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Abstract

A breast cancer risk assessment tool for Asian populations, incorporating Polygenic Risk Score and Gail Model algorithm,
has been established and validated. However, effective methods for delivering personalized risk information remain under-
explored. This study aims to identify and develop effective methods for conveying breast cancer risk information to Asian
women. Through ten focus group discussions with 32 women in Indonesia and Singapore, we explored preferences for
the presentation of risk information. Participants favored comprehensive reports featuring actionable steps, simplified lan-
guage, non-intimidating visuals, and personalized risk reduction recommendations. Singaporean participants, more aware
of breast cancer prevention, showed a lower likelihood of seeking follow-ups upon receiving low-risk results compared to
Indonesians. Overall, participants found the reports useful and advocated for similar approaches in other disease assess-
ments. Balancing content and complexity in reports is crucial, highlighting the need for improved patient understanding
and engagement with healthcare providers. Future studies could explore physicians’ roles in delivering personalized risk
assessments for breast cancer prevention.

Keywords Breast Cancer - Polygenic risk score - Genetic testing - Genetic counselling - Focus group discussion -
Predictive genetic testing

Introduction

Fatma Aldila and Fiona Ng FJ contributed equally to this work.

Breast cancer (BC) is the most common cancer and the lead-
ing cause of cancer-related deaths among women. In 2020,
there were 2.3 million new cases of women diagnosed with
BC and 685 000 deaths worldwide (World Health Organi-
zation 2023). In the past few years, there has been a rise in
popularity of studies using polygenic risk scores (PRSs) to

Faustina Audrey Agatha, Marco Wijaya and Stevany Tiurma Br
Sormin also contributed equally to this work.

>4 Fatma Aldila
clinicalstudies@nalagenetics.com

' NalaGenetics Pte Ltd (NalaGenetics), Bukit merah,

Singapore

SJH Initiatives, MRCCC Siloam Hospitals Semanggi,
Jakarta, Indonesia

Agency for Science, Technology and Research (A*STAR),
Genome Institute of Singapore, Biopolis, Singapore

School of Pharmacy & Pharmaceutical Sciences, University
of California, Irvine, USA

Department of Surgery, Yong Loo Lin School of Medicine,
National University of Singapore and National University
Health System, Queenstown, Singapore

Saw Swee Hock School of Public Health, National
University of Singapore and National University Health
System, Queenstown, Singapore

determine a person’s risk of BC (Hughes et al. 2022; Ohbe
et al. 2023; Yanes et al. 2020) PRS, which sums the impact
of multiple common genetic variants to estimate disease
risk, has demonstrated the potential to improve the identifi-
cation of individuals at high risk of developing BC (Zeino-
mar and Chung 2021).

Early diagnosis of BC through mammography screening
has been shown to reduce deaths from the disease (Duffy
et al. 2020; Lim et al. 2022b). However, mammography
does not come without risks. False positive tests and over-
diagnosis of tumors that may never advance into a clini-
cal stage that endangers life are commonly cited downsides
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of mammography screening (Kowalski 2021; Leberg et al.
2015). The benefits of mammography screening are further
impeded by the lack of organized screening programs, and
the fear of mammogram procedural pain (Fayanju et al.
2014; Lim et al. 2022a; Rajendram et al. 2022).

Numerous risk predictors for BC, such as family history,
classical BC risk factors, mammographic density, and PRS,
thus play a pivotal role in determining which women are
most likely to benefit from surveillance (Ho et al. 2022a,
2023a, b; Pettersson et al. 2014). A BC risk assessment tool
using PRS assessment of 313 single nucleotide polymor-
phisms and a risk prediction algorithm from the Gail Model
had previously been established (Gail et al. 1989; Mavaddat
et al. 2019), and validated (Chay et al. 2012; Ho et al. 2020,
2022b) for Asian populations. The generated risk report pro-
vides information on BC risk stratification and personalized
risk-reducing recommendations, which will help doctors in
delivering tailored care plans. To improve the communica-
tion and delivery of genetic based screening test reports, for
example, studies were conducted in the United States (Haga
et al. 2014) and the United Kingdom (Farmer et al. 2020) to
provide recommendations on the report format. However,
the findings reported in the two studies may or may not be
applicable to all clinical settings, especially in the Asian
context and for BC in particular.

Beyond healthcare providers, the potential impact of dis-
closing the BC risk assessment report to its targeted cus-
tomers, namely healthy women with no history of BC, is
still not well understood. Almost all published studies are
sourced from non-Asian countries where acceptance of BC
risk assessment test could be different from the Indonesian
and Singaporean populations. Hence, effective ways of
returning personal risk information comprising predictions
from various genetic and non-genetic risk factors remain yet
to be explored. The objective of the study is to identify and
develop effective methods for conveying personalized BC
risk information to Asian women.

Methods

This was a qualitative study involving focus groups. Focus
group discussions (FGDs) was deemed most suitable as it
allowed for a deeper discussion on the perception of healthy
women in Indonesia and Singapore in relation to BC risk
assessment testing. Indonesia and Singapore were chosen
because the countries have different policies and prac-
tices of BC screening programs. The clinical BC screen-
ing program in Indonesia is opportunistically designed as
a response to symptoms reported by women. Meanwhile,
Singapore has adopted a nation-wide BC clinical screening
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program referred to as BreastScreen Singapore since 2002
(Loy et al. 2015; Yuniar et al. 2022).

The study was conducted in Indonesia from September to
October 2022 and in Singapore from July to August 2022.
The Standards for Reporting Qualitative Research (SRQR)
was utilized as reporting guidelines. The checklist is shown
in S1 File.

Ethical approval for the study was obtained from the
Parkway Independent Ethics Committee of Singapore
under approval number PIEC/2022/013 and Ethical Com-
mittee of Atma Jaya Catholic University of Indonesia under
approval number 0007 W/III/PPPE.PM.10.05/09/2022.
Written informed consent was sought from all the partici-
pants before they were enrolled in the study.

Eligibility criteria and recruitment

The inclusion criteria included women aged above 25
without a prior diagnosis of BC, regardless of their family
history of the disease, who were able to use the Zoom appli-
cation. The mandatory use of the Zoom application was
implemented to reduce physical contact during data collec-
tion, as a precautionary measure due to the study being con-
ducted amidst the COVID-19 pandemic. Participants were
excluded from the study if they did not meet the predefined
inclusion criteria.

Convenience sampling method was used both in Indo-
nesia and Singapore. The study was promoted via social
media platforms, such as Instagram and LinkedIn, online
newsletters, and direct promotion to potential participants
by the study team members. Online study promotion was
selected because online marketing would be primarily used
to advertise the product in the future. Interested individuals
were asked to fill out the Microsoft Forms so that the study
team members could contact them to check their eligibil-
ity and time availability. This form allowed the study team
members to identify the individual participants’ informa-
tion, including name, age, and an explanation of the study
procedures was then provided to the eligible individuals,
and informed consent was obtained via HelloSign. The par-
ticipants were offered electronic money credits valued at Rp
50.000 in Indonesia or SGD 20 in Singapore as an incen-
tive to participate. Participation and withdrawal were fully
voluntary.

Sample size calculation

Researchers aimed to arrange four different sessions of FGD
in each country. Based on existing literature, data saturation
of 90% or higher could be achieved by conducting at least
four sessions of FGD (Hennink and Kaiser 2022; Hennink
et al. 2019).
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Development of focus groups and interview guide

The FGDs were designed to evaluate the preferences
regarding the presentation of risk results, the level of detail
provided for explanations, recommendations for follow-up
actions, the psychological impact of receiving risk results,
and participants’ expressed interest in future testing. Prior to
the focus groups, all participants received either a detailed
high-risk or low-risk mock report that is currently under
development by NalaGenetics (S2 File). Apart from the
detailed mock risk report, participants in Singapore also
received a simplified version of the mock risk report (S4
File), which was adapted from an ongoing research program
(Liu et al. 2022). This supplementary report, available only
in English, was provided due to the ongoing similar research
program in Singapore, making it more relevant for the Sin-
gaporean population compared to Indonesia. Both reports
contained recommendations that help patients manage their
risks and a personalized screening plan to identify the risk
of BC early, improving the effectiveness of treatment. All
participants were then assigned to either the low-risk result
or high-risk result focus group based on the report they had
randomly received. The decision to separate the participants
into two cohorts was based on the assumption that people
who receive high-risk results may have different opinions
from those receiving low-risk results.

All FGDs were conducted via Zoom application. FGDs
in Indonesia were conducted in Bahasa Indonesia by FA,
while FGDs in Singapore were conducted in English by FN.
Both facilitators were part of the investigation team, and
they had both undergone training for FGD. FA also had pre-
vious experience moderating a few sessions of FGD.

Based on the FGD simulations that had been previ-
ously conducted, the maximum number of participants was
capped at five per FGD session to give each participant
enough time to answer a question before moving on to the
next question. Participants were reminded that there were
no right or wrong answers, allowing them to freely express
their opinions. The questions asked during FGD covered
aspects that were related to room for improvement in the
report prototype. (S3 File). Confirmatory questions were
asked following the closed-ended questions to avoid bias.

Data collection

During the FGD, the facilitator began each session by intro-
ducing all members of the study team. Next, participants
were reminded of the background and objectives of the
study. An explanation and interpretation of the report were
also provided. Given that the genetic testing is a clinical ser-
vice, the actual testing process would include comprehen-
sive genetic counseling, covering both pre-test and post-test

counseling sessions. All discussions were digitally recorded
using the recording feature via the Zoom application.

To ensure that the participants were actively engaged in
the discussion, all participants were requested to turn on
their web camera during their sessions. The facilitator aimed
to finish each session within 90 min to prevent exhausting
the participants, while ensuring that sufficient time was allo-
cated to them before moving on to the next question.

Data analysis

All audio recordings were manually transcribed verbatim
and reviewed by two independent study team members
for assurance. Participants’ identities were anonymized
by assigning them a unique code. Language translation to
English was performed manually for all FGD responses col-
lected in Bahasa Indonesia.

Through an iterative comparison, inductive thematic
analysis was performed. This analysis was performed by
coding the FGD participants’ responses; similar codes were
then subsequently grouped together to obtain sub-themes.
Finally, relevant sub-themes were grouped together into
broader themes. Any differences in opinions were resolved
through a discussion among the study team members. No
specific framework was used to assist with the analysis as
the nature of the study was fully exploratory.

Results

Initially, a total of 64 individuals expressed their interest in
participating in this study. Out of the 22 participants that
were excluded from the recruitment, 2 were lost to follow
up, 2 did not meet the inclusion criteria, 2 decided not to
continue with the recruitment process, and 16 could not
make it for the allocated time slot. This reduced the number
of participants that were recruited to 42. Out of the 42 par-
ticipants recruited, 10 participants did not manage to attend
the FGD due to sudden work or other personal commit-
ments. The final number of participants recruited from both
countries was 32, with recruitment flow as shown in Fig. 1.

The demographics of the participants involved in the
FGD in Indonesia and Singapore are summarized in Table 1.
In Indonesia, participants were between 25 and 30 years old
with a mean age of 27.9 years. Out of 15 total participants,
14 disclosed their ethnicity background. 80% of the partici-
pants were Indonesian (n = 12), and nine of them were from
Jawa ethnic group. In Singapore, the age range of the par-
ticipants involved was 25 to 49 years old with a mean age
of 37.2 years. 82% of the participants were Chinese (n=14)
while the rest were Indian (n=2) or Burmese (n=1).
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Interested: 64

No suitable timeslot: 16
Loss to follow up: 2

\ 4
Recruited: 42

No longer interested: 2
Not meeting inclusion criteria: 2

Unable to attend FGD due to

v

Fig. 1 Flowchart of participant recruitment

Table 1 Participant demographics

Indonesia (n=15)  Singapore (n=17)

Mean Age (years, range)  27.9 (25-30) 37.2 (25-49)
Ethnicity
Indonesia* 12 (80.0%) -
Chinese 1 (6.7%) 14 (82.3%)
Indian - 2 (11.8%)
Others/undisclosed 2 (13.3%) 1 (5.9%)

*Specific ethnic groups included: Jawa (n=9), Lampung (n=1),
Minangkabau (n=1), Mixed (n=1)

A total of ten sessions of FGD were conducted for this
study. Each session consisted of between 2 and 5 partici-
pants. The discussions with the low-risk result cohort were
attended by a total of 18 participants divided into five dif-
ferent sessions. Similarly, the discussions with the high-risk
result cohort were attended by a total of 14 participants split
into five different sessions. After conducting 5 sessions for
each high and low risk cohort, there was no new information
obtained, indicating data saturation.

Four key themes were identified from the FGD sessions
carried out. The first key theme gave insight on patients’
preference towards receiving a genetic risk report. The
second key theme provided information around the areas
of improvement for the report prototype (S2 File), and
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work/ other commitments: 10

this included subthemes such as the content of the report,
the design of the report, and the overall communication of
the report. The third key theme provided insight into the
potential impact of the BC risk assessment report on users.
Meanwhile, the last key theme informed healthy women’s
perceptions and expectations of BC risk assessment testing.

Theme 1: more participants favor more information
regarding their risk profiles

In Singapore, participants were asked to compare the
detailed report against the simplified report (S4 File). 14
out of 17 participants (n=82%) would like to see reports
that are more comprehensive in reporting their risk results
and providing information on the follow-up steps to manage
their BC risk.

I prefer the one with more information ... I feel that
the other report is too short ... [from the detailed
report], you can find out which percentile you are [at]
as compared to the general population ... and I think
there is more information with regards to the lifestyle
changes [that] you can make (Singapore FGD Partici-
pant 5, High-risk result report recipient).
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I think the brief report is really short ... I will prefer
the report to be very detailed ... especially if it’s high
risk, I want to know how high ... (Singapore FGD
Participant 13, Low-risk result report recipient).

Nonetheless, two of the Singapore FGD participants pre-
ferred the simplified report stated that a detailed report was
not needed and would rather consult with their physicians if
they needed additional information.

I prefer the [shorter report] that has not too much of
wording, the key point is to tell me the results and some
basic explanation on what is the risk like ... if you need
further information, then you can consult with doctor (Sin-
gapore FGD Participant, Low-risk result report recipient).

Theme 2: areas of improvement
Subtheme 2.1 the design of the report

In general, participants stated that the report exhibited an
aesthetically pleasing and comprehensive visual presenta-
tion, characterized by an attractive design. Some partici-
pants also expressed a positive view of the report’s colorful
and user-friendly format. However, a common observation
among many participants was the difficulty in discerning
important information, attributed to the use of light font
color and a small font size. Additionally, a minority of par-
ticipants raised concerns regarding the use of alarming color
in a risk report, suggesting it might convey an unintended
sense of alarm. Furthermore, there were suggestions to
enhance the visibility of the test results in the report, with a
preference for a concise summary of results on the first page
of the report.

In my opinion, the report [visual] is already good, [it
is] also user-friendly in [providing] medical informa-
tion ... Yet, the colors [of the background and text] are
not contrasting (Indonesia FGD Participant 6, High-
risk result report recipient).

And also ... like . people normally focus on [text
presented] in a larger font size, maybe that is from
me ... so that [the information] can be more visible
(Indonesia FGD Participant 12, Low-risk result report
recipient).

Report is comprehensive enough that it can give reas-
surance, but I am just wondering will there be another
color that you all can choose other than pink? ...
where I am coming from is in terms of colors, it also
brings across a message. If I give you a report that
is red, of course you will be scared right? (Singapore
FGD Participant 11, High-risk result report recipient).

Subtheme 2.2 The content of the report

Summary Risk Group The majority of participants (n=24,
75%) found the summary of risk groups to be clear and
were able to discern their combined risk group, as well as
their categorization based on genetic and non-genetic risks.
However, it is worth noting that a subset of participants
(n=6, 19%) encountered challenges in comprehending
their risk classification despite the presence of explanatory
information.

. [the information around risk group is] already

clear, [the report shows] that the genetic risk [group]
is low, the clinical risk [group] is also low ... so there
is overall elevated risk (Indonesia FGD Participant 7,
High-risk result report recipient).
I think the risk score is quite clear because they actu-
ally put a highlight for that. I can tell whether I am
in the high [risk] zone or the low [risk] zone ... (Sin-
gapore FGD Participant 16, High-risk result report
recipient).

Non-genetic risk Twelve out of eighteen recipients of low-
risk reports (67%) found the explanation of non-genetic risk
calculation lacked clarity, especially concerning the use of
medical terminology and the methodology employed for
calculating the risk score. Furthermore, some participants
sought clarification regarding the population data used in
deriving the risk score. On the other hand, most participants
(n=12, 86%) who received high-risk reports found the
explanation to be sufficiently clear.

So ... there were only two [risk groups] for the non-
genetic risk, right? Any score above 1.3 [%] would be
classified into elevated [risk], right? (Indonesia FGD
Participant 3, Low-risk result report recipient).

The bottom part about this SEER Registry... I think as
a lay person, I wouldn’t know what this is (Singapore
FGD Participant 7, Low-risk result report recipient).

Genetic risk Most participants (n=20, 63%) felt that the
explanation of genetic risk calculation was clear, except for
participants from the high-risk group in Indonesia. Overall,
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the provision of the graph was found to be useful as it aided
participants in comprehending their respective risk groups.

The genetic risk score is quite clear because it has
indicated the percentage clearly as well as there is a
graph ... from the graph, I can differentiate what are
the risk groups... and 5 years down the road, what will
be the risk... (Singapore FGD Participant 4, High-risk
result report recipient).

On the contrary, participants who felt that the genetic risk
calculation was unclear found the supporting graph con-
fusing, and they did not understand the technical language
used.

. since not all people understand statistics, the use
of word ‘percentile’ would be confusing ...next, for
the graph [of genetic risk] ... I understand [what the
graph is about] but it took a while for me to discern ...
(Indonesia FGD Participant 10, Low-risk result report
recipient).

. next, for the graph [of genetic risk] ... I do not
really understand ... (Indonesia FGD Participant 14,
High-risk result report recipient).

Recommendations Eighteen participants (56%) generally
considered the recommendations provided in the report to
be adequate and beneficial, while the remaining participants
expressed concerns that these recommendations lacked
specificity and were overly generic. Several participants
(n=16, 50%) expressed a preference for more personalized
recommendations. Additionally, there were suggestions to
include easily understandable and reputable websites as
supporting evidence for these recommendations.

For myself, the lifestyle [recommendations] section is
mostly clear, but it is too general so patients may be
questioning what foods should be eaten less or more
... (Indonesia FGD Participant 15, High-risk result
report recipient).

I feel that this is too generic, it’s not personalized for
me ... I feel that this is something I can just get from
the internet (Singapore FGD Participant 3, Low-risk
result report recipient).

Instead of having link to evidence, you could direct it
to where I can find more information and where I can
read more about it ... because if I have a risk [of a cer-
tain condition] or I have this condition, I will immedi-
ately go and google ... and you will read all the scary
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things [on the internet] which might not even be cred-
ible or applicable to you (Singapore FGD Participant
9, Low-risk result report recipient).

Subtheme 2.3 overall communication of the report

Study participants provided feedback aimed at enhanc-
ing the overall comprehensibility of the report. Sugges-
tions included the incorporation of a glossary of medical
terminology, which could prove beneficial for individuals
without a background in medicine or science. Furthermore,
participants recommended thorough proofreading to ensure
the clarity and accuracy of the information presented in the
report.

Perhaps for a layperson, you need to add footnotes for
unfamiliar terminologies not everyone would know.
(Indonesia FGD Participant 1, Low-risk result report
recipient)

. [the report] may need a glossary [summarizing
medical terminologies], I think, as mentioned by Indo-
nesia FGD Participant 1 (Indonesia FGD Participant
2, Low-risk result report recipient).

Theme 3: potential impacts of the BC risk
assessment report

Subtheme 3.1 emotional impact

There were polarized reactions on how the participants
would feel if the report prototype shown to them was really
theirs. Negative emotions were shown by those receiving
high-risk reports. Almost all participants (n=13, 92%)
receiving high-risk reports said they would feel afraid,
shocked, surprised, sad, worried, and anxious. However,
there was one participant who would not feel shocked
because she was aware that she had a family history of BC.
On the contrary, most of the participants (n=13, 72%) who
received low-risk reports mentioned that they were relieved.
Some of them also reported that they would not be negligent
in maintaining a healthy lifestyle because the risk score may
change over time.

[If this report was really mine], I would feel afraid,
for sure. Because | have past experience of losing my
grandmother (to breast cancer). But, regardless, I will
focus on the treatment [to reduce the risk] and the
steps I could take to address this (Indonesia FGD Par-
ticipant 7, High-risk result report recipient).
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If I were the one who receives the report, I would
automatically feel relieved. Even though the risk in
the future will still exist and may change [to become
higher] ... (Indonesia FGD Participant 4, Low-risk
result report recipient).

I think I will be very worried if I receive a report that
says my risk is high ... because one of my aunties has
breast cancer ... (Singapore FGD Participant 5, High-
risk result report recipient).

Subtheme 3.2 relationship with the physicians

Overall, most participants (=12, 86%) receiving high-risk
results reported that there would be a positive change in the
relationship with their physicians as they would consult and
follow-up with their physicians more often. There were also
participants (n=4, 28.6%) who highlighted that the change
in relationship with their physicians would depend on the
understanding of the physician towards the report and the
suggested interventions.

Meanwhile, among all study participants in Indonesia
who received low-risk results, there was a consensus to
engage in more frequent consultations with qualified phy-
sicians to ensure their risk remained low. Conversely, in
Singapore, all study participants receiving low-risk results
reported that there would be no changes in the relationship
with their physicians.

... [I will be] consulting [with physician] more often;
consulting [with physician] what kind of lifestyle
is recommended, what would happen if I skipped
[healthy eating and exercise] and cheated [from the
recommendations] ... whether those [nonadherent]
things could increase the risk or not. I will ask more
questions [to the physician] (Indonesia FGD Partici-
pant 15, High-risk result report recipient).

Since we are in the low-risk group, there is no need
to go and see my doctor asking about the report ...
(Singapore FGD Participant 9, Low-risk result report
recipient).

Subtheme 3.3 health concerns and inquiries

Participants from Singapore and Indonesia had diverse ques-
tions for their physicians. When it came to monitoring and
screening for BC, participants from Indonesia were curious
about the advantages and potential drawbacks of mammog-
raphy, whereas individuals from Singapore were inclined to
compare it to the guidelines established by the Ministry of
Health (MOH) in Singapore. In terms of lifestyle changes,

participants were keen to inquire about dietary adjustments,
including which foods to increase or decrease, as well as
recommended physical activities. Questions also arose
about prescribed medications and the significance of surgi-
cal procedures. Additionally, a small number of participants
expressed interest in learning the correct method for con-
ducting breast self-examinations.

... what I would ask to my physician is on the type of
mammography [examination], whether it has [nega-
tive] effect to me [or not]? (Indonesia FGD Participant
4, Low-risk result report recipient).

I don’t know if your report is tailored to 40—49 years
old ... Compared to MOH recommendations, people
over 50 [years old] don’t have to go [for mammogra-
phy] every year ... but this is not on your report ...
(Singapore FGD Participant 7, Low-risk result report
recipient).

Next, for the surgical [recommendation], [I may dis-
cuss] this later with a genetic counselor, whether we
who are at the [high] risk should undergo surgery or
not, maybe something like that, [so the question would
be more on taking] a surgery [as an] option (Indonesia
FGD Participant 7, High-risk result report recipient).
For therapy, [I want to know] more details about the
risks... What should be done to reduce the risk? ...
and more details about the therapy... (Singapore FGD
Participant 4, High-risk result report recipient).

Next, second, maybe about the self-breast exam, [ may
ask more or confirm [with my physician] about the
exam, and how frequent I should do that (Indonesia
FGD Participant 12, Low-risk result report recipient).

Subtheme 3.4 sharing genetic test results

Besides their physician, the participants would want to
share and discuss the result of the genetic test with other
parties. Most participants preferred sharing and discussing
the report with family members or friends, especially those
with medical backgrounds or who have been previously
diagnosed with BC.

With whom I would talk to other than my physician if
get this report? Perhaps, to my close friends or who-
ever [I know] who has ever been diagnosed with the
same disease, if there are any. If not, I would only dis-
cuss this with my physician or the medical profession-
als [who take care of me] (Indonesia FGD Participant
4, Low-risk result report recipient).

I will probably want to look at this report myself [and]
do some research on my own ... then probably talk to
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a family member then a doctor ... (Singapore FGD
Participant 6, High-risk result report recipient).

Subtheme 3.5 self-awareness

The report also had the potential to change the participants’
outlook on their personal health. All the participants receiv-
ing high-risk results felt that the report would help increase
their awareness of BC. They were also likely to change
their lifestyle by following the recommendations given.
Similarly, most of the participants (n=17, 94%) receiving
low-risk results stated that the report would change the way
they view their health, their awareness of BC would also
increase, and they would be more mindful of taking preven-
tive actions.

Yes, perhaps, [I would] be more aware, for example,
that I would need to do self-breast exam more regu-
larly. Generally, I would be more aware [of the breast
cancer risk] due to the breast cancer risk prediction
report I receive (Indonesia FGD Participant 12, Low-
risk result report recipient).

Since I know I am in the high-risk group, I have to
[know] what are the preventive methods I can take
and moving forward ... how do I minimize the risk to
myself as much as I can (Singapore FGD Participant
6, High-risk result report recipient).

Theme 4: Future Disease Risk Assessment

The majority of the study participants (n=31, 97%) found
the report useful and expressed enthusiasm about receiving
risk assessment reports for other diseases in the future. Sug-
gestions from participants included exploring diseases such
as cervical cancer, diabetes, and cardiovascular conditions.

[T want to see a similar report for] types of diseases
that are related to cancer. For example, cervical can-
cer, and maybe [risk assessment testing] related to fer-
tility (Indonesia FGD Participant 14, High-risk result
report recipient).

I am just thinking about the most common fields ...
people usually get diabetes, cancers... (Singapore
FGD Participant 11, High-risk result report recipient).

@ Springer

Discussion

This FGD was conducted in Indonesia and Singapore,
exploring healthy female participants’ perceptions of per-
sonalized BC risk assessment results. Our study adds valu-
able insights to the existing literature in the context of these
two countries. Through the FGD, three areas of improve-
ment for the detailed mock risk report were identified, which
included the design, content, and communication styles of
the report. These three areas coincide with recommenda-
tions by Farmer et al. (Farmer et al. 2020) to improve under-
standing of patients and physicians to genetic test reports.

First, regarding the design of the report, there was feed-
back from FGD participants to avoid alarming font color
to make the result less intimidating. Some sections of the
report were also reported to be overly crowded with text.
Similar findings were reported by Farmer et al. (Farmer et
al. 2020), where the patients recommended avoiding dense
blocks of text and using different colors to differentiate
‘positive’ or ‘negative’ results.

Next, on the report content, this FGD found out that par-
ticipants also demanded more information on recommended
actions they could take to reduce their risk of getting BC
other than improving the clarity of genetic and non-genetic
risk information in the report. These correspond with a study
by Huang et al. (Huang et al. 2014) that found out that one
of the three things that affects people’s decision to undergo
predictive genetic testing is the availability of treatment and
prevention for the disease. The presence of recommended
actions patients should take and resources that enable them
to access further information and support for the disease
are what patients are looking forward to in genetic testing
reports (Farmer et al. 2020).

Lastly, the report should be communicated in a style
that is understandable to patients from non-healthcare pro-
fessions. Not all patients understand medical or statistical
jargon. Therefore, the addition of a glossary could be very
helpful for patients. Even though the report is not meant to
be self-interpreted by patients themselves without consult-
ing with clinicians, making sure that patients understand
the results of their risk assessment test is still imperative.
Furthermore, having a user-friendly report could help to
improve communications between the patients and their cli-
nicians, thus allowing the counselling session to be more
effective (Haga et al. 2014). Patients who do not clearly
understand their test results tend to show lower engagement
in their personalized care (Elder and Barney 2012) and are
unable to adhere to recommended actions (Dean Wantland
2013). As a result, they are more likely to fail in reducing or
maintaining their risk level.

Our study found a key difference between Indonesian
and Singaporean participants in our FGD. With greater
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knowledge and awareness towards BC prevention among
the Singaporeans, it was observed that Singaporean par-
ticipants receiving low-risk results would not want to have
additional follow-ups with their physicians, compared to
the Indonesian participants. Singaporean women may have
a higher awareness level of BC screening due to the pres-
ence of clinical BC screening subsidies that allow women
over 50 years to undergo mammography every two years
at a more affordable cost (Health Promotion Board, n.d.).
However, the same initiative is absent in Indonesia, and
high cost has been reported to be one of the main barri-
ers to access BC screening by Indonesians (Choridah et
al. 2021). This was also demonstrated by the disparity in
understanding expressed towards mammography, with par-
ticipants in Indonesia being unfamiliar with the procedure.
With the inclusion of perspectives from two different coun-
tries of diverse ethnic groups that allowed for a more com-
prehensive study, we are confident that the results of this
study could be broadly applicable to other Asian popula-
tions that share sociocultural similarities with Indonesia and
Singapore.

The insights obtained from our study are useful to opti-
mize the delivery of personalized risk assessment for BC.
Most participants prefer a report that gives comprehensive
information, rather than only informing them of which risk
group they belong to. This is evident by the fact that the
majority of FGD participants in Singapore preferred the
detailed report. Patients’ preference over comprehensive
genetic testing reports is supported by a study by Brewer
et al. (Brewer et al. 2012). In addition to risk group, par-
ticipants of the study could better understand their risk of
getting BC recurrence when they were given a report that
clearly showed the risk score, brief information to interpret
the report as well as the graph depicting their position in the
risk continuum.

The FGD identified the potential impacts of disclosing
BC risk reports to patients. Patients would feel anxious
upon receiving high-risk results and relieved upon receiv-
ing low-risk results from the testing. These findings cor-
respond to the Singapore study conducted by Liow et al.
(2022), where the participants reported to be living in fear if
they learned that their risk of acquiring BC was high. Given
the nature of the testing as a diagnostic prediction, a nega-
tive psychological impact could occur following the risk
assessment testing regardless of the test result. However, the
anxiety level could be modest if patients understood what
their report said (Woods et al. 2013) and the testing was per-
formed by expert teams (Bordet et al. 2020). This empha-
sizes the importance of providing proactive personalized,
pre- and post-test counselling conducted by counsellor who
has sufficient understanding in personalized risk assessment
for BC. Although many testing providers are now offering

the option of delivering predictive genetic testing results via
telephone or letter for convenience, participants may value
the opportunity of having an individualized counselling ses-
sion with the counsellor (O’Shea et al. 2016).

There is no universally accepted guideline for test pro-
viders to ensure that their risk assessment report is under-
standable by patients. Results from the Gail Model may not
be easily understood by patients (Komen n.d.; Stevanato et
al. 2022). Moreover, the format of reporting may impact
the translation of genetic test results into clinical recom-
mendations, the interpretation of test results, and ultimately,
patients’ adherence to the recommended actions (Hao et al.
2022; Lewis et al. 2021). Accordingly, it is recommended
that test providers that are planning to market their risk
assessment services conduct studies to gain feedback from
potential customers and identify potential impacts result-
ing from service that is still under development. Patients
or healthcare service customers could be involved in the
planning, development, and improvement of healthcare ser-
vices (Bergerum et al. 2020; Crawford 2002). The World
Health Organization highly recommends patient engage-
ment (World Health Organization 2016) to ensure that the
delivered healthcare services result in maximum benefits
and minimum risks for targeted populations.

Studies aiming to seek feedback on the report from phy-
sicians are also warranted. Participants, particularly those
receiving high-risk results, would also consult more fre-
quently with their physician in the hope of reducing their
risk level. They might consider seeing another physician if
the physician they are seeing is unable to give appropriate
recommendations to act on their risk assessment report. This
is imperative to make sure that the physicians, be it special-
ists or non-specialists, can communicate the report clearly
and discuss a personalized care plan with their patients more
comfortably. In addition, the FGD informed that the major-
ity of the study participants found the risk assessment report
to be useful and were interested in seeing similar reports for
other diseases, including cancer, diabetes, and cardiovascu-
lar conditions. These findings shed light on the other dis-
eases patients demanded which test providers could focus
on in the future.

Limitations

A limitation in the study pertained to the utilization of mock
reports, potentially leading to participants’ responses not
accurately reflecting their genuine emotions. Participants
may have reacted differently if real reports had been used,
especially for those assigned to high-risk groups. However,
the use of mock reports is a common practice in the field,
employed to effectively survey a large number of partici-
pants. In addition, the low mean age of participants in our
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study poses a notable limitation that warrants discussion.
With the majority of participants aged between 25 and 40,
our findings may not fully capture the experiences and
perspectives of older individuals who are a higher risk of
developing BC. Furthermore, the implications of BC risk,
screening behaviours, and healthcare decision-making may
vary significantly across different age groups. Hence, future
research efforts should aim to include a more diverse age
range to ensure a comprehensive understanding of the fac-
tors influencing BC perceptions and behaviours. Another
limitation within the study was the potential for selection
bias due to the inclusion of only participants who were able
to use Zoom Application. This introduces an increased tech-
nological access factor that may potentially influence the
psychological impact and subsequent responses to receiving
arisk report. The ability to access information and resources
through technology may contribute to enhanced health lit-
eracy, potentially influencing individuals’ understanding
and reactions. Existing research indicates that individuals
with lower health literacy may face challenges in compre-
hending information related to genomics (Kaphingst et al.
2016). Therefore, future research should consider extending
the study to a more diverse sample to address the identified
limitation.

Conclusion

This study summarized how a BC risk assessment report
can be personalized for each individual to facilitate effec-
tive delivery of care plans for patients with different genetic
and non-genetic risk profiles. With the increase in accessi-
bility and availability of BC risk assessment service, many
patients are interested in finding out more about their test
results. Overall, most patients would prefer a test report
to be well-balanced between content and complexity. The
study also highlighted the importance of the psychologi-
cal impact of patients receiving their test report, which is
greatly influenced by the patients’ degree of understanding
and interpretation of the reports. In our study, we discovered
that Singaporean participants, who had higher awareness of
BC prevention, were less inclined to seek additional physi-
cian follow-ups after receiving low-risk results compared
to Indonesian participants. Finally, as most patients would
likely increase their engagement with their physicians upon
receiving their test results, future studies could be extended
to physicians who are directly involved in the patient care
delivery of BC prevention.
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