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A proportion of up to 10% of breast cancer resulted from hereditary germline pathogenic variants (GPVs) in cancer predisposition genes (CPGs), which been demonstrated distinct clinical features and imaging manifestations. However, the performance of imaging modalities for breast cancer surveillance in CPG mutation-carriers is still unclear, especially in Asian women. A population of 3002 breast cancer patients who received germline genetic testing of CPGs was enrolled from three hospitals in China. In total, 343 (11.6%) patients were found to harbor GPVs in CPGs, including 137 (4.6%) in BRCA1 and 135 (4.6%) in BRCA2. We compared the performances of ultrasound, mammograms, MRI, and the combining strategies in CPG mutation carriers and non-carriers. As a result, the ultrasound showed a higher detection rate compared with mammograms regardless of the mutation status. However, its detection rate was lower in CPG mutation carriers than in non-carriers (93.2% vs 98.0%, P=2.1×10-4), especially in the BRCA1 mutation carriers (90.9% vs 98.0%, P=2.0×10-4). MRI presented the highest sensitivity (98.5%) and the lowest underestimation rate (14.5%) in CPG mutation carriers among ultrasound, mammograms, and their combination. Supplemental ultrasound or mammograms would add no significant value to MRI for detecting breast cancer (P>0.05). In multivariate logistic regression analysis, the family or personal cancer history could not replace the mutation status as the impact factor for the false-negative result and underestimation. In summary, clinicians and radiologists should be aware of the atypical imaging presentation of breast cancer in patients with GPVs in CPGs.
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Introduction

Breast cancer is currently the most common cancer among women both in the West and East (1, 2). A proportion of 5-10% breast cancer resulted from hereditary germline pathogenic variants (GPVs) in cancer predisposition genes (CPGs) such as BRCA1/2, PALB2, etc. (3–5) The BRCA-related breast cancer has demonstrated distinct clinical phenotypes in pathology features and imaging manifestations (6). Thus, special breast cancer screening and diagnosis guidelines with higher sensitivity have been applied in the CPG mutation-carriers in the US and UK (7, 8). However, the performance of imaging modalities in detecting BC in Asian CPG mutation carriers was still unknown.

The mammogram alone is insufficient for young women carrying BRCA1/2 mutations, even in women with low breast density (9). Compared to mammograms, the dynamic contrast-enhanced breast magnetic resonance imaging (MRI) has demonstrated the highest sensitivity in BRCA1/2 mutation-carriers (10, 11). Thus, the National Comprehensive Cancer Network (NCCN) has recommended annual breast MRI combined with an annual mammogram in breast cancer surveillance for women with BRCA1/2 mutations (7); while both the United States Preventive Services Taskforce (USPSTF) and the WHO International Agency for Research on Cancer (IARC) do not provide clear screening recommendations (12). Considering the high cost and high false-positive rate of the MRI, ultrasonography is widely used as a supplemental screening modality in Asian countries (13). It has also significantly increased the detection rate and screening sensitivity (14). A recent meta-analysis of 21 studies showed that supplemental ultrasound shows added value to sensitivity in women with dense breasts compared with mammograms alone (15). However, the clinical utility of ultrasound for detecting breast cancer in CPG mutation-carriers remains unclear (16).

Here, we investigated whether the germline variants could impact the performance of the mammogram, ultrasound, and MRI in a multi-center cohort of 3002 female Chinese breast cancer patients undergoing the multigene testing. This is also the first study to investigate the diagnosis accuracy and the effectiveness of these imaging techniques in screening for breast cancer among Chinese women with CPG mutations.



Methods


Study Participants and Design

This multicenter cohort study recruited consecutive female patients with breast cancer from October 1, 2017, to July 31, 2020, at the Cancer Hospital and Peking Union Medical College Hospital, both of Chinese Academy of Medical Sciences and Peking Union Medical College, and Huanxing Cancer Hospital, all in Beijing, China. Ultrasonography was conducted as the screening modality for all the patients. Digital mammography was provided for patients who were suspected for calcification in the breast or older than 40 years old. The screening MRI was performed according to patients’ willingness. The diagnosis of each patient was based on the pathology results from resection specimens. This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline (17).



Clinical Evaluation

We collected phenotypic data including the onset age, family history, personal cancer history, imaging evaluation, pathology features, clinical subtype, and clinical stage. Clinical grouping of subtypes was defined by the status of hormone receptor and HER2 according to the St. Gallen 2017 criteria (18). Standard digital mammography, ultrasonography, and MRI techniques were conducted at each center. The images were interpreted and classified according to the fifth edition of the Breast Imaging Reporting and Data System (BI-RADS) standard by two experienced radiologists independently at each center blind to the mutation status and the pathological finding (19). The BI-RADS 0 findings were excluded in the further analysis.



Germline Variants Analysis

Genomic DNA was extracted from peripheral blood or saliva. Germline variants were analyzed by a multiplex amplicon-based library preparation system and targeted a panel covering the coding regions and consensus splice sites of 50 CPGs in DNA-repair pathways for sequencing using an Illumina HiSeq 4000 Platform (20). The cancer predisposition genes included ATM, BARD1, BRIP1, BRCA1, BRCA2, CDH1, PALB2, RAD5IC, RAD51D, CHEK2, NBN, TP53, PTEN, STKI1, APC, MUTYH, MLH1, MSH2, MSH6, PMS2, SMAD4, KIT, PDGFA, HOXB13, RB1, PTCH1, CDK4, CDKN2A, PALLD, WRN, MEN1, RECQL, RET, SDHA, SDHB, SDHC, SDHD, SDHAF2, GNAS, MAX, VHL, MET, FH, FLCN, TSC1, TSC2, PRKAR1A, SMARCA4, SMARCB1, and BRAF. The clinical significance (benign/likely benign/variant of unknown significance/likely pathogenic/pathogenic) of each variant was annotated according to the ACMG/AMP guidelines (21). Pathogenic and likely pathogenic variants were analyzed together as pathogenic variants. Benign and likely benign variants were analyzed together as benign variants. The mutation curation was also conducted by two experienced medical geneticists independently blind to the imaging interpretation.



Statistical Analysis

The false-negative rate (FNR) was defined as the proportion of the BI-RADS categories less than 4 (22). The underestimation rate (UR) was defined as the proportion of the estimated malignancy rate of less than 50% (the BI-RADS categories 0-4b). The Student’s t-test was used to analyze the onset age and tumor size. The prevalence of the lymph nodes metastasis, FNRs, and URs were compared using the Pearson χ2 test or the Fisher’s exact test to obtain p values and odds ratios (ORs) with 95% confidence intervals (CIs). We also conducted multivariate logistic regression to evaluate the impact of the characteristics on the diagnostic sensitivity of different imaging techniques. Statistical tests were two-sided, and p values <0.05 were considered significant. Two-side p<0.05 was considered as statistically significant. Statistical analysis was performed using SPSS version 15.0 (SPSS, USA) and R statistical software, version 3.5.1.




Results


Patient Characteristics

In this study, 3002 women who were diagnosed with breast cancer were enrolled from three hospitals in China at a mean ± SD age of 42.8 ± 9.0 years (Figure 1). Thirty-eight patients with advanced breast cancer were excluded. In total, 343 (11.6%, 343/2964) patients were found to harbor GPVs in CPGs, including 137 (4.6%) in BRCA1, 135 (4.6%) in BRCA2, and 71 (2.4%) in other CPGs. Besides, 247 patients with variants of uncertain significance were excluded from further analysis (Figure 1).




Figure 1 | Patient Enrollment and Study Design. In this study, 3002 breast cancer patients were enrolled from three hospitals in China. Thirty-eight patients with advanced breast cancer were excluded. In total, 343 patients were found to harbor germline pathogenic variants (GPVs) in cancer predisposition genes (CPGs). To compare performances of ultrasound, mammograms, Magnetic Resonance Imaging (MRI), and combining strategies between different mutation status, 686 non-carriers were selected as 1:2 paired with the CPG mutation-carriers according to the onset age, tumor size, and lymph node status.



The age of diagnosis is significantly younger in patients with GPVs as compared with patients without GPVs (40.3 ± 7.9 vs. 43.3 ± 9.3, respectively, p=1.4×10-8), and even younger in patients with GPVs of BRCA1 (39.1 ± 7.7 vs. 43.3 ± 9.3, p=1.5×10-7; Table 1). For pathological characteristics, there was no association between the tumor size and mutation status (p=0.93). A higher proportion of invasive ductal carcinoma was identified in patients with GPVs in BRCA1/2 (94.9% and 86.7% in BRCA1 and BRCA2 mutation-carriers vs. 77.9% in non-carriers, p=1.3×10-7 and 0.02), while less ductal carcinoma in situ (DCIS) was found in patients with GPVs in BRCA1 (0% in BRCA1 mutation-carriers vs. 5.5% in non-carriers, p=1.1×10-3). In patients with GPVs in BRCA1, there was less proportion of histological grade I and II than patients without GPVs (0% in grade I and 19.7% in grade II in BRCA1 mutation-carriers vs. 5.8% and 42.8% in non-carriers, p=6.9×10-4 and 3.4×10-8, respectively), but a higher proportion of grade III (73.0% in BRCA1 mutation-carriers vs. 25.7% in non-carriers, p=4.9×10-29). Compared to the patients without GPVs, less grade I in patients with PGVs in BRCA2 (5.8% vs. 1.5%, p=0.03), while more grade II in patients with PGVs in BRCA2 and other CPGs were identified (42.8% in non-carriers vs. 52.6% in BRCA2 mutation-carriers and 56.3% in other CPG mutation-carriers, both p=0.03, respectively).


Table 1 | Comparison of clinical and pathological characteristics between patients with and without cancer predisposition gene mutations.



For the molecular subtype, more triple-negative breast cancers were found in patients with GPVs in BRCA1 and other CPGs than the non-carriers (68.6% and 26.8% vs. 14.9%, p=4.7×10-42 and 0.01; Table 1). Significantly fewer HER2 positive breast cancers including both HR-/HER2+ and HR+/HER2+ were found in patients with GPVs in BRCA1/2 than the non-carriers (Table 1). However, there were more HR+/HER2- breast cancers in BRCA2 mutation-carriers (57.0%) and fewer in BRCA1 mutation-carriers (22.6%) than the non-carriers (40.9%, p=1.4×10-5 and 3.0×10-4, respectively).

In addition, more patients with lymph node metastasis were found in BRCA2 and other CPGs subgroups than the non-GPVs group (60.7% in BRCA2 mutation-carriers and 50.7% in other CPGs mutation-carriers vs. 38.2% in non-carriers, p=1.7×10-6 and 0.04, respectively).



The Diagnosis Accuracy of the Breast Imaging Modalities

To compare the performances of imaging modalities between different mutation status, 686 non-carriers were selected as 1:2 paired with the CPG mutation-carriers (n=343) according to the onset age, tumor size, and lymph node status (Figure 1). The CPG mutation-carriers were further divided into BRCA1 mutation-carriers (n=137), BRCA2 mutation-carriers (n=135), and other CPGs mutation-carriers (n=71) according to the mutated genes (Table 2). As all the patients underwent ultrasound, 7 patients with mutations and 22 patients without mutations were diagnosed as BI-RADS 0 category. Therefore, the performance of ultrasound was evaluated in 336 patients with mutations and 664 patients without mutations. Meanwhile, the performance of digital mammography and MRI was evaluated in 185 and 131 patients with mutations and 422 and 291 patients without mutations, respectively.


Table 2 | The performance of imaging modalities in patients with cancer predisposition gene mutations and pair non-mutation controls.



The mammography performed poorly in both the CPG mutation-carriers and non-carriers (FNR=25.4% and 21.3%, p=0.29). The UR of the mammography was still higher in evaluating the CPG mutation-carriers than the non-carriers (56.2% vs. 44.1%, p=6.3×10-3), especially in the BRCA1 mutation-carriers (60.8% vs. 44.1%, p=6.9×10-3; Table 2 and Figure S1). Intriguingly, the ultrasound showed a higher detection rate compared with mammograms regardless of the mutation status (Table 2). However, the FNR of ultrasound was significantly higher in patients with GPVs in CPGs than the non-carriers (6.8% vs. 2.0%, p=2.1×10-4; Table 2 and Figure S2), especially in BRCA1 mutation-carriers (9.1% vs. 2.0%, p=2.0×10-4) and other CPGs mutation-carriers (7.0% vs. 2.0%, p=0.02). The UR of ultrasound was also higher in patients with GPVs in all CPGs than the non-carriers (35.4% vs. 18.7%, p=1.5×10-8; Table 2 and Figure S1). We also investigated the performance of imaging modalities in patients with mutations in non-BRCA1/2 cancer predisposition genes which affected no less than 5 patients. As a result, the RAD51D mutation carriers showed the highest FNR and UR by ultrasound when comparing with CHEK2, PALB2, and TP53 mutation carriers (Table S1). The FNRs of MRI were consistently low among different mutation status (0.7% in non-carriers, 1.5% in all CPG mutation-carriers, 3.8% in BRCA1 mutation-carriers, 0% in BRCA2 mutation carriers, and 0% in other CPG mutation-carriers); while the UR of MRI was significantly higher in patients with GPVs in CPGs other than BRCA1/2 than the non-carriers (22.9% vs. 9.6%, p=0.04; Table 2 and Figure S1). Three modalities showed similar performances measuring the tumor diameters among different mutation status. However, the estimated sizes according to MRI were larger than the tumor sizes (Table 2).



The Accuracy of Combined Imaging Strategies

To evaluate the combined strategies, we also assessed the FNR and UR by combining two imaging techniques. Similar to the performance of ultrasound, the FNR of combining the ultrasound and mammograms was higher in CPG mutation-carriers than the non-carriers (2.8% vs. 0.5%, p=0.03), especially in BRCA1 mutation-carriers (5.3% vs. 0.5%, p=6.7×10-3; Table 3 and Figure S2). Its URs were also higher in all CPG mutation-carriers than the non-carriers (27.2% in all CPG mutation-carriers, 27.6% in BRCA1 mutation-carriers, 25.0% in BRCA2 mutation carriers, and 30.6% in other CPG mutation-carriers vs. 13.8% in non-carriers, p=1.6×10-4, 5.6×10-3, 0.03, and 0.02, respectively; Table 3 and Figure S1). The combination of ultrasound and mammograms performed superior than the ultrasound or the mammograms separately with lower URs in the non-carriers (OR [95%CI] =0.7 [0.5-1.0] and 0.2 [0.1-0.3], p=0.04 and 2.3×10-22; Figure S3). While this combination only showed lower FNR than the mammograms in the non-carriers (OR [95%CI] =0.0 [0.0-0.1], p=2.9×10-26; Figure S4). In CPG mutation-carriers, this combination also showed lower UR (OR [95%CI] =0.3 [0.2-0.5], p=2.7×10-8; Figure S3) and lower FNR (OR [95%CI] =0.1 [0.0-0.2], p=9.0×10-11; Figure S4) than the mammograms. However, the combination of ultrasound and mammograms still showed significantly higher URs than the MRI (OR [95%CI] =2.2 [1.2-4.2], p= 8.2×10-3; Figure S3).


Table 3 | The performance of combined imaging modalities in patients with cancer predisposition gene mutations and pair non-mutation controls.



With the combination of mammograms and MRI, the FNR showed no difference among different subgroups (p>0.05; Figure S2), while the UR was higher in CPG mutation-carriers than the non-carriers (18.9% vs. 7.8%, p=0.02), especially in other CPG mutation-carriers (26.3% vs. 7.8%, p=0.02; Table 3 and Figure S1). The combination of mammograms and MRI showed lower URs (OR [95%CI] =0.2 [0.1-0.4] and 0.1 [0.1-0.2], p=4.1×10-8 and 2.1×10-20, respectively; Figure S3) and lower FNRs (OR [95%CI] =0.1 [0.0-0.3] and 0.0 [0.0-0.1], p=5.6×10-6 and 2.5×10-14, respectively; Figure S4) than mammograms in both CPG mutation-carriers and non-carriers. However, the mammograms didn’t benefit the accuracy of MRI in this combination (p>0.05; Figures S3 and S4).

Combining the ultrasound and MRI, the FNR was only found higher in BRCA1 mutation-carriers than the non-carriers (4.1% vs. 0%, p=0.02; Figures S2) but not in BRCA2 mutation-carriers and other CPG mutation-carriers, and the URs were consistently low among different subgroups (Table 3 and Figures S1). The combination of ultrasound and MRI showed lower URs than the ultrasound alone in both CPG mutation-carriers and non-carriers (OR [95%CI] =0.2 [0.1-0.4] and 0.3 [0.1-0.4], p=7.4×10-8 and 3.1×10-8, respectively; Figure S3). Similarly, the ultrasound also didn’t benefit the accuracy of MRI in this combination (p>0.05; Figures S3 and S4).

Furthermore, 174 patients without GPVs and 72 patients with GPVs in CPGs have conducted all three imaging modalities. In patients without GPVs, all the patients can be detected by the combination of these three modalities. However, one patient (0.6%) can only be detected by ultrasound, while none patient can only be detected by mammograms or MRI (Table S2). In patients with GPVs in BRCA1, two patients (6.5%) were only detected by MRI and two patients (6.5%) cannot be detected by the combination of these three modalities. Intriguingly, both the two undetectable lesions were triple-negative breast cancers which were suspected as fibroadenoma. All three combinations of the two imaging modalities showed a satisfactory detection rate in patients with GPVs in BRCA2. In patients with GPVs in other CPGs, one 37-years-old patient (5.3%) with a stop-gained variant in RAD51D was only detected by MRI (Table S2). One of the three lesions missed by both ultrasound and mammograms was triple-negative breast cancer; while two were ER-positive breast cancers.



The Characteristics Impact the Diagnostic Sensitivity

To identify the characteristics that might impact the diagnostic sensitivity of different imaging techniques, multivariable logistic regression was conducted. The CPG mutation status, age of onset, lymph nodes status, and tumor size measured by ultrasound significantly impacted the FNR in ultrasound (p=8.1×10-4, 0.01, 6.7×10-4, and 0.03, respectively; Table S3). However, the family history or the personal history of breast or ovarian cancer showed no impact on the FNR (p=0.89 and 0.41, respectively; Table S3). The CPG mutation status and the lymph nodes status also significantly impacted the UR in ultrasound (p=2.3×10-9 and 5.7×10-7; Table S4).

For the mammograms, only the tumor size measured by mammograms, rather than CPG mutation status and the family history or the personal history, significantly impacted the FNR (p=3.0×10-6; Table S5). Only the lymph nodes status significantly impacted the UR (p=0.04; Table S6). The FNR of MRI was not relevant to these characteristics (Table S7), while the UR of the MRI was only impacted by the lymph nodes status (p=6.5×10-4; Table S8).




Discussion

In this study, 343 patients (11.5%) with PGVs in CPGs were identified in a consecutive multicenter cohort of female patients with breast cancer. Compared to patients without CPGs, distinct clinical phenotypes including the onset age, family and personal cancer history, and pathological features have been found in patients with BRCA1, BRCA2, and other CPGs. The diagnosis accuracies of ultrasound, mammograms, MRI, and the combinations of these modalities were investigated in breast cancer patients with or without CPG mutations by calculating the FNRs and URs. Furthermore, the impacts of each characteristic on the diagnostic performance of different imaging techniques were evaluated.

Although mammography has shown satisfactory detection accuracy in Western countries (23), it demonstrated the highest FNRs and URs regardless of the mutation status in this study (Table 2), which might result from the high breast density in Chinese women. It has been reported that most breast cancers detected by ultrasound were not detectable at mammography, even in retrospect (24). Compared with the non-carriers, the BRCA1 mutation-carriers showed more benign morphologic features in mammograms, which resulted in the highest FNR and UR. The less proportion of DCIS (0%) and the presentation of calcifications (25) in BRCA1 mutation-carriers might also limit the application of mammograms.

Compared with mammograms, ultrasound has advantages including higher sensitivity in women with dense or small breasts, no radiation exposure, lower cost, and easier access in China (12). For ultrasound, the FNRs were significantly higher in patients with GPVs in CPGs except for BRCA2, and the URs were higher in all the CPG mutation-carriers. The BRCA-associated breast cancers were commonly assessed as benign lesions by the ultrasound according to the fibroadenoma-like appearance and morphologic features of round or oval masses with circumscribed margins (25, 26). Meanwhile, aggressive pathologic features in BRCA1 mutation-carriers, such as the higher proportion of grade III tumors (73.0%), resulted in the rapid tumor growth, which has been also suggested as one of the most important underlying factors contributing to the FNR at imaging test (6). Similarly, the high FNR and UR by ultrasound in RAD51D mutation carriers might result from their BRCA1-like phenotypes, i.e. higher proportion of triple-negative breast cancer (5/8) and higher Ki67 proliferation fractions (6/8 higher than 30%) in this study.

Although some studies showed the ultrasound was comparable with mammograms among women at high risk of breast cancer, the adjunctive ultrasonography could increase the sensitivity of mammograms (14). Consistent with a previous study (27), the addition of the ultrasound to the mammograms would significantly increase the detection rate and diagnostic accuracy regardless of mutation status (Figures S3 and S4). In the Chinese multi-modality independent screening trial (MIST) (28), the supplementary ultrasound after negative mammography result additionally identified 11.9% breast cancer patients (12, 28). However, the FNR in ultrasound alone demonstrated no significant difference from the combination of ultrasound and mammograms in all the patients; the UR was lower through the combination strategy in breast cancer without GPVs.

The MRI has shown the most sensitivity in detecting breast cancer in CPG mutation-carriers even comparing with the combination of ultrasound and mammograms, which was consistent with the previous studies (10, 29, 30). In CPG mutation-carriers, the MRI detected three breast cancers (4.2%) in which the ultrasound and mammograms were undetectable (Table S2). In a Japanese case series, two in five primary breast cancers in patients with BRCA1/2 mutation were only detectable on MRI in a 48-month breast cancer surveillance program including biannual ultrasonography, annual mammography, and MRI (31). A prospective multicenter MRI screening study in Dutch has demonstrated that the supplemental screening MRI would benefit the early cancer detection and the prognosis in women with BRCA1/2 mutations after an over 9-year follow-up (32). Additionally, MRI has shown better performance than mammograms and ultrasound in dense breasts (33, 34), which are more common in Asian women (2). Therefore, the CPG mutation-carriers were recommended to undergo the MRI for breast cancer surveillance, which might not be replaced by the combination of the ultrasound and the mammograms.

In combination with MRI, the mammograms or the ultrasound seem to have no added value to the sensitivity in both CPG mutation-carriers and non-carriers in this study. Although mammograms have been proved to add value to MRI in older patients (35), whose benefit was limited in young patients especially in BRCA1/2 mutation-carriers (36, 37). Thus, mammograms might be omitted in younger women who have undergone MRI. However, the BRCA2 mutation-carriers have a higher proportion of DCIS, which were sometimes only detected as mammographic calcifications (35). While the supplemental mammograms were only proposed in BRCA2 mutation-carriers to at least age 40 (38). Additionally, the ultrasound was considered as a supplemental screening tool for MRI in BRCA1/2 mutation-carriers (39), but it has shown no benefit to the MRI in this study.

In the current clinical practice, fewer than 10% of the CPG mutation-carriers are identified (40), which significantly limited the mutation-based breast cancer surveillance. Thus, we testified the impact of the family history and personal history on the detection sensitivities of the three imaging techniques instead of the mutation status. As a result, the family or personal cancer history showed no impact on the FNRs or URs in all three modalities; while the CPG mutation status significantly impacted the FNR and UR in ultrasound but not in mammograms or MRI. Therefore, the genetic test of CPGs should be performed when ultrasound-based surveillance is conducted.



Limitation

There were several limitations in this study. First, this was a retrospective case-control study to investigate the detection performance of imaging techniques in Chinese CPG mutation-carriers. Second, only patients with breast cancer were enrolled in this study. Thus, specificity was not evaluated in this study. Third, a limited number of patients underwent all three imaging modalities, especially the MRI, which resulted from the accessibility and waiting period of each technique. Meanwhile, the number of patients with mutations in other CPGs except for BRCA1/2 was also limited. As there was no long-term follow-up in this study, it cannot evaluate the performance of detecting interval cancers. Therefore, double-blind, long-term, randomized prospective clinical trials involving all imaging modalities are needed to verify the diagnostic accuracy, cost-effectiveness, and long-term survival benefits in the future.



Conclusion

In summary, the genetic etiology of breast cancers is closely correlated with distinct clinical and pathological phenotypes and imaging manifestations. For Chinese breast cancer patients, the ultrasound showed a higher detection rate than mammograms regardless of the mutation status, while its accuracies were lower in CPG mutation-carriers. MRI presented the highest sensitivity, even higher than the combination of ultrasound and mammograms. Additionally, ultrasound and mammograms would add no significant value to MRI for detecting breast cancer in CPG mutation-carriers. Furthermore, the family or personal cancer history cannot replace the mutation status as the impact factor for the false-negative result and underestimation. Clinicians and radiologists should be aware of the atypical imaging presentation of breast cancer in patients with GPVs in CPGs.
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