
s

ac
kn

o
w
le
d
g
ed

co
m
p
le
xi
ty

an
d

u
n
fa
m
ili
ar
it
y
w
it
h

re
p
re
se
n
ta
ti
o
n
s
an

d
n
o
m
en

cl
at
u
re
.S

tr
o
n
g
su
p
p
o
rt

fo
r
o
n
g
o
in
g
en

g
ag

em
en

t
w
it
h

im
p
le
m
en

ta
ti
o
n
te
am

.C
o
n
ce
rn
s

in
cl
u
d
ed

lo
n
g
-t
er
m

re
sp
o
n
si
b
ili
ty

o
f
re
su
lt
s
an

d
h
an

d
o
ff
s.

va
n
d
er

W
o
u
d
en

et
al
.,
20

19
4
2

N
et
h
er
la
n
d
s

To
q
u
an

ti
fy

th
e
p
o
te
n
ti
al

re
al
-w

o
rl
d
im

p
ac
t
o
f

im
p
le
m
en

ta
ti
o
n
o
f
PG

x
p
an

el
in

a
cl
in
ic
al

d
ec
is
io
n

su
p
p
o
rt

sy
st
em

.

C
ro
ss
-s
ec
ti
o
n
al

p
ro
sp
ec
ti
ve

m
u
lt
ic
en

te
r
o
b
se
rv
at
io
n
al

co
h
o
rt

st
u
d
y.

C
o
m
m
u
n
it
y
p
h
ar
m
ac
is
ts

an
d
g
en

er
al

p
ra
ct
it
io
n
er
s

w
it
h
in

th
e
D
u
tc
h
h
ea
lt
h
-

ca
re

sy
st
em

.

N
u
m
b
er

o
f
n
ew

ly
in
it
ia
te
d

d
ru
g
s
fo
r
w
h
ic
h
p
o
te
n
ti
al

d
ru
g
–
g
en

e
in
te
ra
ct
io
n
s
ar
e

en
co

u
n
te
re
d
,s
in
ce

en
ro
lm

en
t,
an

d
w
h
et
h
er

th
es
e
in
te
ra
ct
io
n
s
ar
e

ac
ti
o
n
ab

le
.

PG
x
p
an

el
re
su
lt
s
w
er
e
re
co

rd
ed

in
96

%
an

d
68

%
o
f
p
h
ar
m
ac
is
t

an
d
g
en

er
al

p
ra
ct
it
io
n
er

EH
R
s,

re
sp
ec
ti
ve

ly
.M

o
st

w
er
e
re
p
o
rt
ed

as
co

n
tr
ai
n
d
ic
at
io
n
s
in

th
e
EH

R
,

o
th
er
s
as

a
se
p
ar
at
e
PD

F.
R
ea
so
n
s
fo
r
n
o
t
re
p
o
rt
in
g

in
cl
u
d
ed

lo
st
p
ap

er
re
p
o
rt
s
o
r
n
o

ab
er
ra
n
t
va
ri
an

ts
am

o
n
g
g
en

es
te
st
ed

.8
4%

o
f
h
ea
lt
h
-c
ar
e

p
ro
vi
d
er
s
ad

h
er
ed

to
D
PW

G
g
u
id
el
in
es

w
h
en

th
e
p
at
ie
n
t
h
ad

an
ac
ti
o
n
ab

le
d
ru
g
–
g
en

e
in
te
ra
ct
io
n
.M

u
ch

h
ig
h
er

h
ea
lt
h

ca
re

u
ti
liz
at
io
n
w
as

fo
u
n
d
in

th
o
se

p
at
ie
n
ts

w
it
h
a
p
ro
vi
d
er

ad
h
er
in
g
to

th
e
g
u
id
el
in
es
.

N.J. Keeling et al.

1598

Genetics in Medicine (2021) 23:1589 – 1603



Ta
bl
e
2
co
nt
in
ue

d

A
u
th
o
r
an

d
p
u
b
lic
at
io
n
ye
ar

St
u
d
y
lo
ca
ti
o
n

R
es
ea
rc
h
ai
m
s

St
u
d
y
d
es
ig
n
an

d
m
et
h
o
d
s

Po
p
u
la
ti
o
n
an

d
se
tt
in
g

O
u
tc
o
m
e(
s)

o
f
in
te
re
st

M
aj
o
r
fi
n
d
in
g
s

va
n
d
er

W
o
u
d
en

et
al
.,
20

20
2
7

N
et
h
er
la
n
d
s

To
st
u
d
y
p
h
ar
m
ac
is
t

p
er
ce
iv
ed

re
m
ai
n
in
g

b
ar
ri
er
s,
p
re
ve
n
ti
n
g
an

d
en

ab
le
rs

fa
ci
lit
at
in
g

im
p
le
m
en

ta
ti
o
n
o
f

p
h
ar
m
ac
is
t-
in
it
ia
te
d
PG

x
p
an

el
-t
es
ti
n
g
in

p
ri
m
ar
y
ca
re
.

Se
m
is
tr
u
ct
u
re
d
in
te
rv
ie
w
s.

15
p
h
ar
m
ac
is
ts

in
p
ri
m
ar
y
ca
re
.

PG
x
im

p
le
m
en

ta
ti
o
n

en
ab

le
rs

an
d
b
ar
ri
er
s.

Fi
ve

b
ar
ri
er

th
em

es
an

d
tw

o
en

ab
le
r
th
em

es
em

er
g
ed

.B
ar
ri
er

th
em

es
in
cl
u
d
ed

u
n
cl
ea
r

p
ro
ce
d
u
re
s,
u
n
d
et
er
m
in
ed

re
im

b
u
rs
em

en
t
fo
r
PG

x
te
st

an
d

co
n
su
lt
,i
n
su
ffi
ci
en

t
ev

id
en

ce
o
f

cl
in
ic
al

u
ti
lit
y
fo
r
PG

x
p
an

el
-

te
st
in
g
,i
n
fr
as
tr
u
ct
u
re

in
ef
fi
ci
en

ci
es
,a

n
d
h
ea
lt
h
-c
ar
e

p
ro
vi
d
er

PG
x
kn

o
w
le
d
g
e
an

d
aw

ar
en

es
s.
En

ab
le
r
th
em

es
in
cl
u
d
ed

p
h
ar
m
ac
is
t
p
er
ce
iv
ed

ro
le

in
d
el
iv
er
in
g
PG

x
an

d
b
el
ie
ve
d
cl
in
ic
al

u
ti
lit
y
o
f
PG

x.

W
al
d
en

et
al
.,

20
15

2
5

C
an

ad
a

To
as
se
ss

p
h
ys
ic
ia
n
s’

p
er
ce
p
ti
o
n
o
f
PG

x
te
st
in
g

an
d
th
ei
r
ex
p
er
ie
n
ce

u
si
n
g

th
e
te
st

re
su
lt
s
to

h
el
p

p
re
sc
ri
b
e
an

ti
d
ep

re
ss
an

t
an

d
an

ti
p
sy
ch

o
ti
c

m
ed

ic
at
io
n
.

Su
rv
ey

se
n
t
to

p
h
ys
ic
ia
n
s

6–
8
w
ee

ks
af
te
r
re
ce
iv
in
g
a

PG
x
re
p
o
rt
,c
o
in
ci
d
in
g
w
it
h

th
e
fi
rs
t
p
at
ie
n
t
fo
llo

w
-u
p

vi
si
t
at

6
w
ee

ks
to

al
lo
w

ti
m
e
fo
r
th
e
p
h
ys
ic
ia
n
to

d
ec
id
e
if
th
er
ap

y
ch

an
g
es

sh
o
u
ld

b
e
m
ad

e.

16
8
C
an

ad
ia
n
p
h
ys
ic
ia
n
s

w
h
o
o
rd
er
ed

PG
x
te
st

fo
r

p
sy
ch

ia
tr
ic

m
ed

ic
at
io
n
s,

co
n
si
st
in
g
o
f
p
sy
ch

ia
tr
is
ts

(3
3.
9%

)
an

d
g
en

er
al

p
ra
ct
it
io
n
er
s
(4
0.
5%

).

A
ss
es
se
d
p
h
ys
ic
ia
n

at
ti
tu
d
es

to
w
ar
d
s
PG

x
te
st
in
g
u
si
n
g

Ph
ar
m
ac
o
g
en

et
ic
s
in

Ps
yc
h
ia
tr
y
Fo

llo
w
-u
p

Q
u
es
ti
o
n
n
ai
re
.

R
es
p
o
n
d
en

ts
ag

re
ed

PG
x
te
st
in
g

w
ill

b
ec
o
m
e
co

m
m
o
n
st
an

d
ar
d

in
p
sy
ch

ia
tr
ic

tr
ea
tm

en
t
an

d
w
er
e
sa
ti
sfi
ed

w
it
h
g
en

et
ic

in
fo
rm

at
io
n
p
ro
vi
d
ed

.C
lin

ic
ia
n

sc
ie
n
ti
st

re
p
o
rt
ed

a
h
ig
h
er

m
ea
n

in
th
ei
r
re
p
o
rt
ed

ea
se

o
f

u
n
d
er
st
an

d
PG

x
in
fo
rm

at
io
n
.

W
al
d
en

et
al
.,

20
19

2
4

C
an

ad
a

To
as
se
ss

th
e

im
p
le
m
en

ta
ti
o
n
o
f

p
h
ar
m
ac
o
g
en

et
ic

te
st
in
g
in

cl
in
ic
al

p
ra
ct
ic
e,

d
et
er
m
in
e

th
e
cl
in
ic
al

u
ti
lit
y
o
f

p
h
ar
m
ac
o
g
en

et
ic
te
st
in
g
b
y

fo
llo

w
in
g
p
at
ie
n
ts

b
ef
o
re

an
d
af
te
r
th
ei
r
p
h
ys
ic
ia
n

re
ce
iv
ed

th
e
g
en

et
ic
re
p
o
rt
,

an
d
ev
al
u
at
e
p
h
ys
ic
ia
n
s’

an
d
p
at
ie
n
ts
’
o
p
in
io
n
s
o
f

p
h
ar
m
ac
o
g
en

et
ic

te
st
in
g
.

Q
u
es
ti
o
n
n
ai
re
s
u
si
n
g
th
e

Ph
ar
m
ac
o
g
en

et
ic
s
in

Ps
yc
h
ia
tr
y

Fo
llo

w
-U
p
Q
u
es
ti
o
n
n
ai
re

(P
IP
-F
Q
).

61
p
h
ys
ic
ia
n
s
at

th
e

C
en

tr
e
fo
r
A
d
d
ic
ti
o
n
an

d
M
en

ta
l
H
ea
lt
h
,T
o
ro
n
to
,

C
an

ad
a.

Ph
ys
ic
ia
n
s’
o
p
in
io
n
s

re
g
ar
d
in
g
th
ei
r
p
at
ie
n
ts
’

cl
in
ic
al

st
at
u
s
af
te
r
g
iv
en

g
en

et
ic

in
fo
rm

at
io
n
fo
r

CY
P2
D
6
an

d
CY

P2
C1

9.

O
f
th
e
p
h
ys
ic
ia
n
s
w
h
o

co
m
p
le
te
d
th
e
su
rv
ey

an
d

as
se
ss
ed

th
ei
r
p
at
ie
n
ts

p
ri
o
r
to

re
ce
iv
in
g
th
e
q
u
es
ti
o
n
n
ai
re
,2

3%
(n

=
14

)
o
f
p
h
ys
ic
ia
n
s
re
p
o
rt
ed

th
at

th
ei
r
p
at
ie
n
t
h
ad

an
im

p
ro
ve
d
o
u
tc
o
m
e
fo
llo

w
in
g

p
h
ar
m
ac
o
g
en

et
ic

te
st
in
g
.4

1%
(n

=
25

)
o
f
p
h
ys
ic
ia
n
s
re
p
o
rt
ed

n
o
ch

an
g
e
in

p
at
ie
n
t
o
u
tc
o
m
e.

Th
er
e
w
as

n
o
t
a
si
n
g
le

p
h
ys
ic
ia
n

w
h
o
in
d
ic
at
ed

th
at

th
ei
r
p
at
ie
n
t

h
ad

a
w
o
rs
e
o
u
tc
o
m
e
fo
llo

w
in
g

p
h
ar
m
ac
o
g
en

et
ic

te
st
in
g
.

W
eg

w
ar
th

et
al
.,

20
09

3
5

G
er
m
an

y
an

d
U
n
it
ed

St
at
es

To
in
ve

st
ig
at
e
o
n
co

lo
g
is
ts
’

d
ec
is
io
n
m
ak
in
g
o
n
u
si
n
g

PG
x
te
st
s
fo
r
ca
n
ce
r

tr
ea
tm

en
t
an

d
to

ex
am

in
e

cr
o
ss
-c
u
lt
u
ra
l
d
iff
er
en

ce
s

b
et
w
ee

n
th
e
U
SA

an
d

G
er
m
an

y.

Pi
lo
t
st
u
d
y
re
ve
al
ed

cu
es

in
fl
u
en

ci
n
g
PG

x
te
st

o
rd
er
in
g
d
ec
is
io
n
s
an

d
w
er
e

u
se
d
to

cr
ea
te

9
h
yp

o
th
et
ic
al

sc
en

ar
io
s.
To

d
et
er
m
in
e
in
fo
rm

at
io
n

im
p
o
rt
an

ce
,t
h
re
e
m
o
d
el
s

w
er
e
ap

p
lie
d
:w

ei
g
h
te
d

ad
d
it
iv
e
m
o
d
el
,e

q
u
al
-

w
ei
g
h
te
d
m
o
d
el
,a

n
d

si
m
p
le

se
q
u
en

ti
al

m
o
d
el
.

Th
e
p
ilo

t
st
u
d
y
co

n
si
st
ed

o
f
7
U
S
an

d
12

G
er
m
an

o
n
co

lo
g
is
ts
.T

h
e
m
ai
n

st
u
d
y
w
as

co
m
p
ri
se
d
o
f

10
9
U
S
an

d
11

1
G
er
m
an

o
n
co

lo
g
is
ts
.

W
h
et
h
er

re
sp
o
n
d
en

ts
w
o
u
ld

u
se

th
e
te
st

fo
r

m
ak
in
g
a
tr
ea
tm

en
t

d
ec
is
io
n
o
r
n
o
t,
an

d
th
e

ty
p
e
o
f
in
fo
rm

at
io
n
m
o
st

in
fl
u
en

ti
al

in
th
is
d
ec
is
io
n
.

U
S
o
n
co

lo
g
is
ts

o
p
te
d
fo
r
te
st

in
6.
5
o
f
9
sc
en

ar
io
s,
an

d
G
er
m
an

o
n
co

lo
g
is
ts

in
5.
4
sc
en

ar
io
s.
Th

e
m
o
st

in
fl
u
en

ti
al

in
fo
rm

at
io
n
to

U
S
o
n
co

lo
g
is
ts
w
as

te
st
co

st
,a
n
d

te
st

g
u
id
el
in
e
re
co

m
m
en

d
at
io
n

fo
r
G
er
m
an

.W
h
en

th
er
ap

y
si
d
e

ef
fe
ct
s
w
er
e
m
o
re

se
ve

re
,

n
o
n
g
u
id
el
in
e
re
co

m
m
en

d
ed

te
st

o
rd
er
s
in
cr
ea
se
d
20

%
.

CD
S
cl
in
ic
al

d
ec
is
io
n
su
p
p
o
rt
,
CD

SS
cl
in
ic
al

d
ec
is
io
n
su
p
p
o
rt

sy
st
em

,
CP

O
E
co

m
p
u
te
ri
ze
d
p
h
ys
ic
ia
n
o
rd
er

en
tr
y,
D
PW

G
D
u
tc
h
Ph

ar
m
ac
o
g
en

et
ic
s
W
o
rk
in
g
G
ro
u
p
,
EH

R
el
ec
tr
o
n
ic

h
ea
lt
h
re
co

rd
,
EM

ex
te
n
si
ve

m
et
ab

o
liz
er
,I
M

in
te
rm

ed
ia
te

m
et
ab

o
liz
er
,P

G
x
p
h
ar
m
ac
o
g
en

o
m
ic
s,
U
M

u
lt
ra
-r
ap

id
m
et
ab

o
liz
er
.

N.J. Keeling et al.

1599

Genetics in Medicine (2021) 23:1589 – 1603



genomic information than their colleagues with more than 15
years’ experience, and US oncologists opted for testing more than
their German counterparts.

Prospective or retrospective real-world studies of prescribing/
testing decisions
This section includes ten studies, seven of which were prospec-
tively designed, two that used a retrospective chart review
method, and one that used a quantitative follow-up survey. These
studies were further divided into three themes: evaluation of
prescriber actions based on pharmacist or pharmacist-led
surveillance service recommendation,38–41 prospective or retro-
spective evaluation of prescriber decision making based on a
CDSS alert42–45 or communication of pharmacogenetic test results,
the means of which was not explicitly stated,46 and finally,
physician opinion of their patients’ clinical status following
pharmacogenomic testing.24

Among the four studies in the first theme evaluating
pharmacist-led services, the primary aim was to ascertain the
frequency with which prescribers accepted these recommenda-
tions and for what types of patients (i.e., phenotype) did this
occur. Study sample size ranged widely from actions taken on 18
to 514 patients. Prescriber response to the pharmacist recom-
mendation was separated by the metabolizer status of the patient
in two of the studies.39,41 Acceptance of pharmacist recommenda-
tions overall was high in three of the studies (73%, 89%, and
100%).38–40 However, lower acceptance rates were observed in the
fourth study when the pharmacist recommended therapeutic
modification, reporting a therapy change in 57.6% of poor
metabolizers and only 33.2% of intermediate metabolizers.41 The
authors point to previous studies that conclude that cardiologists
remain uncertain about the clinical significance of a CYP2C19
intermediate metabolizer, as well as the increased out-of-pocket
patient cost when switching patients to ticagrelor or
prasugrel.47,48

In the second theme, evaluating prescriber decision making, the
outcome of interest was adherence to an internal CDSS or
interpreted results and guidance from the testing lab/company.
Two of the five studies in this theme produced outcomes from a
retrospective chart review to evaluate adherence to testing.43,44

Interestingly, both studies used a “pretest CDSS alert,” meaning
that rather than guiding the provider on prescribing, it informed
them that testing is indicated prior to any initial dosing. Pretest
alerts resulted in about 20% of recommended tests being ordered
in one study44 and 90% of tests being ordered in the other
study.43

The final study in this section stood on its own in terms of
methodological approach. Focused solely on mental health, this
study captured psychiatrist opinions regarding their patient’s
status following pharmacogenomic testing. No physicians
reported a worse outcome for their patients and 23% indicated
an improvement.24

Cross-sectional quantitative surveys
The cross-sectional quantitative survey section included six studies
that employ unique methods to measure response from providers
involved in pharmacogenomics.25,26,47,49–51 Given the uniqueness
of each study, no themes were developed here. Five studies had
between 18 and 159 physician respondents.25,47,49–51 In the other
study, the reader is informed of the number of participating
pharmacies (n= 5) and the number of patients engaged by these
pharmacists (n= 69).26

One study was based on an actual implementation project
across a series of community pharmacies.26 This study captured
pharmacists’ perspectives and experiences with delivering phar-
macogenomics and their perceptions of the patients’ experiences.
The survey was offered after the communication of CYP2C19 and

SLCO1B1 test results. In a second study, a discrete choice
experiment was conducted along with a randomized controlled
trial involving azathioprine use.50 This study examined the
tradeoffs health-care providers were willing to make across
numerous variables including predictive ability of the test, wait
time for results, and information provision. A third study evaluated
both psychiatrists’ and general practitioners’ attitudes toward
pharmacogenomic testing for antidepressant and antipsychotic
medications at the time of a patient follow-up visit, 6–8 weeks
after test results were received.25 The smallest of the studies
surveyed several physician specialties and evaluated the percent
of time results were accessed, the number of medication changes,
and the reasons for not accessing results or changing medica-
tions.51 The last three studies were conducted in academic
pharmacogenomic implementation programs. The fifth study
aimed to uncover cardiology and noncardiology providers’
perceptions of who should be notified of pharmacogenomic
results and who should be primarily responsible for managing the
patient.47 The sixth study assessed the positive or negative aspects
of a pharmacogenomic alert.49

The results of the discrete choice experiment study revealed
several interesting tradeoffs patients and health care providers
were willing to make for higher levels of information and
predictive ability. Both patients and physicians were willing to
wait 2 days for a 1% improvement in test accuracy. Yet, patients
were more willing to wait 19 days to obtain more information
compared to 8 days for health-care providers.50 In the study of
cardiology and noncardiology providers, there was a strong
agreement that results should be returned to both the specialist
treating (90% vs. 90% agreement) and the original prescriber (80%
vs. 96%), as well as agreement that the specialist should be
responsible for acting on the result (80% vs. 74%).47

Cross-sectional qualitative research methods
Five of the six studies included in this section utilized
interviews.22,27,48,52,53 The remaining study utilized three focus
groups with clinicians.54 The number of interviews ranged from 15
to 94 individuals. One focused on mental health providers and
elicited specific reasons for and against using test results.23 A
second study targeted primary care physicians to understand the
value and utility of pharmacogenomics, as well as its use to guide
clinical decision making.55 The third study included both primary
care and cardiology providers and utilized a thematic approach to
measure the knowledge and attitudes of clinicians participating in
a large pharmacogenomics implementation program.48 The fourth
study was one of only two included studies in this review to focus
solely on pharmacists as the respondent.27 The last study was part
of a prospective, observational, feasibility study that included pre-
and post-study evaluations with primary care providers.53

Each interview-based study identified between three and five
themes, with several similarities. The first study’s themes were test
ordering and result receiving experiences, result utilization, and
perceived advantages and disadvantages. Mental health–care
service clinicians acknowledged the advantages of utilizing the
test results but described difficulties when ordering and receiving
tests.23 The second study’s themes were perceived value and
utility of pharmacogenomic testing, challenges to implementation
in practice, and provider and patient needs. Providers recognized
the benefits of pharmacogenomic testing but also discussed
challenges such as privacy concerns, costs, insurance coverage,
and test interpretation.55 The third study identified three theme
categories: preparation and knowledge, pharmacogenomics
usage in practice, and future management of genomic variants.
Providers expressed an inability to stay updated on new evidence
and conveyed support for clinical decision support.48 Results of
particular interest include the noted advantages of test results for
decision confirmation and reassurance. However, perceived
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disadvantages included using genomic results at the expense of
clinical judgment and worries of handoffs to providers outside
established implementation programs.23,48 The prospective feasi-
bility study found that once primary care physicians (PCPs) used
pharmacogenomic information, they realized better relationships
with patients and medication management skills. Reactions to
pharmacogenomics producing a competitive edge were mixed,
and respondents desired more testing guidance and electronic
health record (EHR) support.53 The focus group study used a
thematic approach to the analysis, but was singularly focused on
capturing mental health clinician reaction to a CDS prototype,
features left to be desired, and potential concerns or unintended
consequences.54

Quasi-experimental
Only one study used a quasi-experimental approach, a methodol-
ogy involving the manipulation of one or more variables, but
without random participants assignment.52 Framing the study as a
pilot, the authors used a two-armed intervention trial to assess
provider utilization of pharmacist support in pharmacogenetic
testing. The study arms consisted of six physicians within a
pharmacist-in-house clinic and seven physicians within a pharma-
cist on-call clinic. This study found that physicians in the
pharmacist in-house arm ordered significantly more tests (48 of
63 total tests ordered) and consulted pharmacists at nearly twice
the rate compared to the pharmacist on-call arm.

DISCUSSION
This scoping review examined the characteristics of 33 peer-
reviewed studies, illuminating the prevailing methods utilized to
examine pharmacogenomic use in practice. The decision to
identify methods used in implementing pharmacogenomics was a
reaction to the saturation of the literature with cross-sectional
health-care provider awareness and attitude studies. A common
thread in these awareness and attitude studies is that health-care
providers find pharmacogenomics useful to patient care, but lack
the knowledge to deliver it effectively.8,15,16,56,57

The studies identified in this scoping review demonstrate a
continued focus on decision making within the EHR. Most of these
studies employed hypothetical case-based scenarios designed to
mimic real-world practice. These types of studies fit well at the
intersection of the three genomic sustainability constructs out-
lined at the beginning of this review: clinician education, CDS
tools, and workflow integration.10 The importance of well-
designed CDSS has been a central focus among leading
pharmacogenomic implementation programs. The Clinical Phar-
macogenetics Implementation Consortium’s (CPIC) Informatics
Working Group provides best practice suggestions for integrating
CDSS with pharmacogenomics for clinical delivery.58 Other leaders
in the field point to the importance and challenge of developing
standardized results and identifying who should receive a CDSS
alert.59,60 The feasibility of the studies in this section is driven by
the translation of pharmacogenomic information into a discrete
data field that can be called upon when applicable. EHRs without
this functionality make it challenging for prescribers to use
pharmacogenomic information efficiently.61 Given the variability
between studies, future research on prescriber interactions with a
pharmacogenomic CDSS should pursue comparative and long-
itudinal study designs to elucidate the most effective way to
deliver this information. Additional use of hypothetical clinical
case scenarios methodologies would be useful for furthering our
understanding of optimal CDS for pharmacogenomics. Digital
pilot engagement meant to mimic the EHR may enhance provider
competency ahead of the complex system integrations and
improve adoption.

These review findings also indicate a concerted effort from
several ongoing implementation programs to understand who
should be acting on pharmacogenomic information and how well
these providers perform. This was typically achieved in one of
three ways: measuring adherence or compliance to a pharmacist
or CDSS-based dosing and therapy recommendation, measuring
engagement with the CDSS and subsequent medication changes,
or measuring test ordering rates based on a pretest alert prior to
dosing determination. Future studies should consider following
providers over time to assess adherence behavior changes.
Clinicians’ limited exposure to pharmacogenomics has been
previously noted in the literature.7,15,56 This unfamiliarity may
contribute to a hesitancy to adopt these suggestions immediately.
Supplementing these studies with qualitative assessments of
recommendation adherence would strengthen these studies, help
identify areas in need of interventions, and better understand
which providers are optimally positioned to deliver pharmacoge-
nomic information across specialty.
There is a continued need to communicate the value and

validity of pharmacist or CDSS-based recommendations more
broadly. Pharmacist leadership and involvement with crafting the
delivery of pharmacogenomics in clinical care has been strong
and this leadership role should continue in new practice
settings.5,12,13,62 The individual institution’s infrastructure will most
likely guide whether a CDS- or pharmacist-guided recommenda-
tion is most appropriate for delivering clinical pharmacogenomics.
Future studies focused on a patient-facing role for pharmacists in
pharmacogenomics should implement prospective, observational
studies and experimental designs. Findings from these study
designs may be more impactful to the clinical community and will
enable more rapid implementation in real-world settings.
The feasibility of delivering pharmacogenomics through com-

munity pharmacists is an ongoing area of research.17,45,63 Two
studies identified in this scoping review identified some of the key
considerations to operationalize this approach, such as the time
needed for a pharmacogenomic consult, perceived patient
understanding, and the pharmacist’s ability to interpret informa-
tion correctly.26,52 Both studies were conducted by the same
group of researchers and in the same state, thus the findings’
generalizability may be limited. However, these studies provide a
model for future researchers to replicate and establish broader
validity. Pharmacist engagement in pharmacogenomics at both
the patient level and implementation level has clear support from
leading professional organizations, including the American Society
for Health-System Pharmacists and the American Pharmacists
Association.64,65 The growth of physician–pharmacist collaborative
models, such as formal collaborative practice agreements, is a
sustainable path to implementing pharmacogenomics services.66

Furthermore, additional research surrounding the integration of
genetic counselors into the physician–pharmacist collaboration
would enhance patient experience and should be experimentally
explored.
Our scoping review identified numerous study designs that

reported both drug–gene agnostic and drug–gene specific
findings across a variety of provider types and specialties. Clinical
implementation of pharmacogenomics is progressing such that
critical appraisals of the best implementation approach can be
compared. Future research focusing on the implementation
strategy for the same drugs, genes, clinical service, or testing
approach across different institutions would be of particular value.
Prospectively designing these studies to capture provider
experience or decision making would further our understanding
of the best implementation strategies. While most studies from
this review included only physicians, future research should assess
pharmacists’ real-world experiences using pharmacogenomic
information, making clinical decisions or suggestions based on
this information, and their role in developing best practice. This
will help achieve one of the research directions of Volpi et al.: to
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study the pharmacist as the “clinical champion” for
pharmacogenomics.5

This review contains some limitations. First, many of the studies
included were published from mature pharmacogenomic imple-
mentation programs, likely due to the nature of our research
question and inclusion requirements. As a result of this, the
majority of included studies were conducted in academic medical
centers. While this reflects a gap in previous literature and is not a
limitation of our study, more insights would be gained from
additional research exploring these same ideas in community
pharmacies and hospitals. Second, the nature of a scoping review
does not allow for the synthesis of results across studies and thus
this was not our aim. However, this review identified key features
of the pharmacogenomics implementation literature that can help
guide future research priorities.
In summary, this scoping review compiles recent studies

assessing the experiences or actions of health-care professionals
engaged in pharmacogenomic information use. Our findings
illustrate a range of study designs from the actual use of
pharmacogenomic information to hypothetical scenarios
designed to mimic the real world. Prospective and retrospective
real-world data collection and quasi-experimental designs were
common, and these studies likely best demonstrate how
pharmacogenomic data can be efficiently and effectively imple-
mented into routine clinical decision making. Given the diversity
of settings implementing pharmacogenomics, less resource-
intensive study designs, such as longitudinal surveys or interviews,
still provide value and may be more feasible in resource-
constrained environments. Depending on the health-care setting,
resources available, and research question, any of these methods,
when appropriately designed, may be useful to further under-
stand the use of pharmacogenomic information.
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