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Abstract Background: Germline pathogenic variants (PVs) in BRCA1/2 genes are asso-
ciated with breast cancer (BC) risk in both women and men. Multigene panel testing is being 
increasingly used for BC risk assessment, allowing the identification of PVs in genes other 
than BRCA1/2. While data on actionable PVs in other cancer susceptibility genes are now 
available in female BC, reliable data are still lacking in male BC (MBC). This study aimed to 
provide the patterns, prevalence and risk estimates associated with PVs in non-BRCA1/2 
genes for MBC in order to improve BC prevention for male patients. 
Methods: We performed a large case-control study in the Italian population, including 767 
BRCA1/2-negative MBCs and 1349 male controls, all screened using a custom 50 cancer gene 
panel. 
Results: PVs in genes other than BRCA1/2 were significantly more frequent in MBCs compared 
with controls (4.8% vs 1.8%, respectively) and associated with a threefold increased MBC risk 
(OR: 3.48, 95% CI: 1.88–6.44; p  <  0.0001). PV carriers were more likely to have personal 
(p = 0.03) and family (p = 0.02) history of cancers, not limited to BC. PALB2 PVs were as-
sociated with a sevenfold increased MBC risk (OR: 7.28, 95% CI: 1.17–45.52; p = 0.034), and 
ATM PVs with a fivefold increased MBC risk (OR: 4.79, 95% CI: 1.12–20.56; p = 0.035). 
Conclusions: This study highlights the role of PALB2 and ATM PVs in MBC susceptibility 
and provides risk estimates at population level. These data may help in the implementation of 
multigene panel testing in MBC patients and inform gender-specific BC risk management and 
decision making for patients and their families. 
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC 
BY license (http://creativecommons.org/licenses/by/4.0/).    

1. Introduction 

It is well established that germline pathogenic and likely 
pathogenic variants (PVs), herein collectively termed 
PVs, in BRCA1 and BRCA2 are associated with in-
creased risk of developing breast cancer (BC) in both 
sexes, although gender-specific differences emerged [1]. 
The cumulative BC risk at age 80 years is about 70% for 
female BRCA1 and BRCA2 PV carriers, whereas it is 
around 4% and 0.4% for male BRCA2 and BRCA1 PV 
carriers, respectively [2,3]. 

In the last years, the wide use of next-generation 
sequencing (NGS) multigene panel testing has allowed 
the identification of PVs in BC genes other than 
BRCA1/2 [4,5], and studies have been performed to 
estimate their prevalence and associated risk in female 
BC (FBC) [6,7]. Recently, two large case-control stu-
dies, performed in FBC patients unselected for family 
history, provided accurate and consistent estimates of 
BC risk associated with PVs in ATM, CHEK2 and 
PALB2 [8,9]. PVs in other BC predisposing genes, such 
as BARD1, RAD51C and RAD51D, were associated 
with risk of specific BC subtypes, that is, triple negative 
BC [8]. Thus, female carriers of PVs in those established 
BC risk genes could now benefit from individualised BC 
risk management [10]. 

On the other hand, a small number of studies applied 
multigene panel testing to investigate other genes asso-
ciated with male BC (MBC) predisposition [11–17]. 
ATM, CHEK2 and PALB2 were proposed as MBC risk 
genes with an aggregate PVs prevalence of about 1–6% 
across studies [11,13,16,18]. Nonetheless, for most of the 
genes included in the multigene panels, evidence of as-
sociation with MBC risk, as well as accurate risk esti-
mates, are currently not available. Thus, the missing 
hereditary component of MBC needs to be further in-
vestigated in order to better define the set of genes as-
sociated with MBC and provide reliable risk estimates, 
to inform screening strategies for male patients. 

In this context, performing case-control studies using 
cases not selected for family history and controls from 
the same geographical area is crucial to obtain precise 
estimates of MBC risk associated with PVs, as demon-
strated by studies performed in FBC [8,9]. 

The aim of this study was to evaluate the associations 
between germline PVs in genes other than BRCA1/2 and 
MBC risk. We performed a comprehensive multigene 
panel testing on a large and well-characterised series of 
Italian MBC cases and controls to provide the patterns 
and prevalence of PVs in 50 cancer-related genes, and 
carried out a case-control study to assess MBC risk es-
timates for PV carriers. 
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2. Methods 

2.1. Study population 

An observational, retrospective, case-control study including 
2116 men was set up to evaluate the associations between 
germline PVs in genes other than BRCA1/2 and MBC risk 
(Supplementary Table S1, Supplementary Fig. S1). 

A series of 767 BRCA1/2-negative MBC cases, older 
than 18 years, unselected for cancer family history and 
age at diagnosis, were included in the study. Cases were 
enrolled from 17 Italian Research Centers participating 
in the Italian multicenter study on MBC, starting from 
2010, and included 503 cases that had previously been 
described [11, 19, 20]. For all cases, the main clin-
ical–pathologic characteristics were collected as pre-
viously reported [11]. 

A series of 1349 male individuals older than 18 years, 
without personal history of cancer, were included as 
control population. Most controls (86%) were recruited 
among blood donors or randomly selected from muni-
cipality lists, as in our previous population-based case- 
control studies [21]; a smaller percentage (14%) were 
men enrolled under research or clinical protocols al-
lowing for germline testing in healthy individuals, spe-
cifically unaffected/non-blood related relatives of 
probands with hereditary diseases. Controls were re-
cruited in the same period and geographical area of the 
MBC cases and, at enrolment, were untested for 
BRCA1/2 PVs and their mean age was 48.4 years 
(range 18–88). 

Whole exome sequencing data from a cohort of 814 
Italian healthy male controls, enrolled in non-oncolo-
gical clinical studies [22], was interrogated to further 
address particularly debated genes, such as CHEK2. 

Blood samples or DNA from peripheral blood leu-
cocytes were collected for all study participants. DNA 
from blood samples was extracted using ReliaPrep 
Blood gDNA Miniprep System, according to the man-
ufacturer’s instructions (Promega, Madison, 
Wisconsin, USA). 

The study was approved by the Local Ethical 
Committee (Sapienza University of Rome, Prot. 669/ 
17), and an informed consent for using information and 
biological samples for research purposes was obtained 
from all participants to the study. 

2.2. NGS analysis and variant classification 

A custom multigene panel, sequencing all exons and 
flanking intronic sequences of 50 cancer genes, was 
specifically designed [11] (Supplementary Table S2). 
Targeted genomic regions were prepared in paired-end 
libraries using the Illumina DNA Prep with Enrichment 
kit (Illumina, San Diego, California, USA). Subsequent 
sequencing and bioinformatic analysis were performed 

on the Illumina MiniSeq platform, as previously re-
ported [11]. 

Variants were named according to Human Genome 
Variation Society nomenclature (https://www.hgvs.org/) 
and annotated using the Matched Annotation from 
NCBI and EMBL-EBI transcript [23]. 

Heterozygous variants with minor allele frequency 
lower than 1% were retained, and were classified as PVs, 
variants of uncertain significance (VUS), or benign/ 
likely benign [24]. Variants were classified as pathogenic 
if loss-of-function (nonsense, frameshift, splicing ± 1 or 
2) and/or if reported as pathogenic or likely pathogenic 
in ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/). All 
PVs detected by NGS were validated by double- 
stranded Sanger sequencing (primer sequences are 
available upon request). 

Variants were classified as VUS if reported as VUS 
by VARSOME online tool (https://varsome.com/) and/ 
or in ClinVar. After classification, VUS were stratified 
using REVEL, a method for predicting the pathogeni-
city of variants based on in silico tools, giving each 
variant a score between 0 (benign) and 1 (pathogenic)  
[25]. A REVEL score ≥ 0.6 was considered as the cut-off 
to classify VUS with a higher risk of having a deleter-
ious effect, as reported in previous studies [26]. VUS 
with a REVEL score ≥0.6 were considered as prioritised 
VUS, but not included as PVs in the case-control study. 

All variants identified in our previous study [11] have 
been rechecked using the methods described above, in 
order to update their pathogenic status according to the 
most recent data. 

MUTYH variants were not reported as they were all 
described in a previous case-control study [27]. 

2.3. Statistical analysis 

To assess MBC risk associated with PVs, a case-control 
study was performed by multivariate logistic regression 
analysis. MBC risk was assessed by the odds ratio (OR) 
and its corresponding 95% confidence interval (CI). In 
the logistic regression, the case/control status was the 
outcome, and the presence of PVs (overall and in each 
analysed gene) was the exposure variable. To address 
potential sources of bias, all analyses were adjusted for 
age at diagnosis/enrolment for cases and controls re-
spectively, and for centre of origin. In case of zero PVs 
among either MBC cases or controls, penalised max-
imum likelihood (also known as Firth’s) logistic re-
gression was performed. 

Clinical history and pathologic characteristics were 
compared between PV carriers and non-carriers. Chi- 
square test, Fisher exact test and Mann–Whitney test 
were used where appropriate. A p value 0.05 was 
considered statistically significant. All statistical ana-
lyses were performed with StataSE v17 statistical 
software. 
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3. Results 

3.1. Clinical–pathologic characteristics of MBC cases 

The clinical–pathologic features of the 767 BRCA1/2- 
negative MBCs, overall and stratified by PV carrier 
status in other genes, are summarised in Table 1. Overall 
median age at first BC diagnosis was 64 years (range 
21–91). First-degree family history of breast and/or 
ovarian cancer (BC/OC) was reported in 29.3% of 
MBCs and first-degree family history of cancer other 
than BC/OC in 43.9% of MBCs. Personal history of 

other cancers, mostly prostate, colorectal and bladder 
cancers, was reported in 18.9% of cases. 

The majority of MBCs were invasive ductal carci-
nomas (81.8%), at early stage (54.7%), moderate grade 
(60.1%), negative lymph node status (61.7%), oestrogen 
and progesterone receptor positive (95.8% and 90.2%, 
respectively) and HER2 negative (80.2%) status. 

PV carriers (37 out of 767 MBCs, 4.8%) were more 
likely to have family history of cancers other than BC/ 
OC (p = 0.02) and personal history of other cancers 
besides BC (p = 0.03), compared with non-carriers (730 
out of 767 MBCs, 95.2%). A trend toward a significantly 

Table 1 
Clinical–pathologic characteristics of male breast cancers (MBCs) analysed, overall and by pathogenic variant (PV) carrier status.          

Characteristica Overall PV carriers PV non-carriers p valueb 

N = 767 % N = 37 % N = 730 %  

Median age at diagnosis (range) 64.0 (21–91)  60.0 (36–85)  64.0 (21–91)  0.053 
Contralateral BC 13 1.7 0 0.0 13 1.8 1 
Family history of BC/OC        
Negative 542 70.7 25 67.6 517 70.8 0.7 
Positive 225 29.3 12 32.4 213 29.2  
Family history other than BC/OC        
Negative 430 56.1 14 37.8 416 57.0 0.02 
Positive 337 43.9 23 62.2 314 43.0  
Personal history other than BC        
Negative 622 81.1 25 67.6 597 81.8 0.03 
Positive 145 18.9 12 32.4 133 18.2  
Tumour histotype        
Invasive ductal carcinoma 527 81.8 31 91.2 496 81.1 0.5 
In situ ductal carcinoma 49 7.6 1 2.9 48 7.9  
Lobular carcinoma 8 1.3 0 0.0 8 1.5  
Other 60 9.3 2 5.9 58 9.5  
TNM stage        
0–1 296 54.7 13 59.1 283 54.6 0.8 
2 156 28.8 5 22.7 151 29.0  
3 76 14.0 4 18.2 72 13.9  
4 13 2.5 0 0.0 13 2.5  
Histologic grade        
1 63 11.7 3 12.5 60 11.9 0.3 
2 322 60.1 11 45.8 311 60.6  
3 151 28.2 10 41.7 141 27.5  
Lymph node status        
Negative 332 61.7 15 65.2 317 61.4 0.7 
Positive 206 38.3 8 34.8 198 38.6  
ER statusc        

Negative 25 4.2 3 9.7 22 4.0 0.1 
Positive 575 95.8 28 90.3 547 96.0  
PR statusc        

Negative 57 9.8 1 3.4 56 10.1 0.2 
Positive 524 90.2 28 96.6 496 89.9  
HER2 statusc        

Negative 381 80.2 22 84.6 359 80.0 0.6 
Positive 94 19.8 4 15.4 90 20.0  
Ki67/MIB1 statusc        

Low 228 49.1 13 50.0 215 49.1 0.9 
High 236 50.9 13 50.0 223 50.9  

BC, breast cancer; OC, ovarian cancer; ER, oestrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.  
a Some data for each pathologic characteristic are not available.  
b p-values from Fisher exact test for categorical variables and Mann–Whitney test for continuous variables.  
c Cut-offs used: ER/PR positive if > 1% of positive nuclei; HER2 positive if 3+ by immunohistochemistry or 2+ if amplified by fluorescence in 

situ hybridisation; Ki67/MIB1 high if > 20% of positive nuclei.    
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younger age at diagnosis for PV carriers compared with 
non-carriers emerged (p = 0.053). No statistically sig-
nificant differences emerged between carriers and non- 
carriers with regards to other characteristics (Table 1). 

3.2. Pattern and prevalence of germline variants in MBC 
cases and controls 

Multigene panel testing performed in 767 BRCA1/2- 
negative MBCs showed that 37 (4.8%) MBCs were 
carriers of PVs in 15 genes including PALB2, ATM, 
BLM, FANCM, CHEK2, RAD50, BARD1, NF1, 
ABRAXAS1, BRIP1, CASP8, EPCAM, GEN1, PMS2 

and RAD51C (Figure 1; Table 2; Supplementary 
Table S3). 

Multigene panel screening of the 1349 controls showed 
that 35 (2.6%) healthy controls were PV carriers. 

In particular, 11 (0.8%) controls were BRCA1/2 PV 
carriers (seven BRCA1 and four BRCA2) and 24 (1.8%) 
controls were carriers of PVs in genes other than 
BRCA1/2, including PALB2, ATM, FANCM, RAD50, 
BARD1, ABRAXAS1, BRIP1, CASP8, GEN1, 
RAD51C, NBN and RINT1 (Figure 1; Table 2;  
Supplementary Table S4). 

A total of 213 and 245 VUS were identified in MBCs 
and healthy controls, respectively. After VUS classifi-
cation, a prioritisation of those with a higher risk of 

Fig. 1. Distribution and frequency of pathogenic variants (PVs) identified in 767 male breast cancers (MBCs) and 1338 male controls.  

Table 2 
Pathogenic variants (PVs) distribution by gene in 767 male breast cancers (MBCs) and 1338 male controls and MBC risk estimates.       

Gene MBC cases Controls OR (95% CI)a p valuea 

No. PV carriers (%) No. PV carriers (%)  

Overall 37 (4.80) 24 (1.80) 3.48 (1.88–6.44)  < 0.0001 
PALB2 7 (0.90) 2 (0.15) 7.28 (1.17–45.52) 0.034 
ATM 5 (0.70) 4 (0.30) 4.79 (1.12–20.56) 0.035 
BLM 4 (0.55) 0 (0.00) - - 
FANCM 4 (0.55) 1 (0.08) 8.11 (0.65–101.23) 0.10 
CHEK2 3 (0.40) 0 (0.00) - - 
RAD50 3 (0.40) 4 (0.30) 1.23 (0.22–6.90) 0.81 
BARD1 2 (0.30) 2 (0.15) 1.24 (0.13–11.90) 0.85 
NF1 2 (0.30) 0 (0.00) - - 
ABRAXAS1 1 (0.10) 1 (0.08) 2.16 (0.12–37.75) 0.60 
BRIP1 1 (0.10) 2 (0.15) 0.81 (0.04–15.11) 0.89 
CASP8 1 (0.10) 1 (0.08) 1.02 (0.06–16.41) 0.98 
EPCAM 1 (0.10) 0 (0.00) - - 
GEN1 1 (0.10) 2 (0.15) 2.02 (0.2–22.7) 0.57 
PMS2 1 (0.10) 0 (0.00) - - 
RAD51C 1 (0.10) 1 (0.08) 1.02 (0.02–59.64) 0.99 
NBN 0 (0.00) 3 (0.20) - - 
RINT1 0 (0.00) 1 (0.08) - -  

a Odds ratios (OR) with 95% confidence interval (CI) and P-values from multivariate logistic regression analysis, adjusted for age at diagnosis/ 
enrolment and for centre of origin. In case of zero PVs, penalised maximum likelihood was performed (Supplementary Table S6).    
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being pathogenic was performed using a REVEL 
score > 0.6. A total of 112 and 131 VUS were reclassified 
as prioritised VUS in 101(13.2%) MBCs and 129 (9.6%) 
controls, respectively (Chi-square p = 0.01) 
(Supplementary Table S5; Supplementary Fig. S2). The 
majority of prioritised VUS were found in ATM, 
CHEK2 and BRCA2 (Supplementary Table S5;  
Supplementary Fig. S2). 

3.3. Gene-specific MBC risk estimates 

The case-control association analysis was performed 
including 767 MBCs and 1338 controls, all tested ne-
gative for BRCA1/2 PVs. As shown in Table 2, overall 
PVs in genes other than BRCA1/2 were associated with 
an OR of 3.48 (95% CI: 1.88–6.44; p  <  0.0001), PALB2 
PVs were associated with an approximately sevenfold 
increased MBC risk (OR: 7.28, 95% CI: 1.17–45.52; 
p = 0.034) and ATM PVs with an approximately fivefold 
increased MBC risk (OR: 4.79, 95% CI: 1.12–20.56; 
p = 0.035). 

For genes in which zero PVs were detected among 
either MBC cases or controls, penalised maximum 
likelihood was performed (Supplementary Table S6). 
Results from this analysis showed no statistically sig-
nificant results, except for CHEK2 (Supplementary 
Table S6). 

In order to further assess the debated association of 
CHEK2 PVs and MBC risk, we increased the study 
population by interrogating an additional dataset of 814 
exomes from healthy male controls. CHEK2 PVs were 
identified in 6 controls (0.7%), none heterozygous for 
the CHEK2 c.1100delC variant (Supplementary Table 
S7). The case-control analysis, including a total of 767 
MBCs and 2152 controls, showed no association be-
tween CHEK2 PVs and MBC risk (Supplementary 
Table S8). 

4. Discussion 

In this study, we performed a multigene panel testing on 
a series of 767 BRCA1/2 PVnegative MBC cases and 
1349 healthy male controls and provided the patterns, 
prevalence and MBC risk estimates associated with PVs 
in non-BRCA1/2 genes. To the best of our knowledge, 
this is the largest series of unselected BRCA1/2 PV ne-
gative MBCs, collected in a single country and analysed 
by multigene panel testing [11–17,28–30]. 

The aggregate prevalence of PVs in MBC cases, 
identified in 15 of the 50 analysed genes, was 4.8%. 
Thus, about 5% of MBC cases are carriers of germline 
PVs in genes other than BRCA1 and BRCA2, which 
together account for about 15% of MBC cases, and 
individually for up to 2% and 13% of MBC cases, re-
spectively [11,12]. 

PALB2 emerged as the most common mutated gene 
(about 1% of MBCs), followed by ATM. These results 

are in line with PV prevalence reported in previous 
studies on unselected MBC patients but, as expected, 
lower than those reported in series enriched for familial 
MBC cases [12,16–18,28,31]. 

In agreement with previous evidence [11,17,32], PV 
carriers were more likely to have personal history of 
cancers other than breast, and cancer family history, not 
limited to BC and OC. These results suggest that per-
forming multigene panel testing in MBC patients with 
personal and family history of multiple cancers may be 
instrumental to identify PVs in genes other than 
BRCA1/2, with important implications in cancer sur-
veillance and prevention for the affected men and their 
relatives. 

To date, the majority of existing studies have been 
performed on cohorts of MBC cases, while case-control 
analyses have used online datasets as control population  
[11–18,32]. Differently, this study provides population- 
specific MBC risk estimates associated with PVs in a 
case-control setting including a large cohort of male 
controls, previously untested for BRCA1/2 PVs, en-
rolled in the same geographic areas of cases. 

As the multigene panel used included BRCA1/2 
genes, we were able to identify population controls 
carrying BRCA1/2 PVs, documenting that 0.8% of male 
controls were carriers of BRCA1/2 PVs. Literature data 
showed that the frequency of male BRCA1/2 PV carriers 
in the general population is about 0.6%, consistent with 
our results [33]. To the best of our knowledge, this is the 
first study providing the percentage of BRCA1/2 PVs in 
the Italian male population. These epidemiological data 
could be used for further studies on the impact of 
BRCA1/2 PVs in healthy men. 

The case-control study here performed showed that, 
as expected, the aggregate prevalence of PVs was sig-
nificantly higher in MBC cases than in controls, with PV 
carriers having about threefold increased MBC risk, 
consistent with a moderate penetrance. 

Our data showed that PALB2 PVs confer an ap-
proximately sevenfold increased risk of developing 
MBC in the Italian population, in line with previous 
studies reporting OR values ranging from 6 to 14, de-
pending on the study design and population analysed  
[12,16,34]. Notably, the magnitude of BC ORs is re-
portedly higher in unselected men than in unselected 
women [8]. Overall, our findings confirmed PALB2 as a 
main MBC susceptibility gene, together with BRCA2 
and BRCA1. Notably, PALB2 risk estimates for MBC 
are comparable, if not higher, to those recently reported 
for BRCA1 [2], thus highlighting the importance of in-
cluding PALB2 in screening and surveillance protocols 
for male patients. 

ATM is a well-established moderate-risk gene in 
FBC, with ORs ranging from 2 to 5 [35], while data on 
MBC are still scarce [11, 16, 35]. In our study, ATM PVs 
were associated with MBC risk with an OR of 4.8. Al-
though the OR may be overestimated by the small 
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number of PVs identified, our results indicate that ATM 
may be considered a moderate-risk gene in MBC. 

The role of CHEK2 in MBC susceptibility has been, 
notoriously, conflicting [11,12,16,17,36]. Indeed, the 
contribution of CHEK2 PVs, and in particular the 
CHEK2 c.1100delC variant, in MBC predisposition 
varies by ethnic group and from country to country  
[36–40]. The present study supports previous data in-
dicating that CHEK2 PVs do not play a relevant role in 
MBC genetic predisposition in the Italian population  
[36]. Our results highlight the importance of performing 
population-specific association studies, since the pre-
valence and the penetrance of PVs in specific genes may 
not overlap in all populations. 

In this study, no other gene emerged as significantly 
associated with MBC risk, in line with large studies in 
women indicating as core BC susceptibility genes ATM, 
CHEK2, and PALB2, in addition to BRCA1/2 [8,9]. 

Association of PVs with BC outcomes is critical for 
improving BC prevention strategies. It is not clearly 
established as to whether ATM, CHEK2, or PALB2 
PVs have prognostic implications [41]. Currently, we are 
collecting overall survival data for cases with PVs and, 
based on available data, male PALB2 PV carriers seem 
to have a poor outcome, consistent with findings in 
women reporting a reduced 10-year survival for PALB2 
PV carriers compared with non-carriers [42]. The impact 
of PVs on survival, as well as the efficacy of eventual 
surveillance protocols developed for male PV carriers, 
needs to be addressed in further studies. 

One of the issues raised by multigene panel testing is 
the high number of VUS detected, which still represents 
a challenge in the clinical management [43]. Using in 
silico predictors to assess VUS pathogenicity allows for 
the assessment of a large number of variants, to select 
those deserving further investigation, possibly including 
functional studies. Many in silico tools have been de-
veloped, but there is currently no consensus in the 
clinical setting, thus representing a possible limitation. 
Here, we used REVEL score to prioritise the large 
number of VUS identified in MBC cases and controls, 
as REVEL is consistently reported to outperform others 
in silico meta-predictors for clinical variant classifica-
tion, in accordance with current classification guidelines  
[44]. Notably, the frequency of VUS with a high prob-
ability of pathogenicity (REVEL score ≥ 0.6) was sig-
nificantly higher in MBC cases than in controls, 
suggesting a possible clinical relevance of some VUS 
that might be reclassified as PVs by further studies. 

The study has some limitations. First, this is an ob-
servational and retrospective case-control study, thus 
not allowing for evaluation of outcomes, interventions, 
and absolute risk calculations. 

One of the main issues of concern with a case-control 
study is the selection of an appropriate control group. In 
this study, controls were all men recruited in the same 
period and geographical areas of the MBC cases; 

however, they were significantly younger than cases and 
collected from heterogeneous source types. To address 
these possible sources of bias, all analyses were adjusted 
for age and centre of origin. Unfortunately, we were not 
able to collect other data from the population controls, 
including family history of cancer, thus not allowing 
additional sensitivity analyses. 

Despite the large series of MBC cases and controls, 
due to the rarity of the disease and of the PVs, we could 
not assess MBC risk in some of the analysed genes or for 
single specific variants. We cannot exclude that, at least 
for some genes, the study may be underpowered to de-
tect a significant association with MBC risk, or that PVs 
in these genes may be associated with specific MBC 
subtypes, as suggested [8,9,19]. In addition, information 
on tumour characteristics is missing for some cases. As 
the genotype–phenotype correlation may be different 
for each gene, a larger number of carriers are needed in 
order to identify specific pathological characteristics as 
potential predictors of PVs for each gene. Moreover, the 
presence of pathogenic alterations other than gene var-
iants (i.e. large rearrangements and copy number var-
iants) was not evaluated. Thus, data on the prevalence 
of pathogenic alterations in some genes may be under-
estimated. Further collaborative studies are needed to 
address these issues. 

5. Conclusions 

Overall, the results of this large case-control study show 
that PVs in genes other than BRCA1/2 account for 
about 5% of MBCs, and that PALB2 and ATM PVs are 
associated with increased MBC risk. These data may 
help in the implementation of multigene panel testing in 
male patients and inform gender-specific BC risk man-
agement and prevention strategies for patients and their 
families. 

Funding 

The study was supported by: Associazione Italiana per la 
Ricerca sul Cancro (AIRC, IG-21389) to L.O.; Associazione 
Italiana per la Ricerca sul Cancro (AIRC, IG-21614) to M.T.; 
Associazione Italiana per la Ricerca sul Cancro (AIRC, IG- 
24329) to G.G.; Lega Italiana per la Lotta Contro i Tumori 
(LILT, IG 2019) to L.O.; Sapienza University of Rome, 
Ricerca Scientifica di Ateneo (RM120172B7A66A2D; 
RM12117A613EA3FC; RM1221814D9EBE08) to L.O.; 
Istituto Pasteur-Fondazione Cenci Bolognetti to G.G.; Italian 
Ministry of Education, Universities and Research – 
Dipartimenti di Eccellenza – L. 232/2016. 

CRediT authorship contribution statement 

Conceptualization: L.O. Methodology: V.S. Validation: 
A.Bu., G.C., V.V. Formal Analysis: A.Bu., G.C.,V.S. 
Investigation: A.Bu., G.C., V.V., V.S. Resources: C.C., 

A. Bucalo et al. / European Journal of Cancer 188 (2023) 183–191 189 



A.Br., M.T., B.B., D.C., A.C., G.G., V.G., S.M., L.M., 
M.M., P.P., P.R., A.R., M.G.T., D.T., A.V., I.Z., D.P. 
Data curation: A.Bu, G.C., V.S. Writing – original 
draft: A.Bu., G.C., V.V., V.S., L.O. Writing – Review 
and Editing: all authors. Visualization: A.Bu, G.C., V.S. 
Supervision: L.O. Project Administration: L.O. Funding 
acquisition: M.T., G.G., L.O. All authors approved the 
study for publication. 

Declaration of Competing Interest 

The authors declare that they have no known competing 
financial interests or personal relationships that could 
have appeared to influence the work reported in this 
paper. 

Acknowledgements 

The authors thank all the patients who participated in 
the study and the institutions and their staff who sup-
ported the recruitment of patients and the collection of 
samples and data. 

G.C. contributed to this study as a recipient of the 
Ph.D. programme of Molecular Medicine of Sapienza, 
University of Rome; V.V. was supported by FIRC- 
AIRC (triennial fellowship “Carlo Zanotti”, Project 
Code: 24107); V.S. was supported by Fondazione 
Umberto Veronesi. 

Appendix A. Supporting information 

Supplementary data associated with this article can be 
found in the online version at doi:10.1016/j.ejca.2023. 
04.022. 

References 

[1] Deb S, Lakhani SR, Ottini L, Fox SB. The cancer genetics and 
pathology of male breast cancer. Histopathology 
2016;68(1):110–1181. https://doi.org/10.1111/his.12862. 

[2] Li S, Silvestri V, Leslie G, Rebbeck TR, Neuhausen SL, Hopper 
JL, et al. Cancer risks associated with BRCA1 and BRCA2 pa-
thogenic variants. J Clin Oncol 2022;40(14):1529–41. https://doi. 
org/10.1200/JCO.21.02112. 

[3] Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips KA, Mooij 
TM, Roos-Blom MJ, et al. Risks of breast, ovarian, and con-
tralateral breast cancer for BRCA1 and BRCA2 mutation car-
riers. JAMA 2017;317(23):2402–16. https://doi.org/10.1001/jama. 
2017.7112. 

[4] Zelli V, Compagnoni C, Cannita K, Capelli R, Capalbo C, Di 
Vito Nolfi M, et al. Applications of next generation sequencing to 
the analysis of familial breast/ovarian cancer. High Throughput 
2020;9(1):1. https://doi.org/10.3390/ht9010001. 

[5] Coppa A, Nicolussi A, D’Inzeo S, Capalbo C, Belardinilli F, 
Colicchia V, et al. Optimizing the identification of risk-relevant 
mutations by multigene panel testing in selected hereditary 
breast/ovarian cancer families. Cancer Med 2018;7(1):46–55. 
https://doi.org/10.1002/cam4.1251. 

[6] Buys SS, Sandbach JF, Gammon A, Patel G, Kidd J, Brown KL, 
et al. A study of over 35,000 women with breast cancer tested 

with a 25-gene panel of hereditary cancer genes. Cancer 
2017;123(10):1721–30. https://doi.org/10.1002/cncr.30498. 

[7] Couch FJ, Shimelis H, Hu C, Hart SN, Polley EC, Na J, et al. 
Associations between cancer predisposition testing panel genes 
and breast cancer. JAMA Oncol 2017;3(9):1190–6. https://doi. 
org/10.1001/jamaoncol.2017.0424. 

[8] Hu C, Hart SN, Gnanaolivu R, Huang H, Lee KY, Na J, et al. A 
population-based study of genes previously implicated in breast 
cancer. N Engl J Med 2021;384(5):440–51. https://doi.org/10. 
1056/NEJMoa2005936. 

[9] Dorling L, Carvalho S, Allen J, González-Neira A, Luccarini 
C, et al. Breast Cancer Association Consortium. Breast cancer 
risk genes - association analysis in more than 113,000 women. 
N Engl J Med 2021;384(5):428–39. https://doi.org/10.1056/ 
NEJMoa1913948. 

[10] National Comprehensive Cancer Network (NCCN). NCCN 
Clinical Practice Guidelines in Oncology (NCCN Guidelines®). 
Genetic/Familial High-Risk Assessment: Breast, Ovarian and 
Pancreatic. Version 1.2023. 

[11] Rizzolo P, Zelli V, Silvestri V, Valentini V, Zanna I, Bianchi S, 
et al. Insight into genetic susceptibility to male breast cancer by 
multigene panel testing: results from a multicenter study in Italy. 
Int J Cancer 2019;145:390–400. https://doi.org/10.1002/ijc.32106. 

[12] Rolfes M, Borde J, Möllenhoff K, Kayali M, Ernst C, Gehrig A, 
et al. Prevalence of cancer predisposition germline variants in 
male breast cancer patients: results of the german consortium for 
hereditary breast and ovarian cancer. Cancers 2022;14(13):3292. 
https://doi.org/10.3390/cancers14133292. 

[13] Tedaldi G, Tebaldi M, Zampiga V, Cangini I, Pirini F, Ferracci 
E, et al. Male breast cancer: results of the application of multi-
gene panel testing to an Italian cohort of patients. Diagnostics 
2020;10(5):269. https://doi.org/10.3390/diagnostics10050269. 

[14] Scarpitta R, Zanna I, Aretini P, Gambino G, Scatena C, Mei B, 
et al. Germline investigation in male breast cancer of DNA repair 
genes by next-generation sequencing. Breast Cancer Res Treat 
2019;178(3):557–64. https://doi.org/10.1007/s10549-019-05429-z. 

[15] Gaddam S, Heller SL, Babb JS, Gao Y. Male breast cancer risk 
assessment and screening recommendations in high-risk men who 
undergo genetic counseling and multigene panel testing. Clin 
Breast Cancer 2021;21(1):e74–9. https://doi.org/10.1016/j.clbc. 
2020.07.014. 

[16] Pritzlaff M, Summerour P, McFarland R, Li S, Reineke P, 
Dolinsky JS, et al. Male breast cancer in a multi-gene panel 
testing cohort: insights and unexpected results. Breast Cancer Res 
Treat 2017;161(3):575–86. https://doi.org/10.1007/s10549-016- 
4085-4. 

[17] Fostira F, Saloustros E, Apostolou P, Vagena A, Kalfakakou D, 
Mauri D, et al. Germline deleterious mutations in genes other 
than BRCA2 are infrequent in male breast cancer. Breast Cancer 
Res Treat 2018;169(1):105–13. https://doi.org/10.1007/s10549- 
018-4661-x. 

[18] Silvestri V, Zelli V, Valentini V, Rizzolo P, Navazio AS, Coppa 
A, et al. Whole-exome sequencing and targeted gene sequencing 
provide insights into the role of PALB2 as a male breast cancer 
susceptibility gene. Cancer 2017;123(2):210–8. https://doi.org/10. 
1002/cncr.30337. 

[19] Silvestri V, Rizzolo P, Zelli V, Valentini V, Zanna I, Bianchi S, 
et al. A possible role of FANCM mutations in male breast cancer 
susceptibility: results from a multicenter study in Italy. Breast 
2018;38:92–7. https://doi.org/10.1016/j.breast.2017.12.013. 

[20] Rizzolo P, Silvestri V, Valentini V, Zelli V, Bucalo A, Zanna I, 
et al. Evaluation of CYP17A1 and CYP1B1 polymorphisms in 
male breast cancer risk. Endocr Connect 2019;8(8):1224–9. 
https://doi.org/10.1530/EC-19-0225. 

[21] Palli D, Falchetti M, Masala G, Lupi R, Sera F, Saieva C, et al. 
Association between the BRCA2 N372H variant and male breast 
cancer risk: a population-based case-control study in Tuscany, 

A. Bucalo et al. / European Journal of Cancer 188 (2023) 183–191 190 

https://doi.org/10.1016/j.ejca.2023.04.022
https://doi.org/10.1016/j.ejca.2023.04.022
https://doi.org/10.1111/his.12862
https://doi.org/10.1200/JCO.21.02112
https://doi.org/10.1200/JCO.21.02112
https://doi.org/10.1001/jama.2017.7112
https://doi.org/10.1001/jama.2017.7112
https://doi.org/10.3390/ht9010001
https://doi.org/10.1002/cam4.1251
https://doi.org/10.1002/cncr.30498
https://doi.org/10.1001/jamaoncol.2017.0424
https://doi.org/10.1001/jamaoncol.2017.0424
https://doi.org/10.1056/NEJMoa2005936
https://doi.org/10.1056/NEJMoa2005936
https://doi.org/10.1056/NEJMoa1913948
https://doi.org/10.1056/NEJMoa1913948
https://doi.org/10.1002/ijc.32106
https://doi.org/10.3390/cancers14133292
https://doi.org/10.3390/diagnostics10050269
https://doi.org/10.1007/s10549-019-05429-z
https://doi.org/10.1016/j.clbc.2020.07.014
https://doi.org/10.1016/j.clbc.2020.07.014
https://doi.org/10.1007/s10549-016-4085-4
https://doi.org/10.1007/s10549-016-4085-4
https://doi.org/10.1007/s10549-018-4661-x
https://doi.org/10.1007/s10549-018-4661-x
https://doi.org/10.1002/cncr.30337
https://doi.org/10.1002/cncr.30337
https://doi.org/10.1016/j.breast.2017.12.013
https://doi.org/10.1530/EC-19-0225


Central Italy. BMC Cancer 2007;7:170. https://doi.org/10.1186/ 
1471-2407-7-170. 

[22] Radio FC, Pang K, Ciolfi A, Levy MA, Hernández-García A, 
Pedace L, et al. SPEN haploinsufficiency causes a neurodevelop-
mental disorder overlapping proximal 1p36 deletion syndrome with 
an episignature of X chromosomes in females. Am J Hum Genet 
2021;108(3):502–16. https://doi.org/10.1016/j.ajhg.2021.01.015. 

[23] Morales J, Pujar S, Loveland JE, Astashyn A, Bennett R, Berry 
A, et al. A joint NCBI and EMBL-EBI transcript set for clinical 
genomics and research. Nature 2022;604(7905):310–5. https://doi. 
org/10.1038/s41586-022-04558-8. 

[24] Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. 
Standards and guidelines for the interpretation of sequence var-
iants: a joint consensus recommendation of the American College 
of Medical Genetics and Genomics and the Association for 
Molecular Pathology. Genet Med 2015;17(5):405–24. https://doi. 
org/10.1038/gim.2015.30. 

[25] Ioannidis NM, Rothstein JH, Pejaver V, Middha S, McDonnell 
SK, Baheti S, et al. REVEL: an ensemble method for predicting 
the pathogenicity of rare missense variants. Am J Hum Genet 99. 
2016. p. 877–85. https://doi.org/10.1016/j.ajhg.2016.08.016. 

[26] Bonache S, Esteban I, Moles-Fernández A, Tenés A, Duran- 
Lozano L, Montalban G, et al. Multigene panel testing beyond 
BRCA1/2 in breast/ovarian cancer Spanish families and clinical 
actionability of findings. J Cancer Res Clin Oncol 
2018;144(12):2495–513. https://doi.org/10.1007/s00432-018-2763-9. 

[27] Rizzolo P, Silvestri V, Bucalo A, Zelli V, Valentini V, Catucci I, 
et al. Contribution of MUTYH variants to male breast cancer 
risk: results from a multicenter study in Italy. Front Oncol 
2018;8:583. https://doi.org/10.3389/fonc.2018.00583. 

[28] Tung N, Battelli C, Allen B, Kaldate R, Bhatnagar S, Bowles K, 
et al. Frequency of mutations in individuals with breast cancer 
referred for BRCA1 and BRCA2 testing using next-generation 
sequencing with a 25-gene panel. Cancer 2015;121(1):25–33. 
https://doi.org/10.1002/cncr.29010. 

[29] Susswein LR, Marshall ML, Nusbaum R, Vogel Postula KJ, 
Weissman SM, Yackowski L, et al. Pathogenic and likely pa-
thogenic variant prevalence among the first 10,000 patients re-
ferred for next-generation cancer panel testing. Genet Med 
2016;18(8):823–32. https://doi.org/10.1038/gim.2015.166. 

[30] Szwiec M, Tomiczek-Szwiec J, Kluźniak W, Wokołorczyk D, 
Osowiecka K, Sibilski R, et al. Genetic predisposition to male 
breast cancer in Poland. BMC Cancer 2021;21(1):975. https://doi. 
org/10.1186/s12885-021-08718-3. 

[31] Silvestri V, Rizzolo P, Zanna I, Falchetti M, Masala G, Bianchi 
S, et al. PALB2 mutations in male breast cancer: a population- 
based study in Central Italy. Breast Cancer Res Treat 
2010;122(1):299–301. https://doi.org/10.1007/s10549-010-0797-z. 

[32] Calip GS, Kidd J, Bernhisel R, Cox HC, Saam J, Rauscher GH, 
et al. Family history of breast cancer in men with non-BRCA 
male breast cancer: implications for cancer risk counseling. 
Breast Cancer Res Treat 2021;185(1):195–204. https://doi.org/10. 
1007/s10549-020-05922-w. 

[33] Manickam K, Buchanan AH, Schwartz MLB, Hallquist MLG, 
Williams JL, Rahm AK, et al. Exome sequencing-based screening 

for BRCA1/2 expected pathogenic variants among adult biobank 
participants. JAMA Netw Open 2018;1(5):e182140. https://doi. 
org/10.1001/jamanetworkopen.2018.2140. 

[34] Yang X, Leslie G, Doroszuk A, Schneider S, Allen J, Decker B, 
et al. Cancer risks associated with germline PALB2 pathogenic 
variants: an international study of 524 families. J Clin Oncol 
2020;38(7):674–85. https://doi.org/10.1200/JCO.19.01907. 

[35] Hall MJ, Bernhisel R, Hughes E, Larson K, Rosenthal ET, Singh 
NA, et al. Germline pathogenic variants in the ataxia tel-
angiectasia mutated (ATM) gene are associated with high and 
moderate risks for multiple cancers. Cancer Prev Res 
2021;14(4):433–40. https://doi.org/10.1158/1940-6207.CAPR-20- 
0448. 

[36] Falchetti M, Lupi R, Rizzolo P, Ceccarelli K, Zanna I, Calò V, 
et al. BRCA1/BRCA2 rearrangements and CHEK2 common 
mutations are infrequent in Italian male breast cancer cases. 
Breast Cancer Res Treat 2008;110(1):161–7. https://doi.org/10. 
1007/s10549-007-9689-2. 

[37] Meijers-Heijboer H, van den Ouweland A, Klijn J, Wasielewski 
M, de Snoo A, Oldenburg R, et al. Low-penetrance susceptibility 
to breast cancer due to CHEK2(*)1100delC in noncarriers of 
BRCA1 or BRCA2 mutations. Nat Genet 2002;31(1):55–9. 
https://doi.org/10.1038/ng879. 

[38] Caligo MA, Agata S, Aceto G, Crucianelli R, Manoukian S, 
Peissel B, et al. The CHEK2c.1100delC mutation plays an irre-
levant role in breast cancer predisposition in Italy. Hum Mutat 
2004;24(1):100–1. https://doi.org/10.1002/humu.20051. 

[39] Wasielewski M, den Bakker MA, van den Ouweland A, Meijer- 
van Gelder ME, Portengen H, Klijn JG, et al. CHEK2 1100delC 
and male breast cancer in the Netherlands. Breast Cancer Res 
Treat 2009;116(2):397–400. https://doi.org/10.1007/s10549-008- 
0162-7. 

[40] Hallamies S, Pelttari LM, Poikonen-Saksela P, Jekunen A, 
Jukkola-Vuorinen A, Auvinen P, et al. CHEK2c.1100delC mu-
tation is associated with an increased risk for male breast cancer 
in Finnish patient population. BMC Cancer 2017;17(1):620. 
https://doi.org/10.1186/s12885-017-3631-8. 

[41] Bergstrom C, Pence C, Berg J, Partain N, Sadeghi N, Mauer C, 
et al. Clinicopathological features and outcomes in individuals 
with breast cancer and ATM, CHEK2, or PALB2 mutations. 
Ann Surg Oncol 2021;28(6):3383–93. https://doi.org/10.1245/ 
s10434-020-09158-2. 

[42] Cybulski C, Kluźniak W, Huzarski T, Wokołorczyk D, Kashyap 
A, Jakubowska A, et al. Clinical outcomes in women with breast 
cancer and a PALB2 mutation: a prospective cohort analysis. 
Lancet Oncol 2015;16(6):638–44. https://doi.org/10.1016/S1470- 
2045(15)70142-7. 

[43] Dorling L, Carvalho S, Allen J, Parsons MT, Fortuno C, 
González-Neira A, et al. Breast cancer risks associated with 
missense variants in breast cancer susceptibility genes. Genome 
Med 2022;14(1):51. https://doi.org/10.1186/s13073-022-01052-8. 

[44] Tian Y, Pesaran T, Chamberlin A, Fenwick RB, Li S, Gau CL, 
et al. REVEL and BayesDel outperform other in silico meta- 
predictors for clinical variant classification. Sci Rep 
2019;9(1):12752. https://doi.org/10.1038/s41598-019-49224-8.  

A. Bucalo et al. / European Journal of Cancer 188 (2023) 183–191 191 

https://doi.org/10.1186/1471-2407-7-170
https://doi.org/10.1186/1471-2407-7-170
https://doi.org/10.1016/j.ajhg.2021.01.015
https://doi.org/10.1038/s41586-022-04558-8
https://doi.org/10.1038/s41586-022-04558-8
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1016/j.ajhg.2016.08.016
https://doi.org/10.1007/s00432-018-2763-9
https://doi.org/10.3389/fonc.2018.00583
https://doi.org/10.1002/cncr.29010
https://doi.org/10.1038/gim.2015.166
https://doi.org/10.1186/s12885-021-08718-3
https://doi.org/10.1186/s12885-021-08718-3
https://doi.org/10.1007/s10549-010-0797-z
https://doi.org/10.1007/s10549-020-05922-w
https://doi.org/10.1007/s10549-020-05922-w
https://doi.org/10.1001/jamanetworkopen.2018.2140
https://doi.org/10.1001/jamanetworkopen.2018.2140
https://doi.org/10.1200/JCO.19.01907
https://doi.org/10.1158/1940-6207.CAPR-20-0448
https://doi.org/10.1158/1940-6207.CAPR-20-0448
https://doi.org/10.1007/s10549-007-9689-2
https://doi.org/10.1007/s10549-007-9689-2
https://doi.org/10.1038/ng879
https://doi.org/10.1002/humu.20051
https://doi.org/10.1007/s10549-008-0162-7
https://doi.org/10.1007/s10549-008-0162-7
https://doi.org/10.1186/s12885-017-3631-8
https://doi.org/10.1245/s10434-020-09158-2
https://doi.org/10.1245/s10434-020-09158-2
https://doi.org/10.1016/S1470-2045(15)70142-7
https://doi.org/10.1016/S1470-2045(15)70142-7
https://doi.org/10.1186/s13073-022-01052-8
https://doi.org/10.1038/s41598-019-49224-8

	Male breast cancer risk associated with pathogenic variants in genes other than BRCA1/2: an Italian case-control study
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. NGS analysis and variant classification
	2.3. Statistical analysis

	3. Results
	3.1. Clinical–pathologic characteristics of MBC cases
	3.2. Pattern and prevalence of germline variants in MBC cases and controls
	3.3. Gene-specific MBC risk estimates

	4. Discussion
	5. Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A. Supporting information
	References




