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Tumour testing of the BRCA1/2 genes is routinely performed in patients with different cancer histological subtypes. To accurately identify patients with tumour-detected germline pathogenic variants (PVs) is a relevant issue currently under investigation. This study aims at evaluating the performance of the tumour-to-germline diagnostic flowchart model defined at our Institutional Molecular Tumour Board (MTB). Results from tumour BRCA sequencing of 641 consecutive unselected cancer patients were discussed during weekly MTB meetings with the early involvement of clinical geneticists for appropriate referral to genetic counselling. The overall tumour detection rate of BRCA1/2 PVs was 8.7% (56/641), ranging from 24.4% (31/127) in high-grade ovarian cancer to 3.9% (12/304) in tumours not associated with germline BRCA1/2 PVs. Thirty-seven patients with PVs (66%) were evaluated by a clinical geneticist, and in 24 of them (64.9%), germline testing confirmed the presence of the PV in blood. Nine of these patients (37.5%) were not eligible for germline testing according to the criteria in use at our institution. Cascade testing was subsequently performed on 18 relatives. The tumour-to-germline diagnostic pipeline, developed in the framework of our institutional MTB, compared with guideline-based germline testing following genetic counselling, proved to be effective in identifying a higher number of germline BRCA PVs carriers.
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Introduction

Genomic analysis of tumour DNA is mandatory for both the pathological diagnosis and the selection of patients who may benefit from drugs targeting specific gene aberrations (1, 2). In the last years, next-generation sequencing (NGS) techniques for tumour testing is increasingly used as a clinical tool to simultaneously analyze hundreds of genes in different cancer settings (3–5). This approach fostered the acquisition of a massive amount of tumour molecular data and increased the detection of variants in cancer-predisposing genes. These identified in tumours, although not necessarily actionable in terms of therapeutic targeting, might be of germline origin and thus particularly relevant to address tumour risks in patients and their relatives (6–8).

Among high-penetrance cancer-predisposing genes, pathogenic variants of BRCA1 and BRCA2 are the most frequent germline alterations found at tumour testing and represent the most common incidental germline finding in unselected populations of cancer-affected individuals (9–11). Different approaches have been proposed to identify carriers of germline variants among individuals undergoing tumour testing, including parallel tumour and germline analysis (parallel testing) or upfront tumour sequencing followed by germline testing in selected cases (tumour-to-germline testing) (12–14). Data on the diagnostic pipeline, particularly in the Italian population, are currently scarce and mostly limited to OC patients (13, 15–17).

Herein we present the results of a tumour-to-germline model of BRCA testing developed by an Institutional Molecular Tumour Board (MTB) in a large Italian cohort of consecutive patients with different cancer histotypes, providing data on its impact on genetic counselling and cascade testing in family members.



Materials and Methods


Patients Cohort

The study cohort was selected among consecutive cancer-affected individuals who underwent genetic testing on tumour DNA for therapeutic purposes, regardless of the type of cancer, age at diagnosis and family history. We included in the analysis only patients discussed at the Molecular Tumour Board (MTB) of the Fondazione IRCCS Istituto Nazionale dei tumori of Milan (INT) between April 29th 2020 and June 30th 2021, and for whom successful complete sequencing of the BRCA1 and BRCA2 genes in the tumour was available. Patients in the final cohort were either affected with tumours associated with BRCA defects, which might be eligible for treatment with PARP inhibitors (PARPi), or developed tumours with indications for treatments targeting different molecular pathways. Genetic testing in the first group was carried out mainly with NGS of only the BRCA genes, while in the second group the analysis was performed through a larger gene panel.



Tissue Preparation and Tumour Sequencing

In 185 out of 641 patients, mostly affected with ovarian cancer, tumour variants of the BRCA1 and BRCA2 genes were assessed by in-house NGS testing using the Oncomine BRCA Research Assay (Thermo Fisher Scientific, Inc). This assay provided a 100% coverage of all BRCA1 and BRCA2 exons, with an average of 64 bases of intronic flanking sequences upstream and downstream of each exon. Five µm sections from formalin-fixed paraffin-embedded (FFPE) samples were manually microdissected to isolate the highest percentage of neoplastic cells. Genomic DNA was extracted with protease K (incubation ON at 55°C) and quantified with Qubit dsDNA BR kit (Thermo Fisher Scientific, Inc).

The libraries were prepared with the IonAmpliSeq Library kit 2.0 (Thermo Fisher Scientific, Inc) and quantified with Qubit dsDNA HS kit (Thermo Fisher Scientific, Inc) following the manufacturer’s instructions. The libraries are diluted to 25 pm, pooled and loaded on the Ion Chef to perform emulsion PCR and chip loading, using Ion 318 v2 Chip and ION PGM HI-Q view Chef kit, according to the manufacturer’s instructions.

Data were processed using the Torrent Suite. Variant calling from sequencing data was generated by the Variant Caller plugin. To eliminate erroneous base calling, we set each variant coverage >40, a variant frequency on each sample >5 and a quality value >30. The resulting variants were annotated using the Ensemble Variant Effect Predictor pipeline, Ion Reporter analysis software. Each variant is displayed on IGV2.11.1. Among the called variants, synonymous variants are filtered out and other variants are classified into pathogenicity classes according to the Evidence-based Network for the Interpretation of Mutant Alleles (ENIGMA) consortium guidelines (https://enigmaconsortium.org/). This assay could not reliably detect large intragenic rearrangements.

The other 456 patients were mainly affected with tumours for which PARPi are not indicated, but other therapeutic options targeting different genes and molecular pathways are available. This group underwent quantitative NGS on tumour FFPE slide specimens using the validated Foundation One CDx assay (Foundation Medicine, Cambridge, MA), which detects nucleotide substitutions, small insertions/deletions and copy number alterations in 324 genes (18). This assay provided also an estimate of the tumour mutational burden (TMB) in 364 samples.



Molecular Tumour Board Workflow

The MTB, composed of pathologists, oncologists, molecular biologists, bioinformatics and clinical geneticists, performed a weekly evaluation of the molecular analyses, interpreted and classified the identified genetic variants and provided recommendations on therapeutic targets and the appropriateness of genetic counselling and additional genetic testing. In case pathogenic or likely pathogenic BRCA1/BRCA2 variants (henceforth termed PVs), as defined according to the ENIGMA criteria, were identified, clinicians were advised by the clinical geneticists of the MTB to refer the patients to genetic counselling for targeted germline testing. Information about clinical or family features suggestive of Hereditary Breast and Ovarian Cancer syndrome (HBOC) were reviewed by the clinical geneticists in all patients affected with a BRCA-associated tumour. Since the Oncomine BRCA assay does not detect large rearrangements, all patients, who tested negative at this assay yet fulfilled the empirical selection criteria for BRCA germline testing used at our Institution (Supplementary Table 1) (19), were referred to genetic counselling and were offered the germline analysis of large rearrangements involving the BRCA1/2 genes (Figure 1).




Figure 1 | Workflow of the management of BRCA tumour testing results with potential germline implications. MTB, Molecular Tumour Board; GC, genetic counselling; PVs, pathogenic/likely pathogenic variants.



If a PV was confirmed to be germline, the probands were informed about the opportunity of genetic counselling and cascade testing in family members.

In case PVs affecting actionable genes other than BRCA1 and BRCA2 were identified at the Foundation One CDx assay, genetic counselling and germline testing were offered according to the ESMO Precision Medicine Working Group recommendations (20).

The Local Ethics committee approved the use of both clinical and molecular data collected by the MTB for clinical studies and granted exemption from requiring written consent for tumour genetic testing from the patients, as these analyses were conducted in a routine diagnostic and care setting (approval number INT 227/20). All the probands and relatives who underwent germline testing were aged over 18 and provided signed informed consent for the use of their biological samples and data for both diagnostic and research purposes. The consent form was in use at our Institution and was previously approved by the INT Ethics committee (INT 171/15).



Germline Testing

Two EDTA tubes of peripheral blood samples were collected from each patient who performed genetic counselling and was eligible for germline testing. Whole blood DNA was isolated through the MagCore® Super automatic workstation with the MagCore® Genomic DNA Whole Blood Kit (Diatech LabLine SRL, Jesi, Italy).

Targeted Sanger sequencing of tumour-detected BRCA1/BRCA2 PVs was performed on purified PCR products by using BigDye® Terminator v.3.1 Cycle Sequencing kit (Thermo Fisher Scientific, Inc.) and run on 3730Xl DNA Analyzer (Applied Biosystems; Thermo Fisher Scientific, Inc.), after purification with Agencourt CleanSeq®-Beckman Coulter. Sequences were analyzed by Mutation Surveyor® Software (v5.0.1; SoftGenetics, LLC., State College, PA, USA). Targeted sequencing results were confirmed on both blood aliquots collected from each patient. Variants of uncertain clinical significance identified at tumour testing were not systematically investigated at the germline level.

Eligible probands, who resulted negative at tumour testing with the Oncomine BRCA assay, were analysed for large deletions and duplications of BRCA1 and BRCA2 on blood DNA with the SALSA MLPA kits P045 BRCA2/CHEK2 and P002 BRCA1 probe mix (MRC-Holland, Amsterdam, the Netherlands), following the manufacturer’s instructions. MLPA products were run on the 3730Xl DNA Analyzer (Applied Biosystems; Thermo Fisher Scientific, Inc.) with the Gene Mapper Module (Applied Biosystems; Thermo Fisher Scientific, Inc.). The results were analyzed through the Gene Marker Software v2.7.0 (SoftGenetics, LLC, State College, PA, USA).



Statistical Analysis

Descriptive statistics and confidence intervals of the mean were used for reporting the age at tumour testing of the patients. The two-tailed Fisher’s exact test was employed to compare the frequency of BRCA PVs in different tumour types. An unpaired t-test was used to compare the age at diagnosis of OC between patients with germline versus somatic only BRCA PVs. One-sided Mann Whitney test for unpaired data was used to compare the tumour mutational burden (TMB) values between BRCA wild-type tumours and tumours with BRCA PVs and to compare the allele frequency of germline versus somatic only PVs.




Results


Patients

The study population was represented by all the patients consecutively analyzed by NGS and discussed by the Institutional Molecular Tumour Board between April the 29th, 2020 and June the 30th, 2021. Overall, 1549 patients were evaluated, including 840 females and 709 males, with a median age at tumour testing of 64 years (range 0 – 90 years). Tumour sequencing of all coding exons of the BRCA1 and BRCA2 genes was carried out in 641 (41.3%) cases, including patients with ovarian (OC, 154, 24%), biliopancreatic (BPC, 135, 21.1%), breast (BC, 36, 5.6%) and prostate (PC, 12, 1.9%) cancer, as well as other tumours not typically associated with BRCA1/2 PVs, including gastrointestinal (GI) tumours (147, 22.9%) and other histotypes (157, 24.5%). The histology of OC patient tumours was high-grade serous (HGSOC, 112 cases), high-grade non-serous (HGOC, 15 cases) and low grade or unknown/uncertain type (27 cases) carcinoma. Out of the 641 patients tested for BRCA, 185 (128 of which were OC) were analysed using the Oncomine BRCA Research Assay, and the remaining 456 (26 OCs, 25 BCs, 106 BPCs, 5 PCs, 146 GI tumours, and 148 other tumours), using the Foundation One CDx assay.



BRCA Tumour Testing Results

Out of 641 patients analyzed, 56 (8.7%, 20 in BRCA1 and 36 in BRCA2) bore tumour BRCA PVs and 64 variants of uncertain significance (VUS). All the PVs were small truncating variants, except two large deletions at BRCA2, representing large intragenic rearrangement, which were both detected using the Foundation One assay. A complete list of the detected PVs is available in Supplementary Table 2.

The detection rate of PVs (DR) in the whole cohort was 8.7% (56/641). A wide range of DRs was found across the histotypes analysed: 20.8% in OC patients (32/154, 16 BRCA1 and 16 BRCA2, rising to 24.4% in HGOCs), 11.1% in BC patients (4/36, 2 BRCA1 and 2 BRCA2), 4.4% in BPC patients (6/135, BRCA2), 16.7% in PC patients (2/12, BRCA2), 4.8% in GI tumour patients (7/147, 2 BRCA1 and 5 BRCA2), and 3.2% in patients with other tumours (5/157, BRCA2) (Figure 2).




Figure 2 | Detection rate of BRCA pathogenic/likely pathogenic variants (PVs) at tumour testing in different primary tumours.



As expected, the DR in OCs was significantly higher compared with all other tumour types considered together (p<0.0001). Due to the limited number of BCs and prostate cancers in our cohort, we could not detect a significant difference in the DR in these compared with other tumours. Notably, in BPC the DR was not different compared with tumours not in the spectrum of HBOC.

The tumour mutational burden (TMB) was available in 364 of the 456 cases analysed, including 23 tumours with BRCA PVs, and it was significantly higher in BRCA mutated (median 7.57 mut/Mb) than wild-type tumours (median 3.78 mut/Mb) (p<0.005) (Figure 3).




Figure 3 | Boxplots of the Tumour Mutational Burden (TMB) in BRCA wild-type tumours (left) and tumours with BRCA pathogenic/likely pathogenic variants (PVs) (right); extreme outliers (TMB >30 mut/Mb) are not displayed.





Referral to Genetic Counselling and Germline Testing Results

Seven out of the 56 patients with a PV in the tumour had previously undergone germline testing following a clinical geneticist evaluation, and five of them yielded consistent results. In one of the two OC patients with discordant results, the c.1813delA PV, located at a homopolymeric region of BRCA2, was not detected by the Oncomine variant calling software. Nevertheless, a subsequent manual curation analysis with IGV tools allowed us to demonstrate that the variant was occurring in the tumour as well. In the other patient, bearing the germline BRCA2 c.4284dupT p.(Gln1429Serfs*9) variant, tumour testing on relapsing OC tissue showed the large BRCA2 deletion p.(Leu1334_Asn1742del) encompassing the germline variant. This patient showed a clinical progression upon platinum and PARPi treatment, suggesting the occurrence of a resistance reverse mutation at the tumour level.

Thirty out of the 56 patients with PVs detected by tumour testing were subsequently evaluated by a clinical geneticist and underwent targeted germline testing (Figure 4).




Figure 4 | Flowchart of tumour and germline BRCA testing results in the whole cohort. VUS, variants of uncertain significance; GC, genetic counselling; PVs, pathogenic/likely pathogenic variants.



In 19 patients (15 OC, and one each BPC, duodenal cancer, PC and urothelial cancer patients), the PV was confirmed to be germline. Nine of these 19 patients (47.4%) would not have been eligible for germline testing based on the clinical criteria in use at our Institution. With regards to OC patients, 33.3% of germline carriers (5/15) would not have been tested if the tumour sequencing had not been performed frontline. Conversely, of the 30 patients who underwent germline analysis, 11 (36.7%) had somatic only PVs, and nine (81.9%) of them would not have been eligible for germline testing. In the OC patient subgroup with a BRCA PV in the tumour, 28.6% (6/21) of the PVs were not detected at germline testing (Figure 5).




Figure 5 | Ratio of somatic only vs. germline BRCA pathogenic/likely pathogenic variants (PVs), according to the primary tumour type, in 30 patients who underwent both tumour and germline testing.



Age at diagnosis of OC in patients with germline PVs was lower than in patients with somatic only PVs (53 vs 57.5 years), although the difference did not achieve statistical significance (Supplementary Figure 1). Median PV allele frequency, available in 23 cases, was 0.69 (range 0.39-0.94) for germline variants and 0.19 (range 0.07-0.61) for somatic variants (p<0,001). Although mutational tumour burden data were available for eight patients with germline PVs only, no difference was observed between BRCA-mutated and wild-type tumours (median 3.78 mut/Mb, p=n.s.).

Nineteen of the 56 patients bearing tumour BRCA PVs did not perform genetic counselling at our Institution due to different reasons, including loss at follow-up, death or severe health condition, or refusal to perform germline testing. No further BRCA aberrations were detected by Multiplex Ligation-dependent Probe Amplification (MLPA) in 22 patients (18 OC and 4 BC patients) eligible for germline testing due to personal or family history but testing negative at the Oncomine BRCA assay (Figure 4).



Genetic Counselling and Germline Testing in Family Members

Following the identification of a BRCA germline PV in 19 probands, we offered genetic counselling and cascade testing to family members. As of the 31st October 2021, 18 individuals from eight families (11 females, 7 males), with a median age of 55 years (range 33-77 years), performed targeted germline testing, and ten were found to have inherited the family variant (Figure 6).




Figure 6 | Targeted analysis of BRCA pathogenic/likely pathogenic variants (PVs) in family members of carriers identified through tumour testing.



Nine of these carriers reported a negative personal oncological history at the time of counselling, while one had developed colon cancer at 64 years. Among the eight non-carriers, two reported a personal history of cancer, one with bilateral BC at the age of 52 (right side) and 53 years (left side), the other with a testicular embryonal carcinoma at the age of 26 years. Nine (50%) of the 18 tested family members, including seven carriers, belonged to three families, which would have not been eligible for germline testing according to institutional clinical criteria.




Discussion

Therapies targeting homologous recombination defects (HRD) are steadily adopted in different cancer settings, yielding a higher volume of BRCA tumour testing carried out in pathology labs. Recently, the updated post-hoc analysis of progression-free survival from SOLO1 trial in germline and somatic BRCA mutated advanced OC patients reported after 5 years of follow-up a median progression-free survival of 56.0 months with olaparib versus 13.8 months with placebo (21).

Along this line, several trials are ongoing for addressing whether, in addition to germline PVs, somatic BRCA mutations may also be predictive of PARPi efficacy in several cancer settings. The identification of BRCA as an actionable target for personalized therapy revolutionized its testing workflow, which was traditionally preceded by genetic counselling, and significantly increased the volume of patients analyzed (22, 23)

In this complex scenario, BRCA testing is recommended to be managed by a multidisciplinary team of professionals, including clinical geneticists, that takes care of variant annotation, clinical trial recruitment and potential association with germline variants. In this study, we reported from a clinical geneticist perspective the BRCA diagnostic flowchart implemented by our Institutional MTB in an Italian cohort of 641 cancer patients genomically profiled by targeted NGS.

In the time frame of the study, 641 tumours underwent full sequencing of the BRCA genes. About one-fifth of these were OCs, which were mostly analysed with the Oncomine BRCA assay (83%, 128/154). Conversely, most other tumours underwent sequencing with the larger Foundation One multigene panel (88%, 430/487). The latter group included also tumours for which PARPi are not indicated, but other therapeutic options targeting different molecular defects are available.

In accordance with previous data, the frequency of tumour BRCA PVs was roughly 20% in OC (13, 24–27) and 4% in BPC (28). Notably, in our cohort, the DR in BPC was not different compared with tumours not in the spectrum of HBOC, possibly due to the relatively small number of patients investigated. However, it has been proposed that outside OC and BC settings, a higher fraction of BRCA PVs might represent an incidental finding, without a causal connection to tumour pathogenesis. This hypothesis is supported by the study by Yost et al, who reported a low frequency of both PVs and loss-of-heterozygosity (LOH) events involving the BRCA genes in tumours other than OC and BC (26).

In our model, targeted germline testing is offered whenever a BRCA PV is identified in the tumour, irrespective of the histological subtype, allele frequency and TMB. Although an allele frequency close to or higher than 50% could point to a germline origin of the variant (12, 20), as confirmed in our series, multiple factors may affect its estimate, including tumour cellularity, copy-number variation (CNV) and LOH, as well as sequencing and variant calling methods used for the tumour analysis (10, 29). A high TMB is another feature that could be associated with BRCA PVs. As previously reported for several cancer types (28, 30, 31), BRCA PVs in our cohort were associated with a higher TMB. However, our data on the TMB in germline carriers are limited and do not allow us to explore putative differences between germline and somatic only PVs.

A relevant aspect of all the diagnostic flowcharts is represented by the actual concordance between tumour and germline testing. Previous studies evidenced discrepancies between these analyses, mainly due to the low sensitivity in detecting large rearrangements from highly fragmented DNA obtained from FFPE tissues. In a cohort of high-grade epithelial OC patients, Chandrasekaran and colleagues recently reported a 1,4% discordant rate in detecting large rearrangements, due to tumour testing failure (13), thus suggesting performing concurrent/parallel tumour and germline analysis would be preferable. However, other studies showed that the prevalence of large BRCA rearrangements in other tumour types seems to be lower than that observed in OCs. In a large cohort from the US, Sharder et al. identified 52 carriers of BRCA PVs and only two large BRCA deletions among 1566 patients with advanced neoplasms (9). This finding was subsequently confirmed by Mendelker and colleagues, who reported 59 carriers of BRCA PVs and only one individual with a deletion, affecting exon 8 of BRCA1, among 1040 germline analyses of patients with unselected advanced cancers (7). In addition, the parallel tumour and germline approach, besides being less affordable in terms of costs, has also the disadvantage of waiving the choice of whether or not to undergo predictive germline testing. In our cohort, almost one-third of patients in whom a BRCA PV had been identified in the tumour, despite being referred to genetic counselling, were lost to follow up. A subset of these did not desire to know their germline status. Another potential limit could be to generate additional anxiety in patients whose main focus is the treatment of the present tumour rather than future risks for themselves or their relatives.

Other authors proposed a tumour-to-germline approach based on tumour sequencing up front, followed by targeted germline testing in selected patients. A recent study provided evidence that discussing molecular results of tumour testing within a MTB including clinical geneticists improved both the referral to genetic counselling and the identification of germline PVs (12). In our tumour-to-germline flowchart, all the molecular results along with clinical and familial data of patients with negative tumour testing are reviewed by clinical geneticists. All the patients eligible for germline testing are offered an MLPA analysis when the techniques used for tumour sequencing were inadequate for detecting large rearrangements. In this regard, out of the 22 patients with wild-type tumour BRCA analyzed by MLPA, no one showed gene rearrangement. Overall, only one large rearrangement was detected in 181 patients with tumours in the spectrum HBOC (including BC, OC, BPC and PC), suggesting that the probability of overlooking these molecular defects is seemingly low also in our series.

However, there are limitations in the use of tumour testing for guiding germline analyses. In our series, one patient previously found to be a carrier of a germline BRCA2 PV was negative at tumour testing, likely since it was located in a homopolymeric region, which is usually inefficiently sequenced by Ion torrent-based techniques. However, the frequency and impact of this phenomenon have not yet been determined (32–34).

An additional potential flaw of tumour testing is represented by the detection of reverse mutation. In an OC patient with acquired resistance to both platinum salts and PARPi, we found an in-frame deletion of 409 codons affecting BRCA2 exon 11 in tissue obtained from relapse. A former analysis had revealed a germline pathogenic BRCA2 point variant within the same region of the somatically deleted allele, allowing to classify the deletion as a reverse mutation. In this case, if a complete germline analysis had not been performed, the tumour testing result would have been misinterpreted, with a potentially negative impact on the patient’s treatment. Furthermore, the germline variant would not have been recognized, with consequences on both the patient and her relatives. Although this phenomenon has been consistently reported in BRCA-related tumours (35, 36), its occurrence is uncommon in untreated primary cancers, suggesting that testing for targetable BRCA PVs should be carried out in the most recent specimen available. Finally, it has to be underlined that reverse mutations might mask underlying germline PVs when tumour testing is carried out in tumours previously exposed to cytotoxic agents, which might have selected clones with reverse mutations conferring drug resistance.

Collectively, these data suggest that the risk of missing BRCA PVs with a tumour-to-germline approach would be limited. In addition, also parallel tumour and germline testing would still overlook a fraction of either somatic or germline pathogenic alterations, such as epigenetic events (37–39).

Using our tumour-to-germline diagnostic flowchart, we identified an additional 50% of germline carriers. In particular, 9 out of 19 germline carriers of BRCA PVs would not have been eligible for germline testing according to the institutional criteria based on personal or family history. Interestingly, the frequency of these incremental germline PVs in our cohort is in line with that reported by Samadder and colleagues in a recent study, which compared universal germline testing of cancer affected individuals versus guideline-directed targeted testing (11). On this basis, it could be argued that universal germline testing could be proposed as an alternative screening method to the herein presented tumour-to-germline diagnostic flowchart. However, albeit it is seemingly as effective in identifying germline carriers, this approach would overlook a considerable fraction of patients with PVs confined to the tumour, who might still benefit from cancer-specific targeted therapies (e.g. PARPi in OC).

Although our model has the overt advantage of identifying a higher number of individuals at increased genetic risk, it has also generated some concerns in our clinical practice. By the end of October 2021, an equal number of relatives from families eligible and non-eligible for germline testing, based on the empirical criteria in use at our Institution, underwent genetic counselling and targeted testing. However, in some patients with anamnestic features not suggestive of a genetic predisposition, we experienced more pronounced distress and lower acceptance of a positive test result, which might, in turn, lead to lower compliance with the recommended preventive measures. Moreover, indications on both screening and risk-reducing surgery are currently provided considering risk estimates calculated on high-risk families (i.e. with multiple affected individuals). Recent population-based case-control studies demonstrated that the penetrance of BRCA PVs is lower in unselected cohorts (40, 41), likely due to the influence of polygenic inheritance in certain families, with multiple susceptibility loci that modify the penetrance of BRCA PVs (42). Consequently, there is a potential risk of “overtreatment”, due to an overestimation of the risks in patients and relatives from non-eligible families. Obtaining more accurate and tailored penetrance estimates based on larger cohorts and population-specific studies will be critical, along with the future inclusion of personal polygenic risk scores in a diagnostic setting.

To the best of our knowledge, this is the first study to describe a model in which all the tumour testing results are reviewed by the MTB with the early involvement of clinical geneticists. The presence of oncogenetics experts in the early phases enhanced the annotation and interpretation of suspected germline variants. Moreover, compared with the “mainstreamed genetic testing” strategy, it allowed a more direct and prompt referral to genetic counselling for both patients with PVs and individuals who should undergo further germline investigations irrespective of the tumour testing results. Since this approach proved to be feasible and effective in the management of HBOC patients, we expect it to be readily applied also to other cancer-predisposing syndromes.



Conclusion

The herein discussed model and diagnostic flowchart of our Institutional MTB proved to be effective in identifying a higher number of germline carriers of BRCA PVs compared with guideline-based germline testing following genetic counselling. Since most targeted therapies are approved only for patients with germline PVs, assessing the germline status is mandatory for guiding treatment. However, our data highlight that, compared with parallel tumour and germline testing, an approach based on tumour sequencing upfront with the early involvement of clinical geneticists is feasible to enhance the identification of germline carriers without increasing the burden on genetic counselling services.

Overall, we also observed good compliance of both patients and clinicians involved in their medical management. Moreover, this model promoted interdisciplinary discussion, which is of paramount importance to enhance precision healthcare for patients and their families. The collection of data on a larger cohort of patients will provide further insight into our observations and better address points of improvement of the presented model.
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