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Breast cancer in Malaysia
Breast cancer is the commonest cancer in the 

Malaysian population and approximately one out of five 
cancer patients have breast cancer (19% of all cancer) [1]. 
Age-standardised incidence rates of breast cancer among 
Malaysian women have been increasing and were 34.1 in 
2016 [1]. Late-stage diagnosis has been increasing also 
– the most recent report estimated that 47.9% of women 
were diagnosed at Stage III and IV even though cancer 
screening, prevention, and control programmes have been 
implemented in Malaysia [1-3]. Furthermore, the onset 
of breast cancer among Malaysian women is early and 
approximately half of  patients are diagnosed before the 
age of 50 years [4]. 

Abstract

Introduction: Breast cancer is the commonest cancer among Malaysian women. Current clinical practice guidelines 
(CPG) by the Ministry of Health, Malaysia comprise recommendations based on a risk stratification approach. Aim: 
This paper reviewed and reflected on the challenges and uncertainties that needed to be considered regarding the 
implementation and delivery of risk-stratified breast cancer screening in Malaysia. Methods: Our iterative writing, 
discussions and reflections revolved around the results of key relevant literature search from the Ministry of Health 
Malaysia website, PubMed, and Google Scholar, and on feedback from local clinical experts in the field of breast cancer 
screening practice. The articles related to risk-stratified breast cancer screening, genetic testing, screening guidelines 
for the Malaysia population, and articles published in English were included in this narrative review. Result: Further 
infrastructure and workforce capacity building is needed in order to achieve successful wider implementation e.g.; 
genetic counselling and testing services are limited in Malaysia. Furthermore, there is a need to elicit Malaysian women’s 
views and evaluate their acceptance of risk-stratified breast cancer screening. The primary healthcare setting is an 
obvious potential avenue to introduce and deliver initial risk assessment and stratification. However, the workload and 
willingness of Malaysian primary healthcare doctors to practice risk-stratified screening is yet to be explored to have a 
better understanding on their perspective. Conclusion and recommendation: Identifying a valid and appropriate risk 
model tailored to the population profile and needs of Malaysian women and conducting a pilot project of risk-stratified 
screening, guided by implementation science would provide lessons and insights for policymakers, health service 
managers, and public and primary health care professionals. The results of these activities would increase the likelihood 
that decisions and plans would lead to the successful implementation in Malaysia of a sustainable and effective breast 
cancer screening strategy that incorporates a patient-sensitive, risk-stratified approach.
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REVIEW

Risk-Stratified Breast Cancer Screening in Malaysia: 
Challenges and Opportunities

Gene mutations and breast cancer
Globally, BRCA1 and BRCA 2 are common mutations 

that indicate an important genetic susceptibility to 
developing breast cancer [5]. Among  Asian familial 
breast cancer patients, the prevalence of BRCA1/2 has 
been estimated to be 8.0% to 31.8% and 2.8% to 21.4% 
among early onset breast cancer patients [6]. Generally, 
the prevalence of BRCA1 mutation is more common 
than BRCA2 mutation except for Asian women where 
equal prevalence has been reported [7]. However, in 
addition to BRCA1 and BRCA2, it has been reported that 
the mutation of the Apolipoprotein B mRNA-editing 
enzyme, the catalytic polypeptide-like (APOBEC3B) 
and tumor suppressor gene (TP53) are associated with 
breast cancer and observed more commonly among Asian 
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women than European women [8, 9]. A recent study in 
Thailand identified the significance of PALB2 and ATM 
genetic mutations among breast cancer patients as well 
as BRCA1 and BRCA2 [10]. The pathogenic mutations of 
genes (BRCA1, BRCA2, PALB2, APOBEC3B, and TP53) 
were reported to be associated with the occurrence of 
breast cancer among Malaysian and Singaporean women 
[11] and screening for BRCA1, BRCA2, TP53, and 
PALB2 genes  using blood and saliva samples is currently 
available in Malaysia [12]. 

General population screening for breast cancer 
Screening plays a crucial role in terms of earlier 

detection and management, improving survival and 
maintaining, at least, the quality of life of breast 
cancer patients. Clinical breast examination (CBE) and 
mammogram tests are recommended and encouraged  
as an opportunistic screening strategy [13]. Malaysian 
women between  50- and 74-years old are encouraged 
to undergo regular biennial mammogram screening [14]; 
and that in the general (average risk) population CBE are 
recommended once every three years (for women aged 
between 20- and 39-years old), and annually (for women 
aged 40-years old and above) [15]. Mammograms are 
provided in Malaysian government clinics and hospitals 
for an affordable nominal charge, and in private hospitals, 
there are subsidized programmes organized by the 
National Population and Family Development Board 
(NPFDB) Malaysia [16, 17]. However, screening uptake 
is underutilized and needs to be improved alongside 
screening guideline adherence by healthcare providers 
[18, 19].

Assessment of risk for breast cancer and screening high-
risk populations

Risk assessment  is a crucial component in the process 
of determining a woman’s likelihood of developing 
breast cancer and to plan targeted screening [20]. The 
Malaysian Ministry of Health (MoH) clinical guidelines 
and recommendations have evolved over time and have 
been updated periodically with new evidence. The current 
and third edition of the MoH Management of Breast 
Cancer (Clinical Practice Guidelines) includes a risk 
assessment and screening recommendations based on risk 

stratification [14]. The risk assessment considers various 
factors including family history, age at diagnosis of breast 
cancer in relatives, bilateral breast cancer in relatives, 
and having male relatives with breast cancer [21]. People 
with hereditary cancer syndromes have a higher risk of 
developing cancer [22]. Therefore, genetic testing should 
be considered for people with one or more hereditary 
cancer syndrome along with appropriate pre- and post-test 
counselling [14]. However, ideally, any risk assessment 
model  should be tailored to the Malaysian population and 
validated in terms of its predictive accuracy [14].  

A version of risk stratification that affords an 
opportunity to categorize women with no personal history 
of breast cancer as having an average-, moderate-, or high-
risk has been introduced in Malaysia [23, 14]. The risk 
stratification was adapted from UK National Institute for 
Health and Clinical Excellence (NICE) guidelines (2018) 
by the Ministry of Health Malaysia (MOH) [14] though 
it is unclear whether or not the model has been tested and 
validated in Malaysia. Table 1 describes the features of 
the MOH Malaysia risk stratification. 

The adapted guidelines suggest that high-risk women 
with no genetic mutation variant or women with a low 
chance of being a genetic mutation (BRCA, TP53) carrier 
should consider undergoing an annual mammogram when 
they are between 30- and 39-years old; and the guidelines 
recommend clearly, an annual mammogram for women 
between 40- and 59-years old, and biennially for women 
60-years old and above. Annual magnetic resonance 
imaging is recommended  in addition to a mammogram  
for women (30-49 years-old) with pathogenic variants 
in BRCA1, BRCA2, and PALB2 whilst receipt of an 
annual mammogram is recommended for women aged 
between 40- and 69-years old and biennially at 70-years 
old and above (Figure 1) [14]. Furthermore, risk 
reduction measures such as removal of both breasts or 
chemoprevention such as tamoxifen and their treatment 
consequences should be discussed with  high-risk  women 
[14].

Health professionals including radiologists and breast 
cancer specialists play important roles with respect to 
the implementation and sustainability of a screening 
programme and guidelines [24, 18]. Cancer genetic clinics 
and counselling are essential services for women suspected 

Risk category Lifetime risk of developing breast cancer Factors

Average risk <17%

Moderate risk 17% to <30% “Women with pathogenic/ likely pathogenic variants in PALB2 
regardless of family history of breast cancer and, individuals 
with pathogenic/ likely pathogenic variants in ATM and 
CHEK2 and at least one first degree relative affected by breast 
cancer.”
“Individuals with pathogenic/ likely pathogenic variants in 
ATM or CHEK2 and no close family history of breast cancer is 
considered to be of low moderate risk of breast cancer.” 

High risk At least 30% “Pathogenic/ likely pathogenic variants in PALB2 and 
strong family history of breast cancer, or individuals where 
BOADICEA or other risk prediction tools suggest a high-risk 
based on family history of breast cancer” 

High risk with pathogenic variant “Known BRCA1 or BRCA2 carrier”

Table 1. Risk Stratification of Malaysian Women with No Personal History of Breast Cancer [14]



Asian Pacific Journal of Cancer Prevention, Vol 25 787

DOI:10.31557/APJCP.2024.25.3.785
Risk-Stratified Breast Cancer Screening

(Malaysian Ringgit, MYR 200.00), which included 
women who indicated that they would be willing to 
share the cost with a health insurance company [32]. The 
estimated cost to the MOH Malaysia for providing breast 
cancer genetic testing is USD 325 (MYR1500) [34], which 
is much higher than the amount that is indicated in the 
willingness-to-pay study. However, the cost of breast 
cancer genetic testing as indicated by a risk stratification 
approach is not covered by health insurance schemes 
in Malaysia, like other countries in Asia in general [35, 
36]. In Malaysia, genetics testing facilities are limited 
and breast cancer genetic testing is provided by Cancer 
Research Malaysia [12].Therefore, unsurprisingly, priority 
is given to women who have a high probability of having 
the BRCA mutation [37]. Although the cost-effectiveness 
of genetic testing for risk stratification in Malaysia has 
not been evaluated, a systematic review of ten cost-
effectiveness simulation modelling studies from the USA, 
Spain, Germany, Netherlands, and China reported that 
risk-based screening was cost-effective compared to no 
screening and age-based screening strategies [38]. 

Risk-stratified screening is at an initial stage of 
implementation in most countries. The eventual findings 
from current ongoing clinical trials are likely to be 
beneficial in terms of informing decisions about, for 
example, the effectiveness, benefits and any harms of risk-
stratified screening [39-41]. Breast cancer risk-assessment 
models such as the Gail model, the Contraceptive and 
Reproductive Experience (CARE) model, the Breast 
and Ovarian Analysis of Disease Incidence and Carrier 
Estimation Algorithm (BOADICEA) and the Vermont 
model have been tested in European and USA country 
populations [42-45]. Prediction accuracy has been tested 
for BOADICEA among Chinese cohort and found to be 
fairly accurate for women with personal and family history 
of breast or ovarian cancer, while the prediction was found 
to be unreliable for those without family history [46]. Each 
model has strengths and limitation. The Gail model, which 
is the most widely used model, is developed in 1989 to 
estimate women’s risk of developing breast cancer and 
it appears to have moderate discriminative ability [47, 
48]. However, risk prediction was uncertain with respect 
to African American women. The CARE model was 

of having hereditary breast or ovarian cancer [14]. A risk 
stratification approach requires an infrastructure that, 
necessarily, includes these kinds of services as well as 
user-friendly lay information.

Risk communication and implementation of genetic testing
Effective communication strategies and techniques are 

essential in order to convey information about health risks 
in a way that people comprehend, and that will encourage 
them to undergo  screening [25]. A risk-stratified approach 
aims to provide and enhance evidence-based and research-
informed decision-making that will personalise or tailor 
breast cancer screening decision pathways and increase 
patient benefits and reduce harm [26]. However, there is 
a risk of causing anxiety and worry to high-risk women, 
and, so, effective risk communication by well-trained 
professionals is crucial to minimize distress [27, 28]. 
The Genetic Counselling Society Malaysia (GCSM) 
was initiated in 2019 [29] and, currently,  genetic risk 
assessment and counselling services are  provided in  
Kuala Lumpur Hospital, Penang Hospital,  Universiti 
Sains Malaysia Hospital in Kubang Kerian, Canselor 
Tuanku Muhriz Hospital in Cheras and University Malaya 
Medical Centre, Kuala Lumpur [30]. The  clinics  offer a 
risk assessment to all eligible women; and women who 
are deemed to be high risk and to need genetic testing 
are referred to Cancer Research Malaysia [12]. However, 
the fact that there were  only 11 clinical geneticists in 
Malaysia in 2022 means that  genetic counselling services 
are very limited [30]. 

Compared to countries with more developed 
economies and health systems, Malaysian women were 
less informed about genetic testing and how this test 
information can be used to predict cancer risk [31]. 
Despite the lack of information, there appeared to be a 
moderate level of interest among women to take a genetic 
test, ranging from 41.7% (age 40 to 60 years) [32] to 
67.9% (age 19 to 26 years ) [31]. Regarding healthcare 
professionals, nurses reported positive attitudes about 
testing and were recorded as having adequate knowledge 
about BRCA genetic testing in Malaysia [33]. Indeed, 
willingness to pay for genetic testing in the general 
population was reported to be a median of USD 48.31 

High risk with 
genetic variants

MRI MRI

Consider 
Mammogram

Mammogram 

High risk Consider 
Mammogram

Mammogram 

Moderate risk Mammogram 

Average risk Mammogram

Age (years) 30-39 40-49 50-59 60-69 70 and above

Figure 1. Breast Cancer Screening Recommendation According to Risk Category [14] 
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developed in 2007 and had been applied to estimate the 
risk of developing breast cancer among African American 
women [49, 43]. The BOADICEA model estimates the 
risk of developing breast cancer and ovarian cancer 
among  women with higher than average population risk, 
specifically, women with a family history of breast cancer 
and genetic mutation status [50-52]. The Vermont model 
(developed from the Vermont Breast Cancer Surveillance 
System) [53]. Assessing Vermont model among elderly 
women was reported that it did not predict well for women 
aged 70 years and above [44]. Gail model is widely used 
and having a good calibration, however, further validation 
is necessary till a well-fitted model with a better predictive 
for Malaysian women is established [54]. The ongoing 
pilot of a risk-stratified screening programme in Singapore 
incorporates the Gail model [55]. There may be merit in 
the proposal that, before implementing a risk-stratified 
screening strategy in Malaysia consideration should be 
given to the application of a suitable risk prediction model, 
and the balance of potential benefits and harms including 
false-positive, over-diagnosis, and management.   

Ethical considerations of risk-stratified screening
It is important to take into account ethical considerations 

regarding the implementation of risk-stratified screening 
[56].There is a need to ensure the equity and fair access 
to risk-stratified screening including genetic testing for 
high-risk individuals and access to breast radiologists and 
breast surgeons. Many countries like the UK recognise 
that there is a need to develop awareness about risk-
stratified screening, perhaps, via community leaders and 
healthcare practitioners, as well as developing culturally 
appropriate messages and utilizing media campaigns. 
There is recognition too that  primary healthcare has 
the potential to incorporate, integrate, and deliver risk 
assessment and screening, including taking a saliva 
sample, and providing risk-reducing medication for high-
risk women [57]. Equity  of access for minority ethnic 
groups may be improved via community engagement 
programmes [57]. The resources that are currently 
available and accessible to the high-risk group of women 
in Malaysia need to be expanded in order to achieve 
wider coverage [24]. Autonomy, informed consent, 
transparency, and effective communication should be 
ascertained during the consultation with healthcare 
provider and women [57]. In the UK, consideration is 
being given to increasing the duration of screening for 
low-risk women, while more frequent screening might be 
offered to high-risk women [57]. Therefore, it is important 
to evaluate the acceptability by women from different 
risk groups of programme content and delivery [57]. 
The ethical implementation and conduct of risk-stratified 
screening is characterised by respect for the individual 
rights of women, equitable access, and the promotion of 
the well-being of women.  

Opportunities and potential challenges
Risk-stratified screening will convey a focused and 

personalized screening plan for individual women. 
The application of artificial intelligence algorithms to 
integrate clinical data and radiological findings is a 

promising advancement for the future [58]. Structural 
and organizational challenges remain issues of concern, 
especially in low- and middle-income countries [59] like 
Malaysia. 

The primary healthcare setting would appear to be 
the most appropriate service venue to introduce risk 
assessment, stratification, and guidance regarding the 
pathway to breast cancer screening [59]. However, it is 
important to recognise and respond to the challenges. 
For example, primary healthcare doctors in Spain 
reported anticipated concerns about risk communication 
with women, patient resistance to reduce screening for 
low-risk women, and the organizational transformation 
and appropriate resources that would be required to 
implement a programme of risk-based breast cancer 
screening [60]. Furthermore, the requirement for training 
to identify breast cancer risk, provide prevention advice, 
communicate risk, and manage the workflow in primary 
healthcare settings has been highlighted as practical 
considerations [59]. Studies in the United States suggested 
that it is feasible to conduct a risk assessment of a patient 
during the time when a patient is waiting meet their doctor 
[61, 62]. Coordination is needed regarding further genetic 
testing and the initiation of risk-reducing medication by 
specialists such as oncologists and breast surgeons [63]. 
On a more positive note, primary healthcare in Malaysia 
has been shown to provide comprehensive, coordinated, 
and continuity of care in private and public sectors [64]. 
Training to provide cancer screening and care  in primary 
healthcare was introduced in Malaysia [65]. However, 
the willingness of Malaysian primary healthcare doctors 
to practice risk-stratified screening is uncertain and 
requires considered attention and consultation. Further 
studies should investigate for workload and willingness 
to implement risk-stratified at the primary healthcare that 
might require considered attention and implementation 
support.

In  Singapore, a pilot personalised risk-stratified breast 
cancer screening programme was initiated in 2021 [55]. 
To the best of our knowledge, this pilot programme is  the 
first comprehensive risk-based mammogram screening 
programme in Asia [55]. The incidence of breast cancer 
among Singaporean women is much higher compared to 
Malaysia with an incidence rate of 72.6 [66] vs 43.1 per 
100,000 population [1] respectively. Participants in the 
pilot programme in Singapore appear (so far) to accept 
risk-stratified screening. Women indicated a need for 
clear communication about their risk category, follow-
up support for high-risk women, and guidance about 
actionable steps in relation to lifestyle behaviours [67]. 
Conducting a pilot project of this kind, preferably guided 
by implementation science, would provide lessons and 
insights for policymakers, health service managers, and 
public and primary health care professionals to the extent 
that decisions and plans for a sustainable and effective 
breast cancer screening strategy that incorporates as 
risk-stratified approach in Malaysia would be based 
on evidence from the local setting as well as curated 
international best-available evidence. 



Asian Pacific Journal of Cancer Prevention, Vol 25 789

DOI:10.31557/APJCP.2024.25.3.785
Risk-Stratified Breast Cancer Screening

Author Contribution Statement

MNNH lead the literature search and review. MDo and 
TTS supervised and guided the process. MNNH prepared 
the first draft of the manuscript. TTS and MDo amended 
and refined the manuscript. All authors contributed to, 
reviewed, and approved the final manuscript.

Acknowledgements

Ethical consideration
This manuscript is the review of previously published 

articles, reports, and documents. Therefore, ethical 
approval is not applicable to this review. 

Conflict of interest
All authors declare that they have no conflicts of 

interest.

References

1. MOH. Malaysia national cancer registry report 2012- 2016. 
Malaysia: National Cancer Registry Department, National 
Cancer Institute, Ministry of Health Malaysia; 2019.

2. Dahlui M, Ramli S, Bulgiba AM. Breast cancer prevention 
and control programs in malaysia. Asian Pac J Cancer Prev. 
2011;12(6):1631-4. 

3. Islam T, Su TT, Musthaffa S, Din NA, Rahman Z, Mohamed 
KN, et al. Improving breast health literacy through an 
innovative breast cancer awareness campaign using the 
know your lemons (kyl) materials in malaysia. J Global 
Oncol. 2018;4(Supplement 2):36s-s. https://doi.org/10.1200/
jgo.18.59400.

4. Toh GT, Kang P, Lee SS, Lee DS, Lee SY, Selamat S, et al. 
Brca1 and brca2 germline mutations in malaysian women 
with early-onset breast cancer without a family history. 
PLoS One. 2008;3(4):e2024. https://doi.org/10.1371/journal.
pone.0002024.

5. Karami F, Mehdipour P. A comprehensive focus on 
global spectrum of brca1 and brca2 mutations in breast 
cancer. Biomed Res Int. 2013;2013:928562. https://doi.
org/10.1155/2013/928562.

6. Kim H, Choi DH. Distribution of brca1 and brca2 
mutations in asian patients with breast cancer. J Breast 
Cancer. 2013;16(4):357-65. https://doi.org/10.4048/
jbc.2013.16.4.357.

7. Hall MJ, Reid JE, Burbidge LA, Pruss D, Deffenbaugh AM, 
Frye C, et al. Brca1 and brca2 mutations in women of 
different ethnicities undergoing testing for hereditary breast-
ovarian cancer. Cancer. 2009;115(10):2222-33. https://doi.
org/10.1002/cncr.24200.

8. Pan JW, Zabidi MMA, Chong BK, Meng MY, Ng PS, Hasan 
SN, et al. Germline apobec3b deletion increases somatic 
hypermutation in asian breast cancer that is associated with 
her2 subtype, pik3ca mutations, and immune activation. Int 
J Cancer. 2021. https://doi.org/10.1002/ijc.33463.

9. Ragu ME, Lim JMC, Ng PS, Yip CH, Rajadurai P, Teo SH, 
et al. Tp53 somatic mutations in asian breast cancer are 
associated with subtype-specific effects. Breast Cancer 
Res. 2023;25(1):48. https://doi.org/10.1186/s13058-023-
01635-2.

10. Sukpan P, Kanokwiroon K, Sriplung H, Laochareonsuk W, 
Choochuen P, Auseng N, et al. Prevalence of pathogenic 
germline mutations in 13 hereditary cancer-related genes 
in breast cancer patients in narathiwat province, thailand. 

Asian Pac J Cancer Prev. 2023;24(2):525-30. https://doi.
org/10.31557/apjcp.2023.24.2.525.

11. Amini F, Hou WF, Chye ENS, Omar R, Rejab SM, Noor 
IWM, et al. Mutation profile of breast cancer in malaysian 
patients. J Health Transl Med. 2021;24(1). https://doi.org/
https://doi.org/10.22452/jummec.vol24no1.6.

12. Malaysia CR. Services: Genetic testing. Cancer Research 
Malaysia; 2023. 

Available from https://www.cancerresearch.my/our-work/
genetic-testing/.

13. MOH. Management of breast cancer. 2nd edition. Malaysia: 
Ministry of health; 2010.

14. MOH. Management of breast cancer. third edition. Malaysia: 
Ministry of Health; 2019.

15. MOH. Garis panduan program pengesanan awal kanser 
payudara kebangsaan, malaysia: Bahagian pembangunan 
kesihatan keluarga, kementerian kesihatan malaysia  
Putrajaya: Ministry of Health Malaysia; 2011 Contract No: 
(MOH/K/ASA/44.11(GU).

16. Aidalina M, Syed Mohamed ASJ. The uptake of mammogram 
screening in malaysia and its associated factors: A systematic 
review. Med J Malaysia. 2018;73(4):202-11. 

17. Mahmud A, Aljunid SM. Availability and accessibility of 
subsidized mammogram screening program in peninsular 
malaysia: A preliminary study using travel impedance 
approach. PLoS One. 2018;13(2):e0191764. https://doi.
org/10.1371/journal.pone.0191764.

18. Su TT, Donnelly M. Improving breast and colorectal cancer 
screening uptake in malaysia. Eur J Cancer Care. 2022;31(5). 
https://doi.org/https://doi.org/10.1111/ecc.13593.

19. Htay MNN, Su TT, Donnelly M. Adherence to cancer 
screening guidelines by primary care doctors: A rapid review 
protocol. PROSPERO. 2023. 

20. Michaels E, Worthington RO, Rusiecki J. Breast cancer: Risk 
assessment, screening, and primary prevention. Med Clin 
North Am. 2023;107(2):271-84. https://doi.org/10.1016/j.
mcna.2022.10.007.

21. Universityof Malaya. Advice about familial aspects of breast  
cancer and epithelial ovarian cancer: A guide for health 
professionals Pre-conference Workshop to The Annual 
Scientific Congress 2015 of College of Surgeon: Updates in 
Breast and Ovarian Cancers Prevention; 2015.

22. Institute NC. Hereditary cancer syndrome. 2023.
https://www.cancer.gov/publications/dictionaries/cancer-terms/

def/hereditary-cancer-syndrome.
23. Malaysia AoMo. Advice about familial aspects of breast 

cancer and epithelial ovarian cancer: A guide for health 
professionals. Pre-conference Workshop to The Annual 
Scientific Congress 2015 of College of Surgeon: Updates 
in Breast and Ovarian Cancers Prevention: Academy of 
Medicine of Malaysia; 2015.

24. Htay MNN, Donnelly M, Schliemann D, Loh SY, Dahlui M, 
Somasundaram S, et al. Breast cancer screening in malaysia: 
A policy review. Asian Pac J Cancer Prev. 2021;22(6):1685-
93. https://doi.org/10.31557/apjcp.2021.22.6.1685.

25. Fischhoff B. Why (cancer) risk communication can be 
hard. JNCI Monographs. 1999;1999(25):7-13. https://doi.
org/10.1093/oxfordjournals.jncimonographs.a024213.

26. Pashayan N, Antoniou AC, Ivanus U, Esserman LJ, Easton 
DF, French D, et al. Personalized early detection and 
prevention of breast cancer: Envision consensus statement. 
Nat Rev Clin Oncol. 2020;17(11):687-705. https://doi.
org/10.1038/s41571-020-0388-9.

27. Gorman LS, Ruane H, Woof VG, Southworth J, Ulph F, 
Evans DG, et al. The co-development of personalised 
10-year breast cancer risk communications: A ‘think-
aloud’ study. BMC Cancer. 2022;22(1):1264. https://doi.



Mila Nu Nu Htay et al

Asian Pacific Journal of Cancer Prevention, Vol 25790

org/10.1186/s12885-022-10347-3.
28. McWilliams L, Ruane H, Ulph F, Woof VG, Harrison F, 

Evans DG, et al. What do women think about having received 
their breast cancer risk as part of a risk-stratified nhs breast 
screening programme? A qualitative study. Br J Cancer. 
2023. https://doi.org/10.1038/s41416-023-02268-0.

29. Malaya PPU. Genetic counselling society malaysia (gcsm) 
official launching. Universiti Malaya, Kuala Lumpur, 
Malaysia; 2019. Accessed 14 June 2023.

30. Akhbar K. Online news: Recognise genetic counsellors. 
Universiti Sains Malaysia, Malaysia. 2022. Accessed 14 
June 2023. 

https://news.usm.my/index.php/keratan-akhbar/8065-online-
news-recognise-genetic-counsellors.

31. Hussin SNS. Knowledge and awareness of genetic tests 
available for risk of breast cancer among female students 
in uitm. Al-Rafidain J Med Sci. 2021;2:14-8. 

32. Aizuddin AN, Ramdzan AR, Syed Omar SA, Mahmud Z, 
Latiff ZA, Amat S, et al. Genetic testing for cancer risk: 
Is the community willing to pay for it? Int J Environ Res 
Public Health. 2021;18(16):8752. https://doi.org/10.3390/
ijerph18168752.

33. Liu KT, Rosli WRW, Yusuf A, Keng SL. Malaysian nurses’ 
knowledge and attitudes regarding brca genetic testing. 
Belitung Nurs J. 2021;7(6):493-9. 

34. Project R. Reducing barriers in cancer early diagnosis in the 
urban b40 group. 2023.

35. Kwong A. Genetic testing for hereditary breast cancer in 
asia-moving forward. Chin Clin Oncol. 2016;5(3):47. https://
doi.org/10.21037/cco.2016.05.11.

36. Chiang J, Ngeow J. The management of brca1 and brca2 
carriers in singapore. Chin Clin Oncol. 2020;9(5):62. https://
doi.org/10.21037/cco-20-104.

37. Lim KK, Yoon SY, Mohd Taib NA, Shabaruddin FH, Dahlui 
M, Woo YL, et al. Is brca mutation testing cost effective for 
early stage breast cancer patients compared to routine clinical 
surveillance? The case of an upper middle-income country in 
asia. Appl Health Econ Health Policy. 2018;16(3):395-406. 
https://doi.org/10.1007/s40258-018-0384-8.

38. Khan SA, Hernandez-Villafuerte KV, Muchadeyi MT, 
Schlander M. Cost-effectiveness of risk-based breast cancer 
screening: A systematic review. Int J Cancer. 2021. https://
doi.org/10.1002/ijc.33593.

39. Clift AK, Dodwell D, Lord S, Petrou S, Brady SM, Collins 
GS, et al. The current status of risk-stratified breast 
screening. Br J Cancer. 2022;126(4):533-50. https://doi.
org/10.1038/s41416-021-01550-3.

40. Shieh Y, Eklund M, Madlensky L, Sawyer SD, Thompson 
CK, Stover Fiscalini A, et al. Breast cancer screening 
in the precision medicine era: Risk-based screening in a 
population-based trial. J Natl Cancer Inst. 2017;109(5). 
https://doi.org/10.1093/jnci/djw290.

41. French DP, Astley S, Brentnall AR, Cuzick J, Dobrashian 
R, Duffy SW, et al. What are the benefits and harms 
of risk stratified screening as part of the nhs breast 
screening programme? Study protocol for a multi-site non-
randomised comparison of bc-predict versus usual screening 
(nct04359420). BMC Cancer. 2020;20(1):570. https://doi.
org/10.1186/s12885-020-07054-2.

42. Wang X, Huang Y, Li L, Dai H, Song F, Chen K. Assessment 
of performance of the gail model for predicting breast 
cancer risk: A systematic review and meta-analysis with 
trial sequential analysis. Breast Cancer Res. 2018;20(1):18. 
https://doi.org/10.1186/s13058-018-0947-5.

43. Adams-Campbell LL, Makambi KH, Frederick WA, Gaskins 
M, Dewitty RL, McCaskill-Stevens W. Breast cancer risk 
assessments comparing gail and care models in african-

american women. Breast J. 2009;15 Suppl 1(0 1):S72-5. 
https://doi.org/10.1111/j.1524-4741.2009.00824.x.

44. Vacek PM, Skelly JM, Geller BM. Breast cancer risk 
assessment in women aged 70 and older. Breast Cancer 
Res Treat. 2011;130(1):291-9. https://doi.org/10.1007/
s10549-011-1576-1.

45. Lee A, Mavaddat N, Wilcox AN, Cunningham AP, Carver T, 
Hartley S, et al. Boadicea: A comprehensive breast cancer 
risk prediction modelincorporating genetic and nongenetic 
risk factors. Genet Med. 2019;21(8):1708-18. https://doi.
org/10.1038/s41436-018-0406-9.

46. Hung F-H, Wang YA, Jian J-W, Peng H-P, Hsieh L-L, Hung 
C-F, et al. Evaluating brca mutation risk predictive models 
in a chinese cohort in taiwan. Sci Rep. 2019;9(1):10229. 
https://doi.org/10.1038/s41598-019-46707-6.

47. Nickson C, Procopio P, Velentzis LS, Carr S, Devereux L, 
Mann GB, et al. Prospective validation of the nci breast 
cancer risk assessment tool (gail model) on 40,000 australian 
women. Breast Cancer Res. 2018;20(1):155. https://doi.
org/10.1186/s13058-018-1084-x.

48. Gail MH, Brinton LA, Byar DP, Corle DK, Green SB, 
Schairer C, et al. Projecting individualized probabilities of 
developing breast cancer for white females who are being 
examined annually. J Natl Cancer Inst. 1989;81(24):1879-86. 
https://doi.org/10.1093/jnci/81.24.1879.

49. Gail MH, Costantino JP, Pee D, Bondy M, Newman L, Selvan 
M, et al. Projecting individualized absolute invasive breast 
cancer risk in african american women. J Natl Cancer Inst. 
2007;99(23):1782-92. https://doi.org/10.1093/jnci/djm223.

50. Antoniou AC, Pharoah PP, Smith P, Easton DF. The boadicea 
model of genetic susceptibility to breast and ovarian cancer. 
Br J Cancer. 2004;91(8):1580-90. https://doi.org/10.1038/
sj.bjc.6602175.

51. Antoniou AC, Cunningham AP, Peto J, Evans DG, Lalloo F, 
Narod SA, et al. The boadicea model of genetic susceptibility 
to breast and ovarian cancers: Updates and extensions. Br 
J Cancer. 2008;98(8):1457-66. https://doi.org/10.1038/
sj.bjc.6604305.

52. Lee AJ, Cunningham AP, Kuchenbaecker KB, Mavaddat 
N, Easton DF, Antoniou AC. Boadicea breast cancer risk 
prediction model: Updates to cancer incidences, tumour 
pathology and web interface. Br J Cancer. 2014;110(2):535-
45. https://doi.org/10.1038/bjc.2013.730.

53. Bolton KC, Mace JL, Vacek PM, Herschorn SD, James TA, 
Tice JA, et al. Changes in breast cancer risk distribution 
among vermont women using screening mammography. 
J Natl Cancer Inst. 2014;106(8). https://doi.org/10.1093/
jnci/dju157.

54. Sarimin R, Ghazali IMM, Rahim KA. Health technology  
assessment report:  Breast cancer  risk prediction model 
for health risk assessment (hra) module: Malaysian Health 
Technology Assessment Section, (MaHTAS); 2015.

55. Liu J, Ho PJ, Tan THL, Yeoh YS, Chew YJ, Mohamed Riza 
NK, et al. Breast screening tailored for her (breathe)—a study 
protocol on personalised risk-based breast cancer screening 
programme. PLOS ONE. 2022;17(3):e0265965. https://doi.
org/10.1371/journal.pone.0265965.

56. Beauchamp TL. Methods and principles in biomedical ethics. 
J Med Ethics. 2003;29(5):269-74. https://doi.org/10.1136/
jme.29.5.269.

57. McWilliams L, Woof VG, Donnelly LS, Howell A, Evans 
DG, French DP. Risk stratified breast cancer screening: 
Uk healthcare policy decision-making stakeholders’ views 
on a low-risk breast screening pathway. BMC Cancer. 
2020;20(1):680. https://doi.org/10.1186/s12885-020-
07158-9.

58. Cè M, Caloro E, Pellegrino ME, Basile M, Sorce A, Fazzini 



Asian Pacific Journal of Cancer Prevention, Vol 25 791

DOI:10.31557/APJCP.2024.25.3.785
Risk-Stratified Breast Cancer Screening

D, et al. Artificial intelligence in breast cancer imaging: 
Risk stratification, lesion detection and classification, 
treatment planning and prognosis-a narrative review. Explor 
Target Antitumor Ther. 2022;3(6):795-816. https://doi.
org/10.37349/etat.2022.00113.

59. Rainey L, van der Waal D, Jervaeus A, Wengström Y, Evans 
DG, Donnelly LS, et al. Are we ready for the challenge 
of implementing risk-based breast cancer screening and 
primary prevention? Breast. 2018;39:24-32. https://doi.
org/10.1016/j.breast.2018.02.029.

60. Laza-Vásquez C, Codern-Bové N, Cardona-Cardona À, 
Hernández-Leal MJ, Pérez-Lacasta MJ, Carles-Lavila M, et 
al. Views of health professionals on risk-based breast cancer 
screening and its implementation in the spanish national 
health system: A qualitative discussion group study. PLoS 
One. 2022;17(2):e0263788. https://doi.org/10.1371/journal.
pone.0263788.

61. Kaplan CP, Livaudais-Toman J, Tice JA, Kerlikowske 
K, Gregorich SE, Pérez-Stable EJ, et al. A randomized, 
controlled trial to increase discussion of breast cancer 
in primary care. Cancer Epidemiol Biomarkers Prev. 
2014;23(7):1245-53. https://doi.org/10.1158/1055-9965.
epi-13-1380.

62. Hoskins KF, Tejeda S, Vijayasiri G, Chukwudozie IB, Remo 
MH, Shah HA, et al. A feasibility study of breast cancer 
genetic risk assessment in a federally qualified health center. 
Cancer. 2018;124(18):3733-41. https://doi.org/10.1002/
cncr.31635.

63. Usher-Smith JA, Hindmarch S, French DP, Tischkowitz M, 
Moorthie S, Walter FM, et al. Proactive breast cancer risk 
assessment in primary care: A review based on the principles 
of screening. Br J Cancer. 2023;128(9):1636-46. https://doi.
org/10.1038/s41416-023-02145-w.

64. Ong SM, Lim MT, Fah Tong S, Kamaliah MN, Groenewegen 
P, Sivasampu S. Comparative performance of public 
and private primary care service delivery in malaysia: 
An analysis of findings from qualicopc. PLoS One. 
2022;17(10):e0276480. https://doi.org/10.1371/journal.
pone.0276480.

65. Rebung. Reducing barriers in cancer early diagnosis in the 
urban b40 group. Universiti Malaya. 2021. Accessed 9 June 
2023.https://www.openlearning.com/rebung/.

66. Registry SC.  Singapore Cancer Registry Annual Report 
2019; 2022.

67. Liow JJK, Lim ZL, Sim TMY, Ho PJ, Goh SA, Choy SD, 
et al. “It will lead you to make better decisions about your 
health”-a focus group and survey study on women’s attitudes 
towards risk-based breast cancer screening and personalised 
risk assessments. Curr Oncol. 2022;29(12):9181-98. https://
doi.org/10.3390/curroncol29120719.

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


