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ACE Clinical Recommendations for ‘Managing hereditary breast 

and ovarian cancer (HBOC) syndrome: genetic testing and risk-

reducing interventions’ – Evidence-to-Recommendation Framework 

Objective 

• To guide appropriate referral and management of downstream interventions for individuals with 
hereditary breast and ovarian cancer (HBOC) syndrome-related pathogenic/likely pathogenic 
variants (P/LPVs) 

Scope 

• Genetic testing referral and downstream interventions with a focus on hereditary breast cancers 
and hereditary ovarian cancers  

Target audience 

• These clinical recommendations are relevant to healthcare professionals caring for individuals 
with HBOC syndrome-related P/LPVs or individuals with personal or family history suggestive 
of HBOC syndrome 
 

This document outlines the underpinning evidence and rationale for the recommendation statements in 

the ACE Clinical Recommendations (ACRs) for ‘Managing hereditary breast and ovarian cancer 

(HBOC) syndrome: genetic testing and risk-reducing interventions’. 

In the ACRs, the strength of recommendation reflects the confidence that the desirable effects of the 

recommended practice outweigh undesirable effects across the range of patients for whom the 

recommendation applies, based on the best available evidence:  

• A strong recommendation is usually made when benefits clearly outweigh the risks, based on 

at least moderate-certainty evidence.  

• A weak or conditional recommendation may be needed when there is a closer balance between 

benefits and harms, evidence is of low certainty, there is significant variability in patients’ values 

and preferences, or important concerns with resourcing and feasibility of the recommended 

practice.1  

These recommendations aim to support the management of individuals with HBOC syndrome-related 

P/LPVs, and are intended to complement, not replace, clinical judgement in delivering patient-centred 

care. Clinicians are encouraged to consider the patient’s goals, preferences and concerns, and 

actively involve the patient in shared decision making to determine the most appropriate 

management.  

When discussing options for genetic testing, surveillance or risk reducing interventions with 

individuals who carry HBOC syndrome-related P/LPVs, consider the following: 

• Patient goals: e.g. cancer risk reduction, preservation of quality of life (QoL), minimisation 

of treatment or follow-up burden 

• Patient preferences: e.g. preference for conservative management with surveillance versus 

risk-reducing surgery 

• Patient concerns: e.g. body image and recovery after surgery, surveillance limitations (e.g. 

false positive findings, need for additional investigations, overdiagnosis, cumulative radiation 

exposure, and recall-related anxiety), financial and other psychosocial considerations 

Where multiple risk-reducing strategies are being considered, the relative benefits and implications 

of each should be discussed. Risk-reducing salpingo-oophorectomy (RRSO) has a more established 

role in reducing ovarian cancer risk and mortality, particularly given the lack of effective intensified 

ovarian surveillance, whereas decisions regarding risk‑reducing mastectomy (RRM) versus 

intensified breast surveillance are more dependent on the individual’s breast cancer risk and values.  
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Recommendation 1 

Refer the following individuals for genetic testing to characterise 

breast cancer-related gene variants: 

a) Individuals with a personal history of breast cancer who have 

risk factors for hereditary breast cancer (see Annex A A1-A5) 

b) Individuals with a significant family history of breast cancer, 

and unknown familial genetic status (see B1-B2)  

c) First-degree biological relatives of an individual who carries a 

pathogenic/likely pathogenic variant (P/LPV) in a breast cancer 

susceptibility gene; or consider referring second-degree 

biological relatives if the first-degree relative is unavailable^ 

(see C1) 

Strength of 

recommendation: 
 

Strong 
 

Conditional 

Recommendation remarks: Please refer to Annex A for details of the population groups and 

indications for genetic testing to characterise breast cancer-related gene variants. 

Recommendation 2 

Refer the following individuals for genetic testing to characterise 

ovarian cancer-related gene variants: 

a) Individuals with a personal history of ovarian cancer, which 

includes those with epithelial ovarian, fallopian tube or 

peritoneal cancer (see Annex B A1-A3) 

b) Individuals with a significant family history of ovarian cancer, 

and unknown familial genetic status (see B1-B2)  

c) First-degree biological relatives of an individual who carries 

P/LPV in an ovarian cancer susceptibility gene; or consider 

referring second-degree biological relatives if the first-degree 

relative is unavailable^ (see C1) 

Strength of 

recommendation: 

 

 
 
 

 

Strong 
 

Conditional 

Recommendation remarks: Please refer to Annex B for details of the population groups and 

indications for genetic testing to characterise ovarian cancer-related gene variants. 

Evidence-to-recommendation considerations 

Summary: Genetic testing is strongly recommended for individuals with a personal or significant family 

history of breast/ovarian cancer or known related pathogenic or likely pathogenic variants (P/LPVs), 

given its established utility in guiding cancer risk management. Testing is broadly acceptable, with 

generally transient psychological effects, and genetic counselling and subsidised genetic testing can 

further address concerns and financial barriers. At-risk first-degree relatives have a higher pre-test 

probability for PVs than second-degree relatives. When considering extending cascade testing to 

second-degree relatives, impact on service capacity would need to be weighed against the benefits of 

increased testing uptake. 

Balance of benefits and harms 

Genetic testing is recommended when there is a reasonable pre-test probability of identifying a 

clinically actionable germline P/LPV that may change management for the individual or their relatives. 

The clinical indicators in the recommendations have been adapted from established guidelines such 

as National Comprehensive Cancer Network (NCCN) and individualised based on local clinical and 

resource considerations.2  
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Benefits 

Breast Cancer (Annex A) 

For individuals with a personal history of breast cancer and features suggestive of hereditary breast 

cancer risk [A], the following features are associated with higher PV yield:  

• breast cancer diagnosed at age ≤50 years has ~10% detection rate across relevant breast 

cancer-related genes [A2i],  

• triple-negative breast cancer has a 14.6% detection rate across the genes and 11.2-16.8% 

for BRCA1 and BRCA2 (BRCA1/2) P/LPVs [A2ii],3  

• male breast cancer carries ~11% detection rate for BRCA1/2 P/LPVs [A2v],3 

• individuals with multiple primary breast cancers are more likely to harbour a P/LPV than 

individuals with a single breast cancer (7.1%-13.2% vs 4.2%-9.4%) [A2iii],4, 5 

• lobular breast cancer with a personal or family history of diffuse gastric cancer is included 

due to association between CDH1 P/LPVs and lobular breast cancer (64%) [A2iv],6  

• Ashkenazi Jewish ancestry is associated with a 10% detection rate of BRCA1/2 P/LPVs 

[limited local applicability; included for completeness] [A3].7  

 

Ovarian Cancer (Annex B) 

For individuals with a personal history of epithelial ovarian, fallopian tube or peritoneal cancer [A], 

epithelial ovarian cancer has a detection rate of 11.3%-14.1% for BRCA1/2, 0.9% for BRIP1, 1.0% 

for RAD51C or RAD51D, 0.4% for PALB2, 0.5% for mismatch repair P/LPVs [A2].8, 9 

 

Both breast and ovarian cancers (Annex A and B) 

• Tumour-detected gene alterations may be somatic or germline. Hence, when a PV with 

potential germline implications is identified on tumour genetic testing, germline genetic 

testing clarifies whether the variant is inherited and enables cancer risk management and 

cascade testing [A1].2 

• The ≥10% probability of a BRCA1/2 PV based on prior probability models (e.g. Manchester 

Score, CanRisk), was adopted as the testing threshold. This is aligned with the threshold 

used in National Institute for Health and Care Excellence (NICE) and EviQ guidelines,7, 10  

and with overseas economic evaluations indicating that testing is cost-effective at this 

probability.11, 12 The lower >5% threshold used by NCCN was not adopted as its cited cost-

effectiveness evidence relates primarily to population-based multigene testing in overseas 

settings and may not be directly transferable to the intended local testing pathway.2 

 

Harms 

Validation studies of NCCN testing indications for breast cancer-related P/LPVs showed that, when 

an age threshold of ≤50 years is used, 13.1% of BRCA1/2 P/LPV carriers and 29.9% of carriers 

across nine breast cancer susceptibility genes would not have met NCCN testing indications.13 

Expanding testing to all females with breast cancer diagnosed at ≤65 years improves sensitivity from 

70% to 90%, but reduces specificity from 53% to 22%.5 In patients with breast cancer diagnosed at 

>65 years, more moderate-risk P/LPVs may be detected, for which risk estimates and management 

implications are less certain, potentially increasing anxiety and over-management.2 These concerns 

may be less applicable to ovarian cancer genetic testing as ovarian cancer is substantially less 

common than breast cancer.2, 8  

  

Systematic reviews showed that anxiety typically peaked at result disclosure and declines over time, 

with no clinically significant impact on depression and QoL.14, 15 

Certainty of evidence Values and preferences  
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The certainty of evidence for individual clinical 

indicators is low due to the pooling of different 

indirect evidence from retrospective cohort 

studies and registry-based analyses. The 

certainty for the psychological impact of genetic 

testing is very low, drawn from small 

observational studies with high loss to follow-

up.14 

Values and preferences for genetic testing vary, 

with individuals weighing cost, wait time, test 

accuracy, survival benefit, and detection 

differently.16 Cost remains a key determinant 

across studies; however, participants were 

willing to pay for testing compared with no 

testing, and for tests covering multiple cancers 

compared with a single cancer.16 Studies also 

showed value placed on specialist-led testing, 

private clinic settings, and limiting access to 

results to health professionals rather than 

insurers.16 

Resources and feasibility Acceptability and other considerations 

Local clinicians and the literature have reported 

that risk scoring tools (e.g. Manchester score and 

CanRisk) are complex and time-consuming 

[A5].17 

 

With the implementation of subsidised genetic 

testing for HBOC syndrome for specified groups 

of patients, costs to individuals are expected to 

decrease substantially.  

Uptake may not be universal even among 

eligible individuals because of limited 

awareness, distrust of results, perceived lack of 

clinical utility, and concerns about insurance 

discrimination.16 These factors suggest that a 

proportion of eligible individuals may decline 

testing, and that acceptability is equally 

influenced by health literacy, trust, and perceived 

consequences as it is by clinical eligibility. To 

improve uptake, these barriers should be 

addressed alongside subsidised access. 

Expert Group deliberation of the above factors 

The Expert Group (EG) supported a strong recommendation due to the clinical utility of identifying 

actionable P/LPVs for individual and familial risk management, despite potential psychological harms 

and resource implications. The proposed clinical indicators were considered established and feasible 

for local practice despite low-certainty evidence. 
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Recommendation 3 

 

Evidence-to-recommendation considerations 

Summary: RRM substantially reduces breast cancer incidence and mortality in females with high-risk 

P/LPVs, supporting a strong recommendation despite surgical and psychosocial harms. For females 

with moderate-risk P/LPVs, RRM should be reserved for those with substantially elevated individual 

risk. RRM is not recommended for males, given the lower absolute risk and limited evidence of benefit.  

 

Balance of benefits and harms 

Benefits: In BRCA1/2 mutation female carriers, RRM reduced overall mortality (62% reduction; 

hazard ratio [HR] 0.37, 95% confidence interval [CI] 0.23-0.60) and breast cancer-specific mortality 

(86% reduction; HR 0.14, 95% CI 0.04-0.49) significantly compared with no surgery.18 Given the high 

lifetime risk of breast cancer associated with these variants (60-80% for BRCA1/2), the absolute risk 

reduction achieved with RRM is considerable. RRM may also reduce cancer-related anxiety and the 

burden of intensified surveillance, with individuals reporting decision satisfaction and decreased 

worry about developing breast cancer.10, 19 

 

Harms: RRM is irreversible and carries perioperative complications such as bleeding, infection, 

wound complications, seroma formation, and anaesthetic risks.19 The risk of major early 

complications requiring reoperation is low (3.7%), though rates are higher with reconstruction.20 

Long-term physical sequelae may include numbness, pain, infection and oedema.2 Whilst many 

individuals reported reduced cancer-related distress postoperatively, adverse effects on body image, 

self-esteem and sexual well-being have been documented.10, 19 

 

Benefits/harms balance  

Discuss risk-reducing strategies with individuals at elevated risk of breast cancer, 
and provide access to genetic counselling prior to any surgical decision: 

a) For females with high-risk P/LPVs, recommend RRM 
as an option.  

Strength of recommendation: 

Strong  Conditional 
 

b) For females with moderate-risk P/LPVs and a 
substantially elevated individual breast cancer risk 
based on significant family history, reserve 
recommending RRM as an option. 

Strong  Conditional 
 

c) For males with high- or moderate-risk P/LPVs, do not 
recommend RRM. 

Strong  Conditional 
 

Recommendation remarks: Risk-reducing strategies for breast cancer include RRM, intensified 

surveillance, and chemoprevention. Decision should be guided by shared decision-making, 

considering individualised breast cancer risk (using validated risk models where appropriate), age, 

family history, comorbidities, and patient values and preferences. Counselling on RRM should include 

degree of breast cancer risk reduction, reconstruction options, procedural risks, and potential impact 

on QoL. Chemoprevention and lifestyle modification is beyond the current ACRs’ scope and will be 

discussed in subsequent guidance. Refer to Annex C for details on P/LPVs categorised under high 

or moderate risk.  

 

Individuals with HBOC syndrome-related P/LPVs also have increased risks of other malignancies 

(e.g. prostate, pancreatic and melanoma). Appropriate specialist assessment and counselling 

regarding these risks are warranted, but beyond the scope of the HBOC ACRs.  
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The relative benefit of RRM declines with age, as remaining lifetime breast cancer risk decreases.21 

Local data suggested peak breast cancer incidence at around age 55 for BRCA1/2 P/LPVs, in 

contrast to European data where peak incidence occurs earlier.22 Evidence guiding the optimal timing 

of RRM remains limited, hence decision should consider age, baseline risk, comorbidities and patient 

values.18  

 

For females with high-risk P/LPVs (BRCA1, BRCA2, TP53, PTEN, PALB2, CDH1, STK11), risk 

reduction and survival benefits generally outweigh potential harms, although decisions are 

preference-sensitive. Evidence for non-BRCA high-risk genes is extrapolated from BRCA1/2 carriers 

with gene-specific differences in absolute risk and tumour phenotype. For instance, for STK11-

associated Peutz-Jeghers syndrome, although lifetime breast cancer risk is estimated at 32-54%,2, 

23, 24 emerging evidence suggests these tumours may demonstrate slower growth, reduced 

recurrence and better prognosis than those in BRCA1/2 carriers.25 Thus, guidelines, such as the 

European Hereditary Tumour Group, do not recommend RRM for STK11 carriers,26, 27 whereas 

NCCN and EviQ guidelines allow consideration based on individual risk assessment.2, 24 RRM may 

be inappropriate in patients with comorbidities increasing surgical risk, or with poor prognosis.10 Other 

risk-reducing strategies include intensified surveillance and chemoprevention. While 

chemoprevention reduces breast cancer incidence,28 it has no proven mortality benefit,28 and is 

associated with increased risk of thrombosis, endometrial cancer and osteoporosis, limiting suitability 

for individuals at highest risk.23  

 

For females with moderate-risk P/LPVs (ATM, BARD1, CHEK2, NF1, RAD51C, RAD51D), breast 

cancer risk is generally lower than in high-risk carriers, and evidence for RRM is largely extrapolated 

from BRCA1/2 data with limited direct evidence of benefit.29, 30 While specific ATM variants, notably 

ATM c.7271T>G, confer higher risk, guidelines vary in their RRM recommendations—NCCN and  

American College of Medical Genetics and Genomics (ACMG) guidelines do not support routine 

RRM but allow for discussion when individualised risk estimates warrant it,22, 31 whereas EviQ allows 

conditional consideration.29 RRM decisions should therefore be individualised, incorporating family 

history, hormonal and lifestyle factors, and breast density.31  

 

For males, the estimated lifetime male breast cancer risk is very low (approximately 0.2-1.2% for 

BRCA1 and 1.8-7.1% for BRCA2 carriers).2, 32 Reference guidelines such as NCCN and EviQ all 

recommended against RRM for males with BRCA1 or BRCA2 P/LPVs.2, 32  

Certainty of evidence Values and preferences 

The certainty of evidence for mortality reduction 

following RRM is low (derived from observational 

studies, downgraded for serious risk of selection 

bias but upgraded for large effect size).18 The 

certainty of evidence for psychosocial outcomes 

following RRM is very low (derived from 

observational studies, downgraded for recall 

bias).19  

 

Despite high value placed on breast cancer risk 

reduction and availability of non-invasive 

options,33 preference for RRM is heterogenous 

and is shaped by personal and family 

circumstances — those with first-degree relatives 

with breast cancer (74% vs 54%) or with children 

(76% vs 48%) were more likely to opt for 

surgery.33 Younger females are often motivated 

by fear of cancer and transmitting risk to their 

children, though concerns about partnership and 

sexual identity may temper this.34 While over half 

of BRCA1/2 carriers in a Korean survey would 

consider RRM,35 many initially preferred 

intensified surveillance but became more 

accepting of RRM following genetic 

counselling.36, 37 

Resources and feasibility Acceptability and other considerations 
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With subsidised genetic testing, RRM and breast 

surveillance for high-risk individuals, costs to 

individuals are expected to decrease 

substantially. No significant concerns on 

feasibility were noted, as discussing RRM based 

on risk level aligns with current clinical practice. 

Surgical demand is expected to remain 

manageable, as RRM represents one of several 

risk management options, with intensified 

surveillance and chemoprophylaxis remaining as 

alternatives. 

In addition to reducing cancer risk, RRM may 

alleviate cancer-related anxiety and provide 

reassurance for some women who perceive their 

lifetime breast cancer risk to be unacceptably 

high. The procedure may also reduce the need 

for intensified surveillance and associated 

burden of repeated imaging, investigations, and 

follow-up.18  

Expert Group deliberation of the above factors 

For females with high-risk P/LPVs, the EG agreed that the substantial reduction in breast cancer risk 

and mortality generally outweighed the surgical and psychosocial harms of RRM, despite low-

certainty evidence. However, given its irreversible nature and heterogeneous preferences, RRM 

should remain a shared decision. For females with moderate-risk P/LPVs and males, the benefit of 

RRM did not generally outweigh potential harms. 

 

Recommendation 4 

Offer intensified breast surveillance to females with high- or moderate-risk breast 

cancer-related P/LPVs who have not undergone RRM, tailoring the surveillance 

modality based on variant-specific risk, age, breast density and family history. 

a) For females with high-risk P/LPVs:  

1. Recommend annual magnetic resonance imaging 

(MRI) alone for females aged <30 years. 

Strength of recommendation: 

 
 

Strong  Conditional 

2. Consider adding mammography to annual MRI for 

females aged 30-39 years, based on individualised 

breast cancer risk assessment 

 

Strong  Conditional 

3. Recommend combined annual MRI and 

mammography for females aged 40-59 years. 
 

 Strong  Conditional 

4. Consider annual mammography alone for older 

females with lower breast density (e.g. ≥60 years). 
 

Strong  Conditional 

b) For females with moderate-risk P/LPVs, consider MRI 

or mammography based on age, variant-specific risk 

level and other imaging considerations. 

 

Strong  Conditional 

c) For males aged ≥50 years with increased breast 

cancer risk, particularly those with BRCA2 P/LPVs, 

consider offering annual mammography. 

 

Strong  Conditional 

Recommendation remarks: Intensified surveillance is an appropriate risk-management option for 

individuals who have not undergone RRM. This includes individuals with HBOC syndrome-related 

P/LPVs and a personal history of breast cancer managed with breast-conserving treatment, where 

intensified surveillance of the treated and contralateral breasts should be continued, with the 

surveillance strategy tailored to individual breast cancer risk. Table A provides recommended 

surveillance strategies to guide clinical discussion; adjustment may be appropriate depending on 

patient-specific factors, availability of imaging modalities, and specialist radiologist advice if needed.  
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Table A: Recommended annual breast surveillance modalities for females 

Age group 

for females 

(years) 

High-risk P/LPVs Moderate-risk P/LPVs 

BRCA1, BRCA2, PTEN, PALB2, 

CDH1, STK11 
TP53b 

BARD1, CHEK2, ATMc,  

RAD51C/D 
NF1d 

<30a MRI MRI Not required Not required 

30-39 MRI, and consider adding MMG MRI Consider MRI Consider MRI 

40-49 Combined MRI and MMG MRI Consider MMG Consider MRI 

50-59 Combined MRI and MMG MRI Consider MMG Consider MRI 

60-74 Low breast density: consider 

MMG 

Persistently dense breasts: 

consider MRI or other imaging  

MRI Consider MMG Consider MMG 

75+ Individualised decisions for continuing surveillance based on residual breast cancer risk, 

life expectancy, comorbidities and patient preferences 

MMG, mammography; MRI, magnetic resonance imaging; P/LPVs, pathogenic or likely pathogenic 

variants 

 
a Starting age of surveillance varies by PV in the high-risk category: 

- BRCA1, BRCA2: 25 years old or 5-10 years before the earliest known age for family breast 

cancer diagnosis (whichever earlier) 

- PTEN, PALB2, CDH1, STK11: 30 years old or 5-10 years before the earliest known age for 

family breast cancer diagnosis (whichever earlier)  

- TP53: 20 years old  

Note: Breast cancer risk may vary between variants within the same gene, and certain variants may 

warrant different surveillance strategies from those shown in the table. Surveillance should be guided 

by variant-specific risk and the individual's overall breast cancer risk. Imaging considerations may 

also vary by gene within the same risk category due to gene-associated tumour biology. The 

examples provided below for selected P/LPVs requiring modified surveillance strategy are not 

exhaustive; refer to the latest clinical guidelines as evidence on variant- and gene-specific risks 

continue to evolve: 
b TP53: MRI is recommended (instead of MMG) because of the high risk of early-onset breast cancer 

and concerns regarding radiation sensitivity. Ionising radiation should be minimised where effective 

non-ionising imaging is available.  
c  ATM c.7271T>G carries a substantially higher breast cancer risk than other ATM PVs (comparable 

to other high-risk PVs), hence surveillance should follow the strategy recommended for high-risk PV 

carriers.d NF1: MRI is preferred at younger ages because neurofibromas may hinder MMG 

interpretation and NF1 carriers have a higher prevalence of early-onset breast cancer. Consider 

transitioning to MMG when individuals are older, based on individual risk and imaging considerations. 

Evidence-to-recommendation considerations 

Summary: Intensified surveillance is recommended for high-risk females who have not undergone 

RRM, with recommendation strength varying by age groups, according to absolute breast cancer risk, 

sensitivity gains, radiation risk, cost and patients’ values and preferences. Recommendations are 

conditional where incremental benefit is uncertain, evidence is limited or cost is a consideration, for 

moderate-risk females and males. There is insufficient evidence to support routine male breast 

surveillance, with individualised consideration for higher-risk contexts such as gynaecomastia and 

Klinefelter syndrome.  

Balance of benefits and harms 
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Benefits 

MRI with contrast demonstrated high sensitivity in high-risk populations, detecting smaller, more 

likely node-negative tumours than mammography.29 MRI sensitivity is not meaningfully influenced by 

age38 or breast density,39 though specificity is lower than mammography (MRI: 84.7%, 95% CI 79.0%-

89.1% versus mammography: 93.6%, 95% CI 88.8%-96.5%, p=0.0101).38 There is no relevant 

literature to support the use of MRI without contrast for females at high risk.40  

 

Mammography has lower sensitivity in dense breasts, and a higher prevalence of rapidly growing 

tumours increases difficulty of interpreting mammograms.2, 10, 41 As breast density and tumour growth 

rate decline with age, the relative advantages of MRI declines with age.38 Mammography can also 

depict MRI-occult ductal carcinoma in situ by identifying microcalcifications.42 Combined MRI and 

mammography achieves the highest sensitivity across all age groups (98% versus 89% for MRI 

alone versus 55% for mammography alone), but lowest specificity (79% versus 83% versus 94% 

respectively).43  

 

Ultrasound should not be routinely offered as a primary surveillance modality given limited sensitivity 

(33-65%) and lack of evidence for standalone use in high- or moderate-risk individuals.2 It may be 

considered when MRI or mammography is unavailable, contraindicated, or not tolerated (e.g. 

claustrophobia), during pregnancy or lactation, or for further characterisation of suspicious findings.10, 

29, 44 

 

Harms 

Mammography involves low-dose ionising radiation, raising concern about cumulative radiation 

exposure and radiation-induced cancers,10 and is associated with higher rates of pain (86% versus 

12%) and physical discomfort (69% versus 45%) than MRI, while MRI is associated with higher 

anxiety (37% versus 28%). MRI contrast may cause allergic or infusion reactions and should be 

avoided in severely renal impaired and pregnant individuals.45 Gadolinium brain deposition has been 

observed, with no associated adverse consequences, and its long-term clinical significance remains 

uncertain.2, 45-47 Health Sciences Authority (HSA) advised using the lowest effective dose wherever 

possible and administering repeated doses only after careful benefit-risk assessment.47 

 

Balance of benefits and harms:  

For females with high-risk P/LPVs:  

• <30 years: Annual MRI alone is recommended given its substantially higher sensitivity in 

younger females with dense breast tissue, the prevalence of rapidly growing tumours in this 

age group, and radiation concerns.2, 10, 39  

• 30-39 years: Annual MRI alone is recommended and mammography may be added on 

an individualised basis.10 Evidence in females under 40 suggests limited additional benefit 

from combined imaging, with sensitivity gain for combined imaging not statistically significant 

compared with MRI alone: 99% (95% CI 97%-100%) versus 85% (95% CI 74%-94%) 

(p=0.091), respectively.39, 42 Given radiation concerns and limited incremental yield, consider 

adding mammography for indeterminate MRI findings or specific clinical concerns that 

warrant additional imaging. 

• 40-59 years: Combined annual MRI and mammography is recommended to maximise 

sensitivity, with reduced specificity considered an acceptable trade-off given high underlying 

risk. This is supported by local data showing peak breast cancer incidence in BRCA1/2 

carriers around age 55.22 

• ≥60 years: For the purpose of determining surveillance modality in older females, ‘non-dense 

breasts’ refers to breasts with Breast Imaging Reporting and Data System (BI-RADS) density 

categories A (almost entirely fatty) or B (scattered fibroglandular density). Mammography 

alone is generally sufficient in non-dense breasts. Breast density declines post-

menopause, which improves mammographic sensitivity and reduces MRI's relative 
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advantage. However, as breast density does not change abruptly at any age,10 for 

females ≥60 years with a persistently dense breast pattern, MRI may be offered as an 

alternative.  

• For genes with limited direct evidence, e.g. TP53 and PTEN, recommendations are 

extrapolated from BRCA1/2 data, though gene-specific considerations may warrant deviation 

from default surveillance approach – e.g. for TP53, the loss of TP53-mediated DNA repair 

renders these individuals exceptionally vulnerable to radiation-induced malignancies, 

informing a stronger preference for MRI over mammography.10, 41 For PALB2, modelling 

evidence supports MRI from 30 to 35 years, followed by combined imaging from 40 years.48 

For CDH1 with higher risk of lobular cancers, MRI may be more sensitive than mammography 

to detect lobular cancers.30  

• Evidence guiding the optimal age for discontinuing intensified surveillance is limited, as high-

risk females ≥75 years were often excluded,49 and no modelling studies specific to this age 

group with high-risk P/LPVs were identified. NCCN recommends surveillance for ≥75 years 

should be individualised, taking into account comorbidities, life expectancy, prior and family 

history of cancer, patient preference, and willingness to undergo further investigations or 

treatment, recognising that benefits of continued early detection diminish as remaining 

lifetime risk of cancer decreases with age.2  

 

For females with moderate-risk P/LPVs:  

• Direct evidence is limited to small cohort studies, requiring cautious extrapolation from high-

risk data.10 Given lower absolute risk, routine MRI is not recommended and annual 

mammography is generally sufficient. Annual mammography is not recommended for 

younger carriers given lower risk of early-onset breast cancer, but it may be warranted from 

40 years as risk increases.  

• Breast cancer risk may vary between specific variants within the same gene. For example, 

ATM c.7271T>G is associated with substantially higher breast cancer risk than most other 

ATM variants and should follow the high-risk breast surveillance recommendations. Overall, 

evidence in this space is evolving and indicates that some variants may require different 

surveillance strategies. For example, the ACMG guideline suggested that CHEK2 c.470T>C 

p.(Ser428Phe) and c.1283C>T p.(Ser428Phe) confer lower risk than other CHECK2 

variants.50 

• Gene-specific characteristics – such as associated tumour biology that affect imaging 

performance – may warrant deviation from default surveillance approach. For instance, for 

NF1, MRI is preferred over mammography as intramammary and cutaneous neurofibromas 

can obscure mammographic interpretation, and due to increased risk for early-onset breast 

cancer in NF1 carriers.2, 51 

 

For males with inherited breast cancer risk: 

• Absolute risk of male breast cancer is overall low, with the general male population risk of 

about 0.12% compared to 11-13% in the general female population. Risk is most clearly 

increased in BRCA2 (up to 7-9%) and modest in BRCA1 P/LPV carriers (up to 1.2%).32 Risk 

may be substantially elevated in males with gynaecomastia (odds ratio [OR] 9.78; 95% CI 

7.52-12.7) or Klinefelter syndrome (OR 24.7; 95% CI 8.94-68.4).23 

• Males have presented with advanced stage disease due to lack of screening.2 One study 

found that mammography could detect clinically occult, node-negative breast cancers in 

asymptomatic high-risk males, with sensitivity and specificity comparable to females at 

population risk.52 Evidence supporting routine mammography screening in males remains 

limited.  

Certainty of evidence Values and preferences  
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The overall certainty of evidence for diagnostic 

accuracy of breast surveillance is high, assessed 

using Quality Assessment of Diagnostic 

Accuracy Studies-2 (QUADAS-2).38, 42 The 

certainty of evidence of mammography-related 

radiation-induced cancers is low, based on seven 

observational studies with serious 

inconsistencies but an observed dose-response 

relationship.10 

There is important variability in values and 

preferences among BRCA1/2 carriers who weigh 

factors including cancer risk reduction, early 

cancer detection, avoidance of irreversible 

surgery, body image, physical and sexual well-

being, cancer-related worry, screening burden 

and cost differently.33, 53 Cultural context, 

especially in Asian settings, may reduce 

willingness for surgery, though this may increase 

with greater knowledge and genetic counselling 

access.36 Decisions should therefore be treated 

as preference-sensitive and supported by shared 

decision-making.  

Resources and feasibility Acceptability and other considerations 

MRI costs considerably more than 

mammography. Both MRI and digital breast 

tomosynthesis are currently available only in 

specialist outpatient centres (SOCs), which limit 

access for eligible individuals who rely on primary 

care settings for screening. Based on local expert 

input, intensified surveillance with combined MRI 

and mammography aligns with international 

guidelines and current local practice and is not 

anticipated to raise significant feasibility 

concerns. 

While intensified surveillance is probably 

acceptable to many, real-world adherence 

remains variable, with one study finding lower 

adherence to annual MRI (34%) than annual 

mammography (48%).54 Adherence may be 

affected by time constraints, physical and 

psychological barriers, and financial barriers for 

uninsured individuals. Acceptability may be 

affected by concerns about MRI contrast and  

claustrophobia, and mammography-related pain 

and radiation.55  

Expert Group deliberation of the above factors 

The EG considered that the benefits of intensified surveillance generally outweighed potential harms 

for females with high- and moderate-risk P/LPVs, but acknowledged that the optimal modality varied 

with age, breast density and variant-specific risk. Cost, availability and access, particularly to MRI, 

may affect uptake and adherence. However, the proposed surveillance approach was considered 

feasible within local practice, with individualisation encouraged where evidence or incremental 

benefit was less certain. 
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Recommendation 5 

 

Table B: Suggested age to undergo RRSO 

High-risk P/LPVs Suggested age for RRSOa 

BRCA1 35-39 years onwards 

BRCA2 40-45 years onwards 

BRIP1, PALB2b, RAD51C, RAD51D From 45 years onwards 

P/LPVs, pathogenic or likely pathogenic variants; RRSO, risk-reducing salpingo-oophorectomy 
a Earlier if there is a family history of earlier onset ovarian cancer 
b Given the lower lifetime ovarian cancer risk associated with PALB2, consideration of RRSO should 

be individualised based on family history and reproductive planning.  

Evidence-to-recommendation considerations 

Summary: RRSO is strongly recommended for females with high-risk P/LPVs, given its effectiveness 

in reducing ovarian cancer risk and mortality, and the lack of effective surveillance alternatives. Benefits 

should be balanced against surgical menopause and impact on QoL. Despite these harms, RRSO 

appears broadly acceptable, with majority reporting satisfaction and low regret with comprehensive 

preoperative counselling. Reproductive plans also influence the decision to undergo RRSO and its 

timing, and should be respected.  

 

Balance of benefits and harms 

Ovarian cancer is associated with significant mortality, with 1-, 3- and 5-year survival rates of 73.65%, 

61.31% and 59.60%, respectively.56 Late-stage diagnosis is a major determinant of survival (stage 

IV vs I, risk ratio [RR] 10.54, 95% CI 9.16-12.13),57 with early detection hampered by non-specific 

symptoms58 and limitation in available screening modalities.59, 60 Carriers of high-risk P/LPVs such 

as BRCA1/2 and RAD51D have higher risk of high grade, late-stage ovarian cancer at a younger 

age than non-carriers.61  

 

Benefits: 

In BRCA1/2 carriers, RRSO is effective in reducing ovarian cancer risk (OR 0.29, 95% CI 0.18-0.47), 

ovarian cancer-specific mortality (OR 0.62, 95% CI 0.51-0.75),62 all-cause mortality (HR 0.52, 95% 

CI 0.41-0.64) and breast cancer-specific mortality (RR 0.26, 95% CI 0.18-0.39).63 Separately, 

evidence for RRSO reducing breast cancer risk is inconsistent, which may explain why most 

a) Discuss risk-reducing strategies with females who have ovarian 

cancer-related P/LPVs, taking into account their individualised 

ovarian cancer risk, preferences and family planning 

considerations.  

Strength of 

recommendation: 

Strong 
 

Conditional 

 

b) For females with high-risk ovarian cancer-related P/LPVs, 

recommend RRSO with timing guided by variant-specific risk, 

family history and reproductive planning. 

 

Strong 
 

Conditional 

 

Recommendation remarks: In the absence of effective ovarian cancer surveillance, RRSO plays a 

key role in ovarian cancer risk reduction. Discussion and counselling regarding RRSO should begin 

before the suggested age of surgery (Table B) and include discussion of timing in relation to family 

planning as well as potential harms such as surgical menopause. Chemoprevention, lifestyle 

modification and aspects of menopausal care are beyond the current ACRs’ scope and will be 

discussed where relevant in subsequent guidance. Please refer to Annex C for details on the P/LPVs 

categorised under high‑ or moderate‑risk. 
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guidelines generally do not recommend RRSO specifically for breast cancer risk reduction, with its 

role remaining primarily for ovarian cancer risk reduction.2, 10, 23, 63, 64 Evidence for other non-BRCA1/2 

P/LPVs is largely extrapolated from BRCA1/2 studies. 

 

Harms: 

RRSO induces surgical menopause but is not associated with increased cardiovascular diseases, 

non-breast cancer mortality, contralateral breast cancer, or depression in several BRCA1/2 studies, 

though these findings should be interpreted cautiously given short follow-up periods and younger 

study populations.65-67 RRSO is associated with impaired sexual function and vaginal dryness.68 

Post-operative complications occurred in 6.09% of a small cohort, mostly minor pain or superficial 

infection.56  

 

Suggested ages for RRSO are based on variant-specific cancer risk and typical age at ovarian cancer 

diagnosis (Table B).2, 23, 39, 69-72  

 

Intensified ovarian surveillance: 

A NICE systematic review found no randomised or comparative observational studies on intensified 

surveillance, with available evidence limited to non-comparative studies on diagnostic performance.69 

Low cancer prevalence introduced considerable uncertainty in estimates, particularly sensitivity, 

limiting confidence in the effectiveness of surveillance strategies.69 Evidence for mortality benefits of 

intensified surveillance with transvaginal ultrasound (TVUS) and cancer antigen 125 (CA-125) 

remains limited.73, 74 The Risk of Malignancy Index (RMI) which incorporates TVUS, menopausal 

status and CA-125 has a pooled sensitivity of 78% (95% CI 71-85%) and specificity of 87% (95% CI 

83-91%),59 but sensitivity drops to 57.9% (95% CI 44.1-70.6%) for predicting stage I ovarian cancer.60  

Certainty of evidence Values and preferences 

The overall certainty of evidence for 

effectiveness and harms of RRSO for high-risk 

P/LPVs is moderate, downgraded for 

indirectness of evidence to non-BRCA P/LPVs. 

The certainty of evidence for ovarian cancer 

intensified surveillance is low with small number 

of observational studies available. 

Several factors are associated with higher RRSO 

uptake, including older age, parenthood, 

BRCA1/2 carrier status, mastectomy history, and 

perceived ovarian cancer risk and advantages of 

RRSO, whereas objective cancer risk was not 

significantly associated with RRSO uptake.75, 76 

Similar findings of preference to delay RRSO to 

40 years was noted amongst BRCA1/2 carriers.77 

Resources and feasibility Acceptability and other considerations 

The recommended age for RRSO aligns with 

international practice.2, 23, 39, 69-72 The 

recommendation is presumably feasible 

considering its similarity to existing practice 

locally. With the implementation of subsidised 

genetic testing for HBOC syndrome and the 

corresponding downstream intervention 

(including RRSO) for high-risk individuals, costs 

to individuals are expected to decrease 

substantially.  

  

RRSO appears broadly acceptable to most high-

risk females — 89.71% expressed complete 

satisfaction with surgery, 5.88% reported 

persistent stress.78 QoL, anxiety and depression 

did not differ significantly in females who 

received RRSO versus screening only.79  

Expert Group deliberation of the above factors 

The EG strongly recommended RRSO in females with high-risk P/LPVs, as the substantial reductions 

in ovarian cancer risk and mortality outweighed the harms of surgery and surgical menopause, 

particularly given the lack of effective ovarian cancer surveillance. The EG agreed that RRSO 

counselling should begin before the suggested age of RRSO to facilitate shared decision‑making, 

reproductive planning and discussion of menopause. 



 

14 
 

Annex A: Population groups recommended for genetic testing to characterise breast cancer-

related gene variants* 

*ATM, BARD1, BRCA1, BRCA2, CDH1, CHEK2, NF1, PALB2, PTEN, RAD51C, RAD51D, STK11 or TP53  

A. Individuals with a personal history of breast cancer, who have risk factors for hereditary breast 

cancer who meet any of the following: 

A1. A pathogenic variant (PV) identified on tumour genomic testing that would have clinical implications if 

confirmed to be germline; or 

A2. A personal history of breast cancer with specific features: 

i. ≤50 years old; or 

ii. Triple-negative breast cancer; or 

iii. Multiple primary breast cancers (synchronous or metachronous); or 

iv. Lobular breast cancer with personal or family history of diffuse gastric cancer; or 

v. Male breast cancer; or 

A3. Ancestry: Ashkenazi Jewish ancestry; or 

A4. A family history of: 

i. ≥1 close biological relative (includes first-, second-, and third-degree relatives on the same side 

of the family) with: 

• Breast cancer at age ≤50 years old; or 

• Male breast cancer; or 

• Ovarian cancer; or 

• Pancreatic cancer; or 

• Prostate cancer with metastasis, or high- or very-high-risk group; or 

ii. ≥3 diagnoses of breast and/or prostate cancer (any grade) on the same side of the family 

including the patient with breast cancer 

A5. An estimated ≥10% probability of a BRCA1/2 PV based on prior probability models (e.g. Manchester 

Score, CanRisk), even if criteria A1-A4 are not met 

 

B. Individuals with a significant family history of breast cancer, and unknown familial genetic 

status. These individuals should meet both of the following: 

B1.  

• The individual has a first-degree biological relative with breast cancer who is unavailable for 

genetic testing; or 

• The individual has a second-degree relative with breast cancer (unavailable for genetic testing), if 

no first-degree relative is available^; and 

B2. An estimated ≥10% probability of a BRCA1/2 PV based on prior probability models (e.g. Manchester 

Score, CanRisk)  

 

C. Biological relatives of a known pathogenic/likely pathogenic variant (P/LPV) carrier:  

C1. 

• First-degree biological relatives of an individual who carries a P/LPV in a breast cancer susceptibility 

gene; or  

• Second-degree biological relatives may be considered if the first-degree relative is unavailable^ 

 
^HBOC syndrome-related P/LPVs are typically inherited in an autosomal-dominant manner. As a result: 

• First-degree relatives (i.e. biological parents, children, siblings) of an individual with a PV have an estimated 50% chance of 
inheriting the variant and are therefore prioritised for cascade genetic screening 

• Second-degree relatives to index patients (i.e. biological grandparents, aunts/uncles, nieces/nephews, grandchildren) have 
an estimated 25% chance of inhering the variant.  

- If a first-degree relative is unavailable for genetic testing (e.g. deceased, declined genetic testing or uncontactable) and 
his/her genetic result is unknown, a second-degree relative in the direct lineage of the first-degree relative (e.g. the child of the 
affected first degree relative) may be considered for genetic testing.  
- Where a first-degree relative is known to test negative for the familial PV, testing of second-degree relatives is not required.  
- At present, subsidised HBOC genetic testing is available for eligible first-degree relatives only. Eligibility criteria should be 
checked against the prevailing funding guidance, which may be updated over time.  

https://www.ace-hta.gov.sg/healthcare-professionals/ace-technology-guidance/medical-technology-guidance/?page=1
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Annex B: Population groups recommended for genetic testing to characterise ovarian cancer-related 

gene variants** 

** BRCA1, BRCA2, BRIP1, PALB2, RAD51C and RAD51D. EPCAM, MLH1, MSH2, MSH6 and PMS2, which 

are associated with an increased risk of ovarian cancers, are excluded from this annex because guidance on 

the downstream management of carriers will be addressed in upcoming Lynch Syndrome ACRs. 

A. Individuals with a personal history of ovarian cancer, which includes those with epithelial ovarian, 

fallopian tube or peritoneal cancer, who meet any of the following: 

A1. A pathogenic variant (PV) identified on tumour genomic testing that would have clinical implications if 

confirmed to be germline; or 

A2. A personal history of epithelial ovarian, fallopian tube or peritoneal cancer at any age; or 

A3. An estimated ≥10% probability of a BRCA1/2 PV based on prior probability models (e.g. Manchester 

Score, CanRisk), even if criteria A1- A2 are not met  

 

B. Individuals with a significant family history of ovarian cancer and unknown familial genetic 

status. These individuals should meet both of the following: 

B1. 

• The individual has a first-degree biological relative with ovarian cancer who is unavailable for genetic 

testing; or  

• The individual has a second-degree relative with ovarian cancer (unavailable for genetic testing), if no 

first-degree relative is available^; and 

B2. An estimated ≥10% probability of a BRCA1/2 PV based on prior probability models (e.g. Manchester 

Score, CanRisk)  

 

C. Biological relatives of a known pathogenic/likely pathogenic variant (P/LPV) carrier:  

C1. 

• First-degree biological relatives of an individual who carries a P/LPV in an ovarian cancer susceptibility 

gene; or 

• Second-degree biological relatives may be considered if the first-degree relative is unavailable^ 

 

 

 

 

 

 
^ HBOC syndrome-related P/LPVs are typically inherited in an autosomal-dominant manner. As a result: 

• First-degree relatives (i.e. biological parents, children, siblings) of an individual with a PV have an estimated 50% chance of 
inheriting the variant and are therefore prioritised for cascade genetic screening 

• Second-degree relatives to index patients (i.e. biological grandparents, aunts/uncles, nieces/nephews, grandchildren) have 
an estimated 25% chance of inhering the variant.  

- If a first-degree relative is unavailable for genetic testing (e.g. deceased, declined genetic testing or uncontactable) and 
his/her genetic result is unknown, a second-degree relative in the direct lineage of the first-degree relative (e.g. the child of the 
affected first degree relative) may be considered for genetic testing. 
 -Where a first-degree relative is known to test negative for the familial PV, testing of second-degree relatives is not required.  
- At present, subsidised HBOC genetic testing is available for eligible first-degree relatives only. Eligibility criteria should be 
checked against the prevailing funding guidance, which may be updated over time.  

https://www.ace-hta.gov.sg/healthcare-professionals/ace-technology-guidance/medical-technology-guidance/?page=1
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Annex C: Absolute risk for breast and ovarian cancers  

This annex summarises the estimated lifetime absolute risk of breast cancer associated with pathogenic 
variants (PVs) in HBOC syndrome-related genes. The risk estimates in the tables below are primarily for 
females, for whom more comprehensive gene-specific estimates are available. For males, the absolute risk of 
breast cancer is substantially lower than females, estimated at approximately 0.2-1.2% for BRCA1 and 1.8-
7.1% for BRCA2 carriers and population level risk is 0.12%.2, 32  
 
Risk estimates are presented as ranges and have been compiled from international guidelines such as NCCN, 
European Society for Medical Oncology (ESMO), EviQ and American College of Medical Genetics and 
Genomics (ACMG). As Asian-specific risk estimates are currently limited for many genes, the figures presented 
are primarily derived from non-Asian populations and should be interpreted accordingly. These risk estimates 
are intended to serve as a reference to support clinical decision-making and risk discussions with patients. 
Cancer risk may vary between specific variants within the same gene, and gene-level risk estimates may not 
apply equally to all variants. Decisions on risk-reducing interventions should therefore consider variant-specific 
risks, alongside family history and other individual risk factors. 
 
As evidence and variant classifications continue to evolve, users should refer to up-to-date resources such as 
ClinVar, ClinGen, NCCN, eviQ, for latest information, including variant-specific cancer risks and updates on 
variants of uncertain significance (VUS). 
 

Category PVs Absolute risk for breast cancer for females 

High risk BRCA1 60-85%2, 10, 23, 39 (local 57-61%)22 

BRCA2 40-85%2, 10, 23, 39 (local 43-47%)22 

TP53 40-85%2, 23, 41 

PTEN 40-80%2, 23, 80  

PALB2 32-60%2, 23, 70, 81 

CDH1 37-55%18, 30, 37 

STK11 32-54%2, 23, 24 

Moderate risk ATM Typical ~20-25%31; c.7271T>G: higher risk 52%29 

BARD1 17-30%2, 23 

CHEK2 ~20-50%2, 23, 50, 82 

NF1 20-40%2, 51 

RAD51C 20-21%10, 23, 71, 83 

RAD51D ~20%10, 23, 71, 83 

Population level risk  - 11-13%2, 23, 39  

 

Category PVs Absolute risk for ovarian cancer for females 

High risk BRCA1 39-58%2, 39, 84, 85 (local ~ 42%)22 

BRCA2 13-29%2, 39, 84, 85 (local ~20%)22 

BRIP1 5-15%2, 72, 84 

RAD51C 10-15%2, 71, 84 

RAD51D 10-20%2, 71, 84 

PALB2 3-5%2, 70, 84 

Population level risk  - 1.45% (local)86 

 

https://www.ncbi.nlm.nih.gov/clinvar/
https://www.clinicalgenome.org/
https://www.eviq.org.au/cancer-genetics/adult/risk-management
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