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ABSTRAC T

Objectives: To evaluate the accuracy of algorithms for predicting BRCA1/2 germ-line 
mutation carrier probability, and to identify factors that could improve their performance 
among Brazilian women with ovarian cancer (OC).

Study design: In this cross-sectional study, we enrolled patients (unselected for family 
history of cancer) undergoing treatment or follow-up for OC in a single centre in Brazil. 
Clinical and demographic data, including family history of cancer, were obtained. Blood 
samples were collected for genetic testing.

Main outcome measures: The entire coding sequence of BRCA1 and BRCA2 was 
evaluated for mutations. Mutation carrier probability was calculated using BOADICEA, 
BRCAPRO, Myriad and the Manchester score. Sensitivity, specificity, positive and 
negative predictive values, and area under the receiver operating characteristic curves 
(AUC) were calculated for each algorithm. Logistic regression was used to detect 
additional factors associated with BRCA1/2 status, and these were added to the algorithms 
before recalculating the AUCs.

Results: BRCA1/2 mutations were identified in 19 of the 100 included patients. 
BOADICEA outperformed other algorithms (sensitivity, 73.7%; specificity, 87.7%; AUC, 
0.87, considering threshold of 10% risk of mutation). Later menarche was associated 
with the presence of a BRCA1/2 mutation. Although adding age at menarche resulted in 
larger AUC for all models, this increase was only significant for the Myriad algorithm.

Conclusion: BOADICEA ≥ 10% most accurately predicted BRCA1/2 status, and 
including age at menarche tended to improve the performance of all algorithms. Using 
these tools could reduce the number of tests, at the expense of missing a significant 
number of mutation carriers.
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INTRODUC TION

Ovarian cancer (OC) is the seventh most common cancer among Brazilian 
women, with 6,150 new cases expected in Brazil during 2016.1 Approximately 6%–24% 
of OC cases are related to BRCA1/2 mutations,2 with this wide variation suggesting that 
geographic and ethnic differences exist in the prevalence of BRCA1/2 mutations. Carriers 
of BRCA1/2 germ-line mutations have an increased lifetime risk of OC, with risk estimates 
of up to 59% for BRCA1 carriers and 35% for BRCA2 carriers.3,4

Identifying mutation carriers is clinically beneficial because currently available 
screening methods for OC are ineffective,5 and the only effective option for preventing 
OC in high-risk groups is by performing risk-reducing salpingo-oophorectomy.6,7 It is also 
important to identify BRCA1/2 mutation carriers to improve treatment results in women 
with OC, because these women benefit most from poly-ADP ribose polymerase (PARP) 
inhibitors.8 National Comprehensive Cancer Network (NCCN) guidance recommends that 
all patients with invasive OC are offered genetic risk evaluation.9 In low- and middle-
income countries, however, genetic counselling and mutation screening are not widely 
available. Therefore, it is crucial to select those patients who are likely to benefit most from 
genetic testing.

In a previous study, we reported that BRCA1/2 mutations were present in 19 of 
100 women undergoing follow-up or treatment for OC in a reference centre in São Paulo, 
Brazil.10 This study aimed to evaluate the accuracy of four widely used carrier risk-prediction 
algorithms in this population: BOADICEA11, BRCAPRO12, Myriad13 and Manchester 
score.14 Additionally, we wanted to identify other factors that might be associated with 
BRCA1/2 mutations and could be added to the existing algorithms to improve patient 
selection for genetic testing.

ME THODS

- Patients

This cross-sectional study was a further analysis of a cohort used in previous 
studies.10,15 Patients undergoing treatment or follow-up for invasive epithelial OC at the 
Instituto do Cancer do Estado de São Paulo (ICESP) between October 2012 and February 
2015 were consecutively invited to participate during the time frame of the study. We 
excluded patients with borderline ovarian tumours, benign lesions, metastatic disease from 
another primary site, primary ovarian tumours diagnosed before January 2009 and those 
without a pathology report confirming epithelial OC. There were no restrictions for age at 
diagnosis or family history of cancer. This study was approved by our Institutional Ethics 
Committee, and all participants gave their written informed consent.

Information on demographic characteristics, hormonal exposure throughout life, 
lifestyle and family history of cancer was self-reported and collected by individual structured 
interviews, using a questionnaire.15 Information on tumour characteristics, treatment and 
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anthropometric measures was collected from hospital files. We also obtained peripheral 
blood samples for DNA extraction. Whole coding regions for BRCA1 and BRCA2 were 
sequenced, and multiplex ligation-dependent probe amplification was performed to detect 
large insertions or deletions, as described elsewhere.10

- Data Processing

Family history of cancer was considered positive when there was at least one 
case of breast cancer or OC among first- or second-degree relatives. Family histories were 
classified in this way even when considered as limited or unknown (i.e. when women could 
not report on at least two female relatives ≥ 45 years old on each side of the family). 
Women with a limited or unknown family history were still included in the analysis, and 
were considered to have positive family histories when at least one relative was reported 
to have breast cancer or OC. The probability of identifying a BRCA1/2 mutation was then 
calculated using BOADICEA,11 BRCAPRO,12 Myriad13 and the Manchester score.14 The 
carrier predicted probabilities were calculated online for BOADICEA, BRCAPRO and 
Myriad,16,17 while Manchester scores were calculated manually.

- Statistical Analysis

Patients were divided into two groups: those who tested positive (carriers) and 
those who tested negative (non-carriers) for a BRCA1/2 mutation. For each algorithm, 
patients with ≥ 10% predicted carrier risk were considered eligible for genetic testing. The 
accuracy of an algorithm was assessed by calculating its sensitivity, specificity, positive 
predictive value (PPV) and negative predictive value (NPV). Subsequently, accuracy was 
re-assessed, per algorithm, considering only patients with ≥ 15% predicted carrier risk as 
being eligible for genetic testing. Receiver operating characteristic (ROC) curves were then 
generated and areas under the curves (AUCs) were calculated to evaluate the performance 
of each algorithm.

We assessed the association between factors covered by the questionnaire and the 
BRCA1/2 statuses of patients by logistic regression. For categorical factors, Fisher’s exact 
tests were used when no mutation carrier was present in a category. Factors significantly 
associated with BRCA1/2 mutation status in univariate analyses were added to the 
algorithms and multivariate logistic regression models were performed. New ROC curves 
were generated for these combined estimates and the AUCs were compared with the AUC 
for the probabilities predicted by the algorithms alone. IBM SPSS, Version 22.0 (IBM 
Corp., Armonk, NY, USA), was used for the descriptive statistics, Fisher’s tests, logistic 
regressions and for obtaining ROC curves and AUC values. R-Studio Version 0.98.1091 
was applied to evaluate the accuracy of the algorithms and for comparing ROC curves. 
P-values < 0.05 were considered statistically significant.
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RESULTS

A total of 463 patients were invited and 115 agreed to participate. We excluded 
14 patients for not meeting the inclusion criteria and 1 who died before they could provide 
a blood sample. Thus, 100 patients were included in the analysis. Deleterious BRCA1/2 
mutations were identified in 19 patients (17 BRCA1 and 2 BRCA2 mutations). Median age 
at OC diagnosis was 54.0 years among carriers (range: 39–63 years) and 55.0 years among 
non-carriers (range: 33–81 years). The median age at diagnosis was 52.0 among BRCA1 

Carriers
N = 19

Non-
carriers
N = 81

Total
N = 100

Median age at interview (range) 56 (40–65) 57(34–81) 56.5 (34–81)
Median age at diagnosis (range) 54 (39–63) 55 (33–81) 55 (33–81)
Age-group at diagnosis 

≤ 40
41-50
51-60
> 60

2/19 (11%)
4/19 (21%)
12/19 (63%)
1/19 (5%)

7/81 (9%)
15/81 (18%)
35/81 (43%)
24/81 (30%)

9/100 (9%)
19/100 (19%)
47/100 (47%)
25/100 (25%)

Median time since OC diagnosis in years (range) 1.9 (0.3–4.4) 1.5 (0.1–4.5) 1.5 (0.1–4.5)
Median age at menarche (range) (N = 98) 13.5 (12–17) 12.0 (9–17) 13.0 (9–17)
Median number of full term pregnancies (range) 2 (0–9) 3 (0–15) 3 (0–15)
Median age at first pregnancy (range) (N = 82) 25.5 (15–37) 24 (12–42) 24 (12–42)
Median time of breast feeding in months (range) 
(N = 38)

23.0 (1–104) 26.0 (1–168) 26.0 (1–168)

Median BMI at interview (range) (N = 98) 26.8
(16.7–40.4)

27.9
(16.5–42.2)

27.5
(16.5–42.2)

Histological type
Serous
Endometrioid
Mucinous
Others*

18/19 (95%)
1/19 (5%)
0/19 (0%)
0/19 (0%)

66/81 (81%)
7/81 (9%)
2/81 (2%)
6/81 (8%)

84/100 (84%)
8/100 (8%)
2/100 (2%)
6/100 (6%)

Advanced clinical stage 19/19 (100%) 59/80 (74%) 78/99 (79%)
Fertility problems 0/15 (0%) 4/66 (6%) 4/81 (5%)
Natural abortions 5/17 (29%) 24/67 (36%) 29/84 (35%)
Breast cancer 3/19 (16%) 3/81 (4%) 6/100 (6%)
Comorbidities 8/19 (42%) 43/81 (53%) 51/100 (51%)
Use of oral contraceptives 12/19 (63%) 35/80 (44%) 47/99 (47%)

Table 1: Characteristics of BRCA1/2 carriers and non-carriers.

N = 100 unless otherwise specified. Abbreviations: BMI, body mass index; OC, ovarian 
cancer.
*Borderline with invasive areas, mullerian, clear cell.
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carriers (range: 39–63 years), while both BRCA2 mutation carriers were diagnosed when 
60 years old. Details of the participants are summarised in table 1.

Among all patients, 21 presented with early stage disease at diagnosis (all were 
non-carriers). Eighteen out of the 19 mutation carriers had serous tumours, while 1 had 
an endometrioid tumour. No mutations were identified in women with tumours of other 
histological types. Six patients had a personal history of breast cancer, of whom 3 carried 
a BRCA1/2 mutation (50%). There were first- or second-degree family histories of breast 
cancer and/or OC in 31 patients, of whom 11 (35.5%) had a BRCA1/2 mutation. However, 
the family history was limited or unknown in 32 patients, of whom 3 (10%) tested positive 
for a BRCA1 mutation.

Using a threshold of ≥ 10% predicted probability of testing positive for a BRCA1/2 
mutation, patient selection by the Manchester score would have resulted in testing 31 
patients, of whom 12 were mutation carriers (sensitivity 63%; 95% CI, 38%–84%). If 
patient selection was based on the BRCAPRO, 12 patients would have been tested, of 
whom 8 were mutation carriers (sensitivity 42%; 95% CI, 20%–67%). Myriad would have 
resulted in testing 27 patients, of whom 11 were mutation carriers (sensitivity 58%; 95% CI, 
34%–80%). However, in our population, BOADICEA outperformed all other algorithms, 
indicating a ≥ 10% risk of testing positive for a BRCA1/2 mutation in 24 patients, of whom 14 
tested positive (sensitivity 74%; 95% CI, 49%–91%; Table 2). Interestingly, combining the 
information from all algorithms (i.e., considering patients with ≥ 10% predicted probability 
of testing positive by any algorithm as suitable for genetic testing) would increase the 
number of tests performed (N = 39), but would not improve the sensitivity.

Among the 32 patients with limited or unknown family history, 3 presented a ≥ 
10% predicted carrier probability according to at least one of the evaluated algorithms, and 
2 of these tested positive for a BRCA1/2 mutation. Therefore, of the 3 mutation carriers who 
presented limited information about their family history, 1 would have been missed by all 
algorithms.

When the threshold for considering a patient as eligible for genetic testing was 
increased to a predicted carrier risk of 15% or higher, the number of patients selected 
for DNA testing was reduced by up to 59%; although this increased the specificity in all 
algorithms, it also decreased their sensitivity (table 2). The algorithm with the largest 
gain in specificity was the Manchester score, which increased from 77% to 98%, with an 
absolute reduction of 16% in sensitivity. The BOADICEA algorithm still had the highest 
sensitivity after increasing the threshold (68%; 95% CI, 44%–87%). The ROC curves 
(figure 1) confirmed that BOADICEA outperformed all other algorithms, with an AUC of 
0.87 (95% CI, 0.77–0.97) in this population (table 3).

Assessment of the correlation between factors assessed by the questionnaire and 
the patients’ BRCA1/2 mutation status revealed that age at menarche was significantly 
associated with a positive BRCA1/2 mutation status (p = 0.02), as was advanced clinical 
stage at diagnosis (p = 0.01). None of the other assessed factors correlated significantly with 
BRCA1/2 mutation status (table 4). Incorporating age at menarche into the models increased 
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all AUCs, but this improvement was only significant for the Myriad algorithm (table 3). 
Because there were no mutation carriers associated with early clinical stage at diagnosis, 
this factor could not be incorporated in the logistic regression models. A sensitivity analysis 
was performed, including only patients with advanced disease at diagnosis, and in this 
patient subset, all models performed comparably to their performances in the full cohort 
(supplementary tables 1 and 2).

Threshold of  ≥ 10% probability of BRCA1/2 mutation

Carrier Non-
carrier Total Sensitivity

(95% CI)
Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

BOADICEA +
−

14
5

10
71

24
76

74%
(49%– 91%)

88 %
(79%–94%)

58%
(37%–78%)

93 %
(85%–98%)

BRCAPRO +
−

8
11

4
77

12
88

42%
(20%–67%)

95 %
(88%–99%)

67%
(35%–90%)

88 %
(79%–94%)

Myriad +
−

11
8

16
65

27
73

58%
(34%–80%)

80%
(70%–88%)

41%
(22%–61%)

89%
(78%–95%)

Manchester +
−

12
7

19
62

31
69

63%
(38%–84%)

77%
(66%–85%)

39%
(22%–58%)

90%
(80%–96%)

Threshold of  ≥ 15% probability of BRCA1/2 mutation

Carrier Non-
carrier Total Sensitivity

(95% CI)
Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

BOADICEA +
−

13
6

3
78

16
84

68%
(44%–87%)

96%
(90%–99%)

81%
(54%–96%)

93%
(85%–97%)

BRCAPRO +
−

6
13

3
78

9
91

32%
(13%–57%)

97%
(90%–99%)

67%
(30%–93%)

86%
(77%–92%)

Myriad +
−

8
11

3
78

11
89

42%
(20%–67%)

96%
(90%–99%)

73%
(39%–94%)

88%
(79%–94%)

Manchester +
−

9
10

2
79

11
89

47%
(25%–71%)

98%
(91%–100%)

82%
(48%–98%)

89%
(80%–95%)

Table 2: Algorithm performance by threshold for selecting patients with ovarian cancer for 
genetic testing.

+, qualify for DNA testing; −, do not qualify for DNA testing.
Abbreviations: 95% CI, 95% Confidence Interval; PPV, Positive predictive value; NPV, Negative 
predictive value.

Table 3: Area under the receiver operating characteristic curves (AUC) for Algorithms 
alone or including age at menarche.

Model alone Model with age at menarche 

AUC 95% CI AUC 95% CI p-value

BOADICEA 0.87 0.77-0.97 0.89 0.80-0.99 0.58
BRCAPRO 0.77 0.63-0.90 0.83 0.73-0.93 0.23
Myriad 0.73 0.60-0.87 0.81 0.71-0.92 0.04
Manchester 0.79 0.67-0.91 0.86 0.76-0.95 0.15

Abbreviations: AUC, Areas under the receiver operating characteristic curves; 
95% CI, 95% Confidence Interval.
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Figure 1: Receiver operating characteristic (ROC) curves for each of the evaluated algorithms 
for predicting the probability of detecting BRCA1/2 mutations: BOADICEA, BRCAPRO, 
Myriad and Manchester.

Table 4: Logistic regression models for the correlation between patient characteristics and 
BRCA1/2 mutation status.

OR 95% CI p-value

Age at diagnosis 0.96 0.91–1.02 0.16

Age at menarche 1.44 1.06–1.94 0.02

Age at first pregnancy 1.05 0.96–1.16 0.31

BMI at interview 0.97 0.88–1.08 0.60

Histological type Others
Serous AC 

1
4.15

–
0.51–33.60 0.18

Clinical stage* I/II
III/IV – – –

Fertility problems* Yes
No – – –

Natural abortions Yes
No

1
1.34

–
0.42–4.26 0.62

Breast cancer No
Yes

1
4.88

–
0.90–26.38 0.07

Comorbidities Yes
No

1
1.56

–
0.57–4.27 0.39

*There were no cases of early clinical stage and of fertility problems among BRCA1/2 mutation carriers.
Abbreviations: AC, adenocarcinoma; BMI, body mass index; OR, odds ratio; 95% CI, 95% Confidence 
Interval.
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DISCUSSION

In this study, BOADICEA outperformed all other algorithms when predicting the 
BRCA1/2 mutation status in a cohort of Brazilian women diagnosed with OC (sensitivity, 
74%; specificity, 88%). Additionally, age at menarche was significantly associated with the 
presence of a BRCA1/2 mutation, and the inclusion of this factor significantly improved the 
performance of the Myriad algorithm.

A relatively high prevalence of mutations (19%) was observed in this cohort, 
as compared to previous studies of the Brazilian population, which observed a similar or 
lower prevalence of BRCA1/2 mutations (ranging from 2.3% to 22.5%).18 This variation 
can likely be attributed to differences in selection criteria and methodology. Previous 
Brazilian studies were based on cohorts of breast cancer patients or women with a personal 
or family history suggestive of hereditary breast and ovarian cancer syndrome, while the 
present study included women based only on an OC diagnosis. Furthermore, studies use 
different methods for screening BRCA1/2 for mutations. We consider our patient group 
to be representative of the population of ovarian cancer patients from this region, since 
ICESP is the largest reference centre for cancer treatment in Brazil, providing care only 
for patients referred by the hospitals where they received a cancer diagnosis confirmed by 
pathology, regardless of whether they have private health insurance or rely solely on public 
health care.

The accuracy of the algorithms used in this study, as well as the superiority of 
BOADICEA for discriminating potential mutation carriers, is broadly consistent with 
previous reports.19-21 Among the available algorithms, we selected BOADICEA, BRCAPRO, 
Myriad and the Manchester score because of their wide availability and simplicity of use. 
Our results are important because they indicate that using algorithms to select patients for 
DNA testing could reduce the number of tests performed by 70%–80%, with a consequent 
reduction in costs. A consequence of this may be that a considerable proportion of mutation 
carriers would be missed. It is important to remark that all algorithms that are used to select 
patients for genetic testing, will miss mutation carriers. The recommendation of testing 
all patients diagnosed with OC aims at overcoming this inherent limitation of algorithms. 
However, only some of most recent guidelines recommend testing all patients with OC2 and 
even high-income countries may still use guidelines that recommend the use of restrictive 
algorithms.

Many of the included patients (32%) reported limited contact with at least some 
of their families, but these women were still included in the analysis. This was because we 
aimed to provide a clinically meaningful assessment of the criteria for genetic testing, and 
because patients often present with limited information about their family history. It should 
be remembered that a lack of information on the family structure is an important limitation 
that can affect the accuracy of carrier prediction models.22 Nevertheless, three women in 
this study, who had an incomplete family history, were shown to have a ≥ 10% risk of a 
BRCA1/2 mutation according to at least one algorithm. Thus, other factors (e.g., age at 
diagnosis, previous cancers) may be sufficient for predicting mutation status.
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We observed that advanced clinical stage at diagnosis and age at menarche were 
associated with the presence of BRCA1/2 mutations. It has previously been reported that 
patients with BRCA1/2-associated OC are more likely to be diagnosed at an advanced stage.23 
However, although an association has previously been observed between age at menarche 
and the presence of BRCA1/2 mutations,24 our results contradict the research indicating that 
later age at menarche was associated with a lower probability of BRCA1/2 mutations (odds 
ratio 0.08; 95% CI, 0.01–0.45). Other studies investigating differences in reproductive 
factors between BRCA1/2 carriers and non-carriers have reported no differences regarding 
age at menarche.25,26 Although this factor is determined by interactions between genetic 
and environmental factors, genome-wide association studies to identify candidate genes 
have yielded inconsistent results,27 reflecting the complex genetic basis of age at menarche. 
It should also be noted that age at menarche was self-reported in the present study, so 
the information might not be accurate. Despite these facts, incorporating age at menarche 
improved the performances of all the risk-prediction algorithms, though this improvement 
was only significant for the Myriad algorithm.

In the present study, there was a non-significant trend towards an earlier age at 
diagnosis in BRCA1 carriers. When looking at age at OC diagnosis in 10-year age groups, 
the prevalence of mutations is generally comparable across the different age groups, with 
the exception of women older than 60 years, among whom only 1 (out of 25) had a BRCA1 
mutation. Generally, BRCA-associated OC is diagnosed at a younger age compared with 
sporadic tumours.28 The lack of a significant association between age at diagnosis and 
BRCA1/2 status in this study could be due to the small sample being too size.

To the best of our knowledge, no previous study has evaluated the accuracy of 
carrier prediction algorithms for a cohort based solely on patients with diagnosed OC. 
Moreover, this is the first study that aimed to refine the selection of patients with OC for 
genetic testing in Brazil. The strengths of this study are the genetic heterogeneity of the 
population studied and the prospective inclusion of patients with OC who were unselected 
for both age at diagnosis and family history of cancer.10 All women included were unrelated, 
representing individual families. However, the results should be interpreted in view of the 
this study’s limitations. Our cohort may have been too small. Sample size was not estimated 
previously to the recruitment of patients because this was an explorative study and we had 
no reliable expectation on the prevalence of BRCA1/2 mutations on this genetically diverse 
population nor of expected refusal rates. Initially, our plan was to include 250 patients, 
however, due to the high refusal rate, we were able to include only 100 patients in the time 
frame planned for the study. Common reasons for refusal were lack of time or difficult 
access to transportation to visit the hospital. Furthermore, the data about family history 
of cancer, reproductive factors and age at menarche were self-reported and could not be 
confirmed by medical records. In addition, other possible genetic causes of OC (e.g. Lynch 
syndrome) were not addressed.
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The NCCN guideline recommends that all patients diagnosed with invasive OC 
are offered genetic testing.9 The high proportion of BRCA1/2 mutations in this cohort (19%) 
supports the implementation of this recommendation in Brazil, even though access to 
genetic counselling for hereditary OC is limited for most of the Brazilian population since 
it is not regularly offered in the public health care system.29 Nevertheless, screening for 
hereditary cancer was recently declared a compulsory procedure to be covered by private 
health insurance in Brazil, which has seen availability increase. Cost-effectiveness analyses 
are now needed to support the development of policies so that we can incorporate this 
practice into the public healthcare system.30 Therefore, to ensure that the greatest number 
of mutation carriers are identified at the lowest costs, it is essential that we optimise the 
referral of patients for DNA testing.

In conclusion, BOADICEA performed better than the other studied algorithms 
in this Brazilian population of women with OC. Advanced stage at diagnosis and 
late menarche were both associated with the presence of a BRCA1/2 mutation, and we 
showed that adding age at menarche to the risk-prediction algorithms might improve their 
performances. Overall, using algorithms to select patients for genetic testing could reduce 
the number of tests performed by 70%–80%, which could be an important first step for the 
implementation of genetic testing in the healthcare systems of low- and middle-income 
countries. However, these algorithms still have limited accuracy, and it remains important 
to confirm our results in a larger independent cohort. The ability to provide estimates that 
are more accurate would be of great importance for women and healthcare professionals 
who live in areas with limited resources for genetic testing.
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Supplementary Table 1: Performance of algorithms by threshold for selecting patients for 
genetic testing, including only patients with advanced stage at diagnosis.

Threshold of  ≥ 10% probability of BRCA1/2 mutation

Carrier Non-
carrier Total Sensitivity

(95% CI)
Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

BOADICEA +
−

14
5

7
52

21
57

74%
(49%–91%)

88%
(77%–95%)

67%
(43%–85%)

91%
(81%–97%)

BRCAPRO +
−

8
11

3
56

11
67

42%
(20%–67%)

95%
(86%–99%)

73%
(39%–94%)

84%
(73%–92%)

Myriad +
−

11
8

10
49

21
57

58%
(33%–80%)

83%
(71%–92%)

52%
(30%–74%)

86%
(74%–94%)

Manchester +
−

12
7

13
46

25
53

63%
(38%–84%)

78%
(65%–88%)

48%
(28%–69%)

87%
(75%–95%)

Threshold of  ≥ 15% probability of BRCA1/2 mutation

Carrier Non-
carrier Total Sensitivity

(95% CI)
Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

BOADICEA +
−

13
6

3
56

16
62

68%
(44%–87%)

95%
(86%–99%)

81%
(54%–96%)

90%
(80%–96%)

BRCAPRO +
−

6
13

2
57

8
70

32%
(13%–57%)

97%
(88%–
100%)

75%
(35%–97%)

81%
(70%–90%)

Myriad +
−

8
11

3
56

11
67

42%
(20%–67%)

95%
(86%–99%)

73%
(39%–94%)

84%
(73%–92%)

Manchester +
−

9
10

2
57

11
67

47%
(24%–71%)

97%
(88%–
100%)

82%
(48%–98%)

85%
(74%–93%)

Abbreviations: NPV, Negative predictive value; PPV, Positive predictive value; 95% CI, 95%  
Confidence Interval.
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Supplementary Table 2: Area under the receiver operating characteristic curves (AUC) for 
evaluated models alone or in combination with age at menarche (sensitivity analysis includ-
ing only patients with advanced stage at diagnosis in the analysis).

Model alone Model with age at menarche
AUC 95% CI AUC 95% CI p-value

BOADICEA 0.88 0.78–0.97 0.90 0.81–0.99 0.58
BRCAPRO 0.79 0.66–0.92 0.83 0.72–0.93 0.23
Myriad 0.73 0.58–0.88 0.81 0.71–0.92 0.04
Manchester 0.80 0.68–0.92 0.86 0.77–0.96 0.15

Abbreviations: AUC, Areas under the receiver operating characteristic curves; 
95% CI, 95% Confidence Interval.
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