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Abstract

Access to genetic testing and counselling in remote areas such as the Madeira archi-
pelago, in the Northern Atlantic Ocean, may be complex. Different counselling methods, 
including telegenetics, should be explored. In this study, we characterise the Heredi-
tary Breast/Ovarian Cancer (HBOC) families with Madeira ancestry enrolled in our pro-
gramme. Of a total of 3,566 index patients tested between January 2000 and June 2018, 
68 had Madeira ancestry and 22 were diagnosed with a pathogenic germline variant 
(PV). As in the whole group, BRCA2 PV were more frequent in Madeira patients (68.4%: 
c.9382C>T (26.3%), c.658_659del (21%), c.156_157insAlu (10.5%), c.793+1G>A (5.3%) 
and c.298A>T (5.3%). However, the most frequently diagnosed PV in Madeira patients 
was the BRCA1 c.3331_3334del (31.6%). BRCA1/2 detection rates were 27.9% and 
10.5% for Madeira and the whole group, respectively. This study is the first characterisa-
tion of HBOC patients with Madeira ancestry. A distinct pattern of BRCA1/2 variants was 
observed, and the geographic clustering of BRCA1 c.3331_3334del variant may support 
the possibility of a founder mutation previously described in Northern Portugal. The high 
detection rate observed reinforces the need to reduce gaps in access to genetic testing in 
Madeira and other remote areas. According to current guidelines, timely identification of 
HBOC patients can contribute to their ongoing care and treatment.
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Background

The identification of pathogenic BRCA1 and BRCA2 variants has had a marked impact 
on cancer prevention and therapy, with criteria for BRCA1/2 testing being included in 
several cancer treatment and prevention guidelines [1–3]. Thus, the expansion of rec-
ommendations for BRCA1/2 testing has challenged established delivery models of care 
for access to genetic counselling and testing [1, 4]. This access is even more complex 
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in remote regions, where geographic limitations and lack of specialised programmes can negatively impact patient management and limit 
population-based genetic studies. Several models, including telegenetics, have been proposed to improve access to genetic testing without 
compromising quality of care [5]. These methods have not been found to be associated with long-term negative psychosocial outcomes [6].

In addition to targeted individual and family preventive and therapeutic management, knowledge of the geographical distribution of BRCA1/2 
variants is an important tool for population-based studies. Indeed, it represents one of the most useful ways to approach genetic variation 
and penetrance estimation and to clarify genotype–phenotype correlations. BRCA1 is described as the most frequently mutated gene in 
Hereditary Breast/Ovarian Cancer (HBOC) syndrome, but BRCA2 variants seem to be more frequent in the Portuguese population as well as 
in women of East Asian and Icelandic ancestry [7–9]. An excess of specific variants in certain populations has been associated with a founder 
effect, including in the Portuguese population, where BRCA2 c.156_157insAlu accounts for more than one fourth of the identified BRCA1/2 
families [7, 10, 11]. Furthermore, other BRCA1 founder mutations have been described in HBOC families from North Portugal [7], but the 
distribution of BRCA1/2 variants is unknown in the Madeira archipelago. There may be carriers of as yet undiagnosed founder variants in 
these islands, which are located nearly 1,000 km from continental Portugal in the North Atlantic Ocean [9–10, 12]. We reviewed all consecu-
tive HBOC families with Madeira ancestry registered in our programme, explored their BRCA1/2 genotyping results and compared them with 
our data from continental Portugal.

Methods

Ethics approval

All procedures and consent forms were approved by the local Ethics Committee and all patients or their legal representatives signed an 
informed consent form.

Patients & methods

In January 2000, a multidisciplinary HBOC programme was implemented in the Instituto Português de Oncologia de Lisboa. The objec-
tives of this programme were the identification and risk management of HBOC patients. Initially, genetic testing was proposed for patients 
with a combined probability of at least 10% of having a BRCA1/2 pathogenic variant (PV), but the criteria for testing have been expanded 
over time, including patients without a family history of cancer (e.g. non-mucinous ovarian cancer after 2014) [13]. Paternal and mater-
nal ancestry is recorded, up to the third previous generation. Pre-test and post-test counselling was done in person or by telephone. 
As of June 2018, a total of 5,925 index patients were enrolled in the programme and 3,566 consented to genetic testing (BRCA1/2: 2,381 
patients; multigene panel testing: 1,185 patients). The Madeira ancestry subgroup included 106 index patients (1.8%) and 68 of them 
consented to BRCA1/2 testing, with four of them undergoing sequential TP53 (2) or PTEN (2) analysis. Nine patients consented to upfront 
multigene testing.

The cancer diagnoses of the index patients were mostly breast (86%) and ovarian (9%) cancer, with 1% having both diagnoses. In the Madeira 
subgroup, 60 patients (88%) had breast cancer, six (8.8%) had ovarian cancer, and two (2.9%) had both. In this subgroup, eight patients had 
an additional cancer diagnosis (11.8%).

All patients were tested for BRCA1/2 point variants, large rearrangements and the Portuguese founder variant in BRCA2 c.156_157insAlu 
[11]. Before the introduction of next generation sequencing (NGS), heteroduplex-based methods such as Conformational Sensitive Gel Elec-
trophoresis [14–15] and Conformational Sensitive Capillary Electrophoresis [14–16] were used. From 2014 to 2018, BRCA1/2 point variants 
were analysed by NGS using the BRCA MASTR Dx kit (Multiplicom, Niel, Belgium) or multigene panels such as TruSight Cancer (Illumina) or 
the BRCA Hereditary Cancer MASTR Plus kit (Multiplicom, Niel, Belgium) in a MiSeq platform (Illumina, San Diego, CA, USA) according to the 
manufacturer’s protocol. Variant analysis was performed using DNAnexus software (CA, USA). All pathogenic or likely pathogenic variants 
were confirmed by Sanger sequencing. The genes tested in these panels included BRCA1, BRCA2, PALB2, CHEK2, PTEN, CDH1, TP53, ATM, 
RAD51C, RAD51D, BRIP1, RAD50, BARD1, NBN and BLM.
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Large deletions/insertions in BRCA1/2 genes were tested using Multiplex Ligation-dependent Probe Amplification (MRC-Holland, Amster-
dam, The Netherlands) according to the manufacturer’s protocol in an ABI Prism 3130 Genetic Analyzer platform (Applied Biosystems, 
Foster city, USA) and analysed using Coffalyser.Net software (MRC-Holland, Amsterdam, The Netherlands). Variants were named according 
to Human Genome Variation Society nomenclature guidelines (version 15.11) and the reference sequences of BRCA1/2, PALB2, ATM and 
RAD50 used are LRG_292t1, LRG_293t1, LRG_308t1, LRG_135t1 and NM _005732.3, respectively.

Results

A total of 3,566 patients were tested exclusively for BRCA1/2 (Table 1). Of these, 386 patients were diagnosed with a BRCA1/2 PV (19 with 
Madeira ancestry). Regarding other genes, 62 out of 1,185 patients had non-BRCA1/2 PV diagnosed, including 3 from the Madeira archi-
pelago (Table 1). Detection rates, both for the entire programme and for the Madeira subgroup, were calculated considering only BRCA1/2-
positive results and were higher for the Madeira subgroup (27.9% versus 10.5%).

Table 1. Germline pathogenic variants identified in HBOC index patients from non-related families with Madeira ancestry.

Whole 
registry Gene Variant

Madeira Whole registry(excluding 
Madeira)

Ethnicity/Nationality [31]
Index  

patients (n)

Variant  
frequency ¥  

(%)

Index  
patients (n)

Variant  
frequencyc  

(%)

BR
CA

1/
2

3,566 
patients 
tested 

386 
positive 
index 
patients

BRCA1 c.3331_3334del; 
p.(Gln1111AsnfsTer5)

6 6/19  
(31.6%)

10 10/367 
(2.7%)

European, Russian, Colombian, 
Egyptian, Latin American, Caribbean, 
Native American

BRCA2 c.156_157insAlu 2 2/19 
(10.5%)

86 86/367 
(23.4%)

Portuguese founder mutation

c.298A>T; 
 p.(Lys100Ter)

1 1/19 
(5.3%)

0b 0 Central/Eastern European

c.658_659del;  
p.(Val220IlefsTer4)

4 4/19 
(21%)

0b 0 Japanese, South-East Poland, Norway, 
European, African American, Lithuania, 
Brazil

c.793+1G>A 1 1/19 
(5.3%)

12 12/367 
(3.3%)

None specified

c.9382C>T;  
p.(Arg3128Ter)

5 5/19 
(26.3%)

0b 0 Brazil, Norway, Chile; European, 
African American, Latin

O
th

er
 th

an
 B

RC
A1

/2

1,185 
patients 
tested 

62 
positive 
index 
patients

ATM c.8264_8268del; 
p.(Tyr2755CysfsTer12)

1a - 2 2/59
(3.4%)

Spanish, Brazilian

PALB2 c.751C>T;  
p.(Gln251Ter)

1a - 0b 0 Chinese, German and Russian

c.1633G>T;  
p.(Glu545Ter)

1 - 0b 0 German and Russian

RAD50 c.2516_2517insA;  
p.(Asp840ArgfsTer5)

1 - 2 2/59 
(3.4%)

Latin

aThe same patient was diagnosed with both variants
bVariants diagnosed exclusively in the Madeira subgroup
cNumber of index patients with specific variant/total of index patients diagnosed with a PV in that cluster (BRCA1/2 or other than BRCA1/2)
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Nineteen germline BRCA1/2 pathogenic variants were identified in HBOC index patients from non-related families with Madeira ancestry 
(Table 1), with BRCA2 being the most frequently mutated gene (68.4%). The c.3331_3334del in BRCA1 (31.6%) and the c.9382C>T in BRCA2 
(26.3%) genes were the variants more recurrently identified. The c.3331_3334del BRCA1 was observed in six non-related families, being the 
only BRCA1 pathogenic event in this subgroup. The BRCA2 c.9382C>T, c.298A>T and c.658_659del variants were exclusively identified in 
patients with Madeira ancestry as well as the two PV in the PALB2 gene (c.751C>T and c.1633G>T).

Cascade testing

Within the 22 positive patients with a PV in the Madeira subgroup, a total of 59 family relatives were identified for cascade testing. All 
patients were given a detailed report so that local structures could identify additional relatives for testing and implementing risk-reducing 
measures in the case of carriers of pathogenic variants.

Discussion

This study reports the first characterisation of genetic variants associated with HBOC in patients with Madeira ancestry. We observed a 
higher-than-expected mutation detection rate and a pattern of BRCA1/2 variant distribution different from the rest of the country, although, 
as expected for Portuguese HBOC patients, BRCA2 variants were diagnosed more frequently than BRCA1 [7, 17].

Regarding the higher detection rate observed for Madeira patients, selection bias cannot be excluded, since most of our index patients lived 
or travelled frequently to the continent, thus having easy access to genetic programmes that were not available at the time in archipelago. 
However, this observation deserves further analysis as, if confirmed, it highlights the potential positive impact on cancer prevention and 
treatment outcomes for breast and ovarian cancer patients in the archipelago.

When comparing the pattern of BRCA1/2 PV in the Madeira subgroup with that of the whole programme, a lower prevalence of the Portu-
guese BRCA2 founder variant (c.156_157insAlu) was observed in Madeira (10.5% versus 23.4%). Of the three BRCA2 variants only observed 
in Madeira patients (c.298A>T, c.658_659del and c.9382C>T), c.9382 C>T has been previously diagnosed in the North of Portugal [7].

The only BRCA1 PV identified in the Madeira subgroup (c.3331_3334del) was previously proposed to be a founder variant of Northern Portu-
guese origin [7]. This genetic event has also been observed in other populations such as Brazil [18–20], Colombia [21], Spain [22] and Canada 
[23]. Our data could add to the possibility of a founder effect, since up to 54% of the first XVI century settlements in Madeira originated from 
Northern Portugal. Haplotype analysis could help determine the possibility of a common ancestor.

The patients included in this study have had access to genetic testing for more than a decade, and panels and testing methods have evolved 
over time. The implementation of NGS testing has allowed the identification of mutant genes other than BRCA1/2 such as PALB2, ATM 
and RAD50 [24, 25]. The PALB2 variants (c.751C>T and c.1633G>T) were also exclusive to the Madeira subgroup, having previously been 
described in Portuguese, German, Russian and Chinese patients [26–28]. At this time, published evidence does not support the inclusion of 
RAD50 in hereditary breast and ovarian multigene panels [29, 30].

Conclusions

We observed a higher-than-expected detection rate and a distinct pattern of BRCA1/2 variants in HBOC patients with Madeira ancestry. 
Confirmation of BRCA1/2 variant distribution and further studies on geographic clustering of BRCA1 c.3331_3334del will add to our knowl-
edge of population genetics. The observed high detection rate highlights the need to reduce gaps in access to genetic testing in Madeira 
and other remote areas. According to current guidelines, timely identification of HBOC patients may contribute to their ongoing care and 
treatment.
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