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Protocol Synopsis 
Title BRCA-DIRECT: randomised evaluation in women diagnosed with breast cancer of 

digitally-delivered pre-test information for BRCA-testing 

 
 

Short Title BRCA-DIRECT  

Anticipated 

Study 

Start/End 

Dates 

01/01/2021 – 31/12/2022 

 

Number of 

participants 

1000 

Study 

objectives 

Primary Objective 
To evaluate whether digital delivery of pre-test information for BRCA-testing in 

breast cancer patients is non-inferior to current standard practice of 1:1 delivery 

from a healthcare professional regarding uptake of genetic test.   

Secondary Objectives 

• To assess knowledge about genetic testing for BRCA genes, following 
delivery of pre-test information, in the two allocated groups 

• To assess anxiety following delivery of pre-test information, and test 

results, in the two allocated groups 

 

Additional secondary objectives: 

• To assess uptake of digital genetic testing 

• To compare ‘Test-offer-to-results’ time between BRCA-DIRECT digital 

model and contemporaneous clinical service 

• To evaluate uptake of telephone helpline 

• To evaluate Healthcare professional satisfaction with BRCA-DIRECT 

digital model 

• To evaluate Patient satisfaction with BRCA-DIRECT digital model 

Centres Royal Marsden NHS Foundation Trust (RMH)  

Manchester University Hospitals NHS Foundation Trust (MFT) 

Study 

Endpoints 

Primary Outcome 

Uptake of genetic testing for BRCA genes in women with a diagnosis of breast 

cancer 

Secondary Outcomes 

• Knowledge about genetic testing for BRCA genes (12-point knowledge test 
administered Day 1 following pre-test information) 

• Anxiety (Intolerance of Uncertainty and STAI Y-1/Y-2 state/trait anxiety) 

  

Additional secondary outcomes: 

• Potential participant decline on account of lack of digital access  

• ‘Test-offer-to-results’ time 
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o Study compared to audit of contemporaneous timings from referral     

to results at participating centres 

• Helpline usage 

o Evaluate proportion of patients receiving digital pre-test information 

who require 1:1 discussion via helpline 

• Healthcare professional satisfaction  

• Patient satisfaction  

Inclusion 

criteria 

• Diagnosis of invasive breast cancer or high-grade ductal carcinoma in situ 
(DCIS) 

• Female 

• Aged 18 years or over   

• Access to smartphone or email + internet 

• Good comprehension of the English Language 
 

Exclusion 

criteria 

Previous testing for BRCA1/2 

 
Table of Contents   

Summary of Investigators ............................................................................................................................. 2 

Study approvals ............................................................................................................................................ 2 

Study Management ...................................................................................................................................... 2 

Protocol Synopsis ......................................................................................................................................... 3 

SUMMARY ................................................................................................................................................... 7 

1 BACKGROUND AND RATIONALE ........................................................................................................ 8 

1.1 Targeting screening and prevention for those at a priori elevated risk of cancer ............................. 8 

1.2 gBRCA1/BRCA2 as a biomarker of cancer risk .............................................................................. 8 

1.3 gBRCA1/BRCA2 as a biomarker for predicting treatment response ............................................... 9 

1.4 Transformation in genetic technologies and its impact on the current landscape of 

gBRCA1/BRCA2 biomarker testing ........................................................................................................... 9 

1.5 Expansion of gBRCA1/BRCA2 biomarker testing ......................................................................... 10 

1.6 Clinically-Integrated, Clinician-Independent, Rapid, Digital, Genetic Susceptibility Biomarker 

Testing (CICIRDGSBT) – why we need a trial now .................................................................................. 11 

1.7 Prior relevant research ................................................................................................................. 12 

1.7.1 Moving genetic testing of cancer patients out of Clinical Genetics .................... 12 

1.7.2 Alternative methods to traditional ‘genetic counselling’ for genetic information-giving

 12 

1.7.3 Health economic analyses ...................................................................................... 12 

1.7.4 Study recruitment through non-traditional mechanisms ..................................... 12 

1.8 Rationale for the study design ...................................................................................................... 13 

2 HYPOTHESIS AND STUDY OBJECTIVES.......................................................................................... 13 



 

5 
 

BRCA-DIRECT_IRAS278052CCR5234_Protocol_v0.61_17_03_202317_03_2023 
 

2.2 Primary Objective ......................................................................................................................... 13 

2.3 Secondary Objectives ................................................................................................................... 13 

3 STUDY DESIGN .................................................................................................................................. 14 

3.1 Internal pilot .................................................................................................................................. 14 

4 PARTICIPANTS ................................................................................................................................... 14 

4.1 Inclusion criteria: .......................................................................................................................... 14 

4.2 Exclusion criteria: ......................................................................................................................... 14 

5 STUDY INTERVENTIONS ................................................................................................................... 15 

5.1 Pre-test information delivery about genetic testing for BRCA genes BRCA1/BRCA2/PALB2 ........ 15 

5.2 Delivery of genetic test results ...................................................................................................... 15 

6 OUTCOMES ........................................................................................................................................ 16 

6.1 Primary Outcome ......................................................................................................................... 16 

6.2 Secondary Outcomes ................................................................................................................... 16 

7 MEASUREMENT OF STUDY ENDPOINTS ......................................................................................... 16 

8 PARTICIPANT PATHWAY including COVID-19 pathway variation ...................................................... 18 

8.1 Enrolment ..................................................................................................................................... 18 

8.1.1 Study resources/paperwork ................................................................................... 18 

8.1.2 Baseline checks and 24 hour pause ...................................................................... 19 

8.2 Commencing participation in BRCA-DIRECT ............................................................................... 20 

8.3 Delivery of information about genetic testing for BRCA genes BRCA1, BRCA2, PALB2 .............. 20 

8.4 Consent to proceed to genetic testing .......................................................................................... 21 

8.5 Assessment of knowledge and anxiety following consent for genetic testing to proceed .............. 21 

8.6 Delivery of BRCA test result ......................................................................................................... 21 

8.6.1 Digital receipt of result (participants with no pathogenic_variant detected) ...... 22 

8.6.2 Receipt of result via telephone consultation with a genetic counsellor (all participants 

with pathogenic_variant plus 2.5% with a normal result) ................................................... 22 

8.7 Post-test result anxiety assessment ............................................................................................. 22 

8.8 Participant user feedback ............................................................................................................. 22 

8.9 Final anxiety assessment ............................................................................................................. 23 

8.9.1 Schedule of patient reported outcome assessments ........................................... 23 

8.10 Additional notification of test results to the participant’s health care team ..................................... 24 

8.11 Clinical Genetics referral .............................................................................................................. 24 

8.12 Participant withdrawal ................................................................................................................... 24 

9 PARTICIPANT PATHWAY FLOWCHART (STANDARD CONDITIONS) .............................................. 25 

9.1 PARTICIPANT PATHWAY FLOWCHART (COVID-19 CONTINGENCY) ..................................... 26 

10 DEFINITION OF END OF STUDY ................................................................................................... 27 

11 STUDY DISCONTINUATION ........................................................................................................... 27 



 

6 
 

BRCA-DIRECT_IRAS278052CCR5234_Protocol_v0.61_17_03_202317_03_2023 
 

12 STATISTICS .................................................................................................................................... 28 

12.1 Sample size and power calculation for measurement of study endpoints ..................................... 28 

12.2 Randomisation ............................................................................................................................. 29 

12.2.1 Randomisation to pre-test information delivery ................................................... 29 

12.2.2 Randomisation to receipt of genetic test results via telephone appointment with a 

genetic counsellor (participants with normal genes) .......................................................... 29 

12.3 Internal pilot .................................................................................................................................. 29 

12.4 Statistical analysis ........................................................................................................................ 30 

13 DEVELOPMENT OF THE BRCA-DIRECT DIGITAL SYSTEM ......................................................... 31 

14 STANDARD NHS GENETIC TEST FOR BRCA1/BRCA2/PALB2 .................................................... 34 

15 DATA HANDLING AND RECORD KEEPING .................................................................................. 35 

15.1 Data acquisition ............................................................................................................................ 35 

15.2 Data quality .................................................................................................................................. 35 

15.3 Data access ................................................................................................................................. 35 

15.4 Source data .................................................................................................................................. 35 

15.5 Data security ................................................................................................................................ 36 

16 REGULATORY ................................................................................................................................ 36 

16.1 Research Ethics approval ............................................................................................................. 36 

16.2 Ethical considerations and informed consent ................................................................................ 36 

16.3 Confidentiality ............................................................................................................................... 37 

17 TRIAL MANAGEMENT .................................................................................................................... 38 

17.1 Public and Patient Involvement .................................................................................................... 38 

17.2 Trial management and oversight .................................................................................................. 38 

17.3 Trial monitoring ............................................................................................................................. 38 

17.4 End of study transfer of data ......................................................................................................... 38 

17.5 Archiving ...................................................................................................................................... 39 

17.6 Publication policy .......................................................................................................................... 39 

17.7 Data sharing ................................................................................................................................. 39 

17.8 Indemnity ...................................................................................................................................... 40 

17.9 Funder .......................................................................................................................................... 40 

18 Protocol Signature Page .................................................................................................................. 41 

19 References ...................................................................................................................................... 42 

 

 

 

 



 

7 
 

BRCA-DIRECT_IRAS278052CCR5234_Protocol_v0.61_17_03_202317_03_2023 
 

 

SUMMARY 
BRCA-DIRECT is a pragmatic randomised non-inferiority evaluation. 

 

Primary Objective 
To evaluate whether digital delivery of pre-test information for BRCA-testing in breast cancer 

patients is non-inferior compared to current standard practice of 1:1 delivery from a healthcare 

professional regarding uptake of genetic test.   

Participants 
Women with a diagnosis of breast cancer or high-grade ductal carcinoma in situ, currently attending 

breast clinics at the Royal Marsden NHS Foundation Trust and Manchester University Hospitals 

NHS Foundation Trust, for management/follow up of their breast cancer.  

Interventions 
Current standard of care (500): 
1:1 delivery via genetic counsellor of pre-test information and results for BRCA gene-testing 

(Standard of care is 1:1 delivery face-to-face, by telephone or by video-conference.  In this study we 

shall use telephone only). 

Intervention under test (500): 
Digital delivery of pre-test information and results for BRCA gene-testing. 

Primary Outcome 

• Uptake of genetic testing (proportion of patients proceeding with BRCA-test following receipt of pre-
test information) 

 

Secondary Outcomes 

• Knowledge about genetic testing for BRCA genes, following delivery of pre-test information 

• Anxiety following delivery of pre-test information and test results 
 

Additional secondary outcomes 

• Study decline rates on account of lack of access to digital interface  

• ‘Test-offer-to-results’ time (study compared to audit of timings under current pathways at participating 

centres) 

• Helpline usage 

• Healthcare professional satisfaction  

• Patient satisfaction  

 

Sample size 

1000 participants 

 

Internal Pilot 

For the first 60 participants in each arm, pilot capture of outcome measures, including patient-

reported, clinician and logistical outcome measures.  
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Study Duration 

Two years total including development, set-up and shut-down 

 

1 BACKGROUND AND RATIONALE 
 

1.1 Targeting screening and prevention for those at a priori elevated risk of cancer  

In the UK, there are >360,000 new presentations of cancer and >160,000 cancer deaths per year. More 

than half of cases present with advanced stage disease, for which outcomes typically remain poor.   

Near inevitable evolution of polyclonal drug resistance is casting increasingly long shadows over the 

anticipation that precision oncology might be the panacea by which we might reduce the bulk of cancer-

related mortality from advanced presentation of solid tumours 1. Accordingly, there has been renewed 

interest in programmes of cancer screening, early detection and/or prevention (SPED).  Any SPED 

strategy is likely a priori to have significantly more impact if targeted at those individuals at highest risk 

of developing cancer, for example those who carry a mutation (pathogenic_variant) in a high risk cancer 

susceptibility gene 2. For this high-risk population, we can offer interventions not clinically acceptable 

or economically feasible at population-level-risk, for example risk-reducing mastectomy for breast 

cancer patients or chemoprophylaxis.  

 

1.2 gBRCA1/BRCA2 as a biomarker of cancer risk  

Compared to the general female population, women who carry a pathogenic_variant in 

BRCA1/BRCA2/PALB2 have a dramatically elevated lifetime risk of breast cancer (11% compared to 

72%, 69%, 44% respectively) and ovarian cancer (1.5% compared to 44%, 17%, ~5%)(Figure 1) 3-5. 

Pathogenic_variants in BRCA2 also confer increased risk of prostate and pancreatic cancers 6-9. 

BRCA1 and BRCA2 constitute far and away the most dramatic contribution to breast and ovarian 

cancer genetic susceptibility; pathogenic_variants in PALB2 confer a risk of non-syndromic breast 

cancer that is well quantified and warrants equivalent clinical actions for BRCA1/BRCA2, but the 

frequency in the population of pathogenic_variants is much lower. 
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Opportunities provided by identification of a pathogenic_variant in BRCA1/BRCA2/PALB2 in a woman 

with breast cancer are as follows:  

 

 

Secondary prevention in the woman herself 

Serous ovarian cancers  
On account of the poor prognosis and lack of effective screening, women typically opt for bilateral risk 

reducing salpingo-oophorectomy, which reduces their ovarian cancer risk by 80-95%10.  

 
Second breast cancer 
 The average lifetime risk of a second breast cancer is 53% for BRCA1, 65% for BRCA2 

pathogenic_variant carriers 3.  Hence, if a BRCA1/BRCA2/PALB2 pathogenic_variant is identified 

during breast cancer diagnostic work-up, instead of breast conserving surgery, women may elect 

upfront for bilateral mastectomy for treatment of the current cancer and prevention of future (ipsi- and 

contralateral) breast cancers. This treatment approach also potentially avoids need for breast 

radiotherapy.   

 

Primary prevention in family members  

Once a pathogenic_variant is identified in a family, cascade testing through the family is initiated, by 

which on average 3-5 unaffected carriers of the pathogenic_variant are identified 11.   

Unaffected pathogenic_variant carriers may be offered risk-reducing breast and ovarian surgery, 

intensive breast cancer surveillance (annual MRI scans from age 30 years), chemoprophylaxis with 

drugs that reduce oestrogen signalling, prostate cancer surveillance and/or reproductive counselling 

(including preimplantation genetic diagnosis) 12.   

Individuals not carrying the familial pathogenic_variant can be taken out of high-risk screening 

instigated on the basis of family history, and alleviated of the anxiety related to their cancer family 

history.  

 

 

1.3 gBRCA1/BRCA2 as a biomarker for predicting treatment response  

More recently gBRCA1/BRCA2 status has emerged as an important biomarker predicting treatment 

response in breast, ovarian and prostate cancers13 14.  BRCA1/BRCA2 deficient tumours exhibit 

homologous recombination deficiency, resulting in dramatically enhanced response to platinum-based 

chemotherapy and PARP-inhibitors 13.  Rapid genetic testing at diagnosis of all individuals with these 

cancer types can ensure that people have access to the best treatment for their cancer. 

 

1.4 Transformation in genetic technologies and its impact on the current landscape of 

gBRCA1/BRCA2 biomarker testing 

Genetic testing was previously restricted on account of the direct costs of genetic analysis however 

over the last ten years the technological step-change of so-called Next Generation Sequencing (NGS) 

has revolutionised this field, enabling massively parallelised sequencing of multiple genes/samples 15.  

The throughput, turnaround time, accuracy and cost of genomic sequencing have been transformed by 

orders of magnitude but within the NHS, clinician time and administration are now cost- and capacity-

limiting.   
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The current international standard for delivery of gBRCA1/BRCA2 biomarker testing (Table 1) typically 

involves extensive “counselling”, as per models first put in place for Huntington’s disease. Because the 

volume of breast cancer cases is so huge, BRCA-testing has had to be restricted.  The complex and 

restricted eligibility criteria regarding personal and family history and the much higher patient: clinician 

ratios in breast clinics, have meant that BRCA-testing for breast cancer patients is highly limited and 

inconsistently delivered.  Less than 20% of breast cancer patients and very few prostate cancer patients 

are ‘eligible’ for testing 16.  In order to be equitable in allocation of BRCA-tests, the restricted resource 

of expert genetics manpower is further diverted towards complex evaluations of eligibility for each 

patient/family referred.  

 

 

 

Patients are increasingly seeking to circumvent the limited availability of testing and lengthy delays for 

results by accessing direct to consumer (DTC) testing, which brings with it highly variable and poorly 

regulated levels of interpretation and accuracy 17-19. Furthermore these results are wholly divorced from 

the NHS clinical infrastructure, NHS laboratory governance and NHS genetic data management. 

 

 

1.5 Expansion of gBRCA1/BRCA2 biomarker testing 

Recent trials have shown significant clinical effects of PARP Inhibitors for pancreatic cancer and 

advanced castrate resistant prostate cancer.  For both of these tumour types, it is challenging to procure 

tumour tissue.  Hence, in both cases we are likely to see over the forthcoming 2-3 years, a dramatic 

surge in demand for germline genetic testing of genes associated with homologous recombination 

deficiency (i.e. BRCA1/BRCA2/PALB2 +/- other genes).   

Through national funding, simple eligibility, high detection rate and more modest patient volume 

significant progress has been made in delivery of BRCA-testing in serous ovarian cancer.   

Breast cancers are less “enriched” than ovarian cancer for BRCA1/BRCA2/PALB2 pathogenic_variants 

with pick-up rates reported at 2.1% 20 to 3% (unpublished data, Fergus Couch, BRIDGES Study), 

(unpublished data, Doug Easton SEARCH study).  On BRCA-testing of unselected breast cancer 

cases, in approximately 3% of women we would also detect a rare variant for which, due to lack of 

available evidence, the pathogenicity status is unclear: this is termed variant of uncertain significance 

(VUS). 

There are 55,000 new cases of breast cancer per year and an estimated >800,000 prevalent cases 

alive in the UK.  It is widely agreed across the UK clinical genetics community that transformation of 



 

11 
 

BRCA-DIRECT_IRAS278052CCR5234_Protocol_v0.61_17_03_202317_03_2023 
 

BRCA1/BRCA2 testing in breast cancer patients is the most urgent priority on account of (i) clear 

opportunities for secondary prevention, in particular to mitigate unnecessary death from ovarian cancer 

in a woman who has survived her breast cancer, (ii) opportunities for precision oncology management 

of their current cancer, and (iii) primary prevention opportunities for the family 21-23. 

 

The pick-up rate for BRCA1/BRCA2/PALB2 pathogenic_variants in the general population is ~ 1 in 200 
24 25 and in due course it is highly likely genetic susceptibility testing may be rolled out to the broader 

(unaffected) population.  

 

1.6 Clinically-Integrated, Clinician-Independent, Rapid, Digital, Genetic Susceptibility 

Biomarker Testing (CICIRDGSBT) – why we need a trial now 

Improvement in identification of carriers of BRCA pathogenic_variants has been cited as being a key 

priority in many public health systems. To date we have ascertained <5% of BRCA1/BRCA2 carriers 

in the UK 26, and the targets for BRCA-testing in the 2015 UK Independent Cancer Task Force Report 

have not been met 27. To redress this and avert further expansion of DTC testing, new approaches are 

urgently required to maintain robustness but enable dramatic expansion of volume.  

 

Key features of any system of expanded testing must include: 

Clinical integration within 

• NHS genetic laboratory services, so that both positive and negative analyses are to the robust 

standard of a UKAS-approved NeQAS-accredited diagnostic laboratory  

• NHS data systems, so that results are held within the NHS NGIS database, to ensure that patients 

benefit from reclassification of VUSs 

• NHS cancer services, so that clinicians and the MDT receive the test results in real time to enable 

best management 

Rapid turnaround 

• To inform clinical decision-making at time of cancer diagnosis 

 
Patient-centred and patient-managed 

• To afford the patient choice regarding how, when and how much information they want about their 

genetic test and where, when and how soon they receive their results 

 

‘Clinician-lite’ pathway 

• To expand capacity for testing, improve turnaround time and reduce costs.  In our pathway we 

propose that a hot-line is the most clinician-efficient patient-centred mechanism by which to enable 

access to experienced professionals for patients with specific queries/issues, and those who require 

more support 

 

Flexibility 

• Regarding bio-sampling (i.e. use of saliva rather than blood) 

 

Digital platform to facilitate 

• Delivery of high quality, standardised information  

• Robust and rapid process management, sample-tracking, administration and communication 
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This paradigm shift in testing is essential to afford benefit to cancer patients. Clinically-Integrated, Clinician-

Independent, Rapid, Digital, Genetic Susceptibility Biomarker Testing (CICIRDGSBT) aims to integrate all of 

these key features within a single web-based system.  The BRCA-DIRECT study aims to test the feasibility 

and acceptability of this approach.  It is hoped that the study will be a stepping stone in the transition to a 

new paradigm. 

1.7 Prior relevant research  

1.7.1 Moving genetic testing of cancer patients out of Clinical Genetics  

The Wellcome-funded Mainstreaming Cancer Genetics Program (Deputy Directors: Turnbull, 

George), developed pathways, protocols and training materials to empower oncology professionals 

to undertake genetic testing and deliver pre-test counselling within the oncology clinic.    

Subsequent surveys revealed that adoption of ‘mainstreaming’ was relatively popular amongst 

gynaecological surgeons/oncologists for ovarian cancer patients, but low in breast cancer services, 

especially outside of specialist centres 28-31.  Survey responses regarding the underlying reasons 

included (i) overwhelming patient volume (ii) lack of available time in breast cancer clinic 

appointments (iii) complexity in evaluating eligibility for BRCA-testing (iv) lack of expertise in genetic 

counselling 30 32.  

 

1.7.2 Alternative methods to traditional ‘genetic counselling’ for genetic information-giving 

A number of international studies have demonstrated non-inferiority in information uptake/recall and 

patient satisfaction of tele-counselling compared to in-person face-to-face counselling 33-35. Tele-

counselling is now standard of care in UK clinical genetics centres. 

Studies of web-based information and aids as a supplement to 1:1 genetic counselling have been 

largely positive 36-39.  

The Genetic Cancer Prediction through Population Screening (GCaPPS) trial compared web-based 

information vs 1:1 counselling in unaffected Ashkenazi Jewish individuals, demonstrating non-

inferiority of cluster-randomised DVD-based pre-test counselling to traditional genetic-counselling 40 

41.  

  

1.7.3 Health economic analyses 

Recent UK health economic analyses have demonstrated that testing for breast-ovarian cancer 

susceptibility genes as cost-effective at £20,000-30,000 per quality-adjusted life-year UK 

willingness-to-pay thresholds in (i) unselected breast cancer patients 42 (ii) unselected ovarian 

cancer patients 43 and (ii) in women in the general population 44.  

  

1.7.4 Study recruitment through non-traditional mechanisms 

Whilst standard practice in recruiting patients to CTIMPs studies is face-to-face explanation by a 

trained clinical professional in the clinical environment, recruitment to non-CTIMPS studies has 

been democratised and extended via a number of innovative non-face-to-face models of recruitment 
45-53. 
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1.8  Rationale for the study design  

This study aims to investigate the feasibility, acceptability and safety of CICIRDGSBT.  In order to 

test whether patient-centred genetic testing for BRCA genes would be feasible within NHS breast 

cancer clinics, this study employs a number of patient-led procedures.  

 
The patient pathway under test is: 

• Digital delivery of information about genetic testing, followed by 

• Patient-initiated consent for genetic testing to proceed, followed by 

• Digital delivery of test results where no pathogenic_variant has been identified 

 

The laboratory testing is a standard NHS genetic test. This is delivered for both the intervention arm 

and the stand-of-care arm. 

 

Key features of the study design are: 

• Patient-led saliva sample preparation 

• Patient-led consent to join the study 

• Remote access to the BRCA-DIRECT platform 

• Digital delivery of pre-test information about genetic counselling 

• Digital consent for genetic testing to proceed 

• Digital delivery of genetic test results for patients with no pathogenic_variants identified 

2 HYPOTHESIS AND STUDY OBJECTIVES 
 

2.1.  Hypothesis 

Digital delivery of pre-test information for BRCA-testing in breast cancer patients is non-inferior to 

current standard practice of 1:1 delivery from a healthcare professional 

 

2.2 Primary Objective 

To evaluate whether digital delivery of pre-test information for BRCA-testing in breast cancer patients 

is non-inferior to current standard practice of 1:1 delivery from a healthcare professional as measured 

by rate of uptake of the genetic testing. 

 

2.3 Secondary Objectives 

• To assess knowledge about genetic testing for BRCA genes, following delivery of pre-test 
information, in the two allocated groups 

 

• To assess anxiety following delivery of pre-test information, and test results, in the two allocated 
groups 

 

This study will be conducted in compliance with the protocol, standard operating procedures, policies, 

local R&D management guidance, Good Clinical Practice including the Research Governance 

Framework 2005 (2nd edition) and other applicable regulatory requirements as amended from time to 

time.  
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3 STUDY DESIGN 
 

BRCA-DIRECT is a pragmatic, randomised, non-inferiority evaluation.  Estimated sample size is 1000 

women. 

3.1 Internal pilot 

The first 60 women recruited to each arm will form an internal pilot sample from which recruitment 

rate, retention and data completeness will be assessed with a good level of precision and, if deemed 

necessary, changes will be made to the protocol to maximise chances of delivery of the study.  

 

Detailed user feedback, via an optional telephone interview, will be available during this pilot phase – 

capped at 50 interviews.   

 

 

 

4 PARTICIPANTS 
 

Women with a diagnosis of breast cancer or high-grade ductal carcinoma in situ, currently attending 

breast clinics at the Royal Marsden NHS Foundation Trust and Manchester University Hospitals NHS 

Foundation Trust, for management/follow up of their breast cancer.  

4.1 Inclusion criteria:  

Women will be eligible if all of the criteria below are satisfied: 

• Diagnosis of invasive breast cancer or high-grade ductal carcinoma in situ (DCIS) 

• Aged 18 years or over   

• Access to smartphone or email + internet 

• Good comprehension of the English Language 
 

4.2 Exclusion criteria:  

• Previous testing for BRCA1, BRCA2, PALB2 genes 
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5 STUDY INTERVENTIONS 
 

5.1 Pre-test information delivery about genetic testing for BRCA genes 

BRCA1/BRCA2/PALB2 

Participants will be randomised 1:1 to receive either:  
 

Telephone consultation with a genetic counsellor (standard of care) 
The telephone consultations will be as per standard practice of the qualified genetic counsellor 
delivering the pre-test information. 

 
Digital delivery of pre-test information via BRCA-DIRECT platform (intervention) 
Participants will receive a link to the digital pre-test information.  This will consist of text covering: 

• Genetics and cancer risk 

• Genetics testing 

• What will happen if your test is positive 

• What will happen if your test is negative 

• Implications for insurance 
 

Where relevant, parts of the text will be linked through to additional information, such as insurance 

advice from the ABI.  

Participants in the intervention arm will be able to call a genetic counsellor on the hotline during 

weekday office hours, should they have any questions or require further information. 

 

5.2 Delivery of genetic test results 

It is predicted that 5-6% (3% VUSs and 2-3% pathogenic_variant) of individuals will have a positive 

result (pathogenic_variant or VUS detected). All participants whose test results indicate the presence 

of a pathogenic_variant or VUS will be informed of their result by telephone from a genetic counsellor. 

A priori, 2.5% participants will be selected at random to also receive their result (if negative) by 

telephone from a genetic counsellor. 

97.5% of participants will be randomised to receive their result (if negative) digitally, however any 

individuals with a positive result will receive their result by telephone. 

 

Telephone consultation with a genetic counsellor (current standard of care) 
The telephone consultations will follow current practice.   

 
Digital delivery of results (intervention) 
Participants will receive a digital message that their results are available.  When they click this, they 

will receive digital notification of their negative (normal) result in short form.  Full details will be 

provided in an individualised letter. 
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6 OUTCOMES 
 

6.1 Primary Outcome 

• Uptake of genetic testing  
 

6.2 Secondary Outcomes 

• Knowledge about genetic testing for BRCA genes, following delivery of pre-test information 

• Anxiety following delivery of pre-test information and test results 
 

Additional secondary outcomes are the following: 

• Potential participant decline on account of lack of digital access  

• ‘Test-offer-to-results’ time 

o study compared to audit of contemporaneous timings from referral to results at participating 

centres 

• Helpline usage 

o Evaluate proportion of patients receiving digital pre-test information who require 1:1 discussion 

via helpline 

• Healthcare professional satisfaction  

• Patient satisfaction  

 

7 MEASUREMENT OF STUDY ENDPOINTS 
 

Uptake of genetic testing will be measured as the proportion of participants proceeding to genetic 

testing following delivery of pre-test information either digitally, or via a telephone consultation with a 

genetic counsellor. 

Knowledge will be assessed using a study-specific questionnaire, designed to test knowledge in key 

areas of genetic susceptibility awareness for breast/ovarian cancer.  The questionnaire has been (i) 

developed using two previously published questionnaires developed to evaluate knowledge following 

delivery of genetic counselling information about increased risk for breast cancer, (ii) tested on 3 

clinical genetics professionals, 3 oncologists, and (iii) reviewed by our PPI panel comprising patients 

with breast cancer and patients who have undergone BRCA-testing40, 54.  

Anxiety will be measured using the Spielberger state-trait anxiety inventory 55 and the short form 

Intolerance of Uncertainty scale 56.   

 

The Spielberger state-trait anxiety inventory consists of two self-administered, 20-item questionnaires, 

with each item rated on a four-point Likert scale.  It assesses anxiety proneness (trait) and the current 

state of anxiety change (state). The Trait anxiety is measured only once and the State at each time 

point.  High STAI scores signify greater anxiety. 

 

Research suggests that intolerance of uncertainty may be very important in understanding worry and 

may play a key role in the etiology and maintenance of worry.  Evidence for the connection between 

intolerance of uncertainty and worry comes from studies that established that worriers possess a 

number of characteristics that set them apart from non-worriers.  For example, worriers have been 
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shown to require more information before arriving at a decision 57. The need for additional information 

may be a means for lowering the level of uncertainty. 

Decline on account of lack of access to digital interface will be assessed from completed anonymous 

study summary forms posted into the secure study hub drop boxes. 

‘Test-offer-to-results’ time (study compared to audit of timings under current pathways at participating 

centres) 

Helpline usage will be assessed from a central log of the number, content and duration of calls made 

to the genetic counsellor telephone hot line.  

Healthcare professional satisfaction will be assessed using a study specific survey  

Patient satisfaction will be measured using a digital study specific survey.   
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8 PARTICIPANT PATHWAY including COVID-19 pathway variation 
 

 

8.1 Enrolment 

• There will be a study hub in the breast clinic making available study summary sheets, study 

information packs and a locked drop-box (for submission of study paperwork and saliva samples).  

BRCA-DIRECT posters will be on display at breast clinics. 

• The patient will be made aware of the BRCA-DIRECT study via: 

o Recommendation and sign-posting towards the study from their doctor/specialist breast care 

nurse 

o The study-hub/poster  

• A BRCA-DIRECT research genetic counsellor or research nurse will be available in clinic to answer 

questions.  

 

• COVID-19 addendum: All COVID-19 related government guidelines applicable during the 

recruitment period of the study will be followed, (e.g regarding the wearing of personal protective 

equipment and social distancing).   

 

8.1.1 Study resources/paperwork 

Study Summary sheet 
Patients will be invited to read a study summary sheet which outlines the study and asks those 

interested in participating to collect a study information pack and saliva sample kit.  A section at the 

bottom of the sheet invites patients not interested in participating in BRCA-DIRECT to complete it 

anonymously, providing their reason why from the categories listed, and post it in the secure study 

drop box. 

Study Information pack 
Patients interested in participating will be given a study information pack containing: 

• A front sheet 

• Patient information leaflet 

• Saliva kit and Expression of Interest form  

• Study consent form and pre-paid envelope 
 
Saliva sample collection and Expression of Interest 

• Patients interested in participating in BRCA-DIRECT will be encouraged to provide a saliva sample 

in clinic, before leaving hospital (this avoids delays in testing, the need for an additional visit to 

hospital and the possibility of saliva samples being spoiled in transit).  

• The patient will be asked to produce their own labelled saliva sample (following the instructions 

provided in the saliva sample kit).   

• Healthcare professionals will be available to assist, if required.   

• Patients will be asked to complete an Expression of Interest form, located inside the saliva sample 

kit, to provide their name and preferred contact details (mobile phone, email) and permission for 

their saliva sample to be stored while they decide whether to participate in BRCA-DIRECT.   

• This form will be placed together with the saliva sample inside the sample bag and placed in the 

secure study drop box. 

• Expression of Interest details and receipt of sample will be entered onto the BRCA-DIRECT study 

databases. 
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• If there are any problems with the saliva sample e.g. tube not sealed properly, damage etc., the 

local site genetic counsellor will contact the potential participant and arrange for another sample to 

be collected. 

 

• COVID-19 addendum: In the event of COVID-19 regulations disallowing generation of saliva 

samples in clinic, we will enable participation in the study via (a) a saliva sample generated at home 

and posted back to ICR (b) supply of a blood sample in clinic (if the patient is having routine bloods 

taken in clinic). Thus, we shall make available in clinic two types of study packs (a) “home-saliva 

study-pack”, including tube for home saliva collection and secure sample postal kit and (b) “blood 

study-pack”, including bottle and forms to be handed to phlebotomy.  The “home-saliva study-pack” 

can also be posted out to potential participants undergoing telephone consultation.  These pathways 

offer flexibility regarding (i) prohibition of saliva generation in hospital clinic setting (ii) 

discontinuation of laboratory analysis of saliva samples (iii) additional reduction in face-to-face 

appointments (see participant pathway flowchart COVID-19 contingency). 

 
Patient information leaflet and consent to join BRCA-DIRECT 

Potential participants can take home their patient information leaflet and study consent form.  The 

telephone number of the local site research genetic counsellor is listed in the patient information 

leaflet. A study telephone hotline, manned by the local site research genetic counsellor, will be 

available to all participants ahead of recruitment to address any questions they have about the 

study. Those wishing to join the study are instructed to sign and return the study consent form in the 

pre-paid envelope provided.  This form also contains a section for patients to complete and return if 

they don’t want to participate in the study.  

Some patients may choose to read the patient information leaflet and sign their study consent form 

whilst in clinic.  This will be permitted because participants will not be contacted by the BRCA-

DIRECT study databases for at least 24 hours.  The study interface contains a link to take a 

participant to a study withdrawal screen, which will be available at all stages of participation. 

All participants will receive a copy of their signed study consent form via a secure method 

(encrypted email or post). 

If a signed study consent form is not received from a potential participant who provided a 

saliva/blood sample, the BRCA-DIRECT study system will send four consecutive reminders 1, 7, 12 

and 17 days after the sample was deposited, using the patient’s preferred contact (mobile 

phone/email).  If signed consent is not received after six weeks, the temporarily stored sample and 

Expression of Interest form will be destroyed.  

8.1.2 Baseline checks and 24 hour pause 

On receipt of a signed study consent form, the local site will confirm the patient’s eligibility and enter 

details required for study conduct onto the BRCA-DIRECT databases.  If, in exceptional 

circumstances, a patient is found to be ineligible for the study, they will be telephoned by their 

consultant or the study genetic counsellor. 

After 24 hours, the participant will be sent a link to the BRCA-DIRECT study platform interface.  This 

link enables the participant to:  

• Withdraw from the study if they have changed their mind 

• Progress through the BRCA-DIRECT study 
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8.2 Commencing participation in BRCA-DIRECT 

Participants will complete digitally: 

• A cancer family history questionnaire 

• Intolerance of Uncertainty questionnaire 

• STAI Y-1/Y-2 state/trait anxiety questionnaires 

• Knowledge questionnaire 
 

If baseline questionnaires are not completed, an SMS/email reminder to complete them will be sent 

to the participant 1, 2 and 3 days after receiving the initial link to BRCA-DIRECT study interface. 

 

 

 

 

8.3 Delivery of information about genetic testing for BRCA genes BRCA1, BRCA2, PALB2 

Participants will be randomised 1:1 to: 

(i) Receiving digital information about genetic testing for BRCA genes via the BRCA-
DIRECT study interface 

• Participants will be able to scroll forwards and backwards through the information visiting 

links etc.  

• The BRCA-DIRECT study system will record participant activity to confirm that they have 

visited the information before proceeding to the next stage of the study. 

• Participants will be able to call the telephone hotline with queries or if they would like further 

information.  

• The final screen will provide a link to access the digital ‘BRCA-test consent’ form.  

Participants will be able to call the telephone hotline if they would like to be taken through the 

clauses on the form. 

 

Or 

(ii) Receiving a current standard of care telephone consultation with a genetic counsellor  

• Participants will be instructed to book an appointment with a genetic counsellor via a digital 

calendar located on the BRCA-DIRECT interface. They will be asked to book an 

appointment within the next three working days, if possible.  

• At the end of the consultation, the genetic counsellor will inform the participant that a digital 

‘BRCA-test consent’ form is available to be completed and signed via the BRCA-DIRECT 

interface.  An explanation of the individual clauses within the form will be given. 

• The genetic counsellor will log the consultation as completed and enable the digital consent 

form. 

• A standard summary of the consultation will be sent via post to the participant. 

 
If a participant does not book a genetic counselling appointment or commence viewing the digital 

pre-test information, an SMS/email reminder will be sent 1, 2 and 3 days after notification of the 

randomised allocation was received.  

If a participant is unavailable during the booked appointment time they will be invited to book 
another appointment three additional times by the BRCA-DIRECT study system.  
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8.4 Consent to proceed to genetic testing 

• For both arms, if a participant decides to proceed with the genetic test they will sign a digital 

‘BRCA-test consent’ form, which will be formatted to BSGM (British Society of Genomic 

Medicine) standards.   All participants will receive a copy of their signed BRCA-test consent 

form via secure email/post. 

• The participant will have two days following test-consent to reverse the decision to proceed 

with the BRCA-test.  Beyond those two days, the test will proceed. 

• If a signed ‘BRCA-test consent’ form is not received from a participant, the BRCA-DIRECT 

study system will send three reminders 1, 2 and 3 days after the participant viewed the 

digital pre-test information or had a telephone consultation with a genetic counsellor.  

• If signed consent is not received after 8 weeks, the temporarily stored sample and 

Expression of Interest form will be destroyed and the participant will be withdrawn from the 

study. 

• If a participant subsequently decides to proceed to genetic testing during the active period of 

the study, and is willing to provide another saliva/blood sample, this will be discussed with 

the patient and a test conducted if feasible. 

 

8.5 Assessment of knowledge and anxiety following consent for genetic testing to 

proceed 

24 hours after signing consent for the genetic test to proceed, participants will complete digitally: 

• Knowledge questionnaire 

• STAI Y-1 anxiety questionnaire 
 

If these questionnaires are not completed, an SMS/email reminder to complete them will be sent to 

the participant 4, 5 and 6 days after signing consent for the genetic test to proceed. 

 

8.6 Delivery of BRCA test result 

The BRCA-DIRECT system will alert participants when their test result is ready. They will either 

receive their result digitally or via a telephone consultation with a genetic counsellor.   

It is anticipated that 94-95% of the study cohort will have a negative (normal) result and 5-6% will 

have a positive result indicating the presence of a pathogenic_variant or a VUS. 

• All participants with a positive result will receive their results via telephone consultation with 

a genetic counsellor (estimate 5-6%of total cohort) 

• The majority of participants with a negative result indicating normal genes will receive their 

result digitally (97.5%of total cohort) 

• An additional randomly selected 2.5% of participants with a  negative result will receive their 

results via telephone consultation with a genetic counsellor (2.5% of total cohort)  
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8.6.1 Digital receipt of result (participants with no pathogenic_variant detected) 

The participant will receive a message informing that their test results are available. The message 

will contain a link to digital notification of their negative (normal) result. A results letter and copy of 

the molecular genetics laboratory report will be sent to the participant via secure email/post.  

 

8.6.2 Receipt of result via telephone consultation with a genetic counsellor (all participants with 

pathogenic_variant plus 2.5% with a normal result) 

The participant will receive a message informing that their test results are available. The message 

will contain a link to the study digital calendar to book an appointment with a genetic counsellor.  

Following the appointment, a results letter and copy of the pathology report will be sent to the 

participant via secure email/post. 

If a participant does not book a genetic counselling appointment, an SMS/email reminder will be 

sent 3,4 and 5 days after notification that test results are available.  

 

8.7 Post-test result anxiety assessment 

Seven days after notification that their test results are available, participants will be asked to 

complete digitally: 

• STAI Y-1 anxiety questionnaire 

If this questionnaire is not completed, an SMS/email reminder to complete it will be sent to the 

participant 10, 11 and 12 days after notification that test results are available. 

 

8.8 Participant user feedback 

Seven days after receiving their test results, participants will be invited to complete a digital user 

feedback survey exploring user experience of the BRCA-DIRECT platform and acceptability of the 

method for providing information about genetic testing and results. 

During the internal pilot phase participants will also have the opportunity to register for an optional 

telephone interview with a BRCA-DIRECT researcher to explore their experience of participating in 

the study in more detail, to highlight any unanticipated logistical problems that require resolution.  

This will be capped at 50 participants. 

Following the pilot phase participants will have the opportunity to register interest for an optional 

video (or telephone if required) interview with a BRCA-DIRECT researcher. The interviews will 

expand on data from the pilot phase interviews and will explore the participant’s motivations for, and 

experiences of, BRCA-testing via the BRCA-DIRECT digital platform at an early stage in their breast 

cancer diagnosis and treatment. Information will inform future adaptations or considerations for 

implementation of the pathway more broadly.  

We will be conducting interviews in participants who are newly diagnosed, pre-surgical at time of 

enrolment to the study AND randomised to the digital pre-test information arm. We aim to complete 

interviews with all eligible participants who register their interest OR a minimum of 50 eligible 

participants, whichever is lower. No retrospective invitations to participate will be sent to participants 

who have already completed their involvement in BRCA-DIRECT.   
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8.9 Final anxiety assessment 

Twenty eight days after receiving their test results, participants will be asked to complete digitally: 

• STAI Y-1 anxiety questionnaire 

• Knowledge questionnaire 

If this questionnaire is not completed, an SMS/email reminder to complete it will be sent to the 

participant 31, 32 and 33 days after notification that test results are available. 

Participants will also be offered a second opportunity to provide user feedback if this was not done 

previously. 

 

 

 

 

 

 

 

 

8.9.1 Schedule of patient reported outcome assessments 

 

Time point STAI 

Trait 

(Y-2) 

STAI 

State 

(Y-1) 

Intolerance 

of 

Uncertainty 

Knowledge 

Score 

Participant 

Satisfaction 

Survey (+ optional 

telephone 

interview) 

T0 - Baseline ✓ ✓ ✓ ✓  

T1 – 24 hours after giving 

consent for genetic test to 

proceed 

 ✓  ✓  

T2 – 7 days after 

notification that test results 

are available 

 ✓   ✓ 

T3 – 28 days after 

notification that test results 

are available 

 ✓  ✓ ✓ (reminder if not 

done at T2) 
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All calls to the telephone hotline will be logged on BRCA-DIRECT system by the genetic counsellor 

who took the call (content and duration of call). 

 

8.10 Additional notification of test results to the participant’s health care team 

For each participant, a copy of the genetic test results will also be sent securely to:  

• The participant’s oncology consultant and breast care nurse 

• The local site molecular diagnostic laboratory 

• The local clinical genetics service 

• The participant’s GP   

Regular summaries of results and those in whom testing is underway will be sent securely to the 

breast MDT coordinators at a frequency according to local site preference. 

 

8.11 Clinical Genetics referral 

For all individuals in whom a BRCA1/BRCA2/ PALB2 pathogenic_variant is detected, clinical 

genetics referral will be advised on the report and patient letter.  The results will also be sent to 

clinical genetics so they can ensure all positive participants are referred. 

For all individuals with a significant family history of breast/ovarian cancer in whom no BRCA 

pathogenic_variant was detected, additional detailed evaluation of family history will be advised on 

the report and in an individualised standard patient letter.  

 
 
8.12 Participant withdrawal 

Participants may withdraw from the study at any time, if they so wish, without giving a reason.  

Information about withdrawal is included in the patient information leaflet, as well as on the BRCA-

DIRECT platform. Participants can withdraw by contacting their clinical team, the study hotline or 

emailing BRCADirect@icr.ac.uk. 

No further data will be collected about that individual. Study data collected up to that point will be 

retained for audit purposes.  Samples derivatives (DNA) and data generated within the NHS 

diagnostic environment will be retained.   
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9 PARTICIPANT PATHWAY FLOWCHART (STANDARD CONDITIONS) 

 



 

26 
 

BRCA-DIRECT_IRAS278052CCR5234_Protocol_v0.61_17_03_202317_03_2023 
 

9.1 PARTICIPANT PATHWAY FLOWCHART (COVID-19 CONTINGENCY) 
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10 DEFINITION OF END OF STUDY 
The end of the study is defined as the final data collection for the last participant.  This will be the 

final STAI Y-1 questionnaire completed 28 days after receipt of genetic test results and collection of 

user feedback. 

11 STUDY DISCONTINUATION 
The study may be stopped if the Sponsor or REC terminate it before the planned end date.  The 

Sponsor and the Funder have the right to discontinue the study at any time for failure to meet 

recruitment goals, safety or other administrative reasons. 
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12 STATISTICS 
We are seeking to evaluate whether digital delivery of pre-test information for BRCA-testing in 

breast cancer patients is non-inferior to current standard practice of 1:1 delivery from a healthcare 

professional regarding uptake of genetic test. Although the study is not primarily powered for these 

outcomes, data on measures relating to safety, effectiveness and clinician/patient acceptability will 

be collected. 

12.1 Sample size and power calculation for measurement of study endpoints 

Sample size 

To ensure >95% likelihood of identifying ≥5 individuals with a pathogenic_variant  at each of the two 

recruitment sites (prevalence in unselected breast cancer of BRCA pathogenic_variants is ~2-3%) 

and to test thoroughly the respective pathway logistics as shown below: 

• Digital pre-test information – genetic test – digital notification of results 

• Digital pre-test information  - genetic test – notification of results from genetic counsellor 

• Pre-test information from genetic counsellor – genetic test – digital notification of results 

• Pre-test information from genetic counsellor – genetic test – notification of results from 

genetic counsellor 

 

Recruiting 500 cases per site would give 97% probability to detect ≥5 individuals with a 

pathogenic_variant per site (assuming, conservatively, the frequency of BRCA pathogenicity is 2%).    

 

Power calculation for measurement of study endpoints   

The table below illustrates the non-inferiority margin in the patient reported outcome measures we 

would predict on one-sided analysis for non-inferiority of BRCA-DIRECT against standard pathway. 

  Attrition Predicted 

available 

participants 

(following 

attrition) 

Assumptions 

(reference *) 
Power Sample size 

required for 80% 

power (digital: 

clinician = 1:1)  

Significance 

level (one-

sided) 
Non-

inferiority 

margin 
Notes 

Test uptake 0% 1000 90% test 

uptake in 

both groups 

80-85% with 

1000 

participants 
934 0.025 5.5% Calculated using 

http://www.hwasoon.kim/NISSC/#!/binary  

STAI state T1 0% 1000 Mean 43.2, 

SD 13.5 

 

(*58) 

90-95% with 

1000 

participants 
636 0.025 3 Calculated using 

http://www.hwasoon.kim/NISSC/#!/continuous  
  

STAI state T2 10% 900 Mean 43.2, 

SD 13.5 

 

(*58) 

90-95% with 

900 

participants 
636 0.025 3 

STAI state T3 20% 800 Mean 43.2, 

SD 13.5 

 

(*58) 

85-90% with 

800 

participants 
636 0.025 3 

Patient 

satisfaction 
20% 800 Mean 3.75, 

SD 1 

 

(*59) 

90-95% with 

800 

participants 
  

56 0.025 0.75 

Knowledge 

score T1 
20% 800 Mean 5.71, 

SD 1.55 

 

(*36) 

>95% with 

800 

participants 
38 0.025 1.40 

 

http://www.hwasoon.kim/NISSC/
http://www.hwasoon.kim/NISSC/
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12.2 Randomisation 

 

12.2.1 Randomisation to pre-test information delivery 

• Participants will be randomised equally between standard care and digital delivery of pre-test 
information. 

• Randomisation will be stratified by site and will use random block sizes up to 12.     
 

12.2.2 Randomisation to receipt of genetic test results via telephone appointment with a genetic 

counsellor (participants with normal genes) 

• We estimate that 94-95% (940-950) participants will have a negative (normal) test result  

• Randomisation lists, stratified by site, will be produced to randomly pre-select 2.5% of this 
cohort to receive their test results via a telephone appointment with a genetic counsellor. 

 
Randomisation lists will be generated by the study statisticians using Sealed Envelope’s 

randomisation list generator: https://www.sealedenvelope.com/simple-randomiser/v1/lists.  

 
 
 

12.3 Internal pilot 

When 120 participants have been enrolled (60 participants in each arm), recruitment will pause and 

study data will be reviewed as follows: 

Recruitment:  

Actual recruitment will be compared with predicted recruitment.  Any potential barriers to recruitment 

will be identified through liaison with local sites and information collected on Study Summary Sheets 

completed by patients who were not interested in taking part in BRCA-DIRECT. 

Retention:  

Retention will be evaluated by reviewing:  

• Participant initiated withdrawal 

• Drop out as a result of non-completion of study tasks  

Where participants have provided a reason why they wished to withdraw, these will be examined for 

any consistent themes.  Drop out time point will be examined to search for any problems within the 

BRCA-DIRECT study pathway. 

Compliance: 

Timeliness of completion of study tasks throughout the participant pathway will be compared to 

expected timelines, to identify any non-random delays at study timepoints.  Data from the Participant 

Satisfaction Survey and telephone interviews (user feedback) will be examined to assist with 

identifying the cause of any such delays. 

Completion of the full pathway will be compared to expected compliance.  If compliance is less than 

expected, reasons why will be identified and resolved, where possible. 
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Preliminary review of participant knowledge following receipt of pre-test information and 

consent for genetic test: 

We aim to provide participants with a clinician independent means of receiving information about 

genetic testing for BRCA genes that is not inferior to current practice.  Review of Knowledge 

questionnaire data, user feedback and consent for genetic testing in 120 participants will highlight any 

major differences between the study arms that may require further investigation and resolution before 

recruitment recommences.   

Data completeness: 

Individual questionnaires will contain checks to prevent incomplete data.  Non- completion of 

questionnaires will be examined at each study timepoint to search for any problematic timepoints.  

Reasons for non-completion of questionnaires will be identified and resolved, where possible. 

Knowledge questionnaire and Participant Satisfaction Survey: 

Pooled data will be examined to search for any consistent themes that may require resolution before 

recruitment recommences. 

These study specific questionnaires are unvalidated.  We will examine the pooled data for quality, 

and any deviations or exceptions to confirm that they are collecting secondary endpoint data robustly. 

Referral to Independent Expert Group: 

Any problems identified will be discussed by the BRCA-DIRECT Management Committee (MC) and 

local sites, as required, to resolve any issues.  The progress of the study, including the internal pilot 

data, will be referred to the Independent Steering Advisory Group, along with any major problems 

identified that could affect the scientific integrity or quality of the study, including major barriers to 

recruitment. 

The Independent Steering Advisory Group may seek further expert advice regarding continuation of 

the study, if required. 

 

 

12.4 Statistical analysis 

During this study and its internal pilot on the first 60 women randomised to each arm, we shall 

monitor closely and evaluate time taken for data collection, processing and analysis.  

The progress of participants through the trial will be shown in a CONSORT60 flowchart. Summary 

statistics will be calculated by trial group at baseline and at each follow-up time point. Normally 

distributed variables will be described by their means and standard deviations, skewed continuous 

variables by their medians and interquartile ranges and categorical variables by frequencies and 

percentages. The primary analysis will be on the per protocol population but we will also perform an 

analysis of complete cases following intention to treat principles. Further, we may use multiple 

imputation methods for quantitative outcome measures such as STAI, Patient satisfaction and 

Knowledge scores. 
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Continuous outcomes will be analysed using linear mixed effects models with fixed effects for 

baseline measure of outcome, randomisation arm, centre and time point, with a random effect for 

participant. Binary outcomes will be analysed using mixed effects logistic regression models with 

the same set of fixed/random effects. Other baseline covariates considered a priori to be prognostic 

of outcome may be included in these models. We will report two-sided 95% confidence intervals for 

each outcome comparison between the arms, with the main focus on comparison of the lower 95% 

confidence limit and the margin for non-inferiority.  A full statistical analysis plan will be written and 

signed off prior to data analysis. Analyses will be conducted in Stata version 17.061 or higher.  

 

 

13 DEVELOPMENT OF THE BRCA-DIRECT DIGITAL SYSTEM 
The BRCA-DIRECT study databases and user-interface will be developed prior to recruitment with 

inbuilt user testing during development. 

User interfaces required are: 

• Participants 

• Genetic counsellors 

• Pathology lab 

• Study coordination team 

Functionality requirements are: 

• Login/access at any time 

• Withdrawal option available at any time 

• Data entry 

• Provision of digital pre-test information 

• Digital consent form completion and signature 

• Calendar management  

• Saliva/blood sample management 

• Automated reminders for uncompleted actions 

• Automated messages linked to actions 

• Production of test results letters   

• Production of reports 

• Participant pathway management to prevent deviations from protocol 

• Notification/alerts of participant enrolment, non-compliance and withdrawals 

• Communication between research team 

• View and download key data including digital consent forms 

 

Additional requirements:  

• 1:1 randomisation to pre-test information delivery method 

• Selective randomisation of BRCA negative participants to receive results from a genetic 
counsellor 

 

During development, the system will be user tested to ensure correct functionality. Previous breast 

cancer patients will provide PPI review of the ‘look and feel’ of the system, and its ease of use. 
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Further evaluation will take place during the ‘pause’ after 120 participants have been enrolled in 

case any major unanticipated user problems are identified.  These will be resolved before 

recruitment re-commences. 
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PID-free data transfer
Interactions with the patients mobile device are linked to a unique PIN. 
No transfer of PID.  
There is transfer via web interface of sensitive data (STAI, family and personal medical history), but no PID is included.

PID-containing data transfer
PID is stored in a separate PID-containing database that does not communicate with the patient mobile device PID. 

BRCA-Direct Data Flow Diagram 
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14 STANDARD NHS GENETIC TEST FOR BRCA1/BRCA2/PALB2 
Genetic Testing will be delivered by the NHS North Thames Genomic Laboratory Hub NIHR 

Biomedical Research Centre for Molecular Pathology (ICR/RMH CMP), located at the Royal 

Marsden Hospital, Surrey. The ICR/RMH CMP is a NeQAS-approved, ISO 15189 accredited 

medical diagnostic molecular genetics laboratory.  Sample handling, sequencing and reporting will 

be performed to NHS diagnostic standard.  

 

Saliva/blood samples will be supplied by participants at the Royal Marsden Hospitals (RMH) and 

Manchester Foundation Trust (MFT) NHS Hospitals, and will be identified via four patient identifiers 

marked on the tube (first name, surname, DOB, postcode).  Samples collected at MFT will be 

transferred to the ICR/RMH CMP and will be stored and managed in accordance with established 

standards for NHS diagnostic patient samples.  Transfer of saliva/blood samples will comply with 

biological sample transfer guidelines of the European Agreement concerning the International 

Carriage of Dangerous Goods by Road (ADR).  

 

The request for a BRCA test will be initiated by the BRCA-DIRECT study databases 48 hours after a 

participant has given digital consent for genetic testing to proceed.  The request will contain a 

unique study patient identifier (PIN), first name, surname, DOB, postcode and hospital number and 

will be transferred securely to the LIMS (Laboratory Information Management System) at ICR/RMH 

CMP.  The genomic result and interpretation will then be returned from the CMP LIMS to the secure 

BRCA-DIRECT study databases via a secure upload. 

 

DNA will be extracted from the saliva/blood samples and quantified via Qubit.  Targeted libraries will 

be created via Qiaseq library preparation with DDR capture Panel hybridisation and enrichment 

comprising all coding exons and intron-exon boundaries of BRCA1/BRCA2/PALB2, and sequencing 

will be performed to NHS diagnostic test standards (minimum median coverage 50x, minimum per-

base coverage 25x, with bidirectional reads).  Data processing and calling of sequence variants and 

exon-level aberrations of dosage will be undertaken using established analytical pipelines and 

variant interpretation/classification using ACMG standards. The test results will be as valid as any 

other generated in the NHS and will therefore be valid for NHS clinical use. 

 

Following the test, unused saliva/blood sample will be destroyed.  Extracted DNA will be stored 

securely at the ICR/RMH CMP for an indefinite period of time. 

 

If digital consent is not received from a participant, or a request to destroy a sample is made by the 

local site or participant, the sample will be destroyed in a manner appropriate for biological waste 

according to ICR guidelines and a record kept of this destruction. 
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15 DATA HANDLING AND RECORD KEEPING 
 

15.1 Data acquisition 

Data will be entered via the BRCA-DIRECT interface onto the BRCA-DIRECT data storage system. 

Each participant will be assigned a unique participant identifier (PIN) and all of their data will be stored 

under this PIN. 

Data will be entered by the following persons: 

• Participant – family history, questionnaires, consent for genetic testing to proceed, user 
feedback survey 

• Local site genetic counsellor – baseline data (including patient identifiable data), sample receipt, 
sample transfer, telephone hotline useage, record of consultations conducted 

• ICR/RMH CMP - sample receipt, test results, record of destruction (unprocessed samples) 
 

This data storage system will be comprised of two databases. The first database will handle PID. This 
will be partitioned and linked via PIN to the second, which will be PID-free, serving an operational 
purpose for the interface. These databases will meet all data security standards and be held within 
the ICR. 

  

15.2 Data quality 

Electronic participant questionnaires will be designed to constrain answers that can be supplied 

(range checks) and to prevent submission of incomplete forms.  Computerised and manual 

consistency checks will be performed on a regular basis via downloads/reports from the study 

databases.  

Newly entered family history questionnaires will be checked by the local site genetic counsellor and 

queries issued in case of inconsistencies.  

The ICR/RMH CMP utilises a secure Line Information Management System (LIMS) by which the 

PID and genetic data generated are stored and QC (quality control) checks are implemented as 

routine.  Sample handling, sequencing and reporting will be performed to NHS diagnostic standard. 

 

15.3 Data access 

Access to the central study databases will be limited according to user type.  The restrictions will be 

built into the system as it is developed.   

Access to the BRCA-DIRECT interface by the participant will require a login process. This will allow 

the participants journey through the study material to be mapped, and help authorise that all digital 

consenting and questionnaires are completed by the intended person. 

 

15.4 Source data 

Hardcopy source data will be filed at the local site.  These will include current medical records, 

consent forms signed at enrolment, hardcopies of consent forms that were signed digitally and 

records of genetic counselling appointments and test results.  The primary source of questionnaire 

and family history data will be electronic. 
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Source data regarding sample handling will be kept at the local site and the ICR/RMH CMP 

according to standard NHS procedures. 

 

15.5 Data security 

All data will be handled according to best practice principles and in compliance with the NHS Digital 

Data Security and Protection Toolkit. 

Sensitive personal or medical data will be held in a partitioned, secure, firewalled database. 

Recordings of telephone/video interviews will be stored at ICR on secure servers. 

Participants will receive study notifications and reminders for uncompleted actions either by SMS or 

by email, using their study ID (PIN) only. 

Data transferred or downloaded for quality checking, reports and analyses will be identified by PIN 

only. 

NHS North Thames Genomic Laboratory Hub NIHR Biomedical Research Centre for Molecular 

Pathology is an established NHS molecular diagnostic laboratory undertaking routine analyses of 

cancer susceptibility genes. Divisional-level infrastructure and expertise are in place, with policies 

documenting systems for access, security and daily backup of the Divisional databases.   

 

16 REGULATORY 
 

16.1 Research Ethics approval 

The Chief Investigator or their delegate will obtain approval from the Research Ethics 

Committee/Health Research Authority.  The study will be submitted for local approval at each 

participating site and confirmation of Capacity and Capability will be obtained before participation 

commences. 

The study will be conducted in accordance with the conditions of ethical approval. 

The Chief Investigator will provide reports to the research Ethics Committee. 

The protocol has been approved by the Committee for Clinical Research at the Royal Marsden NHS 

Foundation Trust and Institute for Cancer Research.  

 

16.2 Ethical considerations and informed consent 

This study will be carried out in accordance with the declaration of Helsinki (1996). 

In order to avoid the need for patients to make extra visits to clinic, potential participants who are 

interested in participating in BRCA-DIRECT may be required to provide an ‘upfront’ saliva/blood 

sample before they have taken at least 24 hours to read the patient information leaflet and sign a 

consent form.  To enable temporary storage of their saliva/blood sample, potential participants will 

be asked to complete and sign an Expression of Interest form, listing their email/mobile phone 
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contact details and giving the local site permission to store their sample while they decide whether 

to participate in the study.   

Potential participants will be provided with a patient information leaflet and a study consent form that 

can be completed at home and returned in a pre-paid envelope.  A telephone hot line to the local 

site genetic counsellor will be available during weekday office hours for patients to call if they 

require more information or have any queries. 

In order to issue automated reminders to potential participants, their email/mobile phone details 

supplied on the EOI will be temporarily held on the BRCA-DIRECT study databases.  

Upon receipt of a signed study consent form, the local site will enter a participant’s baseline data 

onto the study databases to activate their account but the BRCA-DIRECT platform will not contact 

the participant for a further 24 hours.  A link to a withdrawal screen will be available to participants 

immediately upon participation, so that they can withdraw at baseline. 

If a potential participant decides not to participate in the study, or a signed study consent form is not 

received, their saliva/blood sample and Expression of Interest form will be destroyed and their 

contact details removed from the study databases.  

Participants will not be able to sign digital BRCA-test consent for their saliva/blood sample to be 

tested until the BRCA-DIRECT system has recorded receipt of pre-test information, via data entry 

that a genetic counselling appointment has taken place, or electronic confirmation that the digital 

pre-test information has been visited.   

There will be a 48 hour pause following receipt of digital consent for genetic testing to proceed 

before the instruction to process a sample is generated. 

 

16.3 Confidentiality 

Each participant will be assigned a unique participant identifier (PIN) and data will be stored under 

this number.    

The study databases will hold all data securely. Patient identifiable data will be held in a partitioned 

firewalled database.   

Information about participants will be kept confidential at the local sites.  Access to data held at site 

will be restricted to members of the local study team as indicated on the delegation log.  Hard copy 

data, for example paper copies of patient study-consent forms with identifiers, will be stored in 

locked, fireproof cabinets within the Division of Genetics and Epidemiology ICR, with access limited 

to staff working on the study who are trained in Data Protection policies and legislation. 

Data downloaded for the creation of reports or analyses will be identified by PIN only.  Any report 

data held at Sussex CTU/Sussex Health Outcomes Research & Education in Cancer (SHORE-C) 

will be held in password protected documents, with limited access.   
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17 TRIAL MANAGEMENT 

17.1 Public and Patient Involvement 

Initial expert patient input on the study design was provided by the founder of the ‘BRCA journeys’ 

patient support group, who reviewed the application submitted to the funder.   All patient facing 

documents have been reviewed by members of our PPI group, comprising members of BRCA 

journeys and/ expert breast cancer patients.  

The screen text to be used in the BRCA-DIRECT platform has been reviewed by these volunteers 

prior to its development.  Further user testing by expert patients will be carried out during the 

development phase. 

17.2 Trial management and oversight 

The BRCA-DIRECT Management Committee (MC) (comprising PIs and study coordinator), will be 

responsible for the day-to-day management of the study and will meet regularly throughout 

recruitment.  The Group will review recruitment, compliance and data quality.  

An independent Steering Advisory Group, which will include expert patient representation, will be 

convened to provide independent trial oversight.  It is not anticipated that there will be a need for a 

Data Monitoring Committee, however should any major problems be identified, the Independent 

Steering Advisory group  may seek further expert advice regarding continuation of the study. 

17.3 Trial monitoring 

Site initiation visits will be conducted by the chief investigator and trial coordinator before 
recruitment commences. If recruitment does not proceed as anticipated, the chief investigator and 
trial coordinator will liaise with the site to identify and resolve any issues. 

Monitoring of recruitment and data quality will be conducted by the BRCA-DIRECT Management 

Committee (MC) through regular reviews of data downloads and reports.  The study has an inbuilt 

pause after 120 participants have been enrolled to enable any emerging problems to be identified. 

During software development and the pilot phase, safety of the automated system will be closely 

monitored regarding system generated messages and reminders and provision of documents to 

participants.   Following the pilot phase, safety will continue to be monitored as part of the regular 

data review. 

17.4 End of study transfer of data 

At the end of the study, the BRCA-DIRECT platform and study databases will be dismantled.  All 

electronic data will be securely transferred to the Institute of Cancer Research for secure storage 

and archiving. A copy of the following raw data will also be transferred securely to Sussex Clinical 

Trial Unit (CTU)/ Sussex Health Outcomes Research & Education in Cancer (SHORE-C) for 

analysis.   

• Intolerance of Uncertainty questionnaire data

• STAI Y-1/Y-2 state/trait anxiety questionnaires

• User feedback and telephone interview data
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17.5 Archiving 

All study data and documentation will be archived at the Institute of Cancer research for 5 years 

beyond the end of the study.  Study data will be stored by PIN only.  Following this period, data will 

be destroyed according to Institute of Cancer Research policy. 

Following analysis and publication of main trial results, data analysis files created at Sussex Clinical 

Trial Unit (CTU)/ Sussex Health Outcomes Research & Education in Cancer (SHORE-C) will be 

transferred to ICR for archiving and all copies of raw data and analysis files at Sussex 

CTU/SHORE-C will be destroyed. 

The genomic data (and related patient identifiers) will be retained within the NHS North Thames 

Genomic Laboratory Hub NIHR Biomedical Research Centre for Molecular Pathology at the Royal 

Marsden/ICR indefinitely, will form part of the NHS clinical record and will be held under the 

standards, terms and security processes employed for outputs of standard NHS diagnostic testing 

(under review by RMH Caldicott Guardian).The testing is being performed to NHS diagnostic 

standards and results will be utilised within the clinical care of the patient.  Hence, the genetic result 

may be accessed and used for clinical care and also, potentially, may be referenced downstream 

(with procedural patient consents) when additional family members are requesting genetic testing, 

as is standard practice in clinical genetics.  

17.6 Publication policy 

The study results will be published in peer reviewed journals and presented at scientific 

conferences. It will not be possible to identify any individuals.  Links to publications will also be 

available via the ICR and SHORE-C websites.   

There is no plan to disseminate a summary of the results to participants because the study 

interventions (digital delivery of information about genetic testing for BRCA genes and digital 

delivery of test result for patients with negative (normal) results will have no impact on their 

subsequent clinical care.  The results will be publicised through the BRCA Journeys support group. 

17.7 Data sharing 

Any requests from external parties for data collected for BRCA-DIRECT will be considered by the 

BRCA-DIRECT Management Committee (MC).  The final decision will rest with the Custodian of the 

data.   

Genetic data resulting from the standard NHS genetic tests will form part of the NHS clinical record.  

Summary data will be combined with other similar NHS genetic test data that is released back to the 

UK diagnostic laboratory community and made public by the CanVar UK website 

(http://www.canvar.org/).  Individual level genetic data will be linked to NCRAS datasets in the 

section-251 compliant area of Public Health England/NHS Digital. 

http://www.canvar.org/
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17.8 Indemnity 

The study sponsor, the Institute of Cancer Research, has no special compensation arrangements 

for this study. The NHS Litigation Authority covers standard clinical negligence of NHS employees, 

staff and health professionals under its Clinical Negligence Scheme for Trusts.   

Each participating site is responsible for ensuring insurance and indemnity arrangements are in 

place to cover the liability of the principal Investigator. 

17.9 Funder 

This study has received funding from Cancer Research UK via a Population Research Committee 

Award C61296/A29423.  
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18 Protocol Signature Page 

BRCA-DIRECT: development and piloting of a digital platform to deliver Clinically-

Integrated, Clinician-Independent, Rapid, Digital, Genetic Susceptibility Biomarker 

Testing 

BRCA-DIRECT-pilot 

I have read this protocol and agree to conduct the study as outlined herein, in accordance with Good 

Clinical Practices (GCPs) and the Declaration of Helsinki, and complying with the obligations and 

requirements of the clinical investigators.  

Site: Institute of Cancer Research and The Royal Marsden 

Chief Investigator’s Signature :  Date:  17/03/2023 

Chief Investigator’s Name and Affiliation : 

Prof Clare Turnbull MD PhD 

Research Team Leader in Genetics and Epidemiology 

Honorary Consultant in Clinical Genetics 

Institute of Cancer Research/Royal Marsden Hospital 

15 Cotswold Road,  

Sutton,  

Surrey,  

SM2 5NG. 

Tel: 020 8722 4485  

Fax: 020 8722 4359  

Email: clare.turnbull@icr.ac.uk 

mailto:clare.turnbull@icr.ac.uk


 

42 
 

BRCA-DIRECT_IRAS278052CCR5234_Protocol_v0.61_17_03_202317_03_2023 
 

19 References 
 

1. Burrell RA, Swanton C. Tumour heterogeneity and the evolution of polyclonal drug resistance. Molecular 
oncology 2014;8(6):1095-111. doi: 10.1016/j.molonc.2014.06.005 [published Online First: 
2014/08/05] 

2. Turnbull C, Sud A, Houlston RS. Cancer genetics, precision prevention and a call to action. Nature 
genetics 2018;50(9):1212-18. doi: 10.1038/s41588-018-0202-0 [published Online First: 2018/08/31] 

3. Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips KA, Mooij TM, Roos-Blom MJ, Jervis S, van 
Leeuwen FE, Milne RL, Andrieu N, Goldgar DE, Terry MB, Rookus MA, Easton DF, Antoniou AC, 
McGuffog L, Evans DG, Barrowdale D, Frost D, Adlard J, Ong KR, Izatt L, Tischkowitz M, Eeles R, 
Davidson R, Hodgson S, Ellis S, Nogues C, Lasset C, Stoppa-Lyonnet D, Fricker JP, Faivre L, 
Berthet P, Hooning MJ, van der Kolk LE, Kets CM, Adank MA, John EM, Chung WK, Andrulis IL, 
Southey M, Daly MB, Buys SS, Osorio A, Engel C, Kast K, Schmutzler RK, Caldes T, Jakubowska 
A, Simard J, Friedlander ML, McLachlan SA, Machackova E, Foretova L, Tan YY, Singer CF, Olah 
E, Gerdes AM, Arver B, Olsson H. Risks of Breast, Ovarian, and Contralateral Breast Cancer for 
BRCA1 and BRCA2 Mutation Carriers. Jama 2017;317(23):2402-16. doi: 10.1001/jama.2017.7112 
[published Online First: 2017/06/21] 

4. Antoniou AC, Casadei S, Heikkinen T, Barrowdale D, Pylkas K, Roberts J, Lee A, Subramanian D, De 
Leeneer K, Fostira F, Tomiak E, Neuhausen SL, Teo ZL, Khan S, Aittomaki K, Moilanen JS, 
Turnbull C, Seal S, Mannermaa A, Kallioniemi A, Lindeman GJ, Buys SS, Andrulis IL, Radice P, 
Tondini C, Manoukian S, Toland AE, Miron P, Weitzel JN, Domchek SM, Poppe B, Claes KB, 
Yannoukakos D, Concannon P, Bernstein JL, James PA, Easton DF, Goldgar DE, Hopper JL, 
Rahman N, Peterlongo P, Nevanlinna H, King MC, Couch FJ, Southey MC, Winqvist R, Foulkes 
WD, Tischkowitz M. Breast-cancer risk in families with mutations in PALB2. The New England 
journal of medicine 2014;371(6):497-506. doi: 10.1056/NEJMoa1400382 [published Online First: 
2014/08/08] 

5. Antoniou AC, Foulkes WD, Tischkowitz M. Breast cancer risk in women with PALB2 mutations in 
different populations. The Lancet Oncology 2015;16(8):e375-6. doi: 10.1016/s1470-2045(15)00002-
9 [published Online First: 2015/08/08] 

6. Na R, Zheng SL, Han M, Yu H, Jiang D, Shah S, Ewing CM, Zhang L, Novakovic K, Petkewicz J, 
Gulukota K, Helseth DL, Jr., Quinn M, Humphries E, Wiley KE, Isaacs SD, Wu Y, Liu X, Zhang N, 
Wang CH, Khandekar J, Hulick PJ, Shevrin DH, Cooney KA, Shen Z, Partin AW, Carter HB, 
Carducci MA, Eisenberger MA, Denmeade SR, McGuire M, Walsh PC, Helfand BT, Brendler CB, 
Ding Q, Xu J, Isaacs WB. Germline Mutations in ATM and BRCA1/2 Distinguish Risk for Lethal and 
Indolent Prostate Cancer and are Associated with Early Age at Death. Eur Urol 2017;71(5):740-47. 
doi: 10.1016/j.eururo.2016.11.033 [published Online First: 2016/12/19] 

7. Taylor RA, Fraser M, Livingstone J, Espiritu SM, Thorne H, Huang V, Lo W, Shiah YJ, Yamaguchi TN, 
Sliwinski A, Horsburgh S, Meng A, Heisler LE, Yu N, Yousif F, Papargiris M, Lawrence MG, Timms 
L, Murphy DG, Frydenberg M, Hopkins JF, Bolton D, Clouston D, McPherson JD, van der Kwast T, 
Boutros PC, Risbridger GP, Bristow RG. Germline BRCA2 mutations drive prostate cancers with 
distinct evolutionary trajectories. Nature communications 2017;8:13671. doi: 
10.1038/ncomms13671 [published Online First: 2017/01/10] 

8. Grant RC, Selander I, Connor AA, Selvarajah S, Borgida A, Briollais L, Petersen GM, Lerner-Ellis J, 
Holter S, Gallinger S. Prevalence of germline mutations in cancer predisposition genes in patients 
with pancreatic cancer. Gastroenterology 2015;148(3):556-64. doi: 10.1053/j.gastro.2014.11.042 
[published Online First: 2014/12/06] 

9. Zhen DB, Rabe KG, Gallinger S, Syngal S, Schwartz AG, Goggins MG, Hruban RH, Cote ML, 
McWilliams RR, Roberts NJ, Cannon-Albright LA, Li D, Moyes K, Wenstrup RJ, Hartman AR, 
Seminara D, Klein AP, Petersen GM. BRCA1, BRCA2, PALB2, and CDKN2A mutations in familial 
pancreatic cancer: a PACGENE study. Genetics in medicine : official journal of the American 
College of Medical Genetics 2015;17(7):569-77. doi: 10.1038/gim.2014.153 [published Online First: 
2014/10/31] 

10. Garcia C, Wendt J, Lyon L, Jones J, Littell RD, Armstrong MA, Raine-Bennett T, Powell CB. Risk 
management options elected by women after testing positive for a BRCA mutation. Gynecologic 



 

43 
 

BRCA-DIRECT_IRAS278052CCR5234_Protocol_v0.61_17_03_202317_03_2023 
 

oncology 2014;132(2):428-33. doi: 10.1016/j.ygyno.2013.12.014 [published Online First: 
2013/12/21] 

11. Tuffaha HW, Mitchell A, Ward RL, Connelly L, Butler JRG, Norris S, Scuffham PA. Cost-effectiveness 
analysis of germ-line BRCA testing in women with breast cancer and cascade testing in family 
members of mutation carriers. Genetics in medicine : official journal of the American College of 
Medical Genetics 2018;20(9):985-94. doi: 10.1038/gim.2017.231 [published Online First: 
2018/01/05] 

12. NICE. Familial breast cancer: Classification and care of people at risk of familial breast cancer and 
management of breast cancer and related risks in people with a family history of breast cancer. 
NICE clinical guideline CG164 ed. London, UK: National Institute for Health and Care Excellence, 
2013. 

13. Maxwell KN, Domchek SM. Cancer treatment according to BRCA1 and BRCA2 mutations. Nat Rev Clin 
Oncol 2012;9(9):520-8. doi: 10.1038/nrclinonc.2012.123 [published Online First: 2012/07/25] 

14. Balmana J, Domchek SM, Tutt A, Garber JE. Stumbling blocks on the path to personalized medicine in 
breast cancer: the case of PARP inhibitors for BRCA1/2-associated cancers. Cancer discovery 
2011;1(1):29-34. doi: 10.1158/2159-8274.Cd-11-0048 [published Online First: 2012/05/16] 

15. Heather JM, Chain B. The sequence of sequencers: The history of sequencing DNA. Genomics 
2016;107(1):1-8. doi: 10.1016/j.ygeno.2015.11.003 [published Online First: 2015/11/12] 

16. NHS-England. National Genomic Test Directory 2019 [Available from: 
https://www.england.nhs.uk/publication/national-genomic-test-
directories/https://www.england.nhs.uk/publication/national-genomic-test-directories/. 

17. Tandy-Connor S, Guiltinan J, Krempely K, LaDuca H, Reineke P, Gutierrez S, Gray P, Tippin Davis B. 
False-positive results released by direct-to-consumer genetic tests highlight the importance of 
clinical confirmation testing for appropriate patient care. Genetics in medicine : official journal of the 
American College of Medical Genetics 2018 doi: 10.1038/gim.2018.38 [published Online First: 
2018/03/23] 

18. Kilbride MK, Domchek SM, Bradbury AR. Ethical Implications of Direct-to-Consumer Hereditary Cancer 
Tests. JAMA oncology 2018;4(10):1327-28. doi: 10.1001/jamaoncol.2018.2439 [published Online 
First: 2018/07/22] 

19. https://www.theguardian.com/science/2019/jul/21/senior-doctors-call-for-crackdown-on-home-genetic-
testing-kits. The Guardian 2019. 

20. Li J, Wen WX, Eklund M, Kvist A, Eriksson M, Christensen HN, Torstensson A, Bajalica-Lagercrantz S, 
Dunning AM, Decker B, Allen J, Luccarini C, Pooley K, Simard J, Dorling L, Easton DF, Teo SH, 
Hall P, Borg A, Gronberg H, Czene K. Prevalence of BRCA1 and BRCA2 pathogenic variants in a 
large, unselected breast cancer cohort. Int J Cancer 2019;144(5):1195-204. doi: 10.1002/ijc.31841 
[published Online First: 2018/09/04] 

21. Slade I, Riddell D, Turnbull C, Hanson H, Rahman N. Development of cancer genetic services in the 
UK: A national consultation. Genome medicine 2015;7(1):18. doi: 10.1186/s13073-015-0128-4 
[published Online First: 2015/02/28] 

22. Katz SJ, Kurian AW, Morrow M. Treatment Decision Making and Genetic Testing for Breast Cancer: 
Mainstreaming Mutations. Jama 2015;314(10):997-8. doi: 10.1001/jama.2015.8088 [published 
Online First: 2015/07/24] 

23. Rahman N. Mainstreaming genetic testing of cancer predisposition genes. Clin Med (Lond) 
2014;14(4):436-9. doi: 10.7861/clinmedicine.14-4-436 [published Online First: 2014/08/08] 

24. Maxwell KN, Domchek SM, Nathanson KL, Robson ME. Population Frequency of Germline BRCA1/2 
Mutations. Journal of clinical oncology : official journal of the American Society of Clinical Oncology 
2016;34(34):4183-85. doi: 10.1200/JCO.2016.67.0554 

25. Dewey FE, Murray MF, Overton JD, Habegger L, Leader JB, Fetterolf SN, O'Dushlaine C, Van Hout 
CV, Staples J, Gonzaga-Jauregui C, Metpally R, Pendergrass SA, Giovanni MA, Kirchner HL, 
Balasubramanian S, Abul-Husn NS, Hartzel DN, Lavage DR, Kost KA, Packer JS, Lopez AE, Penn 
J, Mukherjee S, Gosalia N, Kanagaraj M, Li AH, Mitnaul LJ, Adams LJ, Person TN, Praveen K, 
Marcketta A, Lebo MS, Austin-Tse CA, Mason-Suares HM, Bruse S, Mellis S, Phillips R, Stahl N, 
Murphy A, Economides A, Skelding KA, Still CD, Elmore JR, Borecki IB, Yancopoulos GD, Davis 
FD, Faucett WA, Gottesman O, Ritchie MD, Shuldiner AR, Reid JG, Ledbetter DH, Baras A, Carey 
DJ. Distribution and clinical impact of functional variants in 50,726 whole-exome sequences from 

https://www.england.nhs.uk/publication/national-genomic-test-directories/https:/www.england.nhs.uk/publication/national-genomic-test-directories/
https://www.england.nhs.uk/publication/national-genomic-test-directories/https:/www.england.nhs.uk/publication/national-genomic-test-directories/
https://www.theguardian.com/science/2019/jul/21/senior-doctors-call-for-crackdown-on-home-genetic-testing-kits
https://www.theguardian.com/science/2019/jul/21/senior-doctors-call-for-crackdown-on-home-genetic-testing-kits


 

44 
 

BRCA-DIRECT_IRAS278052CCR5234_Protocol_v0.61_17_03_202317_03_2023 
 

the DiscovEHR study. Science (New York, NY) 2016;354(6319) doi: 10.1126/science.aaf6814 
[published Online First: 2016/12/23] 

26. Manchanda R, Blyuss O, Gaba F, Gordeev VS, Jacobs C, Burnell M, Gan C, Taylor R, Turnbull C, 
Legood R, Zaikin A, Antoniou AC, Menon U, Jacobs I. Current detection rates and time-to-detection 
of all identifiable BRCA carriers in the Greater London population. Journal of medical genetics 2018 
doi: 10.1136/jmedgenet-2017-105195 [published Online First: 2018/04/07] 

27 Achieving world-class cancer outcomes: A strategy for England 2015-2020: Independent Cancer 
Taskforce, 2015. 

28. George A, Riddell D, Seal S, Talukdar S, Mahamdallie S, Ruark E, Cloke V, Slade I, Kemp Z, Gore M, 
Strydom A, Banerjee S, Hanson H, Rahman N. Implementing rapid, robust, cost-effective, patient-
centred, routine genetic testing in ovarian cancer patients. Sci Rep 2016;6:29506. doi: 
10.1038/srep29506 

29. Percival N, George A, Gyertson J, Hamill M, Fernandes A, Davies E, Rahman N, Banerjee S. The 
integration of BRCA testing into oncology clinics. British journal of nursing (Mark Allen Publishing) 
2016;25(12):690-4. doi: 10.12968/bjon.2016.25.12.690 [published Online First: 2016/06/28] 

30. Hallowell N, Wright S, Stirling D, Gourley C, Young O, Porteous M. Moving into the mainstream: 
healthcare professionals' views of implementing treatment focussed genetic testing in breast cancer 
care. Familial cancer 2019 doi: 10.1007/s10689-019-00122-y [published Online First: 2019/01/29] 

31. Plaskocinska I, Shipman H, Drummond J, Thompson E, Buchanan V, Newcombe B, Hodgkin C, Barter 
E, Ridley P, Ng R, Miller S, Dann A, Licence V, Webb H, Tan LT, Daly M, Ayers S, Rufford B, Earl 
H, Parkinson C, Duncan T, Jimenez-Linan M, Sagoo GS, Abbs S, Hulbert-Williams N, Pharoah P, 
Crawford R, Brenton JD, Tischkowitz M. New paradigms for BRCA1/BRCA2 testing in women with 
ovarian cancer: results of the Genetic Testing in Epithelial Ovarian Cancer (GTEOC) study. Journal 
of medical genetics 2016;53(10):655-61. doi: 10.1136/jmedgenet-2016-103902 [published Online 
First: 2016/05/22] 

32. Kulkarni A, Tripathi V. Survey of Breast Surgeons and Oncologists on attitudes to genetic testing for 
hereditary breast and ovarian cancer genetic predisposition. Pan Thames Genetics Group. Guys 
and St Thomas NHS Foundation Trust, 2018. 

33. Kinney AY, Butler KM, Schwartz MD, Mandelblatt JS, Boucher KM, Pappas LM, Gammon A, Kohlmann 
W, Edwards SL, Stroup AM, Buys SS, Flores KG, Campo RA. Expanding access to BRCA1/2 
genetic counseling with telephone delivery: a cluster randomized trial. Journal of the National 
Cancer Institute 2014;106(12) doi: 10.1093/jnci/dju328 [published Online First: 2014/11/08] 

34. Sie AS, van Zelst-Stams WA, Spruijt L, Mensenkamp AR, Ligtenberg MJ, Brunner HG, Prins JB, 
Hoogerbrugge N. More breast cancer patients prefer BRCA-mutation testing without prior face-to-
face genetic counseling. Familial cancer 2014;13(2):143-51. doi: 10.1007/s10689-013-9686-z 
[published Online First: 2013/09/27] 

35. Schwartz MD, Valdimarsdottir HB, Peshkin BN, Mandelblatt J, Nusbaum R, Huang AT, Chang Y, 
Graves K, Isaacs C, Wood M, McKinnon W, Garber J, McCormick S, Kinney AY, Luta G, Kelleher S, 
Leventhal KG, Vegella P, Tong A, King L. Randomized noninferiority trial of telephone versus in-
person genetic counseling for hereditary breast and ovarian cancer. Journal of clinical oncology : 
official journal of the American Society of Clinical Oncology 2014;32(7):618-26. doi: 
10.1200/JCO.2013.51.3226 [published Online First: 2014/01/23] 

36. Meisel SF, Freeman M, Waller J, Fraser L, Gessler S, Jacobs I, Kalsi J, Manchanda R, Rahman B, 
Side L, Wardle J, Lanceley A, Sanderson SC, team P. Impact of a decision aid about stratified 
ovarian cancer risk-management on women's knowledge and intentions: a randomised online 
experimental survey study. BMC Public Health 2017;17(1):882. doi: 10.1186/s12889-017-4889-0 
[published Online First: 2017/11/18] 

37. Armstrong J, Toscano M, Kotchko N, Friedman S, Schwartz MD, Virgo KS, Lynch K, Andrews JE, 
Aguado Loi CX, Bauer JE, Casares C, Teten RT, Kondoff MR, Molina AD, Abdollahian M, Brand L, 
Walker GS, Sutphen R. American BRCA Outcomes and Utilization of Testing (ABOUT) study: a 
pragmatic research model that incorporates personalized medicine/patient-centered outcomes in a 
real world setting. Journal of genetic counseling 2015;24(1):18-28. doi: 10.1007/s10897-014-9750-3 
[published Online First: 2014/09/12] 

38. Katapodi MC, Jung M, Schafenacker AM, Milliron KJ, Mendelsohn-Victor KE, Merajver SD, Northouse 
LL. Development of a Web-based Family Intervention for BRCA Carriers and Their Biological 



 

45 
 

BRCA-DIRECT_IRAS278052CCR5234_Protocol_v0.61_17_03_202317_03_2023 
 

Relatives: Acceptability, Feasibility, and Usability Study. JMIR cancer 2018;4(1):e7. doi: 
10.2196/cancer.9210 [published Online First: 2018/04/15] 

39. Hilgart JS, Coles B, Iredale R. Cancer genetic risk assessment for individuals at risk of familial breast 
cancer. The Cochrane database of systematic reviews 2012(2):Cd003721. doi: 
10.1002/14651858.CD003721.pub3 [published Online First: 2012/02/18] 

40. Manchanda R, Burnell M, Loggenberg K, Desai R, Wardle J, Sanderson SC, Gessler S, Side L, 
Balogun N, Kumar A, Dorkins H, Wallis Y, Chapman C, Tomlinson I, Taylor R, Jacobs C, Legood R, 
Raikou M, McGuire A, Beller U, Menon U, Jacobs I. Cluster-randomised non-inferiority trial 
comparing DVD-assisted and traditional genetic counselling in systematic population testing for 
BRCA1/2 mutations. Journal of medical genetics 2016;53(7):472-80. doi: 10.1136/jmedgenet-2015-
103740 

41. Manchanda R, Loggenberg K, Sanderson S, Burnell M, Wardle J, Gessler S, Side L, Balogun N, Desai 
R, Kumar A, Dorkins H, Wallis Y, Chapman C, Taylor R, Jacobs C, Tomlinson I, McGuire A, Beller 
U, Menon U, Jacobs I. Population testing for cancer predisposing BRCA1/BRCA2 mutations in the 
Ashkenazi-Jewish community: a randomized controlled trial. Journal of the National Cancer Institute 
2015;107(1):379. doi: 10.1093/jnci/dju379 [published Online First: 2014/12/02] 

42. Sun L, Brentnall A, Patel S, Buist DSM, Bowles EJA, Evans DGR, Eccles D, Hopper J, Li S, Southey M, 
Duffy S, Cuzick J, Dos Santos Silva I, Miners A, Sadique Z, Yang L, Legood R, Manchanda R. A 
Cost-effectiveness Analysis of Multigene Testing for All Patients With Breast Cancer. JAMA 
oncology 2019 doi: 10.1001/jamaoncol.2019.3323 [published Online First: 2019/10/04] 

43. Eccleston A, Bentley A, Dyer M, Strydom A, Vereecken W, George A, Rahman N. A Cost-Effectiveness 
Evaluation of Germline BRCA1 and BRCA2 Testing in UK Women with Ovarian Cancer. Value in 
health : the journal of the International Society for Pharmacoeconomics and Outcomes Research 
2017;20(4):567-76. doi: 10.1016/j.jval.2017.01.004 [published Online First: 2017/04/15] 

44. Manchanda R, Patel S, Gordeev VS, Antoniou AC, Smith S, Lee A, Hopper JL, MacInnis RJ, Turnbull 
C, Ramus SJ, Gayther SA, Pharoah PDP, Menon U, Jacobs I, Legood R. Cost-effectiveness of 
Population-Based BRCA1, BRCA2, RAD51C, RAD51D, BRIP1, PALB2 Mutation Testing in 
Unselected General Population Women. Journal of the National Cancer Institute 2018 doi: 
10.1093/jnci/djx265 [published Online First: 2018/01/24] 

45. An online study to change perceptions of asthma and asthma medication in adults  ISRCTN70438411 
2017 [Available from: 
http://www.isrctn.com/ISRCTN70438411?q=&filters=conditionCategory:Respiratory,ageRange:Adult
,recruitmentCountry:Canada&sort=&offset=1&totalResults=19&page=1&pageSize=10&searchType
=basic-search. 

46. Lane TS, Armin J, Gordon JS. Online Recruitment Methods for Web-Based and Mobile Health Studies: 
A Review of the Literature. J Med Internet Res 2015;17(7):e183. doi: 10.2196/jmir.4359 [published 
Online First: 22.07.2015] 

47. Herbec A, Brown J, Shahab L, West R, Raupach T. Pragmatic randomised trial of a smartphone app 
(NRT2Quit) to improve effectiveness of nicotine replacement therapy in a quit attempt by improving 
medication adherence: results of a prematurely terminated study. Trials 2019;20(1):547. doi: 
10.1186/s13063-019-3645-4 [published Online First: 2019/09/04] 

48. Chow PI, Showalter SL, Gerber MS, Kennedy E, Brenin DR, Schroen AT, Mohr DC, Lattie EG, Cohn 
WF. Use of Mental Health Apps by Breast Cancer Patients and Their Caregivers in the United 
States: Protocol for a Pilot Pre-Post Study. JMIR research protocols 2019;8(1):e11452. doi: 
10.2196/11452 [published Online First: 2019/07/26] 

49. Chuchu N, Takwoingi Y, Dinnes J, Matin RN, Bassett O, Moreau JF, Bayliss SE, Davenport C, Godfrey 
K, O'Connell S, Jain A, Walter FM, Deeks JJ, Williams HC. Smartphone applications for triaging 
adults with skin lesions that are suspicious for melanoma. The Cochrane database of systematic 
reviews 2018;12:Cd013192. doi: 10.1002/14651858.Cd013192 [published Online First: 2018/12/07] 

50. Personal Genome Project UK (PGP-UK): a research and citizen science hybrid project in support of 
personalized medicine. BMC medical genomics 2018;11(1):108. doi: 10.1186/s12920-018-0423-1 
[published Online First: 2018/11/30] 

51. Pratap A, Renn BN, Volponi J, Mooney SD, Gazzaley A, Arean PA, Anguera JA. Using Mobile Apps to 
Assess and Treat Depression in Hispanic and Latino Populations: Fully Remote Randomized 

http://www.isrctn.com/ISRCTN70438411?q=&filters=conditionCategory:Respiratory,ageRange:Adult,recruitmentCountry:Canada&sort=&offset=1&totalResults=19&page=1&pageSize=10&searchType=basic-search
http://www.isrctn.com/ISRCTN70438411?q=&filters=conditionCategory:Respiratory,ageRange:Adult,recruitmentCountry:Canada&sort=&offset=1&totalResults=19&page=1&pageSize=10&searchType=basic-search
http://www.isrctn.com/ISRCTN70438411?q=&filters=conditionCategory:Respiratory,ageRange:Adult,recruitmentCountry:Canada&sort=&offset=1&totalResults=19&page=1&pageSize=10&searchType=basic-search


46 

BRCA-DIRECT_IRAS278052CCR5234_Protocol_v0.61_17_03_202317_03_2023 

Clinical Trial. J Med Internet Res 2018;20(8):e10130. doi: 10.2196/10130 [published Online First: 
2018/08/11] 

52. Hightow-Weidman LB, Muessig K, Rosenberg E, Sanchez T, LeGrand S, Gravens L, Sullivan PS.
University of North Carolina/Emory Center for Innovative Technology (iTech) for Addressing the HIV 
Epidemic Among Adolescents and Young Adults in the United States: Protocol and Rationale for 
Center Development. JMIR research protocols 2018;7(8):e10365. doi: 10.2196/10365 [published 
Online First: 2018/08/05] 

53. Graetz I, Anderson JN, McKillop CN, Stepanski EJ, Paladino AJ, Tillmanns TD. Use of a web-based
app to improve postoperative outcomes for patients receiving gynecological oncology care: A 
randomized controlled feasibility trial. Gynecologic oncology 2018;150(2):311-17. doi: 
10.1016/j.ygyno.2018.06.007 [published Online First: 2018/06/16] 

54. Erblich J, Brown K, Kim Y, Valdimarsdottir H, Livingston B, Bovbjerg D. Development and validation of
a breast genetic counseling knowledge questionnaire. Patient Education and Counseling 2005; 56: 
182-191. doi: 10.1016/j.pec.2004.02.007

55. Spielberger C, Gorsuch R, Lushene R, Vagg P, Jacobs G. Manual for the Stait-Triat Anxiety Inventory
(Form Y1-Y2). Palo Alto, CA. Consulting Psychology Press 1983. 

56. Carleton RN, Norton MA, Asmundson GJ. Fearing the unknown: a short version of the Intolerance of
Uncertainty Scale. Journal of anxiety disorders 2007; 21(1):105-17. doi: 
10.1016/j.janxdis.2006.03.014 

57. Tallis F, Eysenck M, Mathews A. Elevated evidence requirements in worry. Personality and Individual
Differences 1991; 12:21-27. 

58. Mansel RE, Fallowfield L, Kissin M, Goyal A, Newcombe RG, Dixon JM, Yiangou C, Horgan K, Bundred
N, Monypenny I, England D, Sibbering M, Abdullah TI, Barr L, Chetty U, Sinnett DH, Fleissig A, 
Clarke D, Ell PJ. Randomized multicenter trial of sentinel node biopsy versus standard axillary 
treatment in operable breast cancer: the ALMANAC Trial. Journal of the National Cancer Institute 
2006;98(9):599-609. doi: 10.1093/jnci/djj158 [published Online First: 2006/05/04] 

59. Ware JE, Jr., Hays RD. Methods for measuring patient satisfaction with specific medical encounters.
Medical care 1988;26(4):393-402. [published Online First: 1988/04/01] 

60. Piaggio G, Elbourne DR, Pocock SJ, Evans SJW, Altman DG, for the CONSORT Group. Reporting of
noninferiority and equivalence randomized trials. Extension of the CONSORT 2010 statement. JAMA.
2012; 308(24): 2594-2604. doi:10.1001/jama.2012.87802. PMID:  23268518
61. StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC.

http://www.ncbi.nlm.nih.gov/pubmed/23268518

