Supplemental Notes
Patient and clinical phenotyping
In the two cases presented in Supplementary Fig. S2 and Supplementary Fig. S3, unstained formalin-fixed paraffin-embedded (FFPE) cancer specimen slides were submitted for FoundationOne CDx Cancer Genomic Profile analysis. The pathogenicity of variants detected in the CGP tests was assessed in the same manner as described for BRCA1/2 above. Clinical information was obtained from the patients or by reviewing medical records. The pedigrees shown in Supplementary Figs. S2 and S3 have been partially modified to ensure patient confidentiality, while retaining relevant clinical features.

A case of duodenal cancer harboring a BRCA2:c.67G>C germline variant
A 62-year-old man presented with local recurrence and multiple distant metastases in the liver and lung following radical pancreatoduodenectomy (Supplementary Fig. S2A). His family history included four cases of breast cancer involving third-degree relatives (Supplementary Fig. S2B). A FFPE specimen from the duodenal cancer was submitted for FoundationOne CDx Cancer Genomic Profile testing, concurrently with the initiation of modified FOLFOX6 (mFOLFOX6) chemotherapy. The CGP test identified MDM2 amplification (chr12:69153996-69277205) and CREBBP duplication spanning intron 2 to exon 12, which were determined to be pathogenic alterations, while BRCA2:c.67G>C (p.D23H, NM_000059.4) was reported as VUS, with a variant allele frequency (VAF) of 0.635 (Supplementary Fig. S2C). Subsequent germline genetic tests confirmed that this variant was of germline origin. The recurrent lesions were extremely sensitive to mFOLFOX6. Of note, PET accumulation at recurrent lesions disappeared at 9 months from the start of chemotherapy, which has not recurred to date. The patient has remained treatment-free for 3 years without recurrence (Supplementary Fig. S2A).

A case of castration-resistant prostate cancer harboring a BRCA2:c.67G>C germline variant
Following the previous case of duodenal cancer, we encountered a case of castration-resistant prostate cancer harboring a BRCA2:c.67G>C variant. A 64-year-old man underwent CGP testing in search of molecularly targeted therapies for his castration-resistant prostate cancer. He had a prior history of rectal cancer at the age of 62, and his father and his paternal uncle had been diagnosed with multiple cancers, including gastric, prostate, and pancreatic cancers (Supplementary Fig. S3A). The CGP identified TBX3 deletion (chr12:115109645-115121005) and a pathogenic BRIP1: c.2255_2256del (p.K752fs*12, NM_032043.2) variant, while BRCA2:c.67G>C was detected but classified as VUS (Supplementary Fig. S3B). At that point, the clinical relevance of the two HR-related variants remained unclear. Subsequent single-site genetic tests revealed that both BRCA2 and BRIP1 variants were of germline origin. The patient had previously received multiple lines of therapy, including androgen deprivation therapy, darolutamide, docetaxel, and cabazitaxel, without durable disease control. Based on the CGP results, combination therapy with talazoparib and enzalutamide was initiated. Given that both BRCA2 and BRIP1 are involved in HR repair, the observed therapeutic response cannot be solely attributed to a single variant. Nevertheless, the marked decline in PSA levels (from 117.1 ng/mL to 1.46 ng/mL) underscores the clinical relevance of HR deficiency in this patient (Supplementary Fig. S3C). 
Year X denotes an anonymized calendar year used to protect patient privacy.


Supplemental Figure Legends
Supplementary Fig. S1: Distribution of in silico predictor scores in a real-world CGP dataset.
Histograms of scores from ten in silico predictors (SIFT, MetaSVM, REVEL, BayesDel, PolyPhen-2, CADD, SpliceAI, PrimateAI, PhyloP100, and MaxEntScan) for 153 BRCA1/2 variants of uncertain significance (VUS) identified by clinical genomic profiling (CGP). Red dashed lines with numeric labels indicate the predefined cutoff thresholds for pathogenicity prediction.

Supplementary Fig. S2: A case of duodenal cancer harboring a BRCA2:c.67G>C germline variant. (A) Clinical course during chemotherapy. Arrows indicate the target lesion, which was chronologically evaluated by contrast-enhanced CT or PET-CT images. (B) Pedigree chart. (C) Results of comprehensive genomic profiling. 

Supplementary Fig. S3: A case of prostate cancer harboring a BRCA2:c.67G>C germline variant.
(A) Pedigree chart. (B) Results of comprehensive genomic profiling (CGP). (C) Clinical course demonstrating PSA decline after combined treatment with talazoparib plus enzalutamide.

Supplementary Fig. S4: Predicted alternative splicing caused by BRCA2:c.67G>C.
(A) Predicted alterations in splicing donor and acceptor signals by SpliceAI, visualized in the Integrative Genomics Viewer. BRCA2:c.67G>C (p.D23H, NM_000059.4) and pathogenic variants in the same position (c.67G>A, c.67G>T) were compared with the reference sequence. (B) Predicted alternative splicing and primer design for RT-PCR (See also Supplementary Table S1).
