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Comparison between CaGene 5.1 and 6.0
for BRCA1/2 mutation prediction: a retrospective
study of 150 BRCA1/2 genetic tests in 517 families
with breast/ovarian cancer

Ivana Antonucci1, Martina Provenzano1, Luca Sorino1, Michela Balsamo2, Gitana Maria Aceto3,4,
Pasquale Battista3,4, David Euhus5, Ettore Cianchetti6, Patrizia Ballerini7, Clara Natoli3, Giandomenico Palka3

and Liborio Stuppia1,4

During the past years, several empirical and statistical models have been developed to discriminate between carriers and non-

carriers of germline BRCA1/BRCA2 (breast cancer 1, early onset/breast cancer 2, early onset) mutations in families with

hereditary breast or ovarian cancer. Among these, the BRCAPRO or CaGene model is commonly used during genetic counseling,

and plays a central role in the identification of potential carriers of BRCA1/2 mutations. We compared performance and clinical

applicability of BRCAPRO version 5.1 vs version 6.0 in order to assess diagnostic accuracy of updated version. The study was

carried out on 517 pedigrees of patients with familial history of breast or ovarian cancer, 150 of which were submitted to

BRCA1/2 mutation screening, according to BRCAPRO evaluation or to criteria based on familial history. In our study, CaGene

5.1 was more sensitive than CaGene 6.0, although the latter showed a higher specificity. Both BRCAPRO versions better

discriminate BRCA1 than BRCA2 mutations. This study evidenced similar performances in the two BRCAPRO versions even if

the CaGene 6.0 has underestimated the genetic risk prediction in some BRCA mutation-positive families. Genetic counselors

should recognize this limitation and during genetic counseling would be advisable to use a set of criteria in order to improve

mutation carrier prediction.
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INTRODUCTION

Breast cancer (BC) and ovarian cancer (OC) are considered among the
most common and important diseases affecting women worldwide, at
present accounting for one-third of all female cancers.1 Population
statistics indicated 25% of breast cancer cases are diagnosed before the
age of 50 years, and 10% of these cases is carrier of a BRCA1 (breast
cancer 1, early onset) or BRCA2 (breast cancer 2, early onset)
mutation.2–6 Deleterious mutations affecting these genes cause a
considerably increased risk of BC and OC as compared with the
general population.7,8 In fact, carriers of BRCA1 mutations up to 70
years old have 56–80% lifetime risk of developing BC, whereas OC
risk differs by gene, being higher among BRCA1 than among BRCA2
carriers (28–66% vs 16–27%).9–12 In affected patients, the identifica-
tion of a BRCA1/2 mutation indicates an increased risk for a second
cancer and represents an important step in the prevention of BC/OC,

considerably reducing their morbidity and mortality. Unaffected
relatives can undergo testing for the known mutation and clarify their
own personal risks. Women who result positive for BRCA1/2
mutations can choose different prophylactic strategies, including
mastectomy and/or oophorectomy, to dramatically reduce the risk
of developing these cancers.13–16 Unfortunately, genetic testing is
expensive and time consuming, making it important to accurately
select by genetic counseling patients at high risk of being a BRCA1/2
mutation carrier (carrier probability (CP)) to submit to molecular
analysis. The American Society of Clinical Oncology has suggested that
genetic testing should be restricted only to individuals who present a
CP of 410%.17,18 In this view, over the past years, many statistical
models (such as BOADICEA, BRCAPRO (also called CaGene), Myriad
and Couch (also known as PENN) have been designed to calculate the
CP and to select the individuals to submit to genetic testing.19–22
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BRCAPRO model is a commonly used computer program able to
estimate the individual CP based on family history, age at disease onset
and presence of multiple tumors.23–30 Several studies have evaluated
the accuracy of BRCA1/2 mutation prediction models in a large cohort
of patients with different ethnic backgrounds and genders.30–33

However, when used by genetic counselors during the editing of the
familiar pedigree, these models show some limitation, such as the
impossibility to include data about ethnicity, tumor markers, multiple
tumors and, most of all, information about probands’ second- and
third-degree relatives. For this reason, during the time, the BRCAPRO
program has undergone several improvements and changes related to
possibility to add major information in the pedigree analysis. Recently,
BRCAPRO version 5.1 has been updated to version 6.0 that allows the
insertion in the pedigree of the maternal and paternal cousins and
enables to specify in detail other risk factors such as height, weight and
mammographic density. The purpose of the present study is twofold:
(1) to compare performance and sensitivity of BRCAPRO 5.1 to
version 6.0 and (2) to determine whether the sensitivity and specificity
of the new version could suggest its usefulness during routinely genetic
counseling of families with recurrent BC/OC.

MATERIALS AND METHODS

Participants
We retrospectively collected data from pedigrees of families recruited between
2000 and 2013 in two centers in central Italy, namely the Human Genetics
division of the Pescara Hospital and the Medical Genetics service of the Chieti
University. All patients provided written informed consent. All patients gave
written informed consent to publication of the identifiable data within Tables 2
and 3. Ethics committee approval was not needed because all investigations
performed were part of standardized routine diagnostic. In total, 517 probands,
represented by patients affected by BC, OC or other cancers, or healthy subjects
with BC/OC family history, underwent genetic counseling in which personal
and familiar details were collected including current age, age at diagnosis, type
of cancer and presence of other affected members in family. In order to avoid
the bias induced by the presence of more affected members in the earlier
collected families as compared with the more recent ones because of the
appearance of novel cases in the former families, familiar pedigrees were not
updated during the course of the study and only the original pedigrees were
considered.

Risk assessment for genetic mutations
Genetic risk prediction of the 517 pedigrees was calculated with BRCAPRO
model by using CaGene version 5.1 and 6.0 software packages. The probands
were classified as ‘BRCAPRO positive’ (CP ⩾ 10%) or ‘BRCAPRO negative’
(CP o10%). All ‘BRCAPRO-positive’ probands were enrolled for molecular
analysis. To investigate the presence of false ‘BRCAPRO negatives’, we classified
the families for referral to BRCA genetic testing, considering the following
criteria (high CP risk vs low CP risk): (1) BC before 40 years; (2) OC before 47
years; (3) bilateral BC before 43 years; (4) BC and OC before 52 years;
(5) bilateral BC and OC before 56 years; and (6) male BC at any age.25

BRCA1 and BRCA2 mutation analysis
BRCA1/2 genetic testing was performed on selected probands after obtaining
written informed consent to undergo genetic testing and to receive their results.
For each selected family a proband (as a rule an affected patient) was chosen for
molecular analysis. When no affected member was available, a first-degree
unaffected relative was analyzed. Genomic DNA was extracted automatically
from peripheral blood lymphocytes using BioRobot EZ1instrument (Qiagen,
Milan, Italy) according to the manufacturer’s protocol. Amplification of all
coding exons and of each flanking intron of BRCA1/2 genes was performed in
B-Pure EasySeq PCR plates (Nimagen BV, Nijmegen, The Netherlands)
followed by direct DNA sequencing. Sequence variants were recorded as
BRCA1/2 mutations or unclassified/unknown variants according to the Breast
Cancer Information core (BIC) database. Carriers of nondeleterious mutations

or variants of uncertain clinical significance were considered as not mutated. In
BRCAPRO-positive patients not carriers of BRCA1/2 sequence mutations, the
presence of large genomic rearrangements was tested using the SALSA P002B-
BRCA1 and P045-BRCA2 MLPA kits (MRC-Holland, Amsterdam, The
Netherlands) as previously described.27

Statistical analysis
Statistical analysis was performed using SPSS package computer program
version 22.0 and MedCalc software package version 13. The sensitivity,
specificity, positive predictive value (PPV), negative predictive value, positive
likelihood ratio and negative likelihood ratio were calculated for the CaGene 5.1
and 6.0 versions at the 10% CP threshold and with 95% confidence interval
(CI). Receiver operating characteristic curves were constructed by plotting the
sensitivity (true positives) against 1 minus specificity (true negatives) for all
possible values of the mutation probability. The areas under the curves (AUCs)
were calculated for the entire group of probands with either pathogenic
mutation or a wild-type genotype. AUC associated with 95% CI is a combined
measure of sensitivity and specificity and allows to discriminate between
mutation carriers and those without a BRCA mutation. This area directly
represents the overall accuracy of the program in identification of germline
mutation carriers. As the AUC is a portion of the area of the unit square, its
value will always be between 0 and 1. An AUC of 0.5 indicates random
performance, and 1 denotes perfect performance. Specifically, values 0.9–1
indicate excellent predictive accuracy, values 0.8–0.9 good accuracy, values
0.7–0.8 fair accuracy, values 0.6–0.7 poor accuracy and 0.5–0.6 unacceptable
accuracy.34,35

RESULTS

Patient selection
Out of the 517 subjects submitted to genetic counseling, 150 (29%)
were selected for molecular analysis during our study period. Briefly,
patients were selected if: (1) ‘BRCAPRO’ positive after risk evaluation
with CaGene 5.1 or 6.0 (CP ⩾ 10%) (55 patients), or (2) entering in
the high CP risk category based on pedigree analysis, although being
BRCAPRO negative for both CaGene 5.1 and 6.0 (95 patients). All
patients were female except 10 (5 males with prostate cancer, 3 with
BC and 2 healthy relatives of BC patients). The 150 probands were
represented by: 112 BC (of which 16 bilateral BC, 2 BC+OC and 4
with recurrent cancer in the same breast) (74.6%); 13 OC (of which 2
BC+OC and 1 bilateral BC+OC) (8.6%); 5 males with prostate cancer
and BC family history (3.33%); 1 female patient with thyroid cancer
and BC family history (0.66%) and, finally, 19 healthy subjects
(17 females and 2 males) belonging to families with high incidence
of BC and/or OC (at least one first-degree affected relative in 15 cases
and at least 3 cases in 4 cases), in which no affected patient was
available for analysis (12.6%) (Table 1). The average age at diagnosis
in the group of selected probands affected by BC or OC was 45.21
years (range 22–77) and 42.69 years (range 19–60), respectively. The
age at diagnosis of BC waso40 years in 47 (41.96%) patients, whereas
the age at diagnosis of OC was o40 years in 2 (15.38%) patients.

BRCA1 and BRCA2 mutational analysis
Overall, 21 (14%) out of 150 tested individuals had BRCA mutation,
of which 16 (76.2%) were in BRCA1 and 5 (238%) in BRCA2. Among
patients with BRCA1 mutations, two were compound heterozygotes
for BRCA1 variants considered as pathogenic according to previous
literature data25,36 (Table 2). The majority of the detected mutations
(13/21, 61.9%) produced a truncated protein and are considered
pathogenic in the BIC database. The most common mutations were
E1373X and C61G of BRCA1, observed in four and two unrelated
families, respectively. Out of the 16 BRCA1 mutations, 5 (31.25%)
were found in patients with BC, 3 (18.75%) in patients with bilateral
BC, 2 (12.5%) in patients with BC+OC, 3 (18.75%) in patients with
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OC and 3 (18.75%) in healthy subjects. On the other hand, the
5 BRCA2 mutations were observed in 2 probands with bilateral BC
(40%), 2 (40%) patients with BC and 1 (20%) male patient with
prostate cancer (Table 2). Variants of uncertain significance were
identified in 55 cases.

Comparative performance of CaGene version 5.1 with 6.0 software
packages
A total of 150 probands have been analyzed with both BRCAPRO
versions. Fifty-two (34.66%) cases were positive for CaGene 5.1
(17 for BRCA1, 5 for BRCA2 and 30 for both) and 47 (31.33%) for
CaGene 6.0 (23 for BRCA1, 5 for BRCA2 and 19 for both) (Table 3).
The overall number of patients submitted to molecular analysis
being positive for CaGene 5.1, CaGene 6.0 or both was 55. BRCA1
mutations were found in 16/47 (34.04%) CaGene 5.1-positive cases
and in 15/42 (35.71%) CaGene 6.0-positive cases. As to BRCA2, 3/35

CaGene-5.1 positive (8.57%) and 2/24 CaGene 6.0-positive subjects
(8.33%) were mutation carriers (Table 3). Of the 44 probands positive
for both CaGene versions, 21 showed a mutation (47.72%), involving
in 16 cases BRCA1 (36.36%) and in 5 cases BRCA2 (11.36%).
Mutations were identified in 19/52 CaGene 5.1-positive cases
(36.53% ) and 17/47 CaGene 6.0-positive cases (36.17%). The overall
mutation detection rate in patients who were BRCAPRO positive for
CaGene 5.1, 6.0 or both was 19/55 (34.54%). In only 4 cases of
‘BRCAPRO-negative’ patients (all negative for CaGene 6.0 and 2 also
for CaGene 5.1), genetic testing detected a mutation, affecting BRCA2
in 3 cases and BRCA1 in the last one (Figure 1). In addition, we
reported in Table 4 the real CP value calculated by CaGene 5.1 and 6.0
in patient carriers of BRCA1/2 mutations (Table 4a). The results of
this analysis suggested different cutoff points for carriers of BRCA1/2
mutations (Table 4b). The calibration of the two BRCAPRO versions
was assessed by statistical analysis using SPSS (version 22) and

Table 2 Germline BRCA1/2 mutations detected in the present study

Diagnosis Age at diagnosis BRCA1 mutation BRCA2 mutation Mutation effect

BC 39 4171 insT (STOP 1355) — Truncation

Healthy — IVS20+60 ins 12 — Pathogenetic (Stuppia et al.25)
BC 54 3596 del 4 (STOP 1208) — Truncation

BilBC, OC 33–36a to42a Del exons 1–2 — Pathogenic deletion

BC 33 Del exons 1–2 — Pathogenic deletion

Healthy — 5154 del 5 (STOP 1680) — Truncation

OC, BC 49–53a E1373X — Truncation

OC 44 C61G — Pathogenic missense

Healthy — 4408 insC (STOP 1435) — Truncation

OC 45 E1373X — Truncation

BilBC 37–39a E1373X — Truncation

BC, OC 51 E1373X — Truncation

BilBC 51–55a 3875 del4 (STOP 1263) — Truncation

OC 41 C61G — Pathogenic missense

BC 45 R866C/P871L — Pathogenetic (Stuppia et al.25)
BC w.r. 42–43a Q356R/S1512I — Pathogenetic (Hadjisavvas et al.36)
Prostate C 51 — 5445 del4 (STOP 1739) Truncation

BC 46 — 9189 del 4 (STOP 2999) Truncation

BC 35 — IVS19+1 G4A Pathogenic single-nucleotide variant

BilBC 49–51a — 6132 del4 (STOP 2002) Truncation

BilBC 44–45a — 3034 del4 (STOP 959) Truncation

Abbreviations: BC, breast cancer; BC w.r., breast cancer with one or more relapses; BilBC, bilateral breast cancer; BRCA1, breast cancer 1, early onset; BRCA2, breast cancer 2, early onset;
OC, ovarian cancer; Prostate C, prostate cancer.
aDiagnosed after the prophylactic procedure.

Table 1 Characteristics of study sample

Number of

individuals

Mean

age

Mean age at

diagnosis Other cancer episodes Family history

First diagnosis BC 112 47.90 45.28 4 Patients: BC w.r.;

2 patients: OC; 16 patients:

BilBC

32 Patients: no family history; 63 patients: at least one

first degree affected; 17 patients: at least one second degree

affected.

First diagnosis OC 13 45.23 42.46 1 Patient: BilBC; 2 patients:

BC

5 Patients: no family history; 8 patients: at

least one first degree affected.

Tyroid cancer 1 54 54 — One first degree and one second degree affected

Prostate cancer 5 62.4 61.4 — 5 Patients: at least one first degree affected

Unaffected 19 48.21 — — 11 Patients: at least one first degree affected;

8 patients: at least one second degree affected.

Abbreviations: BC, breast cancer; BC w.r., breast cancer with one or more relapses; BilBC, bilateral breast cancer; BRCA1, breast cancer 1, early onset; BRCA2, breast cancer 2, early onset;
OC, ovarian cancer.
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Table 3 Characteristics of positive probands for CaGene 5.1 and 6.0

BRCA1 BRCA2

Age/sex

Age at first

diagnosis Cancer Familiar history (age at diagnosis)

CaGene 6.0 cutoff

X0.1

CaGene 5.1 cutoff

X0.1

CaGene 6.0 cutoff

X0.1

CaGene 5.1 cutoff

X0.1 Mutation

79/M 77 BC 1 OC (45) — — 0.185 0.155 NO
41/F 40 BC 2 BC (53–66) — — 0.873 0.878 NO
35/F — — 1 BC (35), 1 OC (62) 0.103 0.103 — — NO
45/F 45 BC 2 BC (45–45) 0.236 0.186 — — YES
35/F 35 BC 1 BC (40) 0.12 0.12 0.1 0.1 NO
40/F 39 BC 3 BC (44–50–54) 0.218 0.218 0.207 0.201 YES
30/F — — 5 BC (34–45–54–63–63–74),

1 Col. C (28), 1 other C (52)
— — 0.107 0.105 NO

41/M — — 3 BC (29–39–49), 4 other C
(45–45–48–49)

0.275 0.206 0.129 0.253 YES

42/F 42 OC 2 BC (50–77), 1 prostate C (68) 0.154 0.12 — — NO
60/F 60 OC 1 OC (48) 0.17 0.163 — — NO
54/F 54 BilBC 2 BC (48–71) — 0.188 — 0.21 NO
26/F — — 6 BC (33–39–50–50–50–70) — — 0.23 — NO
38/F 38 BC 1 BC (58), 1OC (60) 0.177 0.185 0.123 0.133 NO
56/F 54 BC 2 OC (54–52) 0.355 0.355 — — YES
41/F 38 BC 1 BC (37), 2 other C (35–65) 0.2 0.2 0.107 0.107 NO
66/F 33 BilBC, OC 1 BC (50), 1 other C (66) 0.789 0.805 0.124 0.175 YES
30/F 29 BC 1 OC (60) 0.162 — — — NO
37/F 37 BC 2 BC (30–56) 0.241 0.214 0.194 0.194 NO
33/F 33 BC 2 BC (35–41) 0.505 0.505 0.235 0.235 YES
52/F 52 BC 2 BC (42–66) — 0.234 — 0.21 NO
39/F 39 BC 1 BC (40), 2 other C (23–63) 0.133 0.161 — — NO
36/F 36 BC 2 BC (40–40), 1 other C (86) 0.244 — — — NO
30/F — — 2 OC (40–45) 0.144 0.142 — — YES
29/F — — 3 BC (25–33–56) 0.166 0.206 0.116 0.129 NO
52/F 49 OC, BC 1 OC (49) 0.817 0.808 — — YES
45/F 44 BC 4 BC (44–50–51–58) 0.1 — 0.132 0.126 NO
37/M 31 BC — — — 0.148 0.148 NO
45/F 44 OC 1 BC (36) 0.482 0.428 0.1 0.1 YES
63/F 46 BC w.r. 1 BC (46), 1 Col. C (55),1 other C

(60)
0.158 0.154 — — NO

35/F 35 BC 2 BC (39–63), 1 BilBC (44), 1 OC
(50)

0.659 0.546 0.251 0.233 YES

65/F 45 BC w.r. 1 BC (54) — 0.234 — 0.331 NO
50/F 47 BC 1 BC (42) — 0.164 — 0.195 NO
43/F 33 BilBC 1 BC (36),1 Col. C (49), 3 other C

(9–9–5)
0.238 0.472 — 0.248 NO

46/F 37 BC w.r. 2 BC (50–55), 1 prostate C (60) 0.132 0.321 — 0.202 NO
39/F 38 BC 1 BC (56), 2 OC (52–52) 0.585 0.565 0.178 0.178 NO
42/F 42 BC 2 BC (42–42) 0.114 0.114 — — NO
35/F 33 BC w.r. — 0.1 0.353 — 0.191 NO
41/F 41 BC 2 OC (45–48) 0.109 0.264 — — NO
53/F — — 4 BC (36–40–44–50) 0.146 0.142 0.1 0.1 YES
44/F 36 BilBC 1 OC (34) 0.638 0.776 — 0.13 NO
45/F 45 OC 2 OC (48–62) 0.239 0.59 — 0.1 YES
62/F 40 BilBC, OC 3

Other C
2 OC (40–42) 0.973 0.973 — — NO

45/F 42 BC w.r. 1 BC (35) — 0.138 — 0.108 YES
48/F 45 BilBC — — 0.1 — — NO
43/F 40 BC 1 BC (41) 0.1 0.1 — — NO
54/F 37 BilBC 1 OC (45) 0.462 0.662 0.139 0.181 YES
43/F 43 BC 2 BC (47–60), 1 OC (60), 1 Col. C

(73)
0.254 0.233 0.139 0.135 NO

59/F 51 BC, OC — 0.152 0.152 — — YES
52/F 48 BC w.r. 1 BC (43) — 0.228 — 0.141 NO
55/F 43 BilBC 2 BC (39–48), OC (80), 1 other C

(74)
0.405 0.372 0.211 0.244 NO

55/F 51 BilBC 2 BC (42–60) 0.119 0.119 0.159 0.159 YES
64/F 49 BilBC 2 BC (55–44) 0.1 0.11 0.70 0.78 YES
46/F 44 BilBC 1 OC (48) 0.294 0.675 — 0.176 YES
45/F 44 BilBC — — 0.11 — — NO
41/F 41 OC 2 OC (41–32) 0.915 0.915 — — YES

Abbreviations: BC, breast cancer; BilBC, bilateral breast cancer; BC w.r., breast cancer with one or more relapses; BRCA1, breast cancer 1, early onset; BRCA2, breast cancer 2, early onset;
C, cancer; Col. C, colon cancer; F, female; M, male; OC, ovarian cancer.
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MedCalc statistical software (version 13) at 10% CP threshold. The
two versions showed similar PPV for BRCA1 mutations (PPV= 38%
for CaGene 5.1 and PPV= 36% for CaGene 6.0) (Table 5). Further-
more, both CaGene 5.1 and CaGene 6.0 presented the same PPV (9%)
for BRCA2 mutations. The negative predictive value for BRCA1
mutations was also similar (1 for CaGene 5.1 and 0.99 for CaGene
6.0, respectively), and negative predictive value for BRCA2 mutations
was equal for both versions (0.98) (Table 5). The positive likelihood
ratio for BRCA1 mutation carriers was 4.62 (95% CI 3.35–6.38) for
CaGene 5.1 and 5.23 (95% CI 3.65–7.28) for CaGene 6.0, whereas the
negative likelihood ratios were consistently ˂0.1 (CaGene 5.1= 0.0;
CaGene 6.0= 0.08), indicating that both versions are capable to
include mutation carrier status and to exclude false negatives. Smaller
values were obtained from the positive likelihood ratio for BRCA2
mutation carriers: 2.72 (95% CI 3.35–6.38) for CaGene 5.1
and 2.90 (95% CI 3.65–7.28). Moreover, negative likelihood ratios for
BRCA2 mutation carriers were considerably 40.1 (CaGene 5.1= 0.51;
CaGene 6.0= 0.7), indicating that both versions could exclude
mutation carrier status in the presence of a mutation and thus include
false negatives. The CaGene 5.1 showed a higher sensitivity (95% CI)
than 6.0 version for the detection of BRCA1 mutation carriers (100%
vs 93.7%), whereas the specificity increased in the updated version

(78% vs 82.1%). The same situation occurred with regard to BRCA2
mutation, as the sensitivity was greater in the 5.1 version
(60% vs 40%), whereas the specificity was considerably higher
(77.9% vs 84.8%) in the 6.0 version. These data were also confirmed
by combining BRCA1/2 mutations (Table 5). Finally, the accuracy of
the two BRCAPRO versions was also compared by calculating the
areas under the receiver operating characteristic curves. The AUC
results, listed in the Table 6, revealed that both 5.1 and 6.0 versions are
able to select BRCA1 better than BRCA2 mutation carriers (Table 6
and Figure 2).

DISCUSSION

Genetic counseling and testing are increasingly integrated in the
clinical management of individuals with a relevant family history of
BC and/or OC.37–39 During the past several years, different probability
models have been used for identifying high-risk cases to submit to
molecular testing for the identification of BRCA1/2 mutations. The
performance evaluation of these prediction models has a relevant
impact in the clinical practice, allowing to dramatically reduce the
number of genetic tests carried out on families without BRCA
mutations, and increasing the cost/benefit ratio of the analysis. In
this view, another crucial point is represented by adverse psychological

Figure 1 BRCA mutation-positive family. At the top are shown the probabilities generated by CaGene 5.1 and 6.0. Under each individual are described year
of birth and age of diagnosis of cancer. The proband is the person tested for BRCA mutation. (a, b) The probands 46 and 63 were negative for both CaGene
5.1 and CaGene 6.0 for BRCA2 but were carriers of a mutation in this gene. (c) The proband 141 was positive for CaGene 5.1 and negative for CaGene 6.0
for BRCA2 gene but was carrier of a BRCA2 mutation. (d) The proband 125 was positive for CaGene 5.1 and negative for CaGene 6.0 for the BRCA1 gene
but was carrier of a BRCA1 mutation.
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reactions generated by the waiting for the response of genetic testing.40

In fact, the BRCA1/2 molecular test involves not only the analyzed
person, but also other family members who may be at risk, thus
increasing the anxiety levels in both the tested proband and his/her
relatives. For this reason, an accurate selection of probands to submit
to genetic testing would avoid anxiety, depression and nervousness
related to the test in low-risk women.41,42 On the other hand, the use
of too stringent selection criteria would increase the number of
mutation carriers not submitted to the test, preventing awareness of
mutation status and subsequent access to appropriate clinical options.
In the present study, we carried out a retrospective analysis on a
sample of 517 subjects to evaluate the performance and clinical
efficiency of two BRCAPRO versions in risk prediction for BRCA1/2
mutations, namely CaGene 5.1 and CaGene 6.0. This latter version of
the software allows to overcome some practical limitations of the
previous versions by allowing to incorporate into the calculations for
predicting CP the cousins of the affected proband and other personal

risk factors, such as reproductive history. Of the 517 analyzed subjects,
150 underwent BRCA1/2 molecular analysis, and an overall mutation
detection rate of 14% (21 out of 150 analyzed patients) was detected
that is lower than the one reported by the Italian Consortium of
Hereditary Breast and Ovarian Cancer (23%).43 This discrepancy is
likely related to the presence within our sample of 95 probands who
were ‘BRCAPRO negative’ when using CaGene 5.1 and 6.0, but who
were included in the study in order to provide a portion of the sample
selected with low stringent criteria for the evaluation of possible false
negatives generated by BRCAPRO analysis. In fact, when considering
only cases selected using CaGene 5.1 or 6.0, the detection rate of our
analysis increased up to 34.54% (19/55), according to our previous
reports,25,27 and confirming that the detection rate in cases selected
with BRCAPRO program is ∼ 1 out of 3 analyzed patients, with a very
positive cost/benefit ratio. In this view, CaGene 5.1 and CaGene 6.0
showed similar performances, although the new version appears to
underestimate the genetic risk in some BRCA mutation-positive

Table 4 Comparison of the CP calculated by CaGene 5.1 and 6.0 in patient carriers of BRCA1/2 mutations

(a) BRCA1 BRCA2

Age/Sex Cancer CaGene 6.0 CaGene 5.1 CaGene 6.0 CaGene 5.1 Mutation

45 BC 0.236 0.186 0.074 0.091 R866C/P871L (BRCA1)

40 BC 0.218 0.218 0.207 0.201 4171insT (BRCA1)

41/M — 0.275 0.206 0.129 0.253 IVS20+60 ins 12 (BRCA1)

56 BC 0.355 0.355 0.045 0.045 3596 del 4 (BRCA1)

66 BilBC, OC 0.789 0.805 0.124 0.175 del exons 1–2 (BRCA1)

33 BC 0.505 0.505 0.235 0.235 del exons 1–2 (BRCA1)

30 — 0.144 0.142 0.023 0.023 5154 del 5 (BRCA1)

52 OC, BC 0.817 0.808 0.085 0.094 E1373X (BRCA1)

45 OC 0.482 0.428 0.1 0.1 C61G (BRCA1)

35 BC 0.659 0.546 0.251 0.233 IVS19+1 G4A (BRCA2)

53 — 0.146 0.142 0.1 0.1 4408insC (BRCA1)

45 OC 0.239 0.59 0.067 0.1 E1373X (BRCA1)

45 BC w.r. 0.033 0.138 0.030 0.108 Q356R/S1512I (BRCA1)

54 BilBC 0.462 0.662 0.139 0.181 E1373X (BRCA1)

59 BC, OC 0.152 0.152 0.041 0.041 E1373X (BRCA1)

55 BilBC 0.119 0.119 0.159 0.159 3875del4 (BRCA1)

64 BilBC 0.1 0.11 0.70 0.78 6132del4 (BRCA2)

46 BilBC 0.294 0.675 0.089 0.176 3034del4 (BRCA2)

41 OC 0.915 0.915 0.017 0.017 C61G (BRCA1)

(b) Mean± s.d. Median Minimum value Maximum value

Age at first diagnosis 36.421±17.283 42 — 54

BRCA1
CaGene 6.0 0.365±0.265 0.275 0.033 0.915

CaGene 5.1 0.405±0.274 0.355 0.11 0.915

BRCA2
CaGene 6.0 0.137±0.152 0.1 0.017 0.7

CaGene 5.1 0.164±0.165 0.108 0.017 0.78

Combined
CaGene 6.0 0.502±0.286 0.404 0.063 0.932

CaGene 5.1 0.572±0.289 0.572 0.165 0.98

Abbreviations: BC, breast cancer; BilBC, bilateral breast cancer; BC w.r., breast cancer with one or more relapses; BRCA1, breast cancer 1, early onset; BRCA2, breast cancer 2, early onset;
CP, carrier probability; M, male; OC, ovarian cancer.
(a) CP in each single patient and (b) mean values for all patients.
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families. In fact, in a few cases, although we are far from defining a
statistically significant difference, a discrepancy between the probabil-
ities generated by the two versions of the BRCAPRO program and the
results of genetic testing was observed. CaGene 6.0 produced a CP of
o10% in four families in which molecular analysis subsequently
evidenced the presence of BCRA1/2 mutations (described in Figure 1).
These results are consistent with previously published studies eviden-
cing that BRCAPRO model can fail to correctly identify the CP in
families with affected males or with patients showing multiple tumors
or relapses.32,44 It is important to underline that our study has a
number of limitations that should be taken into account, including its
retrospective nature and small sample size. Moreover, our data also
suggest that CaGene 5.1 and in particular CaGene 6.0 can under-
estimate the CP probability in families with affected members aged
440 years. In our sample this also occurred in families with bilateral
BC, differently from previous reports.45,46 Regarding the accuracy of
the CaGene 5.1 and 6.0, we observed an equal ability to discriminate
between carriers and noncarriers of BRCA1/2 mutations and to
identify the most likely mutated gene. In fact, the receiver operating
characteristic curves of the two models (0.852 for CaGene 5.1 and
0.879 for CaGene 6.0) were higher than the curves observed by Euhus
et al.18 (0.712), Antoniou et al.7 (0.76) and Marroni et al.44 (0.757)
using previous versions of the program. Moreover, although this is not
strictly mean statistically significant difference, the two versions were
enough comparable in terms of sensitivity and specificity. In fact, it is
possible to note only slight, not significant, differences among the
most clinically useful parameters, such as sensitivity and specificity:
CaGene 5.1 showed a slightly higher sensitivity than 6.0 version for the

detection of BRCA1/2 mutation carriers (90.5% vs 85.7%), whereas
the specificity increased in the updated version (71% vs 67%). From a
clinical point of view, sensitivity can be considered as more important
than specificity, because it would reduce the number of false negatives.
Meanwhile, high specificity would play an important role in the
reduction of costs for molecular analysis and in the preservation of
limited health-care resources. In fact, using CaGene 5.1 alone, we
would have avoided ∼ 65% of the tests, but we would have missed ∼ 1
every 2.5 carriers of BRCA2 mutation. On the other hand, using
CaGene 6.0 alone, we would have avoided 68% of the tests, but 1
every 16 BRCA1 mutation carriers and 1 every 1.6 BRCA2 mutation
carriers would have been missed. In conclusion, our study suggests
that the CaGene 6.0 version of the BRCAPRO model has similar
performance to the previous CaGene 5.1 version, but its use in routine
clinical practice and its initial validation should be performed with
caution, as this program still has several limitations such as under-
estimation of CP in pedigrees presenting with male patients affected by
cancers different from BC, female patients with bilateral breast cancer
and/or multiple tumors. Genetic counselors should recognize these
limitations and during genetic counseling it would be advisable to
construct in detail the pedigrees of probands, to scrupulously collect
the clinical histories of patients and to use a set of criteria in order to
improve mutation carrier prediction. When supported by an accurate
evaluation of clinical data, familial history and biological markers,
CaGene 6.0 could likely represent a valuable tool to select cases of BC
and/or OC for mutation analysis, allowing a more targeted

Table 5 Sensitivity, specificity, PPV, NPV, PLR and NLR of the two

versions of BRCAPRO for detecting BRCA1/2 germline mutations at

the 10% cutoff

CaGene 5.1 CaGene 6.0

BRCA1
Sensitivity 1.0 0.937

Specificity 0.78 0.821

PPV 0.36 0.38

NPV 1.0 0.99

PLR 4.62 5.23

NLR 0.00 0.08

BRCA2
Sensitivity 0.6 0.4

Specificity 0.779 0.848

PPV 0.09 0.09

NPV 0.98 0.98

PLR 2.72 2.90

NLR 0.51 0.7

Combined
Sensitivity 0.905 0.857

Specificity 0.67 0.71

PPV 0.31 0.33

NPV 0.98 0.97

PLR 2.71 2.99

NLR 0.14 0.20

Abbreviations: BRCA1, breast cancer 1, early onset; BRCA2, breast cancer 2, early onset;
NLR, negative likelihood ratio; NPV, negative predictive value; PLR, negative likelihood ratio;
PPV, positive predictive value.

Table 6 The area under the ROC curve (C-statistic) for two versions of

BRCAPRO

95% Confidence interval

BRCAPRO version C-statistic Lower bound Upper bound

BRCA1 CaGene 5.1

SPSS v.22

0.911 0.862 0.960

BRCA1 CaGene 5.1

MedCalc

0.911 0.861 0.960

BRCA1 CaGene 6.0

SPSS v.22

0.913 0.857 0.969

BRCA1 CaGene 6.0

MedCalc

0.913 0.856 0.970

BRCA2 CaGene 5.1

SPSS v.22

0.657 0.327 0.987

BRCA2 CaGene 5.1

MedCalc

0.657 0.289 1.0

BRCA2 CaGene 6.0

SPSS v.22

0.717 0.417 1.0

BRCA2 CaGene 6.0

MedCalc

0.717 0.383 1.0

Combined CaGene 5.1

SPSS v.22

0.852 0.751 0.953

Combined CaGene 5.1

MedCalc

0.852 0.785 0.904

Combined CaGene 6.0

SPSS v.22

0.879 0.797 0.962

Combined CaGene 6.0

MedCalc

0.879 0.816 0.927

Abbreviations: BRCA1, breast cancer 1, early onset; BRCA2, breast cancer 2, early onset;
ROC, receiver operating characteristic.
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management of families considered as high risk, with important
implications on health-care costs.
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