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ABSTRACT 

Predictive BRCA testing is offered to asymptomatic individuals to predict future risk where a 

variant has been identified in a relative. It is uncertain whether all eligible relatives access 

testing, and whether this is related to health care inequalities. Our aim was to analyse trends 

and inequalities in uptake of testing, and identify predictors of testing and time-to-receipt of 

testing. A database from April 2010 to March 2017 was collated. Multivariate analysis explored 

individual associations with testing. Predictor variables included gender, BRCA test type, 

cancer history, Index of Multiple Deprivation (IMD) and education status. To evaluate factors 

associated with time-to-testing, a Cox proportional-hazards (CP) model was used. Of 779 tests 

undertaken, 336 (43.1%) were identified with a BRCA variant. A total of 537 (68.9%) were 

female and in 83.4% (387/464) of probands, predictive testing was received by relatives. 

Analysis identified inequalities since decreased testing was found when the proband was 

unaffected by cancer (OR 0.14, 95% CI 0.06-0.33). Median time-to-testing was 390 days 

(range, 0-7090 days) and the CP model also identified inequalities in the hazard ratio (HR) for 

testing for people aged >40 was higher than for aged <40 (HR 1.41, 95% CI 1.20-1.67) and 

BRCA2 testing was higher than for BRCA1 testing (HR 1.39, 95% CI 1.18-1.64).  Reduced 

testing was found when probands were unaffected by cancer and time-to-testing was found to 

vary by age and BRCA1/2 test. Given limited study sample size, further research is 

recommended to examine inequalities in predictive BRCA testing.     

Keywords: Hereditary Breast Ovarian cancer; Equity; Uptake; BRCA testing   
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INTRODUCTION 

The risk of developing a cancer exists in all individuals as genetic changes accumulate when 

cells divide over time. However, this risk can be increased when individuals possess variants 

in some genes such as the BRCA genes.1–3 Both BRCA1 and BRCA2 variants may be inherited 

from either parent, and this can significantly influence the risk of developing breast cancer, 

ovarian cancer and prostate cancer. The risk of other cancers including those in the pancreas, 

stomach, skin, and colon can also be increased.3,4  

BRCA1 and BRCA2 encode proteins that are essential for the repair of DNA double-strand 

breaks by homologous recombination (HR).5 BRCA1 and BRCA2 belong to a class of tumour 

suppressor genes and as such, a variant which affects function in either gene may allow cells 

to grow uncontrollably. The identification of an inherited BRCA variant is thus important as it 

allows more frequent follow-up and the implementation of cancer prevention strategies.5 

Diverse approaches exist to identification and management, and may differ dependent on 

gender, age, family history and existing comorbidities. These include risk-reducing lifestyle 

changes, therapies and surgical procedures including bilateral mastectomy and/or salpingo-

oophorectomy.6,7  

BRCA variants are rare and are known to exist in 0.2 to 0.3% of the general population.1–4 

However, the child of a person with a BRCA variant has a 50% chance of inheriting the variant 

and therefore has an increased risk of developing cancer.8 It has been reported that inherited 

BRCA variants confer a 39% to 85% lifetime risk of breast cancer (BC) and an 11% to 62% 

lifetime risk of ovarian cancer.9 Males with BRCA1 variant have a lifetime BC risk of 1-5% 

and 2-3% risk of pancreatic cancer. Males with a BRCA2 variant have a lifetime BC risk of 5-

10%, 15-25% risk of prostate cancer, and a 3-5% risk of melanoma.10,11 Consequently, 
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predictive BRCA testing should be offered in an asymptomatic individual to predict future risk 

where a variant has been identified in a family relative, i.e. a proband.  

In England and Wales, the National Institute for Health and Care Excellence (NICE) published 

updated guidelines for Familial Breast Cancer Testing [CG164].12 NICE recommended that 

testing should be conducted in patients with ovarian or breast cancer where the combined 

probability of identifying a BRCA1 or BRCA2 variant is greater or equal to 10%.12 Importantly, 

NICE (CG164 1.3.6) also recommended testing in asymptomatic relatives where a BRCA 

variant was identified within their family. Family members may then be recommended for 

testing for the same specific variant to inform future risk.12,13 

Despite marked benefits from BRCA testing and risk reduction strategies in the form of 

decreased cancer incidence, morbidity, and mortality, it has been reported in some settings that 

a lower proportion of women with high-risk histories undergo BRCA testing.14,15 Further, it has 

been reported that women from families with few female relatives are unlikely to recognise 

their BRCA carrier risk until they develop cancer.9   

A study by Holloway et al. (2008)16 found evidence that deprivation was also associated with 

lower attendance to genetic services in Scottish patients with a family history of breast cancer. 

Other studies predominantly from the USA have found that women with lower education 

attainment and from minority ethnic groups were less willing to undergo testing, less likely to 

be referred for counselling and less likely to undergo BRCA testing.17–22 To date few studies 

have explored how men manage BRCA-related cancer risks, but men seem to be less aware of 

genetic testing than females.19,23–25 As such, concern has been raised that males at risk of 

BRCA-related cancer risk are insufficiently tested.11  

BRCA test results may have wider implications for relatives and may inform future health care 

needs. However, it is uncertain whether all relatives who are eligible for predictive BRCA 
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testing access this information in a timely manner and there is concern that some people delay 

testing. Delay to predictive BRCA testing may have implications for the subsequent 

management of health risk. Research is therefore needed to assess whether some groups delay 

accessing testing.26 Despite the fact that healthcare systems such as the UK NHS are free at the 

point of delivery, it is possible that certain health services may be unavailable, unacceptable 

and not accessed in some populations groups, such as in ethnic minorities and groups with 

lower education attainment.15  

To date, little research has analysed the implementation of predictive BRCA testing in the UK.12 

Consequently, the aims of this study were to analyse trends and inequalities in the uptake of 

predictive BRCA testing. The primary objective was to examine predictors of BRCA testing, 

with the secondary objective being to analyse time to receipt of predictive BRCA testing.  

METHODS 

Study population and data sources  

Retrospective routinely collected hospital data from the Merseyside and Cheshire Regional 

Genetic Service (RGS) hosted by Liverpool Women’s NHS Foundation Trust were analysed. 

We chose this region for this study as the RGS is responsible for care in Merseyside and 

Cheshire (with the exception of boundary areas) serving a catchment area of ~2.4 million 

people with a diverse population including areas of deprivation. Data were collected for 

individuals aged ≥18 years old from April 2010 and March 2017 who received predictive BRCA 

testing. 

Predictive BRCA testing is recommended in asymptomatic relatives where a BRCA variant was 

identified within a family member. Other family members may then be recommended for 

testing for the same specific variant to inform future risk. BRCA testing describes DNA 
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sequencing analysis of both BRCA1 and BRCA2 genes and comparing that analysis to the 

reference sequence. Testing also included MLPA dosage analysis to exclude the presence of 

whole deletion or duplication. The method of sequence analysis has changed over the 

timeframe of the study from bi-directional fluorescent sequencing in 2010 to long range PCR 

and next generation sequencing on Illumina MiSeq (minimum 100x coverage) using an in-

house variant calling bioinformatic pipeline with sanger confirmation of variants called or areas 

of the gene with less than 100x coverage.     

Measures 

Baseline characteristics were summarised for people who received predictive BRCA testing, 

which included age, gender, which BRCA gene was tested and whether a variant which affects 

function was identified. In addition, the number of predictive BRCA testing provided following 

proband testing and the average number of days from proband testing to predictive BRCA 

testing in relatives was examined. For all the recipients of predictive BRCA testing at 

Merseyside and Cheshire RGS, Lower Layer Super Output Area (LSOA) of residence was 

mapped to an Index of Multiple Deprivation (IMD) quintile.27  

LSOAs are the smallest geographical units for which IMD scores are available. From the 2011 

census, there were 32,844 LSOAs used in the 2015 Indices of Deprivation in England.27 Each 

LSOA contains a small cluster of postcodes with comparable characteristics with a mean 

population of ~1500 people. LSOAs are not necessarily similar in terms of sociodemographic 

structure, although often they border natural geographical features such as roads and rail lines. 

LSOAs were mapped onto IMD quintile which combines seven indicators (income, 

employment, health deprivation and disability, education, skills and training, barriers to 

housing and services, crime, and living environment), into a single-deprivation index.27 Data 
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for patients registered at an address outside of England were excluded from the deprivation 

analysis as information could be not applied for the same index.  

Statistical analyses 

Examining predictive BRCA testing in family members 

To examine the implementation of predictive BRCA testing, the IMD score for each member 

of the catchment population was defined based on their respective LSOA residency. 

Deprivation scores were then divided into national deprivation quintiles for the catchment 

population.    

As mentioned, it is uncertain whether all family members who are eligible for predictive BRCA 

testing following proband testing go on to access testing. As such, a univariate analysis was 

conducted to explore individual associations with predictive BRCA testing of relatives for a 

family variant to see whether differences in uptake may exist. Predictor variables included: 

gender, type of BRCA test received, cancer history, socioeconomic status represented by IMD 

and Education status, represented by the IMD domains for education, skills and training. A 

multivariate logistic regression analysis included both clinically and statistically significant 

predictors was subsequently undertaken (P<0.1 on univariate analysis). All predictors were 

included in the multivariate model and were removed in a backward stepwise process if they 

were not statistically significant predictors and if they confounded relationships between other 

variables in the model (defined as a change in the odds ratio of at least 10%).  

Predictors of time from proband BRCA testing to predictive BRCA testing 

As mentioned, an exploration of predictors of time from proband BRCA testing to receipt of 

BRCA testing by family relatives was undertaken. The distribution of time to BRCA testing was 
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estimated using the Kaplan-Meier method by gender, age, gene, test result, IMD and education 

and skills rank.28  

To evaluate significant factors associated with time to BRCA testing, the Cox proportional-

hazards (CP) model was used, incorporating variance adjustment for observations clustered by 

family relation.28 The CP hazards model is semi-parametric as no assumptions are made about 

the shape of the baseline hazard function. Three important assumptions for a CP hazards model 

were made. Firstly, survival times between individuals in the sample are distinct; secondly, 

there was a multiplicative relationship between the predictors and the hazard. Thirdly, that 

there was a constant hazard ratio over time (proportional hazards assumption).29 

Factors significant on univariate analysis were included in the Cox regression multivariable 

analysis, which was used to compute hazard ratios (HRs) with 95% confidence intervals to 

identify independent prognostic factors for BRCA testing using a forward selection variable-

selection process (in the context of a small sample size, P<0.1 was considered significant). All 

analyses were conducted using STATA 16.0 (STAT Corp., College Station, TX). 

RESULTS  

Between April 2010 and March 2017, 779 predictive BRCA tests were undertaken in the region, 

of whom 336 (43.1%) had a BRCA variant which affects function. A general upward trend was 

identified and is described in Figure 1.  
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Figure 1 - Number of proband and predictive BRCA tests conducted per year 

 

Patient baseline characteristics are described in Table 1. Female patients made up 537 (68.9%) 

of the study population and the mean age at the time of the BRCA test was 46.4 years (SD 15.2; 

range 18-87 years). Data for 4.9% (38/779) of patients registered at an address outside of 

England were excluded from the deprivation analysis. Of the total study population, 321 

(41.2%) received a BRCA1 test, 457 (58.7%) received a BRCA2 test, and one patient received 

both a BRCA1 and BRCA2 test.  

Table 1 - Baseline study population demographics 
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n (%) 

Number 779 
 

2454534 

(100) 

Gender Female 537 68.9 1,255,031 

(51.1) 

Male 242 31.1 1,199,503 

(48.9) 

Age  (SD) 46.4 15.2 41.1 (-) 

Gene tested 
   

BRCA1 321 41.2 
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BRCA2 457 58.7 
 

BRCA1 and BRCA2 1 0.1 
 

Genetic test result 
   

No variant which affects function identified* 443 56.9 
 

Variant which affects function identified 336 43.1 
 

Index of Multiple Deprivation (IMD) 
   

1 (most deprived) 253 34.1 797,326 

(33.0) 

2 122 16.5 373,335 

(15.5) 

3 117 15.8 377,279 

(15.6) 

4 141 19.0 418,590 

(17.3) 

5 (least deprived) 108 14.6 447,723 

(18.5) 

Unknown 38 
  

Education and skills rank 
   

1 (lowest rank) 241 32.5 646235 

(26.8) 

2 136 18.4 374609 

(15.5) 

3 120 16.2 377554 

(15.6) 

4 107 14.4 389920 

(16.2) 

5 (highest rank) 137 18.5 625935 

(25.9) 

Unknown 38 
  

Average days (SD) to family testing following the identification 

of proband variant  

1008 1292 
 

Median days to family testing following the identification of 

proband variant 

390 
  

Note: n, Number; SD, standard deviation; IMD, index of multiple deprivation. *This includes results where benign 

variants or variants of unknown significance (VUS) were identified. 

 

Descriptive analysis of number of predictive BRCA tests received following proband testing  

Predictive BRCA testing describes the receipt of a BRCA test in an asymptomatic person to 

predict the future risk of developing cancer where a variant which affects function was found 

within a BRCA gene in a family member (proband). In 83.4% (387/464) of probands (index 

patients), subsequent predictive BRCA testing was received by family relatives. Within the 

observation period, the amount of predictive BRCA testing in relatives varied with most 

families receiving one test and some receiving more than five predictive BRCA tests as shown 

in Figure 2. Of 779 relatives who underwent predictive BRCA testing, it was unknown how 
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many of these relatives corresponded to the 1393 probands who met the criteria for BRCA 

testing as there was no direct link between the two datasets.  

Figure 2 - Number of predictive BRCA tests received per family 

 
Note: This histogram indicates the number of family members by proband that received BRCA testing 

Multivariate logistic regression to explore predictors of predictive BRCA testing following 

proband testing 

Non-complete cases were dropped from the analysis, which reduced the sample size from 464 

observations to 166 observations (of 7 variables). Of the 166 probands, 97.0% (161/166) were 

female, 51.2% (85/166) and 48.2% (80/166) had undergone BRCA1 and BRCA2 testing, 60.8% 

(101/166) had breast cancer, 19.3% (32/166) had ovarian cancer, 6.6% (11/166) had other 

cancers and 13.3% (22/166) were unaffected by cancer. Of 166 probands, 58.4% (97/166) and 

41.6% (69/166) were from an LSOA defined as disadvantaged and advantaged by IMD, 

respectively. Further, 50.6% (84/161) and 49.4% (82/161) were from an LSOA defined as 
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lower education and a higher level of education (based on education, skills and training 

assignment).  

In multivariate logistic analysis, gene tested and cancer type were found to be associated with 

family testing at 10% level of significance (Table 2). Independent variables including sex, IMD 

and education were not found to be significant predictors. Increased likelihood of family testing 

was identified in probands tested for BRCA2 status; however, only a weak non-significant 

association was identified (P=0.086). Decreased family testing was seen when the proband was 

unaffected by cancer (OR 0.14, 95% CI 0.06 to 0.33) (P<0.001). In the multivariate regression 

model, no significant interactions were identified which may have been in part due to small 

sample size.  

Table 2 - Variables associated with BRCA testing of relatives for a family variant in 

BRCA-positive probands 

  Univariate test of association a Multivariate test of 

association b 

 

  OR 95% CI P-value OR 95% CI P-

value 

Sex Female Ref.   Ref.   

 Male 1.18 0.19-7.31 0.856 - - - 

Gene BRCA1 Ref   Ref   

 BRCA2 1.51 0.91-2.49 0.109 1.59* 0.94-

2.70 

0.086 

Type Breast cancer Ref.   Ref.   

 Ovarian cancer 0.68 0.34-1.34 0.265 0.71 0.36-

1.41 

0.331 

 Other cancer 0.59 0.22-1.59 0.299 0.57 0.22-

1.52 

0.262 

 Unaffected by 

cancer 

0.14*** 0.06-0.34 <0.001 0.14*** 0.06-

0.33 

<0.001 

IMD  Disadvantaged Ref.   Ref.   

 Advantaged 0.94 0.55-1.60 0.824 - - - 

Education Lower education  Ref.   Ref.   

 Higher education 0.93 0.54-1.58 0.779 - - - 

Note: = <0.10* = <0.05, ** = <0.01, *** = <0.001, OR = odds ratio, CI = confidence interval, Ref = reference, 

IMD = Index of Multiple Deprivation, Education = Education, Skills and Training rank. 

a  Univariate model comparing family testing and independent variables individually. 

b Multivariate model selection based on backward stepwise process (P<0.10)  
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Descriptive analysis of time from proband BRCA testing to receipt of predictive BRCA testing  

Figure 3 illustrates the time from proband BRCA testing to receipt of predictive BRCA testing. 

Mean time to testing was 1008 (SD 1292) days with a median of 390 days (range, 0 to 7090 

days). Proband BRCA testing was first offered to some patients in 1997 and therefore, there 

was a wide distribution in time to predictive BRCA testing. Records of predictive BRCA testing 

occurred between January 2010 and September 2017.  

Figure 3 - Time from receipt of proband BRCA test to predictive BRCA testing  

 

In supplemental Figure 1, Kaplan-Meier (KM) plots illustrate variation in time to predictive 

BRCA testing by gene tested, test result, gender, age, IMD and education. Based on the KM 

time to event plot, all illustrated a relatively quick uptake of predictive BRCA testing for the 

first 50% of relatives who received testing. In the KM plots for BRCA gene (A), age (D) and 

IMD (E), there appeared subgroup disparities in time to uptake of testing. 
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Cox proportional hazards regression to examine predictors of time to predictive BRCA 

testing  

As described in Table 3, in univariate analysis, people aged >40 were more likely to receive 

predictive BRCA testing in less time (HR 1.39, 95% CI 1.19 to 1.64) (P<0.001). Relatives of 

probands that were tested for BRCA2 were more likely to receive predictive BRCA testing in 

less time in comparison to relatives of probands who underwent BRCA1 testing (HR 1.40, 95% 

CI 1.19 to 1.64) (P<0.001). In addition, predictive BRCA testing in the least deprived quintile 

(Q5) was found to be quicker than in the most deprived quintile (Q1) (HR 1.30, 95% CI 1.01 

to 1.67) (P=0.044).  

Table 3 - Univariate and Cox regression multivariate analysis for time to BRCA testing 

  Univariate analysis 

 

Cox regression multivariate 

analysis 

Variable  HR 95% CI p-value HR 95% CI p-value 

Sex Female Ref.   Ref.   

 Male 0.96 0.82-1.13 0.634 - - - 

Age <40 years Ref.   Ref.   

 >40 years 1.39*** 1.19-1.64 <0.001 1.41*** 1.20-1.67 <0.001 

Gene BRCA1 Ref   Ref   

 BRCA2 1.40*** 1.19-1.64 <0.001 1.39*** 1.18-1.64 <0.001 

 BRCA1&2 3.17 0.44-22.69 0.250    

Result Negative Ref.   Ref.   

 Positive 0.94 0.81-1.10 0.442 - - - 

Index of 

Multiple 

Deprivation 

1 (most deprived) Ref.   Ref.   

2 0.94 0.75-1.18 0.572 0.84 0.67-1.06 0.140 

3 1.11 0.87-1.40 0.398 1.02 0.80-1.29 0.895 

4 0.84 0.67-1.05 0.129 0.78** 0.62-0.98 0.033 

5 (least deprived) 1.30** 1.01-1.67 0.044 1.26* 0.98-1.62 0.075 

Education 

and skills 

rank  

1 (lowest rank) Ref.   Ref.   

2 0.92 0.72-1.16 0.475 - - - 

3 0.93 0.73-1.18 0.538 - - - 

4 0.99 0.78-1.27 0.962 - - - 

5 (highest rank) 0.88 0.71-1.11 0.281 - - - 

Note:  . = <0.10* = <0.05, ** = <0.01, *** = <0.001, HR = hazard ratio, CI = confidence interval, Ref = reference, 

IMD = Index of Multiple Deprivation, Education = Education, Skills and Training rank. 

As presented in Table 3, CP hazards regression examined how groups differ in time to BRCA 

testing and adjusted for predictors included in the model. As before, non-complete cases were 

dropped from the analysis, which reduced the sample size from 669 observations to 636 

observations. Multiple imputation methods were precluded as missing data were assumed to 
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be missing not at random. The recommended method to handle tied failures (Breslow) was 

implemented and other methods included Efron, Exact Marginal Likelihood and Exact Partial 

Likelihood, which provided similar results.30 

The regression indicated that the likelihood of BRCA testing for people aged >40 was 

significantly higher than for people aged <40 years (HR 1.41, 95% CI 1.20 to 1.67) (P<0.001). 

A further exploration of the data found that 29 people who received BRCA testing were between 

18 to 21 years and ‘waited’ an average of 1539 days (SD 1547) which was considerably higher 

than the average wait for the overall population of 1008 days (SD 1292). This further 

exploration was undertaken as younger populations may have been ineligible at time of 

proband testing in some cases.   

BRCA2 testing was found to be significantly higher than BRCA1 testing (HR 1.39, 95% CI 1.18 

to 1.64) (P<0.001). In addition, the hazard ratio for predictive BRCA testing in the least 

deprived quintile (Q5) was found to be higher than the most deprived quintile (Q1) (HR 1.26 

95% CI 0.98 to 1.68) (P=0.075), although this was not significant at the 5% level. However, 

the inverse was found when comparing the fourth quintile to be less and this was significant 

(HR 0.78 95% CI 0.62 to 0.98) (P=0.033). Other variables were not included in the model as 

they were not found to be significant in the univariate analysis.   

DISCUSSION  

In hereditary cancer syndromes, a clinically important and cost-effective method to potentially 

decrease cancer incidence with chemoprevention and risk-reducing surgery by targeting 

predictive BRCA gene testing toward families with a known variant.31 Our research examined 

sociodemographic information of probands to examine predictors of BRCA testing in family 

relatives in the UK. Rates of predictive BRCA testing were found to increase over time; 

however, uptake by subgroup remains uncertain. Differing rates of predictive BRCA testing 



 
Page 16 of 29 

 

require additional research to examine whether these findings reflect differing health needs for 

predictive BRCA testing or whether this reflects an inequality in access.  

We found that predictive BRCA testing was more likely in families if probands were tested for 

a BRCA2 variant. It is uncertain what the reason would be for this difference by gene affected. 

The results also showed that predictive BRCA testing was less likely to be received by family 

relatives if probands were unaffected by cancer. This is an intuitive finding as the benefit/risk 

ratio for testing in relatives would be lower than for family relatives of probands who were 

affected by cancer. One study also found that uptake of risk-reducing surgeries was less 

common in carriers of BRCA variants which affect function if first or second-degree family 

relatives had not died from cancer.32     

In lower socioeconomic groups and in different multicultural settings, uptake may be even 

lower than expected. Further, we found that in many family relatives of probands, predictive 

BRCA testing is delayed, some for several years after the proband learns that they carry a BRCA 

variant. Additional analyses examined the association between time since proband testing to 

predictive BRCA testing and characteristics of family relatives. It was found that the median 

time to testing was 390 days with wide variability. It was found that the expected hazard was 

1.41 times higher for predictive BRCA testing in people aged >40 years than people aged <40 

years. This could be a consequence of surgical recommendations (e.g. removal of ovaries) for 

preventative surgery in females following ages for childbearing.33 From our data, it is unclear 

the proportion of younger people who were eligible for testing received information from their 

proband, attended counselling and refused or delayed predictive BRCA testing. Previous 

research has highlighted the need for more tailoring of predictive test counselling to the needs 

of young people.34,35  
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Potentially, the age disparity may be because younger populations were more likely to be 

eligible for testing as second- or third-degrees relatives. Within this dataset it was not possible 

to know whether the relative which received predictive BRCA testing was a first-degree relative 

(e.g. parent or sibling), second-degree relative (e.g. grandparent or aunt or uncle) or third-

degree relative (e.g. cousin). A study by Healey et al. (2017) found that larger, more 

geographically diverse families have greater difficulty in disseminating BRCA variant risk 

information with relatives.36 The study found that at least one relative had not been informed 

in 52.7% of families, 4.3% were first-degree, 27% were second-degree and 62% were third-

degree relatives.36 

Interestingly, the expected hazard was 1.31 times higher for predictive BRCA2 testing than 

predictive BRCA1 testing. However, the reason for this disparity is unknown and will be the 

subject of further research. The data also showed that the expected hazard was 1.26 times 

higher for predictive BRCA testing in populations from the least deprived IMD quintile (Q5) 

compared to the most deprived quintile (Q1). These findings support an association of effect 

that merit further research to examine the rationale behind disparities in testing. Despite testing 

being free at point of delivery in the UK, the impact of free testing and free counselling may 

not be sufficient to remove all barriers to access. It may be that relatives with lower 

socioeconomic status may not be able to afford time from their work or have reliable childcare 

available to allow time to attend appointments. Further research is also needed to explore 

uptake of BRCA testing between diverse ethnic groups and also to explore differences from 

within groups. A study by Fehniger et al (2013) found that African American and Asian/Pacific 

Islander patients were less likely to disclose their results to their relatives.37  

BRCA testing became clinically available in the mid-1990’s and historically, those who took 

up the test, were females affected by cancer. However, today, there are many genetic 
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counselling programs, which commonly test unaffected relatives. While probands may have 

typically received genetic counselling in a medical setting, relatives may often be informed of 

the implications of BRCA testing by the proband themselves. However sometimes information 

about BRCA status may not be shared by probands to other family members at risk. 

Consequently, as genetic testing programmes expand, it is anticipated that improved 

mechanisms to facilitate communication in families are needed following the identification of 

BRCA variants.38,39 It has been argued that given the utility of BRCA testing information, 

mandatory guidelines should be created to communicate risk information.40 Further, it has been 

argued that it is unacceptable for such information to be withheld where effective prevention 

is available and effective treatments exist.40,41  

There is an ongoing debate related to issues of confidentiality, right not to know and duty to 

warn. Such complex ethical and legal questions may reduce changes to current policies. 

Moreover, insurance issues should be considered as the outcomes may have financial 

implications for the whole family in the future.40,42–45 As such, support programmes for 

probands have been proposed which include the provision of additional counselling, training 

and educational materials such as information leaflets and online information. Importantly, the 

impact of “family letters” with concise information provided by the healthcare professionals 

(HCP) has been questioned. Alternative and supplementary methods of communication are 

proposed and further consideration for direct contact by HCPs has also been suggested.40,46 

One possible alternative method would be to permit the HCP to contact other family members 

at risk via telephone based on the information shared by the proband. Alternatively, there have 

been high-profile appeals for population-wide BRCA screening to be offered to all females aged 

30 and over.14,47,48 However, careful consideration of the potential limitations of population-

wide screening in the context of the associated risks, benefits and costs is needed. Further, it is 

uncertain if population-wide screening would mitigate differential uptake of testing.     
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An important limitation of the analysis of potential health care disparities was that relatives 

only had access to BRCA testing if probands had access to testing and were tested. Data were 

not collected for probands who could not access testing or refused testing. Another limitation 

was that there was a high level of missing data relating to the proband testing (approximately 

25%) conducted outside of Merseyside and Cheshire RGS. We highlight the need for a national 

joined dataset for such research. As the original dataset was not designed for research, some 

core information should as age, gender and type of cancer was not routinely collected. Data 

were assumed missing not at random and therefore multiple imputation methods were 

precluded.  Further, the number of predictive BRCA tests which were received outside of the 

NHS is uncertain. An additional limitation relates to the insensitivity of IMD matched to each 

LSOA as within each LSOA there may be significant variation in terms of deprivation.27 

Additionally, recorded data might be subject to recording errors or adjudication errors, and 

further, the reliability of the coding of BRCA tests might have changed over time. However, 

there was no evidence of changes in treatment coding during the study. Despite these 

limitations, we believe the study and its findings provide guidance for future studies as more 

data becomes available. 

CONCLUSIONS  

In conclusion, at least one family relative of 83.4% of probands was tested. This study 

identified populations which may be less likely to receive BRCA testing although further 

research is recommended. The analysis found that females and family members of probands 

affected by cancer were more likely to undergo testing. In addition, families of probands were 

found to be more likely to undergo predictive BRCA testing sooner if the proband was older 

and if the proband had a BRCA2 variant. As discussed, there is currently no procedure which 

guarantees that relatives of probands receive timely information about their BRCA status.  
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The issue is becoming increasingly important with the mainstreaming of BRCA testing in 

clinical oncology. Furthermore, as genetic testing for cancer predisposition becomes more 

accepted and available, it is important to ensure the communication of genetic testing results 

and subsequent family testing translates to ensure horizontal equity. Future studies should 

examine the most effective ways to facilitate communication of proband BRCA results to 

ensure underserved populations realize the potential benefits of genetic testing for cancer 

predisposition.  
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SUPPLEMENTAL MATERIAL  

 

Figure 1 - Time to predictive BRCA testing 
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(A) Time to predictive BRCA testing for BRCA1/2 (B) Time to predictive BRCA testing by gender. (C) Time to 

predictive BRCA testing by BRCA gene tested. (D) Time to predictive BRCA testing age group. (E) Time to 

predictive BRCA testing by Index of Multiple Deprivation (IMD). (F) Time to predictive BRCA testing by 

education and skills quintile.  

 


