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ABSTRACT 

 

Background: Male breast cancer (MBC) is a rare disease that represents less than 1% of all 

breast cancers (BCs). We analyze the results of a multicenter study performed in Spanish 

familial MBC including family history of hereditary breast and ovarian cancer syndrome 

(HBOCS) and clinicopathological features. We also study the relationship between BRCA1/ 

BRCA2 mutational status in male relatives affected with cancer (MAC) and, family history and 

tumor types. 

Methods: The study included 312 men index cases (ICs) with family history of HBOCS and 61 

MAC BRCA1/2 mutation-carriers. Family history, histological grade (HG), clinicopathological 

and immunohistochemistry data were collected. BRCA1/2 mutation analyses were performed by 

direct sequencing or screening methods and the large rearrangements by multiplex ligation 

dependent probe amplification.  

Results: We found 49 mutation-carriers (15.7%), 95.9% with BRCA2 mutations. BRCA2 

mutation-carriers were associated with families with at least one MBC and one BC in female 

(type II; p=0.05). Strong association were found between the presence of pathogenic mutations 

in MBCs and the advanced HG (p=0.003). c.658_659delTG, c.2808_2811delACAA, 

c.6275_6276delTT and c.9026_9030delATCAT were the most prevalent mutations. In 61 MAC 

we found 20 mutations in BRCA1 and 41 in BRCA2. For MAC we show that mutational status 

was differentially associated with family history (p=0.018) and tumor type, being BRCA2 

mutations linked with BC and prostatic cancer (p=0.018).  

Conclusions: MBC caused by BRCA1/2 mutations define two types of MBCs. The most 

frequent caused by BRCA2 mutation linked to type II families and the rarest one attributed to 

BRCA1 mutation. Tumor associated with MAC suggest that only BRCA2 mutations have to do 

with a specific type of cancer (BC and prostatic cancer); but the linkage to tumors is 

questionable for BRCA1 mutations. 

 Key words: Familial male breast cancer, hereditary breast and ovarian cancer syndrome, 

BRCA1, BRCA2 mutations 
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Introduction 

Male breast cancer (MBC) is a poorly understood and a rare disease that accounts for less than 

1% of all breast cancers (BCs). Compared with female BCs, MBCs are usually more advanced 

diseases with larger tumor size and lymph node involvement [1]. MBCs have later onset than 

female BCs (67 vs. 61 years), with an unimodal incidence distribution that reaches a maximum at 

71 years, while BCs in women show two peaks, at 52 and 71 years [1]. Clinically, MBCs 

resemble postmenopausal female BCs and the dominant histopathological type is also the 

invasive ductal carcinoma [1]. However, compared with female BCs, hormone receptors show 

higher incidence in MBCs. 

Around 15-20% of MBCs present BC and/or ovarian cancer (OC) family history and only 10% 

of them can be attributed to a known genetic origin. The most frequent genetic causes of MBCs 

with family history are BRCA2 mutations [2, 3, 4, 5], being less frequent BRCA1 [6], PTEN, 

CHEK2 or TP53 [7, 8, 9] mutations. BRCA2 mutations confer around 5-10% of MBCs 

cumulative risk throughout life compared with 0.1% of general population [10]. BRCA2 

mutations also confer an increased risk of other cancers, particularly prostate cancer (PC) [RR = 

4.65 (95% CI: 3.48-6.22)] [10]. In fact, 2% of BRCA2 mutations have been detected in PCs with 

age of onset ≤ 55 years [11]. Furthermore, BRCA2 mutations also confer an increased risk of 

malignant melanoma [RR = 2.58 (95% CI: 1.28-5.17)], pancreatic cancer [RR = 3.51 (95% CI: 

1.87-6.58)] and gallbladder cancer [RR = 4.97 (95% CI: 1.50-16.52)] [10]. Likewise it has also 

been reported that BRCA1 mutations are associated with an increased risk of colorectal (CRC), 

pancreatic, gastric and fallopian tube cancer, with regard to normal population [6]. 

One of the most recent studies on the implications of BRCA1 and BRCA2 (BRCA1/2) mutations 

in MBC was reported by Ottini et al (2012) [12]. This was an Italian multicenter study in which 

50 mutation-carriers were identified among 382 MBCs (13.1%). The study pointed out clear 

differences between sporadic MBCs and hereditary MBCs (HMBCs), mainly due to BRCA2 

mutations. Mutation-carriers presented BC/OC family history, more aggressive tumors, 

advanced tumor stage, high histological grade (HG), lower proportion of hormonal markers and 

HER2 amplification. 

MBC is a rare disease, especially HMBC; therefore, it has been difficult to understand its 

pathogenic process, making it difficult to design appropriate therapeutic strategies. Most 

published studies are limited to short series from single institutions. Therefore, cooperative 

studies are mandatory in order to get a better insight of this rare disease. 
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In the present study, we analyze the clinicopathological parameters, family history and 

mutational status of familial MBC (FMBC) in a Spanish multicenter cohort. We also analyze the 

relationship between BRCA1/ BRCA2 mutation status in male relatives affected with cancer 

(MAC) and family history and tumor types. 

 

Material and methods 

 

Patients 

The study included 312 male index cases (ICs) selected from 11,812 families with hereditary 

breast and ovarian cancer syndrome (HBOCS) collected between 1995 and 2014 by eight genetic 

counseling units in cancer located throughout Spain. Furthermore, we included 61 MAC with 

BRCA1/2 mutations. 

The following laboratories participated in the study: Molecular Biology laboratory of the 

University hospital La Fe (Valencia), Molecular Biology laboratory of the Valencian Institute of 

Oncology (Valencia), Spanish National Cancer Research Centre, CNIO (Madrid), Molecular 

Diagnostics Unit of ICO (L’Hospitalet, Barcelona), Cancer Genetics Laboratory, Institute of 

Molecular Biology and Genetics (Valladolid), Oncogenetics Laboratory of University Hospital 

Vall d’Hebron, (Barcelona), Laboratory of Molecular Oncology of Hospital Clínico San Carlos 

(Madrid), Galician Public Foundation Genomic Medicine (Santiago de Compostela). 

All ICs tested for BRCA1/2 mutations were MBCs who belonged to families that accomplished 

at least one of the following criteria: (Ia) families with BC&OC; (Ib) families with BC&OC in 

the same relative; (II) families with at least one BC in a male and another in a female; (III) 

families with BC in three or more members, at least two of them first degree relative; (IV) 

families with two cases of BC in first degree relatives (at least one of them before 50 years or 

bilateral) and (V) one BC under 30 years.  

All patients signed an informed consent elaborated by their respective centers or hospitals 

according to the recommendations of the Declaration of Human Rights, the Conference of 

Helsinki [13] and institutional regulations that was approved by the Hospital Ethics Committee. 

For each case, we collected the age at the onset of the tumor, inclusion criteria, tumor types, 

clinicopathological parameters [histology, histological grade (HG) and node involvement], 

immunohistochemical (IHC) parameters (ER, PR and HER2) and BRCA1/2 mutational status. 
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Tumor types of MAC mutation-carriers were classed in three groups: a) BC: BC or bilateral BC 

as primary tumor alone or combined with a secondary tumor (colorectal, prostate, lung, bladder, 

etc.); b) PC as primary tumor either alone or combined with a secondary tumor (colorectal, 

bladder, pancreatic, etc.) and c) Others including single tumors such: colorectal, pancreatic, 

melanoma, skin cancer, lung or gastric cancer. 

Molecular studies 

BRCA1/2 mutation analysis was performed by the participating laboratories. Briefly, all coding 

exons and exon–intron boundaries of BRCA1/BRCA2 were amplified by PCR followed in some 

laboratories by direct sequencing. The remaining laboratories performed a BRCA1/2 mutation 

pre-screening based on abnormal pattern detection using either conformation sensitive gel 

electrophoresis (CSGE) [14], heteroduplex analysis by capillary array electrophoresis (HA-CAE) 

[15], conformation sensitive capillary electrophoresis (CSCE) [16], high performance liquid 

chromatography (HPLC) or high resolution melting (HRM) [17, 18] methods followed by 

sequencing of the abnormal patterns. Large genomic rearrangements were studied by multiplex 

ligation dependent probe amplification (MLPA; MRC Holland, Amsterdam, The Netherlands) 

[19]. In the last years, three laboratories have replaced Sanger sequencing by next generation 

sequencing (NGS). 

Immunohistochemistry  

Clinicopathological parameters, tumor histology, HG and IHC parameters (ER, PR and HER2) 

were collected from medical and pathological reports. IHC was performed on formalin-fixed 

paraffin embedded tumor blocks. The slides were incubated with primary antibodies against ER, 

PR or HER2 and counter-stained with haematoxylin-eosin. ER and PR expression was evaluated 

according to the allred scoring system [20]. HER2 expression was scored according to Hercep 

Test interpretation criteria [21]. 

Statistical analysis 

Chi-square test was applied to compare the qualitative data between the two groups and Z test 

was used to compare proportions from 2 independent samples. These analyses were performed 

using SPSS v.19 package. P-values < 0.05 were considered as statistically significant. 
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Results 

 

Clinicopathological features, mutational spectrum and family history of index cases 

We found 49 mutations in 312 ICs (15.7%; Table 1), two in BRCA1 and 47 in BRCA2. The 

median age of tumor onset of the 312 ICs was 59.5 years (range: 24-88 years), while for 

mutation-carriers was 60 (range: 34-79 years). These differences were not statistically 

significant.  

The invasive ductal BC was the most frequent histological type (87.1% of all MBC, Table 1), 

followed by ductal carcinoma in situ and papillary carcinoma, that together represent 11.2% of 

MBC. 

Most of the mutation-carriers, 44 out of 49 (89.8%), belonged to type II families, which 

represents 94.5% of all families studied (p = 0.011; Table 1).  

We did not find association between tumor size (T) and BRCA1/2 mutational status, although we 

observed a higher proportion of T ≥ 3 MBCs in mutation-carriers (21.9% vs. 12.7%; Table 1). 

Eighty-six per cent of tumors were N0 or N1, and no associations were found between nodal 

involvement and mutational status. Metastases were only detected in six BCs (3.2%, Table 1). 

HGs 2 and 3 were most frequent in MBC representing 83.8% of all tumors (Table 1). HG 

showed significant association with mutational status, where the mutation-carriers presented 

HGs > 2 in 95% of cases (p = 0.003, Table 1). 

Ninety-six per cent and 88.9% of the total MBCs were ER+ and PR+, respectively, and only 

13.1% presented HER2 amplification (Table 1). However, no association between IHC 

parameters and mutational status was found. 

We detected 29 different mutations in BRCA2; four of them with prevalence > 6.3% (Table 2). 

These four mutations represented around 40% of all mutations. But the most prevalent by far 

was c.9026_9030delATCAT, representing 14.6% of all mutations.  

For ICs we observed that family types were associated with BRCA1/2 mutational status. Most of 

BRCA1/2 mutation-carriers belonged to type II families (at least one MBC and one BC in 

female) that harbored 44 of 49 mutations (89.8%, Table 2). 
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Clinicopathological and mutational status in male relatives affected with cancer and 

BRCA1/2 mutation-carriers 

We studied 61 MACs, affected by different tumor types who harbored the ICs family mutation. 

The median age of cancer presentation among them was 58 years (range 22-88 years).  

Family histories III and IV were predominant, accounting for 62.3% of all family types (38 out 

of 61 families; Table 3). We found an association between BRCA2 mutation-carriers and type II 

and III families (p = 0.018; Table 3). 

Tumor types were also associated with BRCA2 mutations, particularly with BC and PC (p = 

0.018, Table 3), whereas the other tumor types were not linked with BRCA1/2 mutational status. 

Twenty MACs carried 17 different mutations in BRCA1, of which c.211A>G and c.212+1G>A 

were recurrent (Table 4). In BRCA2, we identified 28 different mutations among 41 MACs, of 

which c.2808_2811delACAA, c.3264dupT and c.9026_9030delATCAT showed a prevalence ≥ 

7.3% and represented 31.7% of all BRCA2 mutations. 

 

Discussion 

In this study, we show that 15.7% of MBC ICs present BRCA1/2 pathogenic mutations. This 

prevalence is slightly higher than that reported by Ottini et al (13.1%) in Italian population series 

[12]. Our higher mutational prevalence could be explained by the different inclusion criteria; 

Ottini et al (2012) included all MBCs while we exclusively included patients with HBOCS 

history.  However, in other study performed in 115 MBCs, 105 cases without family history, 18 

BRCA2 pathogenic mutations were detected, with 15.6% prevalence [22], similar to the present 

study.  

The low relevance of family history on the mutational prevalence in MBC justifies that in the 

Guidelines from the National Cancer Comprehensive Network® Version 1.2014 NCCN [23] was 

considered MBC as testing criteria for mutation study, regardless of family history. 

BRCA2 mutations were present in 95.9% of HMBC ICs, whereas BRCA1 only accounted for 

4.1%, in agreement with previous reports [12, 24, 25]. Since the inheritance of BRCA1 and 

BRCA2 mutations is not linked to gender, male and female should have the same probabilities of 

harboring them. Therefore, it can be hypothesized that BRCA2 mutations should be more 

penetrant in males than BRCA1; which could be explained by the different modulatory effects of 

the endocrine environment in men as compared with women.  
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In the present study we have not found differences between BRCA1/2 mutation-carriers and no-

carriers regarding the age of cancer onset or the mutated gene. This may be attributed to the wide 

scatter in the age of onset in our series (range 24 to 88 years).  

Unlike Ottini et al (2012) [12], we did not find associations between BRCA1/2 mutational status 

and TNM, hormonal receptors or HER2. However, like them we found association between 

advanced HG (2 and 3) and high mutation-carrier prevalence.  

Sixteen  mutations detected in ICs, one in BRCA1 and 15 in BRCA2, previously reported in the 

Spanish population [26, 27, 28, 29, 39] (Table 2). In addition, prevalent BRCA2 mutations have 

been reported in previous Spanish population studies. Particularly, the most prevalent BRCA2 

mutation, c.9026_9030delATCAT, was initially reported by Neuhausen et al [32] in French 

families. This mutation is the most prevalent in the Mediterranean Spanish area [27] although it 

has also been detected in families from Almeria [33] and Basque Country. 

The association of MAC tumor type with BRCA1/2 mutations was particularly remarkable. None 

of the 20 BRCA1 mutation-carriers presented BC, while 11 out of 41 BRCA2 mutation-carriers 

(26.8%) developed BC. These results could suggest that contrarily to women, BRCA1 mutations 

could have lower penetrance to develop BC in men. 

MAC associated tumors indicate that BRCA2 mutations are also correlated with PC but are not 

related with the other cancers. These results are in agreement with those reported by The Breast 

Cancer Linkage Consortium [10] and Edwards et al [11].  

MAC exhibit a broader mutational spectrum as compared to ICs, particularly for BRCA1 (Table 

4). Three BRCA2 recurrent mutations were identified (c.2808_2811delACAA, c.3264dupT and 

c.9026_9030delATCAT), representing 21.3% of the total mutations (Table 4). These recurrent 

mutations have also been found in ICs and most of them have already been reported in studies 

carried out in Spanish population [26, 27, 28, 29, 35, 36, 37, 38, 39] or included in mutation 

databases [30, 31] (Table 4). 

In summary, it could be concluded that HMBC caused by BRCA1/2 mutations define two types 

of MBCs. BRCA2 mutation-carriers MBCs are, by far, the most frequent MBCs, and are linked 

to type II families, whereas MBCs attributed to BRCA1 mutations are the rarest. The tumors 

developed by MACs suggest that only BRCA2 mutations are linked to specific types of cancer 

(BC and PC); whereas the role of BRCA1 mutations is unknown.  
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Table 1: Demographic, family history, clinicopathological and immunohistochemistry 
characteristics of index cases 
 

Parameter; χ2 (p) 
BRCAX  BRCA1/2+  

N (%) 

TOTAL  

N (%) N (%) 

Male breast cancer 263 49 312 

Family history types; χ2=11.12 (p=0.01)  

Ia. Families with BC & OC 3 (1.2) 1 (2.0) 4 (1.3) 

  II.  Families with at least one  BC 
in male and in female 

252 (95.8) 44 (89.8) 295 (94.5) 

III. Families with ≥ 3 BC 5 (1.9) 4 (8.2) 10 (3.2) 

IV. Families with < 3 BC 3 (1.2) 0 3 (1.0) 

Histology classification; ns    

Invasive ductal carcinoma (IDC) 171 (85.1) 38 (97.4) 209 (87.1) 

Ductal carcinoma in situ (DCIS) 17 (8.4)  17 (7.0) 

Papillary carcinoma 9 (4.5) 1 (2.6) 10 (4.2) 

Invasive lobular carcinoma (ILC) 3 (1.5)  3 (1.3) 

undifferentiated 1 (0.5)   1 (0.4) 

T; ns    

Tis 8 (5.1)  8 (4.2) 

1 75 (47.5) 13 (40.6) 88 (46.3) 

2 55 (34.8) 12 (37.5) 67 (35.5) 

≥3 20 (12.7) 7 (21.9) 27 (14.2) 

N; ns    

0 97 (57.1) 16 (44.4) 113 (54.9) 

1 50 (29.4) 14 (38.9) 64 (31.1) 

2 15 (8.8) 4 (11.1) 19 (9.2) 

3 8 (4.7) 2 (5.6) 10 (4.9) 

M; ns    

0 148 (96.1) 31 (100) 179 (96.8) 

1 6 (3.9)   6 (3.2) 

Grade; χ2=11.54 (p=0.003)    

0 4 (2.9)  4 (2.5) 

1 21 (15) 1 (5) 22 (13.8) 

2 78 (55.7) 6 (30) 84 (52.5) 

3 37 (26.4) 13 (65) 50 (31.3) 

ER; ns    

Negative 7 (4.2) 1 (2.9) 8 (4) 

Positive 159 (95.8) 33 (97.1) 192 (96) 

PR; ns    

Negative 18 (10.9) 4 (11.8) 22 (11.1) 

Positive 147 (89.1) 30 (88.2) 177 (88.9) 

HER2; ns    

Negative 108 (85.7) 25 (92.6) 133 (86.9) 

Positive 18 (14.3) 2 (7.4) 20 (13.1) 

 
BC: breast cancer; OC: ovarian cancer; ns: non-significant 
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Table 2: Mutations, family histories and tumor types of index cases mutation-carriers 
 

Genes Mutations 
N. 

Cases 
(%) 

Family 
Type (N*) 

References 

B
R

C
A

1
 

N
=2

 c.1961delA 1 (50) II 26-28 

c.3869_3870delAA 1 (50) II 30 

B
R

C
A

2
 N

= 
4

7
 

c.145G>T 1 (2.1) II 29 

c.262_263delCT 1 (2.1) II 27, 29 

c.370delA 1 (2.1) II 29 

c.658_659delGT 3 (6.3) II (3) 30, 31 

c.682-2A>G 1 (2.1) III ND 

c.1368_1369dupGA 1 (2.1) II ND 

c.2808_2811delACAA 5 (10.4) II (4) 26-29 

c.3264dupT 2 (4.2) II (2) 26-29 

c.3922G>T 1 (2.1) II 26-29 

c.4936_4939delGAAA 1 (2.1) II 26-29 

c.5042_5043delTG 1 (2.1) II 30 

c.5073dupA 1 (2.1) II 30, 31 

c.5116_5119delAATA 1 (2.1) II 26-29 

c.5146_5149delTATG 2 (4.2) II, III 26, 28, 29 

c.5722_5723delCT 1 (2.1) II 30, 31 

c.6209_6212delAAAG 1 (2.1) II 30, 31 

c.6275_6276delTT 4 (8.3) Ia,II (3) 26-29 

c.7109_7110delAA 1 (2.1) II 30 

c.8067_8068insTT 1 (2.1) II 26 

c.8490 G>A 1 (2.1) III 30 

c.8695C>T 1 (2.1) II 31 

c.8978_8991del14 1 (2.1) II 26-29 

c.8988_8990delATAinsTT 1 (2.1) II 27, 29 

c.9018C>A 1 (2.1) II 26-29 

c.9026_9030delATCAT 7 (14.6) II (6),III 26-29 

c.9117G>A (r.8954_9117del) 1 (2.1) II 30, 31 

c.9376C>T 1 (2.1) II 30 

DelEx.1-24 1 (2.1) II 37 

DelEx.2 2 (4.2) II (2) ND 

 
N*: indicate the number of cases when is >1; the most recurrent mutations are underlined; ND: Not 
described  
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Table 3: Inclusion criteria and tumor type of male relatives affected with cancer and BRCA1/2 
mutation-carriers 
 

Parameter; χ2 (p) 
BRCA1+ 

N (%) 

BRCA2+ TOTAL 

 N (%) N (100%) 

Family history types; χ2=11.85 (p=0.018)    

Ia. Families with BC & OC 7 (58) 5 (41.6) 12 

Ib. Index case with BC & OC 1 (100) 0 1 

II. Families with at least one BC in male and in 
female 

0 8 (100) 8 

III. Families with ≥ 3 BC 5 (21.7) 18 (78.2) 23 

IV. Families with < 3 BC 7 (46.6) 8 (53.3) 15 

V. One BC < 30 0 2 (100) 2 

Tumor types; χ2=8.83 (p=0.018)    

BC 0 11 (100) 11 

PC 3 (23) 10 (77) 13 

CPC/Others 17 (46) 20 (54)  37 

 
BC: breast cancer; OC: ovarian cancer; PC: prostate cancer; CRC/others: colorectal or other cancers 
(bladder, pancreatic, melanoma, skin cancer, lung or gastrointestinal); ns: non-significant 



Página 16 de 16 

 

Table 4: Mutations, family histories and tumor types of male relatives affected with cancer and 
BRCA1/2 mutation-carriers 
 

Genes Mutations 
N. Cases 

(%) 
Family Type 

(N*) 
Tumor type (N*) References 

B
R

C
A

1
 N

=2
0

 
c.68_69delAG 1 (5) IV CRC/Others 26-29 

c.211A>G 3 (15) Ia(3) CRC/Others(3) 26-29, 36, 39 

c.212+1G>A 2 (10) III(2) PC, CRC/Others 26-29, 36 

c.431dupA 1 (5) III CRC/Others ND 

c.981_982delAT 1 (5) Ia CRC/Others 29 

c.1121_1123delCACinsT 1 (5) IV CRC/Others 29 

c.1961delA 1 (5) Ia CRC/Others 26-28 

c.3257T>G 1 (5) IV CRC/Others 29 

c.3770_3771delAG 1 (5) IV CRC/Others 26-29 

c.4484+1G>T 1 (5) III CRC/Others 36 

c.5027_5030delTAAC 1 (5) III CRC/Others 30 

c.5123C>A 1 (5) Ib PC 26-29 

c.5152+5 G>A 1 (5) IV CRC/Others 27, 29 

c.5154G>A 1 (5) IV CRC/Others 27, 29 

c.5266dupC 1 (5) Ia PC 31 

DelEx.8-13 1 (5) IV CRC/Others 29 

DupEx.13 1 (5) Ia CRC/Others 29, 38 

B
R

C
A

2
 N

=4
1

 

c.145G>T 1 (2.4) III PC 27, 29 

c.262_263delCT 2 (4.9) III(2) BC, CRC/Others 27, 29 

c.538_539delAT 1 (2.4) III PC 31 

c.1368_1369delGA 1 (2.4) II BC 27, 29 

c.1813delA 1 (2.4) IV PC 30, 31 

c.2451_2452dup 1 (2.4) III PC ND 

c.2701delC 1 (2.4) III CRC/Others 29 

c.2808_2811delACAA 5 (12.2) III(3),IV,V CRC/Others(5) 26-29 

c.3264dupT 3 (7.3) Ia, III(2) CRC/Others(3) 26-29 

c.3860deA 1 (2.4) III PC 30, 31 

c.3922G>T 1 (2.4) III CRC/Others 26-29 

c.4797delT 1 (2.4) Ia PC 26, 27 

c.6244G>T 1 (2.4) Ia CRC/Others ND 

c.6275_6276delTT 2 (4.9) II,III BC(2) 26-29 

c.6405_6409delCTTAA 1 (2.4) Ia BC 30, 31 

c.6445_6446delAT 1 (2.4) IV CRC/Others 30 

c.6486_6489delACAA 2 (4.9) Ia,II BC 29 

c.6656C>G 1 (2.4) II BC 30, 31 

c.7234insG 1 (2.4) III CRC/Others 27, 29 

c.7480C>T 1 (2.4) III PC 27 

c.8695C>T 1 (2.4) II BC 31 

c.8946delA 1 (2.4) II PC 30 

c.9018C>A 1 (2.4) III PC 26-29 

c.9026_9030delATCAT 5 (12.2) III,IV(4) BC, CRC/Others(4) 26-29, 36 

c.9154C>T 1 (2.4) I PC 30, 31 

c.9310_9311delAA 1 (2.4) II BC 30 

c.9376C>T 1 (2.4) II BC 30 

DupEx.21 1 (2.4) IV CRC/Others 35 

 
N*: indicate the number of cases when is >1; ND: not described; BC: breast cancer; OC: ovarian cancer; PC: 
prostate cancer; CRC/Others: colorectal or other cancers (bladder, pancreatic, melanoma, skin cancer, lung or 
gastrointestinal); the most recurrent mutations are underlined  
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1 50 (29.4) 14 (38.9) 64 (31.1) 
2 15 (8.8) 4 (11.1) 19 (9.2) 
3 8 (4.7) 2 (5.6) 10 (4.9) 

M; ns    
0 148 (96.1) 31 (100) 179 (96.8) 
1 6 (3.9)   6 (3.2) 

Grade; χ2=11.54 (p=0.003)    
0 4 (2.9)  4 (2.5) 
1 21 (15) 1 (5) 22 (13.8) 
2 78 (55.7) 6 (30) 84 (52.5) 
3 37 (26.4) 13 (65) 50 (31.3) 

ER; ns    
Negative 7 (4.2) 1 (2.9) 8 (4) 
Positive 159 (95.8) 33 (97.1) 192 (96) 

PR; ns    
Negative 18 (10.9) 4 (11.8) 22 (11.1) 
Positive 147 (89.1) 30 (88.2) 177 (88.9) 

HER2; ns    
Negative 108 (85.7) 25 (92.6) 133 (86.9) 
Positive 18 (14.3) 2 (7.4) 20 (13.1) 

 
BC: breast cancer; OC: ovarian cancer; ns: non-significant 
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Table 2: Mutations, family histories and tumor types of index cases mutation-carriers 
 

Genes Mutations 
N. Cases 

(%) 
Family 

Type (N*) 
References 

B
R

C
A

1
 

N
=2

 c.1961delA 1 (50) II 26-28 

c.3869_3870delAA 1 (50) II 30 

B
R

C
A

2
 N

= 
4

7
 

c.145G>T 1 (2.1) II 29 

c.262_263delCT 1 (2.1) II 27, 29 

c.370delA 1 (2.1) II 29 

c.658_659delGT 3 (6.3) II (3) 30, 31 

c.682-2A>G 1 (2.1) III ND 

c.1368_1369dupGA 1 (2.1) II ND 

c.2808_2811delACAA 5 (10.4) II (4) 26-29 

c.3264dupT 2 (4.2) II (2) 26-29 

c.3922G>T 1 (2.1) II 26-29 

c.4936_4939delGAAA 1 (2.1) II 26-29 

c.5042_5043delTG 1 (2.1) II 30 

c.5073dupA 1 (2.1) II 30, 31 

c.5116_5119delAATA 1 (2.1) II 26-29 

c.5146_5149delTATG 2 (4.2) II, III 26, 28, 29 

c.5722_5723delCT 1 (2.1) II 30, 31 

c.6209_6212delAAAG 1 (2.1) II 30, 31 

c.6275_6276delTT 4 (8.3) Ia,II (3) 26-29 

c.7109_7110delAA 1 (2.1) II 30 

c.8067_8068insTT 1 (2.1) II 26 

c.8490 G>A 1 (2.1) III 30 

c.8695C>T 1 (2.1) II 31 

c.8978_8991del14 1 (2.1) II 26-29 

c.8988_8990delATAinsTT 1 (2.1) II 27, 29 

c.9018C>A 1 (2.1) II 26-29 

c.9026_9030delATCAT 7 (14.6) II (6),III 26-29 

c.9117G>A (r.8954_9117del) 1 (2.1) II 30, 31 

c.9376C>T 1 (2.1) II 30 

DelEx.1-24 1 (2.1) II 37 

DelEx.2 2 (4.2) II (2) ND 

 
N*: indicate the number of cases when is >1; the most recurrent mutations are underlined; ND: 
Not described  
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Table 3: Inclusion criteria and tumor type of male relatives affected with cancer and 
BRCA1/2 mutation-carriers 
 

Parameter; χ2 (p) 
BRCA1+ 

N (%) 

BRCA2+ TOTAL 

 N (%) N (100%) 

Family history types; χ2=11.85 (p=0.018)    

Ia. Families with BC & OC 7 (58) 5 (41.6) 12 

Ib. Index case with BC & OC 1 (100) 0 1 

II. Families with at least one BC in male and in 
female 

0 8 (100) 8 

III. Families with ≥ 3 BC 5 (21.7) 18 (78.2) 23 

IV. Families with < 3 BC 7 (46.6) 8 (53.3) 15 

V. One BC < 30 0 2 (100) 2 

Tumor types; χ2=8.83 (p=0.018)    

BC 0 11 (100) 11 

PC 3 (23) 10 (77) 13 

CPC/Others 17 (46) 20 (54)  37 

 
BC: breast cancer; OC: ovarian cancer; PC: prostate cancer; CRC/others: colorectal or other 
cancers (bladder, pancreatic, melanoma, skin cancer, lung or gastrointestinal); ns: non-
significant 
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Table 4: Mutations, family histories and tumor types of male relatives affected with cancer and 
BRCA1/2 mutation-carriers 
 

Genes Mutations 
N. Cases 

(%) 
Family Type 

(N*) 
Tumor type (N*) References 

B
R

C
A

1
 N

=2
0

 
c.68_69delAG 1 (5) IV CRC/Others 26-29 

c.211A>G 3 (15) Ia(3) CRC/Others(3) 26-29, 36, 39 

c.212+1G>A 2 (10) III(2) PC, CRC/Others 26-29, 36 

c.431dupA 1 (5) III CRC/Others ND 

c.981_982delAT 1 (5) Ia CRC/Others 29 

c.1121_1123delCACinsT 1 (5) IV CRC/Others 29 

c.1961delA 1 (5) Ia CRC/Others 26-28 

c.3257T>G 1 (5) IV CRC/Others 29 

c.3770_3771delAG 1 (5) IV CRC/Others 26-29 

c.4484+1G>T 1 (5) III CRC/Others 36 

c.5027_5030delTAAC 1 (5) III CRC/Others 30 

c.5123C>A 1 (5) Ib PC 26-29 

c.5152+5 G>A 1 (5) IV CRC/Others 27, 29 

c.5154G>A 1 (5) IV CRC/Others 27, 29 

c.5266dupC 1 (5) Ia PC 31 

DelEx.8-13 1 (5) IV CRC/Others 29 

DupEx.13 1 (5) Ia CRC/Others 29, 38 

B
R

C
A

2
 N

=4
1

 

c.145G>T 1 (2.4) III PC 27, 29 

c.262_263delCT 2 (4.9) III(2) BC, CRC/Others 27, 29 

c.538_539delAT 1 (2.4) III PC 31 

c.1368_1369delGA 1 (2.4) II BC 27, 29 

c.1813delA 1 (2.4) IV PC 30, 31 

c.2451_2452dup 1 (2.4) III PC ND 

c.2701delC 1 (2.4) III CRC/Others 29 

c.2808_2811delACAA 5 (12.2) III(3),IV,V CRC/Others(5) 26-29 

c.3264dupT 3 (7.3) Ia, III(2) CRC/Others(3) 26-29 

c.3860deA 1 (2.4) III PC 30, 31 

c.3922G>T 1 (2.4) III CRC/Others 26-29 

c.4797delT 1 (2.4) Ia PC 26, 27 

c.6244G>T 1 (2.4) Ia CRC/Others ND 

c.6275_6276delTT 2 (4.9) II,III BC(2) 26-29 

c.6405_6409delCTTAA 1 (2.4) Ia BC 30, 31 

c.6445_6446delAT 1 (2.4) IV CRC/Others 30 

c.6486_6489delACAA 2 (4.9) Ia,II BC 29 

c.6656C>G 1 (2.4) II BC 30, 31 

c.7234insG 1 (2.4) III CRC/Others 27, 29 

c.7480C>T 1 (2.4) III PC 27 

c.8695C>T 1 (2.4) II BC 31 

c.8946delA 1 (2.4) II PC 30 

c.9018C>A 1 (2.4) III PC 26-29 

c.9026_9030delATCAT 5 (12.2) III,IV(4) BC, CRC/Others(4) 26-29, 36 

c.9154C>T 1 (2.4) I PC 30, 31 

c.9310_9311delAA 1 (2.4) II BC 30 

c.9376C>T 1 (2.4) II BC 30 

DupEx.21 1 (2.4) IV CRC/Others 35 

 
N*: indicate the number of cases when is >1; ND: not described; BC: breast cancer; OC: ovarian cancer; PC: 
prostate cancer; CRC/Others: colorectal or other cancers (bladder, pancreatic, melanoma, skin cancer, lung or 
gastrointestinal); the most recurrent mutations are underlined  
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