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Abstract  40 

Background 41 

Breast cancer susceptibility gene testing (BCSG-testing) is expanding in relation to 42 

both eligibility for testing and number of genes included on testing panels. However, 43 

uncertainty remains regarding the most effective testing strategies for identifying 44 

clinically actionable germline pathogenic variants (gPVs) while balancing increased 45 

burden on breast and genetics clinical services.    46 

Patients and Methods 47 

The North Thames Mainstreaming of Breast Cancer Genetic Testing (NT-MBGT) 48 

programme piloted unselected breast cancer (BC) patient BCSG-testing via a 49 

clinician-light ‘BRCA-DIRECT’ mainstreaming pathway. We present ‘real-world’ 50 

evaluation of (i) gPV pick-up rates according to BC characteristics and (ii) 51 

operational feasibility, acceptability, and satisfaction with the ‘BRCA-DIRECT’ 52 

expanded testing pathway.  53 

Results 54 

The ‘BRCA-DIRECT’ pathway successfully tested 3,517 newly-diagnosed BC 55 

patients within 14 National Health Service (NHS) breast oncology units, with high 56 

levels of patient and breast healthcare professional (HCP) satisfaction, and genetics 57 

HCPs reporting concomitant decrease in service referrals.  58 

The overall pick-up rate of gPVs was 4.7%. Current NHS eligibility criteria would 59 

have offered testing to 20.6% of patients and identified 49.2% of observed gPVs in 60 

high penetrance (HP)-BCSGs (BRCA1/BRCA2/PALB2) and 18.2% of gPVs in 61 

intermediate penetrance (IP)-BCSGs (CHEK2/ATM/RAD51C/RAD51D). ‘Ultra-62 
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simple’ eligibility criteria could improve detection (sensitivity) to 74.6% and 61.4%, 63 

respectively, whilst increasing testing to 50.2% of BC cases.  64 

Conclusions  65 

Evidence from the NT-MBGT programme demonstrates that expanding BCSG-66 

testing via a clinician-light pathway is acceptable and feasible, without increasing the 67 

burden on limited breast and genetics workforce, and has high satisfaction. 68 

Simplified testing criteria could improve identification of gPVs in HP-BCSGs. The 69 

concomitant increased pick-up of gPVs in IP-BCSGs warrants further consideration.  70 

Keywords  71 
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highlights 73 

• In this real-world evaluation we observed the successful rollout of the ‘BRCA-74 

DIRECT’ streamlined, clinician-light mainstreaming pathway for a pilot of 75 

germline breast cancer susceptibility gene testing in 3517 unselected breast 76 

cancer patients from 14 regional breast oncology/surgical units. 77 

• Patients undergoing testing via the pathway reported high levels of satisfaction 78 

and low decisional regret, with breast and genetics healthcare professionals 79 

highly recommending the pathway for mainstream testing.  80 

• Differences were observed between breast healthcare professionals preferring 81 

unselected breast cancer patient testing and genetics healthcare professionals 82 

preferring restriction to current national testing criteria due to broader concerns 83 

around equity of access to testing.  84 

• We identified that current national testing criteria would have missed identifying 85 

50.8% of germline pathogenic variants in high-penetrance, clinically actionable 86 

genes, likely having implications for treatment and surgical decision-making in 87 

the breast cancer patients.  88 

• We evaluated the performance of two additional approaches for establishing 89 

testing eligibility criteria to understand how we could best balance maximising 90 

identification of germline pathogenic variants (sensitivity) whilst limiting 91 

(unnecessary) testing within the breast cancer patient population (specificity).   92 

  93 
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Introduction  94 

Clinical breast cancer susceptibility gene testing (BCSG-testing) has been performed 95 

since the late 1990s following identification of BRCA1 and BRCA2. Historically, 96 

testing was typically offered to a small number of individuals with a very strong 97 

personal and family history of hereditary breast/ovarian cancer (HBOC). Testing 98 

usually took many months, limiting applicability for immediate surgical or oncological 99 

management of the proband.  BCSG-testing was often initiated by concerned family 100 

members rather than clinicians managing breast cancer (BC) patients. Identification 101 

of a germline pathogenic variant (gPV) enabled predictive testing to dichotomise 102 

family members as at very-high-risk of, or spared from, the inheritable disease.   103 

Advances in genetic technologies, in particular Next Generation Sequencing, have 104 

dramatically progressed the scale, speed, cost and accuracy of genetic testing.  105 

Enabling high-throughput, higher-volume testing of many genes at relatively 106 

affordable rates, deliverable within weeks (or even days). This has transformed 107 

delivery of BCSG-testing.   108 

Firstly, eligibility criteria have been extended.  In many healthcare systems, a 109 

sizeable proportion of BC patients may now be eligible for BCSG-testing, based 110 

solely on their own BC (e.g. young onset disease, triple negative histology or 111 

bilateral). Other cases of female BC are now eligible based on a comparatively 112 

modest family history. 1  113 

Secondly, the number of genes tested has been expanded. Until recently, testing 114 

included BRCA1/BRCA2, based on clear-cut actionability for concomitant high risks 115 

of BC and ovarian cancer (OC). 2 Testing now typically includes additional BCSGs, 116 

delivered as a multi-gene panel test (MGPT).3 BCSGs such as PALB2, CHEK2, 117 
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ATM, RAD51C, RAD51D and BARD1 were identified in case control studies of 118 

candidate genes, selected based on similarities to BRCA1/BRCA2 for their roles in 119 

DNA repair pathways. These genes have lower penetrance for BC than 120 

BRCA1/BRCA2. Additionally, MGPT may include very rare pleomorphic cancer 121 

predisposition syndrome genes, such as TP53, STK11, PTEN, NF1 and CDH1, 122 

which involve BC susceptibility in combination with a constellation of rare cancers 123 

and/or characteristic non-malignant phenotypic features. 4 124 

Thirdly, rather than referral into clinical genetics, testing is increasingly delivered by 125 

mainstream oncology clinicians alongside other diagnostic investigations. 126 

Opportunities for surgical decision-making and advances in systemic oncological 127 

management, in particular PARP inhibitors (PARPi), along with logistic feasibility, 128 

have driven rapid testing earlier in the pathway. ‘Mainstreaming’ of higher volumes of 129 

BC patients has necessitated pathway re-design.5-7 We have previously reported our 130 

‘BRCA-DIRECT’ pathway providing digitally-supported, clinician-light BCSG-testing 131 

using home saliva testing supported by a genetic counsellor hotline, within a 132 

randomised trial at five National Health Service (NHS) oncology centres comprising 133 

>1000 BC patients. 8  134 

In the United Kingdom (UK), NHS BCSG-testing comprises seven genes and ~20% 135 

of BC cases meet NHS criteria (with comparable proportions eligible in other 136 

European healthcare services).9 These selection criteria, relating to BC 137 

characteristics and family history of relevant cancers, enrich for gPVs and improve 138 

the detection rate per-test.  For example, testing 20% of BCs (using UK NHS criteria) 139 

has been estimated to pick-up ~50% of BC cases with BRCA1/BRCA2 gPVs. 9 140 

However: (i) half or more gPVs are missed, (ii) family history assessment can be 141 
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complex and laborious and (iii) there is messy overlap between eligibility based on 142 

personal/family history and PARPi therapeutic eligibility. 10, 11   143 

In the broader context of healthcare systems placing increasing focus on screening, 144 

prevention and early diagnosis (SPED), these factors are driving calls for expansion 145 

of germline genetic testing in BC cases, simplifying eligibility criteria, and improving 146 

sensitivity in identifying gPVs . 11-15  However, several questions remain 147 

unaddressed:  148 

i. What proportion of BC cases should receive BCSG-testing; can we expand 149 

and simplify eligibility? 150 

ii.  Which genes should we test? Whilst SPED interventions for BRCA1/BRCA2 151 

are well-evaluated, the impacts and benefits of detecting PVs in the other 152 

genes are less well-established. 153 

iii. How best can testing be delivered safely, robustly, and within tight time-scales 154 

to larger numbers of women through busy BC clinics, whilst ensuring well- 155 

informed consent and necessary psycho-social support? 156 

We aimed to address these questions under ‘real-world conditions’ via the North 157 

Thames Genomics Laboratory Hub Mainstreaming of Breast Cancer Genetics 158 

Programme (NT-MBCG).   159 
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Methods 160 

Within the NT-MBCG programme, a ‘BRCA-DIRECT’ pathway was piloted for BCSG-161 

testing at 14 NHS hospitals across greater-London, UK. 16 Including teaching 162 

hospitals and smaller district hospitals, referring into the North Thames Genomics 163 

Laboratory Hub for NHS cancer genetic testing. Each hospital had a named Clinical 164 

Nurse Specialist ‘champion’ and Clinical lead to oversee implementation and 165 

delivery.  166 

Patients 167 

Inclusion Criteria 168 

• Female,  169 

• >18-years, and  170 

• within 12-months of a new presentation of high-grade ductal carcinoma in-situ 171 

(DCIS) or invasive BC (including a new primary, bilateral, recurrent or 172 

metastatic disease).  173 

This extended beyond NHS criteria (Table 1), enabling prospective BCSG-testing for 174 

all patients with a new presentation of BC (unselected). 175 

Exclusion Criteria 176 

• Patients who previously had NHS BCSG-testing.  177 

Male BC patients and those eligible for TP53 testing (BC ≤30 years; HER2 positive 178 

BC ≤35 years) were referred for testing at regional clinical genetics services 179 

(RCGSs).  180 
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Pathway  181 

Patients were offered BCSG-testing via BRCA-DIRECT by their breast oncology or 182 

surgical teams. Local models of the BRCA-DIRECT pathway varied minorly given 183 

local needs and practices; however, the following pathway principles remained the 184 

same. 185 

Pre-test counselling and consent 186 

Interested patients were provided with a BRCA-DIRECT testing pack, including: a 187 

testing information booklet, personal details and consent form, and saliva sampling 188 

kit. Additional information about the testing process, including videos and translated 189 

versions of material, were accessible online (QR-code and URL within the 190 

information booklet). The testing pack could be completed in clinic or at-home and 191 

returned using freepost packaging provided to the RCGS at the Royal Marsden NHS 192 

Foundation Trust (RMH)/Institute of Cancer Research.  193 

Genetic Nurse/Counsellor (GN/C) support was available throughout the pathway via 194 

a telephone helpline (available 9am-to-5pm, Monday-to-Friday, with extended hours 195 

on  Wednesday). Translators and video calling with subtitling were available, if 196 

required. Administrative support was available via telephone helpline or email.   197 

Return of results and downstream management  198 

Test results were returned via post to the patient and their general practitioner and 199 

emailed to the referring breast oncology/surgical team. Patients with a gPV or variant 200 

of uncertain significance (VUS) were offered a follow-up appointment with a BRCA-201 

DIRECT GN/C to discuss the results and cascade testing within one week of posting 202 

the result. Positive patients were then referred to their RCGS for downstream 203 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted February 3, 2026. ; https://doi.org/10.64898/2026.02.02.26344266doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.02.26344266
http://creativecommons.org/licenses/by/4.0/


management, and the Very-High-Risk NHS breast screening service (where 204 

appropriate).  205 

Genetic Testing 206 

The primary method of DNA sampling utilised saliva samples (self-collected by 207 

patients). Extraction and sequencing were performed within a single NHS accredited 208 

laboratory (RMH). Full sequence analysis of all coding exons for small variants in 209 

seven genes (BRCA1/BRCA2/PALB2/CHEK2/ATM/RAD51C/RAD51D) was 210 

performed, according to NHS England’s National Genomic Test Directory for Rare 211 

and Inherited Diseases, criteria ‘R208’.17 Where next generation sequencing analysis 212 

suggested a copy number variant (CNV), multiplex ligation-dependent probe 213 

amplification was also performed. 214 

Variants were classified in accordance with guidelines from the American College of 215 

Medical Genetics and Genomics and the Association for Molecular Pathology and 216 

Cancer Variant Interpretation Group UK.18-21 As per UK Association of Clinical 217 

Genomic Scientists recommendations, only variants classified as pathogenic, likely 218 

pathogenic or ‘hot’ VUS (where there is a significant chance of the variant being 219 

upgraded to [likely] pathogenic) were reported. Only protein truncating variants were 220 

reported for CHEK2, ATM, RAD51C and RAD51D (in addition to  221 

NM_000051.4(ATM):c.7271T>G (p.Val2424Gly)).  222 

Objectives 223 

The primary objective was to assess pickup rates of gPVs across seven genes on 224 

the R208 panel, to inform evaluation regarding expansions of current testing 225 

eligibility criteria.  226 
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Secondary objectives (SO) related to acceptance, feasibility, and satisfaction with the 227 

BRCA-DIRECT pathway for mainstream BCSG-testing: 228 

SO1. Evaluate uptake of genetic testing via the BRCA-DIRECT mainstreaming 229 

pathway by different patients across 14 breast oncology settings. 230 

SO2. Assess performance of saliva sampling as the primary DNA sampling method.  231 

SO3. Understand clinician experience of delivering the BRCA-DIRECT pathway and 232 

preferences for future rollout. 233 

SO4. Evaluate patient satisfaction and decisional regret for those undergoing 234 

testing via BRCA-DIRECT.  235 

Data collection and analysis   236 

Baseline data collection  237 

Age, BC status, and tumour pathology were provided by clinical teams. Personal and 238 

family history of cancer, and ancestry were collected from patients. Additional 239 

demographics, including index of multiple deprivation (IMD) status (derived from 240 

postcode), were captured from electronic health records. Genetic testing data, 241 

sampling method and test outcomes were obtained from laboratory reports.  242 

Primary outcome: pick-up rates from unselected BCSG-testing  243 

 For each patient we: (i) calculated pathology-adjusted Manchester Score (MS) and 244 

(ii) determined testing eligibility against NHS criteria at the time-point of undergoing 245 

testing (see table 1).  246 

Data analysis was conducted within Stata version 17, with two-sided χ2 testing with 247 

Yates correction to identify significant differences between groups. We did not 248 

correct for multiple testing in our analyses.    249 
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SO1: Uptake of genetic testing via the BRCA-DIRECT pathway 250 

Uptake of genetic testing was descriptively analysed for the cohort, with two-sided χ2 251 

testing with Yates correction to identify significant differences in the distribution of 252 

demographics and BC features of patients undergoing testing via BRCA-DIRECT, 253 

compared to a reference cohort. 254 

Reference cohort  255 

Included all patients with new presentation of BC, diagnosed in a one-year period 256 

(2021) at participating hospitals. Summary level demographics and BC data were 257 

ascertained from NHS England’s National Disease Registration Service. See 258 

supplementary table 1 for details.  259 

SO2 saliva sampling 260 

Data relating to samples tested within NT-MBCG (including sampling method, 261 

outcome and failure reasons) was analysed descriptively using Stata version 17.  262 

SO3: Healthcare professional experience and preferences 263 

A digital survey (supplementary) was circulated to breast oncology and surgical 264 

healthcare professionals (HCPs) from participating hospitals via champions and to 265 

clinical genetics HCPs within RCGSs servicing these hospitals. Descriptive data 266 

analysis was conducted within Excel.  267 

SO4: Patient satisfaction and decisional-regret  268 

Following completion of testing, patients were invited to complete a validated 269 

decisional satisfaction and regret scale regarding their decision to undergo BCSG-270 

testing via BRCA-DIRECT. 22, 23  Data were analysed in Stata version 17, and a 271 

Kruskal–Wallis H test evaluated differences in satisfaction scores between groups.  272 
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Results 274 

Between 23 June 2023 and 31 December 2024, 4126 BC patients were referred to 275 

the NT-MBCG programme for BCSG-testing (Figure 1). Of these: 43/4126 (1.0%) 276 

were ineligible for testing, 6/4126 (0.1%) were subsequently offered testing via 277 

clinical genetics, 30/4126 (0.7%) decided not to proceed with testing (active-decline), 278 

495/4126 (12.0%) failed to return their saliva sample/consent form (passive-decline), 279 

and 3552/4126 (86.1%) consented to BCSG-testing. 280 

Patient demographics 281 

For patients referred, the mean (SD) age of BC diagnosis was 58.9 (12.9) (range: 282 

23-to-96 years) (see Error! Reference source not found.). 320/4126 (7.8%) had 283 

high grade DCIS, 3722/4126 (90.2%) had invasive BC; 52/4126 (1.3%) with bilateral 284 

BCs, and 427/4126 (10.3%) triple negative tumours (TNT) (Error! Reference 285 

source not found.).   286 

Compared with the reference cohort, referred patients were significantly less 287 

deprived (IMD quintile), younger in age, had primary BC, or TNT.  Demographics of 288 

referred patients did not significantly differ from those consenting to testing.  289 

Saliva sampling and testing turnaround times  290 

Testing was successfully completed on 3419/3552 (96.3%) primary saliva samples, 291 

with 133/3552 (3.7%) failing.  292 

After primary sample failure, 35/133 (26.3%) patients failed to provide a second 293 

saliva sample. 98/133 (73.7%) second saliva samples were received, with 93/98 294 

(94.9%) successfully tested and 5/98 (5.1%) failing, necessitating a blood sample. 295 

Overall saliva sample failure rate (excluding CNV fails) was 138/3650 (3.8%): 22/138 296 
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(15.9%) extraction failures, 80/138 (58.0%) sequencing fails, and 36/138 (26.1%) 297 

technical laboratory issues.  298 

Testing was completed for 3517/3552 (99.0%) patients overall. Mean (SD) 299 

turnaround time of test results from point-of-referral was 80 (33) days for 300 

positive/VUS and 83 (46) days for negative results (Figure 1).   301 

Identification of pathogenic variants  302 

Overall gPV identification rate was 166/3517 (4.7%), compromising 39/166 (23.5%) 303 

BRCA1, 61/166 (36.7%) BRCA2, 22/166 (13.3%) PALB2, 25/166 (15.1%) CHEK2, 304 

16/166 (9.6%) ATM, 3/166 (1.8%) RAD51C/D (table 3). One BRCA1 VUS was 305 

identified.  306 

Age  307 

The mean (SD) age of patients with gPVs was 52.8 (12.7), range 29-to-88 years 308 

(table 3). BRCA1/BRCA2/ATM gPV-carriers were significantly younger than the 309 

overall population (p<0.001).  310 

Tumour pathology 311 

Where known for patients with results, 421/3464 (12.2%) patients had grade-1 312 

disease, with HP-BCSG-gPVs identified in 5/421 (1.2%), compared with 116/3043 313 

(3.8%) in high-grade DCIS or grade-2/3 invasive BCs. gPVs were identified in 33/380 314 

(8.7%) TNT, 24/282 (8.5%) grade-3 BC ER+ HER2- BCs, and 2/39 (5.1%) bilateral 315 

BCs (Table 3).  316 

Testing criteria performance 317 

We examined testing of patients based on three criteria: (i) current NHS eligibility 318 

(Table 1), (ii) pathology-adjusted MS at different thresholds (scores reflect the 319 
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estimated probability of identifying a BRCA1/2 gPV based on simplified tallying of 320 

personal/family cancer history), and (iii) new ‘ultra-simple’ criteria (comprising BC of 321 

age <50 or TNT or Bilateral or any first-degree BC/OC-affected relatives or AJ 322 

ancestry). We used balanced accuracy to measure performance, noting its equal 323 

weighting of sensitivity and specificity (Table 4). 324 

NHS testing criteria  325 

NHS criteria were met in 726/3517 (20.6%) patients, identifying 68/166 (41.0%) 326 

gPVs (tables 1, 4). Overall achieving a balanced accuracy for all gPVs of 60.7% and 327 

for HP-BCSG-gPVs of 64.8%.  328 

Proportions identified to have gPVs meeting the criteria differed significantly 329 

(P<0.001) between the HP-BCSGs and IP-BCSGs: 60/122 (49.2%) gPVs in HP-330 

BCSGs (27/39BRCA1; 29/61 BRCA2; 4/22PALB2) and 8/44 (18.2%) gPVs in IP-331 

BCSGs (6/25 CHEK; 0/16 ATM; 1/2 RAD51C; 1/1 RAD51D).  332 

Pathology Adjusted Manchester Scoring System (PA-MSS) 333 

The PAMSS was devised to enable simple tallying of points based on cancer 334 

pathology, age at diagnosis and family structure (table 1).  The PAMS=15 threshold 335 

is equates to a ~10% rate of detection of BRCA1/BRCA2 gPVs, PAMS=12 to 5% 336 

and PAMS=7 to 2%. 24 Mean (SD) PAMS for the group overall was 6.2 (5.8) (range: -337 

7-to-45) (table 4). MS was strongly predictive of gPVs in HP-BCSGs, but not IP-338 

BCSGs (supplementary table 2), with significantly higher MS in those with gPVs in 339 

HP-BCSGs (11.6 (7.6)) compared with IP-BCSGs (5.3  (5.8)) (p=0.017).  340 

A MS>12 had similar balanced accuracy to NHS criteria for detecting HP-BCSG 341 

gPVs (64.2% vs 64.8%, respectively) with higher specificity (84.9% vs 80.4%, 342 

respectively), but lower sensitivity (43.4% vs 49.2%, respectively) (table 4). The 343 
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balanced accuracy for MS>15 was lower than NHS criteria (57.7%); the high 344 

specificity (91.5%) being outweighed by much lower sensitivity (23.8%). Overall, 345 

MS>7 achieved the best balanced accuracy for HP-BCSG gPVs of all criteria tested 346 

(68.2%), reflecting improvement in detection of HP-BCSG-gPVs (sensitivity:74.6%) 347 

balanced against more modest increase in testing to 39.5% of all BC patients 348 

(specificity:61.8%).  349 

Ultra-Simple mainstreaming criteria   350 

Our ‘ultra-simple’ eligibility criteria (table 4), achieved balanced accuracy for HP-351 

BCSG gPVs of 62.6%. Additionally excluding grade-1 BCs boosted balanced 352 

accuracy to 64.8% for HP-BCSG-gPVs (similar to NHS criteria) as the reduction in 353 

sensitivity was outweighed by increased specificity (reducing testing from 50.2 to 354 

44.4% of BC cases).  355 

However, these ‘ultra-simple’ criteria excluded 76 patients meeting current NHS 356 

criteria with MS≥15 (in whom 5 HP-BCSG-gPVs were detected). Further addition of 357 

MSS-criteria to ‘ultra-simple’ criteria improves sensitivity for HP-BCSG-gPVs (77.0% 358 

with MS≥15 or 84.4% with MS≥7) but negates the objective of ‘ultra-simplicity’. 359 

 Healthcare professional (HCP) experience and preferences  360 

35 HCPs (18/35, 51.4%, breast oncology/surgical; 17/35, 48.6%, genetics) 361 

completed the experience and preferences survey.  362 

Breast HCPs estimated prior to BRCA-DIRECT, for BCSG-testing, a median (IQR) of 363 

10.0% (5.0 to 62.0%) patients were referred into clinical genetics, 60.0% (4.0 to 364 

82.5%) via breast surgical mainstream pathways, and 10% (4.8 to 23.8%) via 365 

oncology mainstream pathways. Notably, 3/18 breast HCPs reported <10% of 366 

patients underwent testing through mainstreaming. Reported barriers for 367 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted February 3, 2026. ; https://doi.org/10.64898/2026.02.02.26344266doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.02.26344266
http://creativecommons.org/licenses/by/4.0/


mainstreaming included: time constraints (11/14), clinician knowledge for providing 368 

pre-test information (7/14), knowledge of NHS criteria (7/14), 369 

language/communication barriers (3/14), and access to genetics support (2/14).  370 

Following BRCA-DIRECT implementation, 16/18 (88.9%) breast HCPs reported 371 

offering testing to ‘most’ patients, and 10/15 (66.7%) genetics HCPs reportedly 372 

observed a decrease in referrals received.  373 

All breast HCPs and 13/17 (76.5%) genetics HCPs reported they wanted to continue 374 

with, and recommend, BCSG-testing via the BRCA-DIRECT pathway. Most breast 375 

HCPs (13/18, 72.2%) preferred continuation with the same unselected testing criteria 376 

as piloted. Only 5/13 (38.5%) genetics HCPs indicated a preference for unselected 377 

testing, with (8/13 (61.5%)) preferring restriction to NHS criteria. Citing equity of 378 

access to genetic testing as the rationale.  379 

Most HCPs (31/35, 88.6%) favoured using the current seven gene panel, with 4/35 380 

(11.4%) breast HCPs favouring restriction to HP-BCSGs (BRCA1, BRCA2, PALB2). 381 

Patient satisfaction 382 

Of the 601/2205 (27.3%) respondents, 4.2% (n=25) had gPVs/VUS results, while 383 

95.8% tested negative. Median (IQR) satisfaction-score was 5 (5-to-5) (scores can 384 

range from 5-to-25 with lower scores reflecting higher satisfaction). Overall, 99% of 385 

patients were satisfied with their decision, 98% expressed ‘no regret’, 98.8% would 386 

make the same choice again, and 96% disagreed/strongly-disagreed that the choice 387 

did a lot of harm (Table 5). Of respondents with gPVs, 23/24 (95.8%) reported high 388 

satisfaction and ‘no regret’, while 16/24 (66.7%) disagreed/strongly-disagreed that 389 

the choice did a lot of harm. Younger patients and those from more deprived areas 390 

(1st/2nd IMD-quintiles) were relatively under-represented amongst respondents 391 
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(supplementary table 3). Nevertheless, satisfaction scores did not significantly differ 392 

across IMD-quintiles (Kruskal–Wallis H-test p=0.057). 393 

Discussion  394 

We report the largest to-date prospective ‘real-world’ implementation programme of 395 

mainstream BCSG-testing delivered under standard-of-care conditions to unselected 396 

BC patients within the UK NHS, across diverse hospital settings. We evaluated, the 397 

feasibility and outcomes of unselected testing, utilising the clinician-light, oncology 398 

and clinical genetics integrated, mainstreaming ‘BRCA-DIRECT’ pathway. In this 399 

‘real-world’ series, we systematically evaluated pick-up rates against current NHS 400 

criteria within HP- and IP-BCSGs. 401 

Patient pathway access and satisfaction  402 

No significant differences were observed between those consenting and the referred 403 

cohort. It is reassuring that 86.0% of referred NT-MBCG patients underwent testing, 404 

higher than 70.9% of patients via a fully-digital pathway within our previous study, 405 

and similar to recent meta-analysis of other cancer mainstreaming studies. 8,25 406 

Importantly, our pathway had high acceptability, high satisfaction, and low decisional 407 

regret. Overall, supporting implementation of the adapted pathway, with optional 408 

access to digital content and translated materials (rather than a digital-only solution).  409 

Feasibility and acceptability amongst clinical teams  410 

We demonstrated successful implementation of the BRCA-DIRECT pathway across 411 

14 diverse breast oncology centres. Seemingly, increasing the proportion of patients 412 

undergoing mainstreaming from oncology, with concomitant reduction in referrals 413 

reported by genetics HCPs.   414 
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Breast HCPs reported high satisfaction and all favoured continuation, citing patient 415 

preferences for (i) less invasive DNA sampling via saliva and (ii) easier access to 416 

testing. Genetics HCPs similarly supported pathway continuation, citing easing 417 

pressure on RCGS and shorter patient waiting times. The main difference amongst 418 

breast and genetics HCPs related to testing eligibility criteria. Breast HCPs strongly 419 

preferred simplification and ease of the unselected criteria within the programme 420 

(overcoming barriers highlighted here and in previous literature), whereas genetics 421 

HCPs were more hesitant about implementing expanded (unselected) eligibility 422 

criteria. 26, 27 This may reflect different perspectives, with oncology-HCPs more 423 

concerned about maximising gPVs for personalising current treatment, while 424 

genetics-HCPs reflecting on broader equity of access and efficiency of resource use. 425 

Pick-up rates from testing  426 

NHS criteria were historically designed to achieve a gPV-detection rate of >10% for 427 

BRCA1/BRCA2. 28 We observed that the pick-up rate for current NHS criteria was 428 

8.3% for HP-BCSGs and 9.4% across seven BCSGs. Despite gradually expanding 429 

over the last two decades, we found that current NHS criteria still missed 50.8% of 430 

HP-BCSGs-gPVs (consistent with other reports) as well as 82% of IP-BCSGs-431 

gPVs.29,9  432 

Our data enabled evaluation of various modifications of eligibility criteria. We sought 433 

to maintain simplicity in eligibility evaluation, whilst optimising sensitivity (pick-up of 434 

gPVs) and balancing specificity (proportion of BC cases tested). Producing balanced 435 

accuracy scores (which assume equal value of sensitivity and specificity).  436 

Our ‘ultra-simple’ mainstreaming criteria were devised to best facilitate eligibility 437 

assessment by mainstreaming clinicians by avoiding detailed family history 438 
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appraisal. These comprised (i) including all BC cases diagnosed <50 years, TNT or 439 

bilateral BC, first degree affected relative with BC/OC, or Ashkenazi Jewish ancestry 440 

and (ii) excluding all G1 BC.  The ‘ultra-simple’ criteria maintained identical balanced 441 

accuracy to NHS criteria for HP-BCSG-gPVs (64.8%), improving sensitivity from 442 

49.2% to 73.0%, whilst increasing test offer from 20.6% to 44.4% of BC patients. 443 

However, through simplifying capture of extended family history, these criteria 444 

missed a modest number of ‘strong’ families. Overall, of approaches evaluated, 445 

using MS≥7 provided best balanced accuracy for HP-BCSG-gPVs (68.2%), with 446 

testing of 39.5% of patients and detection of 74.6% of HP-BCSG-gPVs and 66.3% of 447 

all gPVs, whilst being relatively simple to tally and catching the ‘strong’ families. 448 

Whilst there is clear rationale for exploring which criteria optimise detection of HP-449 

BCSG-gPVs, it remains unclear what weight to place on detection of IP-BCSG-gPVs. 450 

Particularly since gPVs in CHEK2 (and ATM) are relatively common, primarily 451 

associated with ER+ BC (good prognosis), and have marginal association with 452 

OC.30-32 The optimal eligibility parameters for implementation will be further informed 453 

by cost effectiveness analysis of the BRCA-DIRECT pathway, modelling longer-term 454 

health outcomes including mortality, with sensitivity analysis performed for different 455 

gene testing panels.  456 

Limitations 457 

Despite unselected BC testing, compared with the reference cohort there appeared 458 

to be underrepresentation of those of an older age (>70 years), bilateral BC, G1 or 459 

G3 BC, and from more deprived areas. Notably, our comparator cohort included all 460 

BC patients diagnosed rather than those currently offered testing via existing 461 

pathways. Thus, findings may reflect BC patient genetic testing offer/uptake itself, 462 
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rather than differences being attributable to the BRCA-DIRECT pathway. Indeed, 463 

other studies have identified that fewer older age patients are offered genetic testing 464 

by HCPs, and uptake is lower in those from more deprived socioeconomic 465 

backgrounds.33 Additionally, the reference cohort may not be entirely representative 466 

as data was taken from an earlier year (2021) potentially affected by the COVID19 467 

pandemic. 468 

In respect of the wider outcomes, including patient satisfaction and regret, the cohort 469 

surveyed is biased by only including those who completed testing, with a relatively 470 

low response rate (27.3%). We were unable to capture the experiences of people 471 

who did not complete testing via the pathway. We also observed differences in 472 

demographics in responders compared with the reference cohort.  473 

Finally, whilst HCP survey responses were received from breast and genetics 474 

specialities, overall number of responses were small. Furthermore, questions may 475 

have been open to interpretation with some survey outputs (such as referrals by 476 

different routes) being subjective rather than quantified.   477 

Conclusions 478 

Our NT-MBGT programme demonstrates feasibility, acceptability, and high 479 

satisfaction with a ‘BRCA-DIRECT’ pathway across diverse breast oncology centres 480 

in a ‘real world’ setting. Despite the expanded testing eligibility criteria within the 481 

programme leading to higher gPV pick-up rates, both breast and genetics clinical 482 

services were overall supportive of the pathway. Seemingly reducing impact on 483 

clinical time via simplified eligibility assessment, increased mainstreaming, and 484 

reduced referrals to clinical genetics. Comprehensive analysis of detection rates 485 
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enabled exploration of eligibility criteria, balancing simplified eligibility assessment, 486 

overall detection (sensitivity), and testing volumes (specificity). 487 
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Figures 504 

Figure 1 Patient flow diagram 505 

506   
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Tables 507 

Table 1 National Genetic Testing Criteria. As extracted from the National Genomic 508 

Test Directory for Rare and Inherited Diseases in England 17 509 

Test (or 'R') code Version 5, 03 April 2023 Version 7, July 2024 

R208  Affected with BC AND: 

• Diagnosed with breast cancer < 40 

years, OR 

• Bilateral breast cancer (first cancer 

age < 50 years), OR 

• Triple negative breast cancer (age < 

60 years), OR 

• Assigned male at birth (any age), 

OR 

• Age <45 years and a first degree 

relative with breast cancer (age <45 

years), OR 

• Ashkenazi Jewish ancestry, OR 

• Combined pathology-adjusted 

Manchester score ≥15† or single 

gene pathology adjusted score of 

≥10 or BOADICEA/CanRisk score 

≥10%  

Eligibility, extended to include: 

• Bilateral breast cancer (first cancer 

age < 60 years) 

• ≥ 1 grandparent from Westray 

(Orkney) or Whalsay (Shetland) and 

breast cancer at any age 

 

 

Genes tested: BRCA1, BRCA2, PALB2, CHEK2, ATM, RAD51C and RAD51D 
 

† Pathology-adjusted Manchester Score calculated according to Evans et al. (2017; 2005; 2004) 24, 34, 35 

BREAST CANCER (FEMALE): Age ≤29 years: 6 points/ 30–39 years: 4 points/ 40–49 years: 3 points/ 50–59 

years: 2 points/ 60–69 years: 1 point/ ≥70 years: 0 points// OVARIAN CANCER (EPITHELIAL): Any age: 8 

points// MALE BREAST CANCER; Any age: 8 points// PROSTATE CANCER; High-grade (Gleason ≥7) or 

metastatic: 2 points//  PANCREATIC CANCER: Any age: 1 point 
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Pathology adjustments (added to baseline age-based breast cancer score): ER-negative breast cancer <60 

years: +1 point// Triple-negative breast cancer <60 years: +4 points (instead of the +1 for ER-negative)// High-

grade serous ovarian carcinoma: +2 points// Medullary-like breast carcinoma: +2 points 

*No changes to R208 criteria in version 6 (January 2024)  

  

   510 
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Table 2 Characteristics of patients. Including a comparison of all patients referred 511 

and consenting to genetic testing via the NT-MBCG programme compared with the 512 

baseline characteristics of all breast cancer cases diagnosed.  513 

Characteristics  
Reference 

cohort †  

Reference 

cohort  vs 

patients 

referred 

p-value 

Patients referred 
Patients 

referred vs 

consenting 

p-value 

Patients 

consenting to 

testing 

n = 4126 n = 3552 

Age at 

diagnosis* 

Mean (SD) 60.9   58.9 12.9   58.5 12.6 

  %   n %   n % 

<50 21.8 

<0.001 

1052 25.5 

0.561 

910 25.6 

50 to 59 26.8 1145 27.8 1026 28.9 

60 to 69 23.5 1065 25.8 913 25.7 

70+ 27.9 863 20.9 703 19.8 

missing 0.0   1 0.0   0 0% 

IMD Quintile 

1st quintile (Most deprived) 13.3 

<0.001 

414 10.7 

0.984 

347 10.4 

2nd quintile 27.0 871 22.4 740 22.1 

3rd quintile 23.8 859 22.2 746 22.3 

4th quintile 19.3 843 21.7 728 21.8 

5th quintile (Least 

deprived) 16.6 897 23.1 787 23.5 

missing 0.0   242 5.9   204 5.7 

BC status 

Primary 87.3 

<0.001 

3683 91.8 

0.943 

3198 92.2 

Bilateral 8.1 52 1.3 42 1.2 

Recurrence 1.5 158 3.9 131 3.8 

Metastatic 3.2 120 3.0 99 2.9 

Missing/unknown 0.0   113 2.7   82 2.3 

BC grade 

High grade DCIS 7.3 

0.032 

320 7.9 

0.921 

262 7.5 

Grade 1 14.1 488 12.1 425 12.1 

Grade 2 53.3 2241 55.4 1951 55.8 
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Grade 3 25.3 993 24.6 861 24.6 

missing 5.0   84 2.0   53 1.5 

TNT 

Yes 5.6 
<0.001 

427 13.6 
0.639 

385 14.1 

No 94.4 2704 86.4 2353 85.9 

missing (≥1 HR status) 52.5   995 24.1   814 22.9 

*Age at diagnosis for patients referred is calculated based on date of birth and referral date, adjusted 

according to the average difference between calculated age at diagnosis and patient reported age of diagnosis 

(available for all patients consenting to testing) 

† Reference cohort includes patients with a recorded episode of breast cancer (ICD-10 code C50, excluding 

Stage 0 disease (Paget’s)), or high-grade DCIS (ICD-10 code D051, grades G3, G4, and GH only).at 

participating hospital sites within a one-year period (2021), as provided by NHS England’s National Disease 

Registration Service. 
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Table 3 Population based testing of breast cancer by age at diagnosis, family history, and tumour pathology. Including the 514 

identification of germline pathogenic variants (gPVs) in high penetrance (HP, BRCA1, BRCA2, PALB2), intermediate penetrance 515 

(IP, CHEK2, ATM, RAD51C, RAD51D), and all breast cancer susceptibility genes combined. FDAR: First degree affected relative. 516 

BC: breast cancer. G1: Grade one invasive breast cancer.   G2: Grade two invasive breast cancer.  G3: grade three invasive breast 517 

cancer.  DCIS: Ductal carcinoma in situ. TNT: Triple negative tumour. 518 

Features 

n 

% of 

all 

tested BRCA1 BRCA2 

BRCA1/

BRCA2 % PALB2 

HP-

genes % CHEK2 ATM RAD51C RAD51D 

IP-

genes % 

All 

genes % 

Total tested 3517 100 39 61 100 2.8 22 122 3.5 25 16 2 1 44 1.3 166 4.7 

Age at 

diagnosis 

<40 198 5.6 9 10 19 9.6 1 20 10.1 2 0 1 1 4 2.0 24 12.1 

40 to 49 707 20.1 14 18 32 4.5 3 35 5.0 5 7 1 0 13 1.8 48 6.8 

50 to 59  1021 29.0 10 16 26 2.5 9 35 3.4 8 5 0 0 13 1.3 48 4.7 

60 to 69  904 25.7 5 12 17 1.9 5 22 2.4 4 3 0 0 7 0.8 29 3.2 

70+ 689 19.6 1 5 6 0.9 4 10 1.5 6 1 0 0 7 1.0 17 2.5 

Mean age (SD) 
58.4 

(12.6) 

48.5  

(11.0) 

51.6  

(12.8) 

50.4 

(12.2) 

58.1  

(11.9)  

51.8 

(12.5) 

59.3 

(13.9)  

52.5  

(10.3)  
    

55.7 

(13.0) 

52.8 

(12.7) 

Median age 

(IQR) 

58 

(49 to 67) 

48  

(40 to 56)  

51  

(42 to 62)  

49 

(41 to 58.5) 

57  

(50 to 66)  

51 

(42 to 61) 

57  

(48 to 69) 

50  

(42.5 to 59)
    

53.5 

(45 to 64) 

51.5 

(42 to 61) 

First 

degree 

Total: ≥1 FDAR 679 19.3 12 14 26 3.8 7 33 4.9 10 1 0 0 11 1.6 44 6.5 

<40 26 0.7 2 2 4 15.4 0 4 15.4 0 0 0 0 0 0.0 4 15.4 
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affected 

relative 

(FDAR) 

with 

breast 

cancer or 

ovarian 

cancer   

40 to 49 107 3.0 4 5 9 8.4 0 9 8.4 2 0 0 0 2 1.9 11 10.3 

50 to 59  184 5.2 5 3 8 4.3 2 10 5.4 4 1 0 0 5 2.7 15 8.2 

60 to 69  191 5.4 1 3 4 2.1 4 8 4.2 0 0 0 0 0 0.0 8 4.2 

70+ 171 4.9 0 1 1 0.6 1 2 1.2 4 0 0 0 4 2.3 6 3.5 

Total: no FDARs 2840 80.8 27 47 74 2.6 15 89 3.1 15 15 2 1 33 1.2 122 4.3 

<40 172 4.9 7 8 15 8.7 1 16 9.3 2 0 1 0 3 1.7 19 11.0 

40 to 49 600 17.1 10 13 23 3.8 3 26 4.3 3 7 1 1 12 2.0 38 6.3 

50 to 59  837 23.8 5 13 18 2.2 7 25 3.0 4 4 0 0 8 1.0 33 3.9 

60 to 69  713 20.3 4 9 13 1.8 1 14 2.0 4 3 0 0 7 1.0 21 2.9 

70+ 518 14.7 1 4 5 1.0 3 8 1.5 2 1 0 0 3 0.6 11 2.1 

Pathology  G3 BC ER+ 

HER2- 
282 8.0 7 10 17 6.0 5 22 7.8 0 2 0 0 2 0.7 24 8.5 

G2 BC ER+ 

HER2- 
1233 35.1 5 18 23 1.9 6 29 2.4 13 5 0 0 18 1.5 47 3.8 

G1BC 421 12.0 2 2 4 1.0 1 5 1.2 1 1 0 0 2 0.5 7 1.7 

High Grade 

DCIS 
260 7.4 1 4 5 1.9 1 6 2.3 0 1 0 0 1 0.4 7 2.7 

HER2+ 492 14.0 1 5 6 1.2 2 8 1.6 9 7 0 0 16 3.3 24 4.9 

TNT 380 10.8 15 12 27 7.1 4 31 8.2 0 0 1 1 2 0.5 33 8.7 

Bilateral 39 1.1 0 1 1 2.6 0 1 2.6 1 0 0 0 1 2.6 2 5.1 
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Table 4 Germline pathogenic variants (gPVs) observed in high-penetrance (HP-), intermediate-penetrance (IP), and all 520 

breast cancer susceptibility genes (BCSGs) tested. Included a breakdown based on various eligibility criteria, namely: current 521 

NHS eligibility, different thresholds of Manchester Score (MS), and a ‘ultra-simple’ criteria (including and excluding grade 1 breast 522 

cancers). PPV: Positive Predictive Value. FDAR: first degree affected relative with either breast cancer (BC) or ovarian cancer (OC). AJ: 523 

Ashkenazi Jewish ancestry. DCIS: Ductal carcinoma in situ. 524 

Criteria   

n % 
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Total 3517 100 39 61 100 2.8 22 122 3.5       25 16 2 1 44 1.3 166 4.7       

 Current NHS 

eligibility 

criteria met 

Yes 726 20.6 27 29 56 7.7 4 60 8.3 49.2% 80.4% 64.8% 6 0 1 1 8 1.1 68 9.4 41.0% 80.4% 60.7% 

No 2791 79.4 12 32 44 1.6 18 62 2.2 50.8% 19.6% 35.2% 19 16 1 0 36 1.3 98 3.5 59.0% 19.6% 39.3% 

Pathology-

adjusted 

Manchester 

Score 

≥15 (10% threshold) 316 9.0 14 12 26 8.2 3 29 9.2 23.8% 91.5% 57.7% 2 0 0 0 2 0.6 31 9.8 18.7% 91.5% 55.1% 

≥12 (5% threshold) 567 16.1 24 23 47 8.3 6 53 9.3 43.4% 84.9% 64.2% 4 1 1 1 7 1.2 60 10.6 36.1% 84.9% 60.5% 

≥7 (2% threshold) 1388 39.5 33 41 74 5.3 17 91 6.6 74.6% 61.8% 68.2% 9 7 2 1 19 1.4 110 7.9 66.3% 61.9% 64.1% 

≥3 (1% threshold) 2533 72.0 38 54 92 3.6 21 113 4.5 92.6% 28.7% 60.7% 16 9 2 1 28 1.1 141 5.6 84.9% 28.6% 56.8% 

Mean 

(SD) 

6.2  

(5.8)  

15.1 

(9.3) 

10.2 

(6.7)  

12.1  

(8.1)  

9.2 

(3.9) 

11.6  

(7.6)  
      

4.8 

(6.1) 

4.9 

(5.2) 
    

5.3  

(5.8)  

9.9  

(7.7)  
      

FDAR (OC or 

BC) 

Yes 678 19.3 12 14 26 3.8 7 33 4.9 27.0% 81.0% 54.0% 10 1 0 0 11 1.6 44 6.5 26.5% 81.1% 53.8% 

No 2839 80.7 27 47 74 2.6 15 89 3.1 73.0% 19.0% 46.0% 15 15 2 1 33 1.2 122 4.3 73.5% 18.9% 46.2% 

Age at <40 198 5.6 9 10 19 9.6 1 20 10.1 16.4% 94.8% 55.6% 2 0 1 0 3 1.5 23 11.6 13.9% 94.8% 54.3% 
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diagnosis <50 905 25.7 23 28 51 5.6 4 55 6.1 45.1% 75.0% 60.0% 7 7 2 1 17 1.9 72 8.0 43.4% 75.1% 59.3% 

<60 1925 54.7 33 44 77 4.0 13 90 4.7 73.8% 45.9% 59.9% 15 12 2 1 30 1.6 120 6.2 72.3% 46.1% 59.2% 

<70 2829 80.4 38 56 94 3.3 18 112 4.0 91.8% 20.0% 55.9% 19 15 2 1 37 1.3 149 5.3 89.8% 20.0% 54.9% 

TNT Yes 380 10.8 15 12 27 7.1 4 31 8.2 25.4% 89.7% 57.6% 0 0 1 1 2 0.5 33 8.7 19.9% 89.6% 54.8% 

‘Ultra-simple’  

criteria  

(incl. High 

grade DCIS 

and any 

invasive BC) 

BC <50* OR TNT OR 

Bilateral OR 

FDAR(BC or OC) OR 

AJ ancestry 

1765 50.2 33 43 76 4.3 15 91 5.2 74.6% 50.7% 62.6% 16 8 2 1 27 1.5 118 6.7 71.1% 50.9% 61.0% 

Plus MS≥15 1851 52.6 35 46 81 4.4 16 97 5.2 79.5% 48.3% 63.9% 16 8 2 1 27 1.5 124 6.7 74.7% 48.5% 61.6% 

Plus MS≥7 2135 60.7 36 51 87 4.1 20 107 5.0 87.7% 40.3% 64.0% 18 11 2 1 32 1.5 139 6.5 83.7% 40.4% 62.1% 

‘Ultra-simple’  

criteria  

(excl. grade 1 

invasive 

breast cancer)  

BC <50* OR TNT OR 

Bilateral OR 

FDAR(BC or OC) OR 

AJ ancestry 

1562 44.4 33 41 74 4.7 15 89 5.7 73.0% 56.6% 64.8% 15 8 2 1 26 1.7 115 7.4 69.3% 56.8% 63.0% 

Plus MS≥15 1638 46.6 34 44 78 4.8 16 94 5.7 77.0% 54.5% 65.8% 15 8 2 1 26 1.6 120 7.3 72.3% 54.7% 63.5% 

Plus MS ≥7 1888 53.7 35 49 84 4.4 19 103 5.5 84.4% 47.4% 65.9% 17 11 2 1 31 1.6 134 7.1 80.7% 47.7% 64.2% 

*current diagnosis of breast cancer <50   

Table 5 Satisfaction and Regret Scale. Responses from 601/2205 (27.3%) patients sent the satisfaction and regret questionnaire, 525 

after receiving their genetic test result.   526 

  

It was the right 

decision 

I regret the 

choice that 

was made 

I would go for the 

same choice if I 

had to do it over 

The choice did 

me a lot of 

harm 

The decision 

was a wise 

one 
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again 

  n % n % n % n % n % 

Strongly agree 495 82.36 1 0.17 494 82.2 1 0.17 492 81.86 

Agree 102 16.97 3 0.5 100 16.64 3 0.5 100 16.64 

Neither agree not 

disagree 
3 0.5 6 1 4 0.67 19 3.17 7 1.16 

Disagree 0 0 102 17.03 1 0.17 65 10.85 0 0 

Strongly disagree 1 0.17 487 81.3 2 0.33 511 85.31 2 0.33 

   527 

 . 
C

C
-B

Y
 4.0 International license

It is m
ade available under a 
 is the author/funder, w

ho has granted m
edR

xiv a license to display the preprint in perpetuity. 
(w

h
ich

 w
as n

o
t certified

 b
y p

eer review
)

T
he copyright holder for this preprint 

this version posted F
ebruary 3, 2026. 

; 
https://doi.org/10.64898/2026.02.02.26344266

doi: 
m

edR
xiv preprint 

https://doi.org/10.64898/2026.02.02.26344266
http://creativecommons.org/licenses/by/4.0/


References 528 

1 Kemp Z, Turnbull A, Yost S et al. Evaluation of Cancer-Based Criteria for Use in 529 

Mainstream BRCA1 and BRCA2 Genetic Testing in Patients With Breast Cancer. 530 

JAMA Network Open 2019; 2 (5): e194428-e194428. 531 

2 Turnbull C, Sud A, Houlston RS. Cancer genetics, precision prevention and a call to 532 

action. Nat Genet 2018; 50 (9): 1212-1218. 533 

3 Katz SJ, Kurian AW, Morrow M. Treatment Decision Making and Genetic Testing for 534 

Breast Cancer: Mainstreaming Mutations. Jama 2015; 314 (10): 997-998. 535 

4 Rowlands CF, Allen S, Balmaña J et al. Population-based germline breast cancer 536 

gene association studies and meta-analysis to inform wider mainstream testing. 537 

Annals of Oncology 2024. 538 

5 Percival N, George A, Gyertson J et al. The integration of BRCA testing into oncology 539 

clinics. British journal of nursing (Mark Allen Publishing) 2016; 25 (12): 690-694. 540 

6 Rahman N. Mainstreaming genetic testing of cancer predisposition genes. Clinical 541 

medicine (London, England) 2014; 14 (4): 436-439. 542 

7 Slade I, Riddell D, Turnbull C et al. Development of cancer genetic services in the 543 

UK: A national consultation. Genome Med 2015; 7 (1): 18. 544 

8 Torr B, Jones C, Kavanaugh G et al. BRCA-DIRECT digital pathway for diagnostic 545 

germline genetic testing within a UK breast oncology setting: a randomised, non-546 

inferiority trial. medRxiv 2024: 2024.2005.2003.24306669. 547 

9 Evans DG, Woodward ER, Burghel GJ et al. Population-based germline testing of 548 

BRCA1, BRCA2, and PALB2 in breast cancer patients in the United Kingdom: 549 

Evidence to support extended testing, and definition of groups who may not require 550 

testing. Genetics in Medicine Open 2024; 2: 100849. 551 

10 Foulkes WD, Knoppers BM, Turnbull C. Population genetic testing for cancer 552 

susceptibility: founder mutations to genomes. Nat Rev Clin Oncol 2016; 13 (1): 41-553 

54. 554 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted February 3, 2026. ; https://doi.org/10.64898/2026.02.02.26344266doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.02.26344266
http://creativecommons.org/licenses/by/4.0/


11 Offit K, Tkachuk KA, Stadler ZK et al. Cascading After Peridiagnostic Cancer Genetic 555 

Testing: An Alternative to Population-Based Screening. Journal of clinical oncology : 556 

official journal of the American Society of Clinical Oncology 2020; 38 (13): 1398-557 

1408. 558 

12 Sessa C, Balmaña J, Bober SL et al. Risk reduction and screening of cancer in 559 

hereditary breast-ovarian cancer syndromes: ESMO Clinical Practice 560 

Guideline&#x2606;. Annals of Oncology 2023; 34 (1): 33-47. 561 

13 Bedrosian I, Somerfield MR, Achatz MI et al. Germline Testing in Patients With 562 

Breast Cancer: ASCO–Society of Surgical Oncology Guideline. Journal of Clinical 563 

Oncology 2024; 42 (5): 584-604. 564 

14 Evans O, Manchanda R. Population-based Genetic Testing for Precision Prevention. 565 

Cancer Prev Res (Phila) 2020; 13 (8): 643-648. 566 

15 Manchanda R, Gaba F. A commentary on population genetic testing for primary 567 

prevention: changing landscape and the need to change paradigm. Bjog 2019; 126 568 

(6): 686-689. 569 

16 Torr B, Jones C, Kavanaugh G et al. BRCA-DIRECT digital pathway for diagnostic 570 

germline genetic testing within a UK breast oncology setting: a randomised, non-571 

inferiority trial. British Journal of Cancer 2024. 572 

17 England N. National Genomic Test Directory: Testing Criteria for Rare and Inherited 573 

Disease. Online; 2024. 574 

18 Richards S, Aziz N, Bale S et al. Standards and guidelines for the interpretation of 575 

sequence variants: a joint consensus recommendation of the American College of 576 

Medical Genetics and Genomics and the Association for Molecular Pathology. Genet 577 

Med 2015; 17 (5): 405-424. 578 

19 Ellard S, Baple EL, Owens M et al. ACGS Best Practice Guidelines for Variant 579 

Classification 2018. Association for Clinical Genetics Science (ACGS); 2018. 580 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted February 3, 2026. ; https://doi.org/10.64898/2026.02.02.26344266doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.02.26344266
http://creativecommons.org/licenses/by/4.0/


20 Garrett A, Durkie M, Callaway A et al. Combining evidence for and against 581 

pathogenicity for variants in cancer susceptibility genes: CanVIG-UK consensus 582 

recommendations. J Med Genet 2020. 583 

21 Garrett A, Callaway A, Durkie M et al. Cancer Variant Interpretation Group UK 584 

(CanVIG-UK): an exemplar national subspecialty multidisciplinary network. J Med 585 

Genet 2020. 586 

22 Brehaut JC, O'Connor AM, Wood TJ et al. Validation of a decision regret scale. 587 

Medical decision making : an international journal of the Society for Medical Decision 588 

Making 2003; 23 (4): 281-292. 589 

23 Wills CE, Holmes-Rovner M. Preliminary validation of the Satisfaction With Decision 590 

scale with depressed primary care patients. Health Expect 2003; 6 (2): 149-159. 591 

24 Evans DG, Harkness EF, Plaskocinska I et al. Pathology update to the Manchester 592 

Scoring System based on testing in over 4000 families. Journal of Medical Genetics 593 

2017; 54 (10): 674-681. 594 

25 Kalra A, Ganesan S, Sia JJY et al. Uptake and patient-related outcomes of 595 

mainstreaming genetic testing: a systematic review and meta-analysis. American 596 

journal of obstetrics and gynecology 2025. 597 

26 Hallowell N, Wright S, Stirling D et al. Moving into the mainstream: healthcare 598 

professionals' views of implementing treatment focussed genetic testing in breast 599 

cancer care. Familial cancer 2019. 600 

27 White S, Jacobs C, Phillips J. Mainstreaming genetics and genomics: a systematic 601 

review of the barriers and facilitators for nurses and physicians in secondary and 602 

tertiary care. Genetics in Medicine 2020; 22 (7): 1149-1155. 603 

28 NICE. Familial breast cancer: Classification and care of people at risk of familial 604 

breast cancer and management of breast cancer and related risks in people with a 605 

family history of breast cancer. NICE clinical guideline CG164 ed. London, UK: 606 

National Institute for Health and Care Excellence; 2013. 607 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted February 3, 2026. ; https://doi.org/10.64898/2026.02.02.26344266doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.02.26344266
http://creativecommons.org/licenses/by/4.0/


29 Andoni T, Wiggins J, Robinson R et al. Half of germline pathogenic and likely 608 

pathogenic variants found on panel tests do not fulfil NHS testing criteria. Scientific 609 

reports 2022; 12 (1): 2507. 610 

30 Hanson H, Astiazaran-Symonds E, Amendola LM et al. Management of individuals 611 

with germline pathogenic/likely pathogenic variants in CHEK2: A clinical practice 612 

resource of the American College of Medical Genetics and Genomics (ACMG). 613 

Genet Med 2023; 25 (10): 100870. 614 

31 Pal T, Schon KR, Astiazaran-Symonds E et al. Management of individuals with 615 

heterozygous germline pathogenic variants in ATM: A clinical practice resource of the 616 

American College of Medical Genetics and Genomics (ACMG). Genet Med 2025; 27 617 

(1): 101243. 618 

32 Turnbull C, Achatz MI, Balmaña J et al. Breast cancer germline multigene panel 619 

testing in mainstream oncology based on clinical–public health utility: ESMO 620 

Precision Oncology Working Group recommendations. Annals of Oncology 2025; 36 621 

(8): 853-865. 622 

33 Srinivasan S, Won NY, Dotson WD et al. Barriers and facilitators for cascade testing 623 

in genetic conditions: a systematic review. European Journal of Human Genetics 624 

2020; 28 (12): 1631-1644. 625 

34 Evans DGR, Eccles DM, Rahman N et al. A new scoring system for the chances of 626 

identifying a <em>BRCA1/2</em> mutation outperforms existing models including 627 

BRCAPRO. Journal of Medical Genetics 2004; 41 (6): 474-480. 628 

35 Evans DGR, Lalloo F, Wallace A et al. Update on the Manchester Scoring System for 629 

<em>BRCA1</em> and <em>BRCA2</em> testing. Journal of Medical Genetics 630 

2005; 42 (7): e39-e39. 631 

 632 

 633 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted February 3, 2026. ; https://doi.org/10.64898/2026.02.02.26344266doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.02.26344266
http://creativecommons.org/licenses/by/4.0/

