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ABSTRACT (word count 239; maximum 250) 

The Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm 

(BOADICEA) calculates the probability that a woman carries a pathogenic variant in BRCA1 or 

BRCA2 based on her pedigree and the population frequencies of pathogenic alleles of BRCA1 

(0.0006394) and BRCA2 (0.00102) in the United Kingdom (UK). BOADICEA allows the clinician to 

define the population frequencies of pathogenic alleles of BRCA1 and BRCA2 for other populations 

but only includes preset values for the Ashkenazy Jewish and Icelandic populations. Among 173 

early-onset breast cancer pedigrees in Denmark, BOADICEA discriminated well between carriers 

and non-carriers of pathogenic variants (area under the receiver operating characteristics curve: 

0.81; 95% CI: 0.74-0.86) but underestimated the frequency of carriers of pathogenic variants in 

BRCA1 or BRCA2 as measured by the observed-to-expected ratio (O/E: 1.83; 95% CI: 1.18-2.84). 

This reflects findings from older studies of BOADICEA in UK, German, Italian, and Chinese 

populations, all accounting for the different calibration for different carrier probabilities. To improve 

the performance of BOADICEA for non-UK populations, we developed a method to derive 

population frequencies of pathogenic alleles of BRCA1 and BRCA2. Compared to the UK 

population frequencies, we estimated the Danish population frequencies of pathogenic alleles to be 

higher for BRCA1 (0.0015; 95% CI: 0.00064-0.0034) and lower for BRCA2 (0.00052; 95% CI: 

0.00018-0.0017) after adjusting for the different calibration of BOADICEA for different carrier 

probabilities. Incorporating additional population frequencies into BOADICEA could improve its 

performance for non-UK populations. 

Key words: Breast Cancer; Genetic testing; BRCA1 gene; BRCA2 gene; BOADICEA   
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INTRODUCTION 

Pathogenic variants in the genes BRCA1 or BRCA2 are reported in 6-10% of women affected by 

early-onset breast cancer in Northern Europe [1, 2]. The frequency of pathogenic alleles of each 

gene varies between populations due to founder variants and genetic drift and is exceptionally 

high, for example, in the Ashkenazy Jewish population [3].  

A number of methods have been developed to estimate the likelihood that an individual carries a 

pathogenic variant in BRCA1 or BRCA2 [4]. The Breast and Ovarian Analysis of Disease Incidence 

and Carrier Estimation Algorithm (BOADICEA) is used by many clinicians [5] and can be accessed 

online via the BOADICEA Web Application [6]. The model is accepted by the National Institute for 

Health and Care Excellence in the UK, which recommends a minimum probability of 10% of 

detecting a pathogenic variant in an affected individual to perform genetic testing of BRCA1 and 

BRCA2.  

BOADICEA has been examined in various settings [7-14]. In studies from cancer genetics clinics, 

the model was found to be well-calibrated overall and to discriminate well between carriers and 

non-carriers of pathogenic alleles of BRCA1 or BRCA2 as determined by receiver operating 

characteristics but to be less accurate at the highest and lowest of estimated carrier probabilities 

[7, 8, 10]. BOADICEA predicted the relative frequencies of pathogenic variants in BRCA1 and 

BRCA2 better in the UK than in other European countries [7-9]. 

Among the adjustable model parameters, BOADICEA specifies the population frequencies of 

pathogenic alleles of BRCA1 and BRCA2 [6]. The model incorporates population frequencies of 

pathogenic alleles estimated for the UK as its default values [15]. In several European countries 

the population frequencies of pathogenic alleles of the two genes could be different from the 

frequencies in the UK [3, 16]; however, the model does not include population frequencies of 

pathogenic alleles other than those for the Ashkenazy Jewish and the Icelandic populations [6].  

We evaluated the performance of BOADICEA in an analysis of Danish early-onset breast cancer 

pedigrees obtained during a five-year period (2013-) and developed a method to estimate the 
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population frequencies of pathogenic alleles of BRCA1 and BRCA2 for non-UK populations when 

using the current version of the BOADICEA model (BWA v3). 

METHODS 

Study data 

Population 

The study cohort was recruited at the Department of Clinical Genetics, Aarhus University Hospital, 

Denmark, which services a population of approximately 1.3 million inhabitants. The patients 

participated in a rapid genetic counselling program for women with breast cancer who met the 

national eligibility criteria for genetic counselling. Each patient would be referred for genetic 

counselling at the time of her breast cancer diagnosis and skip the waiting list. In the period 

January 2013 to May 2018, we included all women from the program with early-onset breast 

cancer, which was defined as breast cancer before the age of 45 years (Table 1).  

Genetic work-up 

A genetics professional recorded the family history of the patient. This record included the source 

of information, date of birth, age, and cancer history for each family member. Living relatives were 

asked for written consent to verify their cancer diagnoses in the medical records. Access to the 

records of deceased family members did not require consent. 

A blood sample from each patient was tested for germline pathogenic variants in BRCA1 and 

BRCA2 using next generation sequencing (NGS). Other genes were not routinely analysed. All 

exons + 20 base pairs of adjacent intronic sequences were analysed, and the NGS data were 

evaluated for copy number variants. Copy number variants were confirmed by multiplex ligation-

dependent probe amplification (MLPA). Only C5-pathogenic or C4-likely pathogenic variants were 

reported in the study (for details on the classification of variants, see ref. [17]).  

As BOADICEA estimates the probability of carrying a pathogenic variant and not the probability of 
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detecting a pathogenic variant, a genetic test sensitivity needs to be assumed [7]. Since all exons 

were sequenced in their full length and all samples were evaluated for copy number variants, we 

assumed the genetic test sensitivity to be 100% [8]. 

Pathology 

Pathology reports were accessed to confirm invasive breast cancer, uni- or bilateral cancer, and 

receptor expression profile. We recorded the tumour estrogen receptor (ER), progesterone 

receptor (PR), and human epidermal growth factor receptor-2 (HER2) expression. Progesterone 

receptor expression is not routinely evaluated by Danish pathology laboratories; however, we 

assumed progesterone receptor expression to be negative in estrogen receptor negative tumours 

[18]. 

Literature review 

To assess the calibration of BOADICEA in other non-Ashkenazy Jewish populations, we searched 

the PubMed database for validation studies. The publications had to report the observed and the 

expected number of pathogenic variants in BRCA1 or BRCA2 according to the estimated carrier 

probability. We identified four studies from the UK, Germany, Italy, and China, respectively [7, 8, 

10, 14]. 

Data analysis 

Pedigree input 

We computed the probability that each patient was a carrier of a pathogenic variant in BRCA1 or 

BRCA2 using the BOADICEA Web Application version 3 (BWA v3) [6]. We created a pedigree 

including all known full siblings, parents, grandparents, aunts, and uncles regardless of cancer 

status. We included both verified and unverified cancer diagnoses. Relatives to which the index 

patient had lost contact were excluded at the age of lost contact. If the year of birth was missing, 

parents were assumed to have been born 25 years before their oldest child; siblings at the average 

of known siblings’ years of birth. A missing age at death was set to 70 years.  
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BOADICEA analysis 

BWA v3 allows the researcher to use local cancer incidence rates and to assign custom values to 

the population frequencies of pathogenic alleles of BRCA1 and BRCA2 [6]. In the main analysis, 

we applied cancer incidence rates for Denmark in combination with the default UK population 

frequencies of pathogenic alleles of BRCA1 (0.0006394) and BRCA2 (0.00102). To examine the 

influence of family history and tumor pathology information, we repeated the analyses several 

times leaving the parameters unknown one at a time (e.g., male relatives, all relatives, tumor 

pathology information, etc.).  

To optimize the fit of the model with custom population frequencies of pathogenic alleles of BRCA1 

and BRCA2, we re-analysed the pedigrees assigning incremental changes to the custom 

population frequencies of pathogenic alleles of either BRCA1 or BRCA2 in BOADICEA, using the 

default UK population frequency of pathogenic alleles of the other gene.  

Statistical analysis 

We examined the performance of BOADICEA in terms of calibration, which describes the overall fit 

of the model, and discrimination, which describes its ability to predict whether an individual is a 

carrier or non-carrier of a pathogenic variant [7]. 

Calibration was evaluated on the basis of the observed-to-expected ratio (O/E), which compares 

the observed (O) and the expected (E) number of pathogenic variants in the study cohort. The 

expected number of pathogenic variants was computed as the total of the individual carrier 

probabilities from BOADICEA. The 95% confidence interval (CI) for the O/E ratio was derived from 

a Poisson approximation (for a description, see ref. [19]) [8]. 

Discrimination was evaluated on the basis of receiver operating characteristics (ROC) and 

quantified as the area under the ROC curve (AUC) [20]. The AUC describes the likelihood that a 

carrier of a pathogenic variant will have a higher estimated carrier probability than a non-carrier. A 

value of 0.5 indicates a model that is no better than chance. 

BOADICEA demonstrated different calibration for different carrier probabilities, which would affect 
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the overall calibration of the model, depending on the used ascertainment criteria. We used a UK 

data set to adjust for this bias, by introducing a factor (CUK, i), which we calculated as the ratio 

between the observed and expected number of pathogenic variants in the UK study by Antoniou et 

al. (2008) for each of eight carrier probability strata (i = 1 if 0-5% … 8 if 50-100%) [7]. Thus, CUK 

was estimated from the observed and the expected frequencies of pathogenic variants in a UK 

population using the default population frequencies of pathogenic alleles of BRCA1 (0.0006394) 

and BRCA2 (0.00102). This factor was multiplied to the corresponding expected number for our 

study population (EDK, i) to obtain the expected number adjusted for the different calibration for 

different carrier probabilities, computing the total across the strata: 𝐸!"# = ∑ 𝐶$%,' × 𝐸(%,')
'*+ 	  

We examined the relation between custom population frequencies of pathogenic alleles of BRCA1 

and BRCA2 and the O/E ratio by repeating the BOADICEA analysis until the gene-specific O/E 

ratios connected to smooth curves We then graphically derived the population frequencies of 

pathogenic alleles of BRCA1 and BRCA2 for the Danish population from the one-intercept of the 

O/E ratio and the 95% CI. The analysis was repeated for E and Eadj to estimate the population 

frequencies of pathogenic alleles of BRCA1 and BRCA2 by, first, adjusting for only age at 

diagnosis, tumour pathology, and family history (O/E), and second, adjusting, additionally, for the 

different calibration for different carrier probabilities (O/Eadj). 

The data were analysed in Stata 15.1. 

Ethics 

The study was registered with the Danish Data Protection Agency (1-16-02-102-17/2012-58-006). 

According to Danish legislation, approval from a research ethics committee is not required for 

registry-based studies.  

RESULTS 

173 women diagnosed with breast cancer before 45 years of age met the study inclusion criteria 
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(median age 37; range 21-44). The pedigrees of the patients included the cancer history of 574 

first degree relatives and 1537 second degree relatives (Supplementary Table S1). 

Pathogenic variants 

All patients underwent a search for pathogenic variants in BRCA1 and BRCA2. Twenty patients 

were identified to carry a pathogenic variant in BRCA1 or BRCA2 (11.6%; 95% CI: 7.2-17.3%). 

Most pathogenic variants were found in BRCA1 with sixteen of the patients carrying a pathogenic 

variant in BRCA1 (9.2%; 95 % CI: 5.4-14.6%) opposed to four patients carrying a pathogenic 

variant in BRCA2 (2.3%; 95% CI: 0.6-5.8%). Except for the BRCA1 variant c.3874del, which was 

identified in two patients, the variants were unique between the patients. All the variants were 

classified as C5-pathogenic. Nineteen of the patients carried truncating variants, such as frameshift 

(n = 11), nonsense (n = 5), splice variants (n = 2), or large deletions (n = 1), while one patient 

carried a missense variant in BRCA1 known to be pathogenic (Supplementary Table S2).  

Overall calibration 

We compared the observed and the expected number of pathogenic variants in the two genes 

(Table 2). BOADICEA underestimated the frequency of pathogenic variants in BRCA1 or BRCA2 

combined (O/E: 1.83; 95% CI: 1.18-2.84). We found no significant difference for BRCA2 (O/E: 

0.82; 95% CI 0.31-2.19), whereas the frequency of pathogenic variants in BRCA1 was significantly 

higher than expected (O/E: 2.64; 95% CI: 1.62-4.31). We observed the same level of 

underestimation, the two genes combined, when we used UK cancer incidence rates (O/E: 1.79; 

95% CI: 1.15-2.77), whereas the underestimation tended to decrease if we reduced the size of the 

pedigrees to 1st degree relatives (O/E: 1.51; 95 % CI: 0.97-2.34) or to no family history (O/E: 1.44; 

95% CI: 0.93-2.23).  

Calibration error 

Reviewing studies from the UK, Germany, Italy, and China, we found BOADICEA to underestimate 

the frequency of pathogenic variants in BRCA1 or BRCA2 among patients with lower estimated 
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carrier probabilities, demonstrating a systematic pattern across all studies, although it has to be 

noted that each study had different inclusion criteria (Fig. 1) [7, 8, 10, 14]. As seen from the 

confidence intervals, we could not be certain that the level of underestimation was greater in our 

study than previous studies for the two genes combined in any of the carrier probability subgroups.  

Because most of the patients were under 40 years of age, and therefore eligible for genetic work-

up in the absence of a family history of BRCA1- or BRCA2-related cancer, the estimated carrier 

probability for each woman tended to be low. When we adjusted for the different calibration of 

BOADICEA for different carrier probabilities using the estimated error factor CUK, i, the expected 

number of pathogenic variants in BRCA1 and BRCA2 increased for the study cohort (Table 3). 

Population frequencies 

Adjusting for the different calibration of BOADICEA for different carrier probabilities, the fit of the 

model improved when we increased the custom population frequency of pathogenic alleles of 

BRCA1 and decreased the custom population frequency of pathogenic alleles of BRCA2 in the 

BOADICEA model compared to the default UK population frequencies (Fig. 2).  

Accordingly, we estimated the Danish population frequencies of pathogenic alleles of BRCA1 and 

BRCA2, respectively, to be higher and lower than the UK population frequencies (Table 4). 

Discrimination 

Evaluating its receiver operating characteristics, we found BOADICEA to discriminate well between 

carriers and non-carriers of pathogenic variants in BRCA1 or BRCA2 using the UK population 

frequencies of pathogenic alleles. The AUC only increased slightly when we applied the population 

frequencies of pathogenic alleles estimated for the Danish population (see Table 4). 

DISCUSSION 

BOADICEA is well-accepted by clinicians [5]. Past studies established that the model 

underestimates the frequency of pathogenic variants in BRCA1 and BRCA2 among individuals with 

lower estimated carrier probabilities [7, 10], perhaps best demonstrated in the largest study to date 
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from Germany (n = 7352) [8]. Yet some studies suggested poor calibration of the model for non-

Caucasian populations [12, 13]. In contrast, we found BOADICEA to perform in a similar way in 

various populations, including the Chinese, despite variation of the ascertainment criteria used, as 

long as we accounted for the different calibration of the model for different carrier probabilities. 

BOADICEA significantly underestimated the frequency of pathogenic variants in BRCA1 or BRCA2 

among Danish women with early-onset breast cancer, which needs to be considered when 

deciding on a threshold to offer genetic testing in the clinical setting. However, it is important to 

note that we assessed the performance of the model in a subgroup of patients undergoing genetic 

testing, whereas previous studies found the model to be well-calibrated at the overall level [7, 8]. 

We did not include older breast cancer patients. According to one study, BOADICEA 

overestimated the frequency of pathogenic variants among breast cancer patients above 50 years 

of age; however, the study also identified overestimation among patients with a positive family 

history and did not report data for individual carrier probability groups [12]. Despite the calibration 

issues, BOADICEA discriminated well between carriers and non-carriers of pathogenic variants in 

BRCA1 and BRCA2, with the same AUC as reported in the afore-mentioned German study [8].  

It is possible that, with the decreasing cost of panel testing for hereditary cancer disposition 

syndromes, the importance of precise carrier probability estimation may decrease as genetic 

testing of BRCA1 and BRCA2 becomes increasingly available to the public through mainstream 

testing of cancer patients and population screening programs [21]. In Denmark, genetic testing is 

offered to most families meeting the referral criteria for genetic counselling, while BOADICEA is 

mostly used to estimate prospective breast cancer risk after genetic testing. 

Compared to a recent study of early-onset breast cancer patients (≤ 40 years of age) in the UK, 

our study participants had slightly more frequent ER negative (38% vs 33%) and non-HER2 

amplified breast cancer (83% vs 73%), which could be attributable to (or add to) a higher 

BRCA1/BRCA2 ratio in our study (4:1 vs. 3:2) [22] . When we included age, tumor pathology, and 

family history in the BOADICEA model and further adjusted for the different calibration of 

BOADICEA for different carrier probabilities, we estimated the Danish population frequencies of 
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pathogenic alleles of BRCA1 and BRCA2 to be quite different from the frequencies in the UK. 

Population frequencies of pathogenic alleles of BRCA1 and BRCA2 have been estimated using 

population cancer incidence rates [23], familial segregation data simultaneously estimating 

frequency and penetrance [15, 24], or public variant databases [25]. We took advantage of the 

BOADICEA model to estimate the population frequencies of pathogenic alleles of BRCA1 and 

BRCA2 for a non-UK population using a modest sample size. This method had certain limitations: 

First, the method depended on the assumption that the BOADICEA model was fit using the actual 

population frequencies of pathogenic alleles of the two genes in the UK. Analyzing UK ovarian 

cancer pedigrees in a polygenic model, the population frequencies of pathogenic alleles for the UK 

population have been estimated to be higher both for BRCA1 (0.00079; 95 % CI: 0.00060-0.0011) 

and BRCA2 (0.0026; 95 % CI: 0.0020-0.0033) than the frequencies used to fit the current version 

of the BOADICEA model [24]. These population frequencies are closer to the frequencies for non-

Finnish Europeans in the Exome Aggregation Consortium (ExAC) [25]. Therefore, we should apply 

caution before interpreting the estimated population frequencies of pathogenic alleles of BRCA1 

and BRCA2 to represent the actual population frequencies in Denmark; instead opting to compare 

the (expected) population frequencies in Denmark and the UK when using the current version of 

the BOADICEA model (BWA v3). Also in Germany and Sweden, BOADICEA underestimated the 

frequency of pathogenic variants in BRCA1 and overestimated the frequency of pathogenic 

variants in BRCA2 in studies [8, 9]. This corresponds well to the higher and lower frequencies of 

pathogenic alleles, respectively, of BRCA1 and BRCA2 in the non-Finnish European ExAC 

population compared to the recently estimated UK frequencies [24, 25].  

Second, country-specific differences in the average penetrance of pathogenic alleles of BRCA1 or 

BRCA2 could potentially have led to a bias. The prevalence of specific founder variants in BRCA1 

and BRCA2 varies between populations [26], and the penetrance of such variants may differ by 

type and location [27]. In Denmark and in the UK the most commonly identified variants were 

truncating [26], which we also found to be the case in this study.  

Third, the sensitivity of the NGS method is not known. Although we cannot rule out that non-coding 
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pathogenic variants could have been missed by the method, it is assuring that the loss of 

sensitivity due to such variants appears to be low [28]. The expected number of pathogenic 

variants in the UK population had been adjusted for the sensitivity of the genetic test methods 

available before 2008 [7], which may have led to a slight overestimation or underestimation of the 

calibration error of BOADICEA.  

Fourth, although differences in ascertainment criteria or mean family size between the two studies 

could potentially have led to a bias, we found the calibration of BOADICEA to vary little between 

previous studies with different populations and ascertainment criteria when we accounted for the 

different calibration of the model for different carrier probabilities. Contrary to the effect observed 

with patients from high risk families [11], our data suggested a trend towards increasing 

underestimation with more extended pedigrees. Thus, including distant relatives might have led to 

slightly higher estimated population frequencies of pathogenic alleles of BRCA1 and BRCA2. 

CONCLUSION 

The BOADICEA model performs quite similarly in different populations. Incorporating additional 

population frequencies and updating the penetrance estimates to represent a wider spectrum of 

hereditary breast and ovarian cancer families could, however, still improve the overall performance 

of BOADICEA. We estimated the Danish population frequencies of pathogenic alleles of BRCA1 

and BRCA2 to be higher and lower, respectively, than the UK population frequencies when using 

the current version of the BOADICEA model (BWA v3). The estimated population frequencies of 

pathogenic alleles may need to be validated in an independent sample.  
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Table 1. Eligibility criteria for the study 

- Female BC before 45 years of age (2013 or later) 

- No previous genetic testing of BRCA1 or BRCA2 

- No targeted test for a known pathogenic variant in BRCA1 or BRCA2 

- No previous history of BC and/or ovarian cancer 

- Referral for genetic work-up‡ 
BC breast cancer, ER- estrogen receptor negative, HER2- human epidermal 

growth factor receptor 2 negative 
‡Families eligible for genetic work-up and counselling according to the Danish 

national guidelines (2018): BC < 40, ovarian cancer (any age), ER- HER2- BC 

< 60, bilateral BC (any age), male BC (any age), two 1st degree BC < 50, or 
three 1st degree BC (any age) 
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Table 2. Pathogenic variants in BRCA1 and BRCA2: tumor pathology 

and laterality, age of onset, and the size of the analyzed pedigree 

 BRCA1 BRCA2 

 n O E O E 

ER+ and/or HER2+ 115 3 1.54 2 4.09 

ER- and HER2-‡ 58 13 4.52 2 0.78 

Unilateral cancer 167 16 5.77 3 4.23 

Bilateral cancer 6 0 0.29 1 0.64 

< 30 yrs 18 2 0.32 1 0.73 

30-34 yrs 40 4 3.18 2 0.96 

35-39 yrs 78 8 1.83 1 2.25 

40-44 yrs 37 2 1.66 0 0.92 

Excluding relatives 173 16 7.59 4 6.33 

1st degree pedigree 173 16 7.76 4 5.49 

2nd degree pedigree 173 16 6.06 4 4.86 

n the total number of patients, O the observed number of pathogenic variants, 
E the expected number of pathogenic variants, ER(+/-) estrogen receptor 

(positive/negative), HER2(+/-) human epidermal growth factor receptor 2 

(positive/negative) 
‡Assumed to be progesterone receptor negative (see Methods; Pathology) 
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Table 3. Pathogenic variants in BRCA1 and BRCA2 and the estimated carrier probability 

Estimated carrier 
probability‡ 

BRCA1 BRCA2 

% n C O E Eadj C O E Eadj 

0-5 114 2.92 4 1.02 2.98 1.76 2 1.55 2.74 

5-10 33 1.43 5 1.32 1.89 1.92 0 1.02 1.95 

10-15 10 2.46 3 0.63 1.55 0.78 0 0.61 0.47 

15-20 4 1.01 1 0.37 0.37 0.91 0 0.30 0.28 

20-30 7 1.28 3 0.97 1.24 1.27 0 0.75 0.95 

30-40 3 1.01 0 0.79 0.80 1.08 1 0.22 0.24 

40-50 1 0.83 0 0.00 0.00 0.69 0 0.41 0.28 

50-100 1 0.95 0 0.95 0.91 0.86 1 0.01 0.01 

Total 173 n/a 16 6.06 9.74 n/a 4 4.86 6.91 

n the total number of patients, C the calibration error of BOADICEA§, O the observed number of 

pathogenic variants, E the expected number of pathogenic variants, Eadj the calibration error adjusted 

expected number (C x E) 

‡The estimated carrier probability for BRCA1 and BRCA2 combined  
§The calibration error of BOADICEA was estimated for the UK population (see Methods; Statistical 

analysis) [8] 
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Table 4. Population frequencies of pathogenic alleles of BRCA1 and BRCA2 

Country Estimation 
model 

Population frequencies of pathogenic alleles (95 % CI) AUC (95 % CI) 

BRCA1 BRCA2 

UK None‡ 0.0006394 (0.0004-0.001) 0.00102 (0.0006-0.0015) 0.81 (0.72-0.90) 

Denmark Crude (O/E)§ 0.0024 (0.0012-0.0051) 0.00082 (0.00028-0.0026) 0.83 (0.75-0.91) 

Denmark Calibration 
error adjusted 
(O/Eadj)§ 

0.0015 (0.00064-0.0034) 0.00052 (0.00018-0.0017) 0.83 (0.75-0.91) 

AUC area under the receiver operating characteristics curve, O the observed number of pathogenic variants, E the 

expected number of pathogenic variants, Eadj the calibration error adjusted expected number 

‡The default UK population frequencies for the BOADICEA model [16]  
§The population frequencies were derived from the 95 % CI of the curves on Fig. 2 (see Methods; Statistical analysis) 
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Fig. 1.  

Calibration of BOADICEA from lower to higher estimated carrier probabilities. Comparing 

observed-to-expected ratios (O/E) for pathogenic variants in BRCA1 or BRCA2 with studies from 

other countries 
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Fig. 2 

Calibration of BOADICEA at different population frequencies of pathogenic alleles of BRCA1 and 

BRCA2. Comparing observed-to-expected ratios (O/E) from the crude (E) and the calibration error 

adjusted models (Eadj) 

 


