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This study aimed to investigate awareness, attitudes, and perspectives on precision medicine among health professionals in Ko-
rea and to identify issues that need to be addressed before implementing precision medicine. Mixed methods research was ap-
plied. For qualitative research, a semi-structured focus group interview was conducted with six health professionals. For quanti-
tative research, a self-reported survey was administered. A total of 542 health professionals participated in the survey, and 526
completed the entire questionnaire. Health professionals showed positive attitudes toward precision medicine. About 95-96% of
respondents agreed that precision medicine will be effective in treatment and precise diagnosis, and 69.9% reported that they
would participate as study subjects. Meanwhile, they expressed concerns regarding educating patients and health professionals in
precision medicine and developing research and data sharing infrastructure. Also, they emphasized the importance of developing
precision medicine in an equitable way. Despite varying levels of awareness of precision medicine, the health professionals ex-
pressed a willingness to engage in precision medicine research, and recommended that health professionals work closely with pol-
icymakers to design precision medicine in a way that can be effectively adopted. Health professionals showed had a positive, but
cautious, attitude toward precision medicine. The results of this study suggest areas to be addressed before ushering in precision

medicine in Korea.
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Precision medicine seeks to achieve disease prevention and
treatment that is optimized to individual characteristics for im-
proved treatment outcomes and quality of life."* Rapid devel-
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opment of biomedical technology and significant reductions
in the cost of genome sequencing have helped in realizing pre-
cision medicine in medical practice.* With the announcement
of the Precision Medicine Initiative by President Obama in
2015,"* the US and other countries, including the UK,® France,”
Japan,® China,’ and Korea,'*" have been working on develop-
ing precision medicine as a new medical paradigm to improve
the accuracy and efficacy of medicine globally.

As views on and understanding of precision medicine among
health professionals might play an important role in the real-
ization of precision medicine, we aimed to investigate aware-
ness, attitudes, and perspectives on precision medicine in Ko-
rea via mixed methods study. Initially, we conducted a qualitative
study to explore awareness, attitudes, expectations, and con-
cerns regarding precision medicine among health profession-
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als. We then conducted a quantitative study to expand and
generalize the qualitative findings.

In the current study, we conducted mixed methods research,
which involves collecting, analyzing, and integrating quanti-
tative and qualitative research.”” We adopted a sequential ex-
ploratory design comprising an initial phase of qualitative data
collection and analysis, followed by a phase of quantitative data
collection and analysis, to explore opinions on precision medi-
cine. In the initial phase, a semi-structured focus group inter-
view (FGI) was conducted. To begin, we sent an invitation let-
ter to the members of the Big Data Research Advisory Committee
via e-mail. Those who accepted our invitation helped us iden-
tify experts on precision medicine that might want to partici-
pate in the study. Through such snowball sampling, we were
able to recruit six experts who are working in the areas of pre-
ventive medicine, bioinformatics or health data sciences, on-
cology, and big data research. The FGI was conducted on Oc-
tober 12, 2016. All participants were asked to provide written
informed consent prior to participation in the interviews. An
FGI guide, which included questions designed to ascertain
their perspectives on precision medicine, potential challenges
that may impede or delay the realization of precision medi-
cine, and recommendations for the adoption of precision med-
icine, was used. The interviews were audio recorded and tran-
scribed verbatim. Using a qualitative content analysis approach,
the transcripts were analyzed manually by two experts. The-
matic analysis was conducted, then the substantial content of
the dialogue was extracted, coded, and classified according to
the over-reaching themes. During these processes, two experts
cross-checked and a third senior researcher finally reviewed
coded data confirming similarities in themes.

In the second phase, utilizing our results from the qualita-
tive research, we developed a survey questionnaire and ad-
ministered a self-reported survey (Supplementary Materials,
only online). Health professionals, including clinicians, nurs-
es, professors, and researchers, were then recruited during the
21st Annual Fall Symposium of the Korean Cancer Associa-
tion held on November 18, 2016. All participants were asked
to provide written informed consent prior to participation in
the surveys. A total of 542 health professionals participated in
the survey, and 526 completed the entire questionnaire. The
questionnaire was developed to assess awareness and atti-
tudes about precision medicine. We conducted descriptive
analysis and chi-square tests to compare the distributions of
awareness and attitudes about precision medicine according
to job type. We further conducted post-hoc analysis for pair-
wise comparisons with Bonferroni correction of the p values.
We categorized health professions into three different groups:
1) clinicians, 2) researchers, and 3) other health care profes-
sionals. All statistical analyses were conducted using SAS soft-
ware, version 9.3 (SAS Institute, Cary, NC, USA). The study
procedure was approved by the Institutional Review Board of
the National Cancer Center, Korea (NCC-20160256).
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When asked about the main application areas for precision
medicine, most participants reported that it can be widely
used in patient treatment: “The major use of precision medi-
cine would be in facilitating the use of personalized drugs for
each patient” Some participants showed high expectations for
precision medicine. They believed precision medicine could
improve the quality of life of cancer patients by avoiding side
effects: “In cancer treatment, adverse drug reactions are quite
large. However, if we find out a medicine that directly targets
an individual disease, we will be able to avoid all unsuccessful
attempts to find the right treatment without having to deal
with unwanted side effects.” Further, they expected that preci-
sion medicine would be reduce medical costs in the long term:
“If ineffective treatments are avoided, we can reduce side ef-
fects and save on medical costs.” However, some participants
also confessed that the concept of precision medicine and its
possible practical implications are still unclear, except in the
field of cancer.

Most participants professed concerns that precision medi-
cine may be too expensive. They expected that only a few pa-
tients would be able to access precision medicine, introducing
another source of disparity in health care: “In general, new,
targeted drugs that are launched on the market are so highly-
priced that patients can hardly afford them, unless their cost
is fully covered by health insurance” “New technology is al-
ways costly. Precision medicine will also be provided at a high
price, and only a few people who can afford it will benefit from
precision medicine”” Also, several participants expressed skep-
ticism regarding the abilities of individual patients to under-
stand precision medicine. They noted that patients often strug-
gle to understand basic medical information: “People do not
understand information well enough. They are not ready to
learn and understand their genetic profile” Further, some par-
ticipants worried about a lack of competence among physi-
cians: “When physicians perform DNA sequencing, they
should explain the results to the patients, but some of them do
not know about the genome.” Some experts expressed con-
cerns that use of incomplete and unstandardized data may
lead confusion for both the physician and patients and thus
hinder the implementation of precision medicine. In this con-
text, they pointed out the lack of bioinformaticians and bio-
medical informatics specialists: “Precision medicine is based
on IT infrastructure.... There are many IT personnel in Korea,
but biotechnicians in the medical field are too scarce in Korea.”

Of the 526 health professions who completed the survey, 187
were male (35.6%) and 339 were female (64.4%), with a mean
age of 35.2 years. Health professionals were categorized as cli-
nicians (21.5%), researchers (37.6%), and other health profes-
sionals (40.9%) (Table 1). Most of the participants described
precision medicine as personalized medicine (41.6%); precise/
detailed/specific treatment (11.4%); diagnosis testing (11.2%);
gene therapy, gene analysis, or genetic testing (6.8%); cancer
treatment, cancer diagnosis, or cancer prevention (2.7%); ex-
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pensive (1.7%); and effective treatment with fewer side-effects
(1.3%) (Table 2). To identify the core information needed to adopt
precision medicine into practice, the highest proportion of re-
spondents (89.2%) agreed that genetic information is needed:
in particular, researchers were more likely to answer that ge-
netic information is needed than other health professionals
(p=0.041). Also, the respondents indicated that genetic and
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clinical information is needed more than health behavior in-
formation.

About 96% of the respondents reported that precision med-
icine will be effective in patient treatment and will provide pre-
cise diagnosis (94.9%) (Table 3). However, overall expectations
on precision medicine were the lowest among clinicians, com-
pared with other health care professionals. Specifically, expec-

Table 1. Demographic Characteristics According to Different Types of Health Professionals

Overall Clinicians Researchers Other health
(n=526) (n=113) (n=198) professionals (n=215) gal
Sex, n (%) <0.001™
Male 187 (35.6) 59 (52.2) 62 (31.3) 66 (30.7)
Female 339 (64.4) 54 (47.8) 136 (68.7) 149 (69.3)
Age, n (%) <0.001"
20-30 373(70.9) 53(46.9) 138(69.7) 182 (84.7)
>40 153(29.1) 60 (53.1) 60(30.3) 33(15.3)
Education®, n (%) <0.001%
University 190 (36.5) 15(13.3) 31(15.7) 144 (68.9)
Master's degree and above 330(63.5) 98 (86.7) 167 (84.3) 65(31.1)
Workplace, n (%) <0.001™
Hospital 217 (41.3) 98 (86.7) 74(37.4) 45(20.9)
University 77 (14.6) 2(1.8) 32 (16.1) 43 (20.0)
Research institute 93(17.7) 11(9.7) 55(27.8) 27(12.6)
Pharmaceutical company and others 139 (26.4) 2(1.8) 37(18.7) 100 (46.5)

*Excluded six without answers, 'Statistically different between clinicians and researchers after Bonferroni correction (p<0.001), *Statistically different between
clinicians and other health professionals after Bonferroni correction (p<0.001), *Statistically different between researchers and other health professionals after

Bonferroni correction (p<0.001).

Table 2. Words that Explain Precision Medicine and Information Required for Precision Medicine

Overall Clinicians  Researchers Other health
(n=526) (n=113) (n=198) professionals (n=215) gialie
What comes to mind when you think of precision medicine (open-ended questions), n (%)
Personalized medicine 219(41.6) 43(38.1) 101 (51.0) 75(34.9)
Precise/detailed/specific test 60(11.4) 4(3.5) 26(13.1) 30(14.0)
Treatment/diagnosis/test 59(11.2) 14(12.4) 15(7.6) 30(14.0)
Gene therapy/analysis, genetic test 36(6.8) 14(12.4) 11(5.6) 11(5.1)
Cancer treatment/diagnosis/prevention 14(2.7) 4(3.5) 6(3.0) 4(1.9)
Expensive 9(1.7) 3(2.7) 2(1.0) 4(1.9)
Effective/low side-effects 7(1.3) 2(1.8) 0(0.0) 5(2.3)
Etc. 117 (22.2) 26(23.0) 36(18.2) 55 (25.6)
No answer 5(1.0) 3(2.7) 1(0.5) 1(0.5)
Information required for precision medicine (multiple responses), n (%)

Genetic information 469 (89.2) 104 (92.0) 183(92.4) 182 (84.7) 0.022*
Bio specimen (blood, tissue, cell) 393(74.7) 96 (85.0) 149 (75.3) 148 (68.8) 0.006"
Body measurement (height, weight) 243 (46.2) 61 (54.0) 87(43.9) 95 (44.2) 0.173
Medical records 392 (74.5) 82(72.6) 156 (78.8) 154 (71.6) 0.215
Lifestyle 249 (47.3) 54 (47.8) 91 (46.0) 104 (48.4) 0.882
Health insurance claims data 88(16.7) 26 (23.0) 26 (13.1) 36(16.7) 0.081
Income 87 (16.5) 26 (23.0) 27 (13.6) 34(15.8) 0.095
Residential area of the patient 84(16.0) 21(18.6) 33(16.7) 30(14.0) 0.522
Economic consumption behavior 47 (8.9) 17 (15.0) 13(6.6) 17(7.9) 0.033*

*Statistically different between researchers and other health professionals with after Bonferroni correction (p=0.041), 'Statistically different between clinicians and
other health professionals after Bonferroni correction (p=0.004), *Statistically different between clinicians and researchers after Bonferroni correction (p=0.045).
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tations for improving quality of life, predicting disease in-ad-
vance, and reducing unnecessary tests with which to diagnose
disease, and providing precise diagnosis were significantly
lower among clinicians than the other two groups. Regarding
concerns related to precision medicine, health professionals
were most concerned about increases in disparity and health
care costs. However, concerns for infringing upon personal in-
formation were relatively low among clinicians and research-
ers, compared with other health professionals.

Regarding the respondents’ willingness to participate as study
subjects in precision medicine, more than half of all health pro-
fessionals (69.9%) reported that they would participate as study
subjects (Table 4). Also, most of the respondents answered that
they would be willing to provide their health information for
the purposes of treating themselves (90.9%). However, only
62.4% of respondents agreed that they would be willing to pro-
vide their health information for the purposes of treating oth-
ers. Regarding information that they would provide, more than
90% of health professionals agreed to provide their genetic,
physical, and health behavior information for the purposes of
treating themselves. In addition, the percentage of respondents
who agreed to provide medical records was high (85.7%). More
researchers agreed to provide medical records than other pro-
fessionals (p=0.010). For treating others, only 45.4% of respon-
dents indicated being willing to provide their medical records.
In a question about the maximum amount payable for a ge-
netic test, overall, 27% of the respondents answered less than
$100 US. Clinicians were willing to pay higher costs than other
groups: Among clinicians, 31% answered that they would pay
more than $1,000 US. Only 15.7% and 16.9% of researchers and

Table 3. Expectations and concerns regarding precision medicine*

Views on Precision Medicine

other health professionals, respectively, responded according-
ly, and this difference between clinicians and researchers was
statistically significant after Bonferroni correction (p=0.021).

This study was conducted to investigate awareness of and
attitudes on precision medicine among health professionals in
Korea using mixed methods. In the FGI findings, health pro-
fessionals indicated that, while precision medicine is needed,
ethical and societal challenges may arise in the process of
adopting precision medicine in clinical practice, such as train-
ing of health workers, educating the general public, providing
equal and affordable access thereto, and standardized data
use. The participants also recommended allocating specific
funding for developing necessary biobanks and data sharing
infrastructure currently lacking in Korea. Privacy protection
was seen as particularly important when health data are to be
shared, and the respondents suggested that public promotion
is needed to make people comfortable with sharing their per-
sonal health data.

Through our survey, we discovered that many health profes-
sionals associated precision medicine with “personalized med-
icine” While the terms precision medicine and personalized
medicine are used interchangeably, they mean different things.
Personalized medicine is an old term referring to individual-
ized medicine, whereas precision medicine means effective
approaches based on genetic, environmental, and lifestyle fac-
tors.” The concept of precision medicine and its possible prac-
tical implications remain unclear among health professionals
in Korea and need to be addressed.

In the current study, health professionals reported more ex-
pectations than concerns for precision medicine, and around

Overall  Clinicians Researchers Other health
(n=526) (n=113) (n=198)  professionals (n=215) pvalue
Expectations, n (%)
Improve quality of life through personalized health care (n=525) 504 (96.0)  103(91.2) 189 (95.5) 212(99.1) 0.002
Predict disease in advance 469 (89.2) 92 (81.4) 177 (89.4) 2001(93.0) 0.006
Avoid unnecessary tests to diagnose disease 355 (67.5) 51 (45.1) 143 (72.2) 161 (74.9) <0.001®
Possible to provide precise diagnosis (n=525) 498(94.9)  102(90.3) 192 (97.0) 204 (95.3) 0.034"
Improve treatment performance (n=523) 503(96.2)  105(94.6) 192 (97.5) 206 (95.8) 0.424
Reduce overall health care cost (n=522) 440 (84.3) 92(82.9) 162 (82.7) 186 (86.5) 0.506
Reduce side effects from treatment 437(83.1) 90(79.7) 163 (82.3) 184 (85.6) 0.371
Improve life expectancy 453(86.1)  101(89.4) 173 (87.4) 179 (83.3) 0.254
Concerns, n (%)
Increase individual health care costs 442 (84.0) 92 (81.4) 169 (85.4) 181 (84.2) 0.658
It would take a long time to apply precision medicine in medical practice 369 (70.2) 81(71.7) 139(70.2) 149 (69.3) 0.905
Privacy infringement (n=525) 2472 (46.1) 36(32.1) 91 (46.0) 115 (53.5) 0.001"
Increase disparity in public health 446 (84.8) 87(77.0) 170(85.9) 189(87.9) 0.028%**

*A four-point Likert scale [Strongly disagree (1), disagree (2), agree (3), strongly agree (4)] was used. N (%) respondents who “agree” or “strongly agree,” 'Statis-
tically different between clinicians and other health professionals after Bonferroni correction (p=0.001), Statistically different between clinicians and other health
professionals after Bonferroni correction (p=0.004), *Statistically different between clinicians and researcher and between clinicians and other health professionals
after Bonferroni correction (p<0.001), "Statistically different between clinicians and researchers after Bonferroni correction (p=0.037), "Statistically different be-
tween clinicians and other health professionals after Bonferroni correction (p=0.001), **Statistically different between clinicians and other health professionals af-

ter Bonferroni correction (p=0.030).
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Table 4. Willingness to Participate as Study Subjects and to Provide Information for Precision Medicine Research

Overall

Clinicians Researchers Other health

(n=526) (n=113) (n=198) professionals (n=215) Zialie
Participation as study subjects®, n (%)
Yes 367 (69.9) 81(71.7) 142 (72.1) 144 (67.0) 0.475
No 158 (30.1) 32(28.3) 55(27.9) 71(33.0)
Willingness to provide information
For the purposes of treating oneself, n (%)
Genetic information 489(93.0) 104 (92.0) 188 (95.0) 197 (91.6) 0.381
Body measurements 499 (94.9) 106 (93.8) 192 (97.0) 201(93.5) 0.235
Medical records 451 (85.7) 95(84.1) 181(91.4) 175 (81.4) 0.012¢
Lifestyle 474(90.1) 99(87.6) 181(91.4) 194(90.2) 0.556
For the purposes of treating others, n (%)
Genetic information 342 (65.0) 80(70.8) 132 (66.7) 130 (60.5) 0.146
Body measurements 368 (70.0) 85(75.2) 140(70.7) 143 (66.5) 0.252
Medical records 239 (45.4) 55(48.7) 96 (48.5) 88(40.9) 0.225
Lifestyle 364 (69.2) 82 (72.6) 141(71.2) 141 (65.6) 0.317
Maximum amount to pay for genetic tests (USD $), n (%)
Do not want to pay 23 (4.4) 4(3.6) 5(2.5) 14 (6.6) 0.010°
<100 141(27.0) 25(22.3) 56 (28.4) 60(28.2)
100-499 124 (23.8) 18(16.1) 56 (28.4) 50(23.5)
500-999 132(25.3) 30(26.8) 49(24.9) 53(24.9)
>1000 102 (19.5) 35(31.3) 31(15.7) 36(16.9)

*Excluded one without response, 'Excluded four without response, *Statistically different between researcher and other health professionals after Bonferroni
correction (p=0.010), *Statistically different between clinicians and other health professionals after Bonferroni correction (p=0.021).

70% of health professionals responded that they would partic-
ipate as study subjects for precision medicine research. This
result is consistent with previous studies that indicated positive
attitudes toward precision medicine."*'® However, in compari-
son of three different groups of health professionals, we found
that clinicians showed lower expectations for precision medi-
cine than researchers and other health professionals. Actually,
in the FGI, the interviewees suggested that, most clinicians are
not ready to provide genetic testing, interpretation, and person-
alized treatment to patients in their practice. To increase the
number of professionals with the necessary expertise to cor-
rectly interpret the genomics profiles of patients, several strate-
gies that involve medical curriculum reform, specialist training,
and ongoing physician training must be prepared.'>'"*

In addition, the participants in the FGI also highlighted needs
for education of the general population to facilitate communi-
cation and collaborations between doctor and patient. In pre-
cision medicine, patients are encouraged to consult with their
healthcare provider to determine their treatment options. How-
ever, most patients in Korea are not used to participating in
their treatment process. Thus, increasing patient understand-
ing of precision medicine and reshaping the health care sys-
tem such that patients can participate in their care process are
important challenges to implementing precision medicine ef-
fectively in Korea.

Our FGI and survey results also showed that developing pre-
cision medicine in an equitable way is a major issue. Most health

https://doi.org/10.3349/ym;.2020.61.2.192

professionals expressed concerns that precision medicine may
exacerbate heath disparities if only individuals who are more
socioeconomically advantaged are able to benefit from it. This
is where health professionals may play an important role by
working with decision makers to find ways to implement pre-
cision medicine fairly and reasonably. The Scottish Medicines
Consortium convened clinicians, health economists, and pa-
tient representatives to identify and prioritize new medicines
and interventions with good value for the money for patients.”
Such collaborative efforts may be a good example of how to
fairly implement precision medicine into broader clinical
practice.

Although this study was the first time health professionals in
Korea discussed precision medicine, the study results are not
representative of all health professionals’ opinions in Korea due
to the small number of participants from a specific area (e.g.,
oncology). Further, many individuals of younger age who are
more favorable to new technology participated in the survey.
Thus, further research is needed to ensure the representative-
ness of the results. Also, more work may be needed to investi-
gate how to introduce precision medicine effectively and eq-
uitably.
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