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Introduction: Breast cancer is the most common malignant neoplasm among women in Brazil, excluding non-melanoma skin cancers, with a significant proportion of hereditary cases associated with pathogenic or likely pathogenic germline variants (PV/LPV) in various genes. The increased use of multigene panels to identify these PV/LPV has been recommended but highlights the challenge of detecting variants of uncertain significance (VUS), which complicate genetic counseling and clinical management.

Objective: To evaluate epidemiological and reproductive aspects, as well as the size of different germline multigene panels that may influence the proportion of VUS detections.

Materials and methods: A cross-sectional study was conducted with rigorous inclusion criteria, encompassing women with personal or family history relevant to hereditary breast cancer from November 2021 to October 2022 at the High-Risk Outpatient Clinic, of the Women's Hospital Prof. José Aristodemo Pinotti—CAISM, University of Campinas (UNICAMP). Selection was based on the NCCN 2022 criteria. Samples were analyzed using next-generation sequencing (NGS), focusing on 144 genes associated with hereditary syndromes. The following statistical tests were applied: Chi-Square, Fisher's Exact, Kruskal–Wallis, Bowker, McNemar, and Stepwise logistic regression. Significance level was set at p < 0.05.

Results: Among the 364 patients analyzed, 51 (14%) presented benign or likely benign results, while 313 (86%) showed alterations, including VUS and PV/LPV. The prevalence of VUS was high, particularly in the ATM gene. Univariate and multivariate logistic regression analyses detected no associations between the presence of VUS and reproductive or epidemiological variables. The 144-gene panel identified a higher number of VUS compared to the 20- or 23-gene panels: 56.3 vs. 23.9, and 31%, respectively (p < 0.001; p < 0.001).

Conclusion: The findings underscore the importance of panel size in the identification of PV/LPV vs. VUS. Most patients presented VUS, with the ATM gene being the most affected. None of the reproductive or epidemiological variables studied were associated with the presence of VUS across all groups. While the extended 144-gene panel significantly increased the detection of VUS compared to smaller panels (20–23 genes), it did not substantially improve the identification rate of PV/LPV, highlighting the need to improve genetic panels, especially for genetically diverse populations like the Brazilian population.
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1 Introduction

Breast cancer is the most common malignant neoplasm among women, excluding non-melanoma skin cancers, both in Brazil and worldwide. In 2021, 18,134 deaths due to breast cancer were recorded in Brazil, with an estimated 73,630 new cases predicted for 2023–2025 (1). Additionally, in Brazil, breast cancer is often diagnosed at a younger age and in more advanced stages compared to populations from developed countries (2).

Between 10 and 36% of breast cancer cases are hereditary, with ~50% of hereditary breast cancers associated with pathogenic or likely pathogenic germline variants (PV/LPV) in high-penetrance genes, such as BRCA1 and BRCA2, which confer a lifetime relative risk of at least fourfold. Intermediate-penetrance genes, such as ATM, BARD1, PALB2, and CHEK2, present a relative risk of two to fourfold, leaving a considerable proportion of heritability unexplained by low-penetrance variants or single-nucleotide variant associations (3–5).

Multigene panels are increasingly used to manage breast cancer susceptibility in high-risk individuals suspected of hereditary breast cancer, yet evidence-based practical guidelines remain far from comprehensive. The advent of next-generation sequencing (NGS) technologies has made multigene panel testing more accessible (6, 7). Furthermore, multigene panel testing can identify up to 50% more individuals with genetic cancer susceptibility mutations compared to testing exclusively for BRCA1 and BRCA2 (8).

Another important point is that patients may benefit from appropriate screening, more targeted treatments, as well as genetic counseling for themselves and their family members. The identification of PV/LPV in these populations would allow for more effective primary, secondary, and tertiary prevention measures, with the potential to save lives. An important example is demonstrated by the study of Duarte et al. (4) conducted in a Brazilian high-risk population for breast cancer and users of the public healthcare system, which observed a change in behavior regarding the desire for risk-reducing mastectomy following genetic testing and counseling.

As panels expand to identify more PV/LPV, evidence also suggests an increase in the detection of VUS, with a roughly linear relationship between the amount of DNA analyzed and the number of VUS identified (9). This trend is especially evident in understudied populations, such as those in Latin America. For instance, a recent Colombian study involving 769 high-risk individuals with solid tumors reported that while 26% carried pathogenic or likely pathogenic variants, 42% had one or more VUS, highlighting both the genetic heterogeneity of the region and the challenges associated with interpreting such findings (10). In addition to panel size, studies indicate that Hispanic, African American, and Asian populations exhibit higher rates of VUS compared to individuals of European ancestry (11).

VUS are genetic variants with unclear implications for gene function, posing challenges for clinical practice. It is uncertain whether they are clinically causal, potentially actionable, or benign (12). Interpreting these variants is a challenge for clinicians managing genetic counseling and cancer surveillance in families suspected of hereditary cancer syndromes, leading to confusion and anxiety among patients and professionals (13).

A frequently overlooked consequence of this approach is the identification of incidental findings, that is, PV/LPV in genes unrelated to the clinical phenotype that prompted the genetic testing (14). These findings can pose ethical, clinical, and psychological challenges for both healthcare professionals and patients, requiring appropriate genetic counseling to interpret and manage such information.

Therefore, it is essential to acknowledge incidental findings as a potential outcome of using expanded gene panels, which underscores the importance of careful gene selection and thorough pre-test discussions with patients regarding possible results and their implications (15).

In a country like Brazil, where access to genetic testing is significantly limited, our objective is to determine the ideal size of multigene panels for hereditary cancer to maximize the detection of PV/LPV while reducing the occurrence of VUS. This study aims to investigate this critical question.



2 Materials and methods


2.1 Study design and setting

This cross-sectional study was conducted at the Women's Hospital Prof. Dr. José Aristodemo Pinotti—CAISM, within the High-Risk Outpatient Clinic of the Department of Obstetrics and Gynecology, State University of Campinas (UNICAMP), from November 2021 to October 2022.

A convenience sample of 373 women at high risk for hereditary breast cancer was recruited. Inclusion criteria followed the 2022 NCCN guidelines and included: personal history of luminal or HER2-positive breast cancer diagnosed before age 45, with at least one first- or second-degree relative with breast, ovarian, and/or prostate cancer; personal history of triple-negative breast cancer diagnosed before age 60, with family history as above; individuals meeting NCCN high-risk criteria regardless of diagnosis; individuals without a personal cancer diagnosis but with a strong family history as defined.

Of 373 eligible participants, 364 were included in the final analysis after excluding 9 patients with cancer who were lost to follow-up. The analytic sample included 179 patients with cancer and 185 without cancer.

The study was approved by the Research Ethics Committee (CAAE: 54179621.1.0000.5404). All participants provided informed consent. Study procedures were explained in person, and participants signed two consent forms: one for the CAISM Biobank and one for the high-risk research project.

Participants completed a structured questionnaire (via REDCap platform), including sociodemographic variables (e.g., age, ethnicity), clinical history (e.g., BMI, comorbidities, gynecological and cancer history), and family cancer history (type and age at diagnosis).



2.2 Genetic testing and laboratory analysis

Blood samples (20 ml) were collected in EDTA tubes and processed at Eurofins Scientific Genome Center. Next-generation sequencing (NGS) was performed according to ACMG guidelines, including all coding and flanking intronic regions and CNV detection in 144 genes related to hereditary cancer syndromes. MLPA was applied as needed. Only PV, LPV, and VUS were reported. Benign (BV) and likely benign variants (LBV) were not included in the final analysis.



2.3 Return of results and genetic counseling

In a second phase, participants received their test results in person from trained members of the research team. Individualized genetic counseling and follow-up guidance were provided.



2.4 Panel construction and comparison strategy

Three gene panels were evaluated:

• 20-gene panel: based on our group's previous findings (4), including genes with identified PV/LPV.

• 23-gene panel: Based on Guindalini et al. (5), who analyzed 1,663 Brazilian patients using multigene testing.

• 144-gene panel: the full panel used in this study (4).

The 20-gene panel was derived from genes in which PV/LPV were detected in our current cohort, while the 23-gene panel was based on the study by Guindalini et al. (5), which identified clinically relevant variants in one of the largest Brazilian cohorts studied to date. Thus, the construction of both panels was based on real-world findings rather than purely theoretical or syndromic criteria.

The description of the genes included in each panel is provided in the Supplementary material.



2.5 Statistical analysis

Categorical variables were analyzed using Chi-square or Fisher's exact test (when expected values < 5). Numerical variables were assessed using Mann–Whitney or Kruskal–Wallis tests due to non-normal distribution. Associations with VUS were evaluated using univariate and multivariate logistic regression (stepwise selection), reporting odds ratios (OR) with 95% confidence intervals. Comparisons across panel sizes were performed using: Bowker's test for categorical variables with ≥3 categories and McNemar's test for binary comparisons within the same sample. Significance was set at p < 0.05. Analyses were conducted using SAS System for Windows, version 9.4 (SAS Institute Inc.) (16–22).

The dataset used in this study is publicly available at the State University of Campinas data repository (Reduc): https://redu.unicamp.br/.




3 Results

The percentage of patients with VUS was 62% in those without cancer and 51% in patients with a previous history of breast cancer (p = 0.801; Figure 1). Detailed information regarding the identified VUS can be found in Supplementary Material.
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FIGURE 1
 Distribution VUS in patients with or without breast cancer (4). *Others: PV/LPV/BV/LBV. Chi-square test: X2 = 8.78; df = 2; p = 0.801.


Regarding variant prevalence, we observed that both in the group of patients with cancer and in those without a cancer diagnosis, there was a higher frequency of PV and LPV in the BRCA1, BRCA2, TP53, PALB2, and MUTYH genes. In the analysis of VUS, the ATM gene exhibited the highest number of variants in both groups, with 12 variants identified in individuals without cancer and 10 in those with cancer, totaling 22 variants. Other genes with a high prevalence of VUS in both groups included FANCA (seven variants in patients without cancer and six in patients with cancer, totaling 13) and SLX4 (six variants in patients without cancer and seven in patients with cancer; Figure 2).
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FIGURE 2
 Distribution of PV/LPV and VUS in patients with and without breast cancer.


Regarding the presence of VUS, 27.19% did not show any variant. The number of VUS was similar in the groups with and without breast cancer, with one or more variants found in 73.51% of patients without cancer and 72.07% of patients with breast cancer (p = 0.688; Table 1).

TABLE 1  Distribution of VUS** in patients with and without breast cancer.


	Number of VUS
	Patients without cancer n (%)
	Patients with cancer n (%)
	Total n (%)
	p-Value





	0
	49 (26.49)
	50 (27.43)
	99 (27.19)
	


 
	1
	54 (29.19)
	44 (24.58)
	98 (29.92)
	


 
	2
	38 (20.54)
	44 (24.58)
	82 (22.52)
	=0.688*


 
	3 or more
	44 (22.78)
	41 (22.91)
	95 (26.09)
	


 
	Total
	185
	179
	364
	







*Chi-square test: X2 = 1.48; df = 3; p = 0.688.

**Including cases in which VUS were found in association with PV or LPV.



According to the results of the univariate and multivariate logistic regression analyses (using the stepwise variable selection criterion) to study the factors associated with the genetic test results of BV/LBV vs. VUS, no variable was selected as significantly associated with the test result showing VUS. For this analysis, we included 205 cases with VUS and 51 with BV/LBV (Table 2).

TABLE 2  Univariate and multivariate analysis of the presence of VUS according to clinical characteristics (n = 256)*.


	Variable
	Categories
	Univariate
	Multivariate




 
	
	
	p-Value
	O.R.*
	IC 95% O.R.*
	p-Value
	O.R.*
	IC 95% O.R.*

 
	Age
	< 40 years old
	—
	1.00
	—
	—


 
	
	40–49 years old
	0.155
	1.75
	0.81–3.77
	


 
	
	≥50 years old
	0.553
	0.80
	0.38–1.67
	

 
	Race
	Non-white
	—
	1.00
	—
	—


 
	
	White
	0.823
	0.93
	0.50–1.73
	

 
	Schooling
	Early elementary school
	—
	1.00
	—
	—


 
	
	High school
	0.360
	1.46
	0.65–3.27
	


 
	
	Higher education/postgraduate
	0.887
	0.94
	0.42–2.13
	

 
	Age at menarche
	Continuous variable (years)
	0.936
	1.007
	0.844–1.202
	—

 
	Previous pregnancy
	No
	—
	1.00
	—
	—


 
	
	Yes
	0.612
	1.24
	0.55–2.80
	

 
	Menopause
	Pre-menopause
	—
	1.00
	—
	—


 
	
	Post-menopause
	0.595
	0.84
	0.45–1.58
	

 
	BMI
	< 20
	0.509
	2.06
	0.24–17.62
	—


 
	
	20–24.9
	0.196
	1.88
	0.72–4.87
	


 
	
	25–25.9
	0.511
	0.79
	0.40–1.58
	


 
	
	≥30
	—
	1.00
	—
	

 
	Personal history of cancer
	No
	—
	1.00
	—
	—


 
	
	Yes
	0.548
	1.21
	0.65–2.25
	

 
	Family history of cancer
	No
	—
	1.00
	—
	—

 
	First-degree relatives
	Yes
	0.054
	0.52
	0.27–1.01
	

 
	History of breast cancer in mother
	No
	—
	1.00
	—
	—


 
	
	Yes
	0.801
	0.88
	0.32–2.43
	

 
	Family history of cancer–second-degree relatives
	No
	—
	1.00
	—
	—


 
	
	Yes
	0.103
	1.68
	0.90–3.14
	







*OR (odds ratio), risk ratio for altered genetic test; 95% CI OR, 95% confidence interval for the risk ratio.



We conducted a comparison between 20-gene, 23-gene, and 144-gene panels, as described in Section 2.

The analysis revealed differences among the panel sizes evaluated. When comparing the 20-gene panel to the 23-gene panel, a higher frequency of PV/LPV was observed in the 20-gene panel, whereas the 23-gene panel showed a higher frequency of VUS. In the comparison between the 20-gene and 144-gene panels, the 20-gene panel demonstrated a higher frequency (BV/LBV), while the 144-gene panel exhibited a significantly higher frequency of VUS. Finally, comparing the 23-gene and 144-gene panels, the 23-gene panel showed a higher frequency of BV/LBV, whereas the 144-gene panel had higher frequencies of both VUS and PV/LPV (Table 3).

TABLE 3  Comparison between the sizes of the 20, 23, and 144 gene panels and the presence of BV, LBV, VUS, LPV, and PV.


	variants
	PANEL 20 n (%)
	PANEL 23 n (%)
	p-Value*





	BV/LBV
	171 (46.98)
	157 (43.13)
	0.008

 
	VUS
	87 (23.90)
	113 (31.04)
	< 0.001

 
	PV/LPV
	106 (29.12)
	94 (25.82)
	< 0.001

 
	variants
	PANEL 20 n (%)
	PANEL 144 n (%)
	p-Value*

 
	BV/LBV
	171 (46.98)
	51 (14.01)
	< 0.001

 
	VUS
	87 (23.90)
	205 (56.32)
	< 0.001

 
	PV/LPV
	106 (29.12)
	108 (29.67)
	< 0.157

 
	variants
	PANEL 23 n (%)
	PANEL 144 n (%)
	p-Value*

 
	BV/LBV
	157 (43.13)
	51 (14.01)
	< 0.001

 
	VUS
	113 (31.04)
	205 (56.32)
	< 0.001

 
	PV/LPV
	94 (25.82)
	108 (29.67)
	< 0.001







Bowker's symmetry test for categorical variables with three or more categories and McNemar's test for categorical variables with two categories, considering that all three panel sizes were assessed in the same group of participants *p < 0.001. Bold values indicates statistically significant.



It is important to emphasize that the slight difference in the number of PV/LPV cases between the two panels 20 × 144-gene (106 for the 20-gene panel vs. 108 for the 144-gene panel) can be explained by the fact that the 20-gene panel includes only a selected subset of genes in which PV/LPV were most frequently observed. Although all individuals in the cohort were analyzed using the 144-gene panel, only variants identified in the 20 selected genes were considered in the analysis of the smaller panel. Consequently, two PV/LPV cases found in genes outside this 20-gene subset are not counted in the 20-gene panel results, leading to the observed discrepancy.



4 Discussion

Our study investigated important aspects related to the prevalence of VUS in patients with and without breast cancer, selected based on high risk for hereditary factors in a Brazilian public health population.

Some previously presented data from our group observed a higher prevalence of PV and LPV in the genes BRCA1, BRCA2, TP53, PALB2, in both the breast cancer and non-breast cancer groups, which reflects the pattern found in other studies that identify these genes as highly relevant in the context of hereditary breast cancer predisposition (4, 5).

PV/LPV in the BRCA1 and BRCA2 genes remain the most studied and are widely associated with hereditary breast and ovarian cancer. The cumulative risk of developing breast cancer for carriers of variants in BRCA1 is between 55 and 72%, while for BRCA2, this risk ranges from 45 to 69% (23).

A high number of VUS was observed, particularly in the ATM gene, followed by FANCA and SLX4. Variants in the ATM gene are of special interest because ATM plays a crucial role in DNA repair, and its deleterious variants can increase the risk of breast cancer, although with lower penetrance compared to BRCA1 and BRCA2 (24).

Regarding the number of VUS, our study found similar numbers in both the breast cancer and non-breast cancer groups, with one or more variants found in 73.51% of the non-cancer patients and 72.07% of the cancer patients, with no statistically significant difference between the groups.

Several studies have reported higher rates of VUS among racial and ethnic minority populations, largely due to their underrepresentation in genomic reference databases. A study investigating genetic testing patterns and clinical outcomes of patients stratified by race/ethnicity found higher VUS rates in minorities compared to non-white, non-Hispanic people (25). Herzog et al. (26) observed a VUS prevalence of around 30% in Latin American women tested for hereditary breast cancer, a value lower than that found in our study, but still higher than in European populations.

The study by Caswell-Jin et al. (11) evaluated genetic testing results and clinical information from 1,483 patients at Stanford University, highlighting that the greater genetic heterogeneity in mixed populations, such as the Brazilian one, increases the number of VUS identified, due to the underrepresentation of these populations in genomic databases used to interpret these variants.

The findings of our study corroborate those previously reported by Guindalini et al. who evaluated 1,663 Brazilian breast cancer patients using multigene panels ranging from 20 to 38 genes. In that cohort, the overall rate of VUS was 46.1%, increasing progressively with the number of genes analyzed up to 11.6 times higher compared to testing restricted to BRCA1/2 genes alone. Both the study by Guindalini et al. (5) and the present investigation emphasize that the high prevalence of VUS poses a significant challenge in clinical practice, particularly in countries with substantial genetic heterogeneity, such as Brazil.

In our study, personal history of cancer, race and other variables were not significantly associated with the presence of VUS in either the univariate or multivariate analyses.

When comparing different panels, we observed a significant increase in the VUS rate with the panel size. The rate of VUS increases with the addition of genes of moderate and low penetrance, and in some cases, a panel test may show several VUS in different genes (27), which frequently occurs in extended panels like ours.

The standard medical treatment recommendation for a VUS is to treat the individual based on their personal and family medical history, rather than the potential implications of the VUS. This can be a difficult concept for a patient seeking an explanation for cancer in their family. There is also the possibility of incorrect actions if a VUS is misinterpreted as deleterious and medical intervention is taken based on that interpretation (6).

As new evidence becomes available, VUS can be reclassified. Current data suggest that 10–15% of reclassified VUS will be updated to LPV/PV, and the remainder to LBV/BV (28).

Another important factor is the identification of genetic variants that are not directly related to the patient's clinical presentation, known as incidental findings, which have become an increasingly relevant issue. One example is the detection of alterations in genes such as RAD50, which were initially included in breast cancer screening panels, but over time have come to be considered as not significantly associated with increased risk for the disease. This highlights the interpretive challenges involved in such cases (3).

An opinion article published in 2023 emphasizes the importance of directing investments to eliminate VUS, as their frequency is one of the main challenges in precision genomic medicine. It is believed that by 2030, most, if not all, VUS cases will be resolved due to advances in variant classification methodologies, the development of more effective computational tools to predict the effects of variants, ensuring comprehensive genomic coverage, as well as collaborative initiatives for data sharing and a larger number of sequenced samples (29).

Moreover, strategies include the creation of more effective genetic panels, reducing the frequency of VUS reporting, studies aimed at improving counseling and education, as well as the creation of uniform policies, which will require the formation of a consensus (30). Thus, our results reinforce the need to develop smaller panels based on observations from national studies like ours. We believe that studies like these should be replicated around the world, considering the genetic differences of populations.



5 Study limitations and strengths

This study has several limitations that should be taken into account when interpreting the results. First, the relatively small sample size may have reduced the statistical power of our analyses, making it difficult to detect associations of smaller magnitude between clinical and genetic variables. Second, recruitment by convenience from a single clinical center may have introduced selection bias, limiting the generalizability of our findings to other populations or epidemiological contexts. In addition, functional validation of VUS was not performed, which constrains the biological and clinical interpretation of these mutations in the context of hereditary cancer predisposition. Finally, potential reclassification of variants after data collection—due to updates in genomic databases and new cohort studies—poses an additional challenge, since changes in pathogenicity status could alter the observed frequencies of VUS, BV/LBV, and PV/LPV.

Despite these limitations, our study offers important strengths. It represents the first Brazilian investigation to analyze VUS in a cohort composed exclusively of public health system patients, thereby providing greater epidemiological and operational relevance. Moreover, it was conducted in a country with high rates of breast cancer among young women—a population for whom molecular testing is critically important for early detection and clinical management. Lastly, by focusing on a real-world public health setting, our findings are directly applicable to routine practice and can inform the development of genomic screening strategies and genetic counseling tailored tão the Brazilian context.



6 Conclusions

With the use of an extended 144-gene panel, most women presented diagnoses VUS (78.53% of the overall population and 56.31% with exclusively VUS). The ATM gene showed the highest number of VUS in patients with or without a personal history of breast cancer.

No association was found between any of the epidemiological variables studied and the presence of VUS.

The extended 144-gene panel increased the number of VUS detected with respect to the smaller panels (20–23 genes).
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variants PANEL 20n (%) PANEL 23n (%) p-Value*
BV/LBV 171 (46.98) 157 (43.13) 0.008
vUs 87 (23.90) 113 (31.04) <0.001
PV/LPV 106 (29.12) 94 (25.82) <0.001
variants PANEL 20n (%) PANEL 144n (%) p-Value*
BV/LBV 171 (46.98) 51(14.01) <0.001
vUs 87 (23.90) 205 (56.32) <0.001
PV/LPV 106 (29.12) 108 (29.67) <0.157
variants PANEL 23n (%) PANEL 144n (%) p-Value*
BV/LBV 157 (43.13) 51(14.01) <0.001
vUs 113 (31.04) 205 (56.32) <0.001
PV/LPV 94 (25.82) 108 (29.67) <0.001

Bowker’s symmetry test for categorical variables with three or more categories and McNemar's
test for categorical variables with two categories, considering that all three panel sizes were

assessed in the same group of participants *p < 0.001. Bold values indicates statistically

significant.
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Number of VUS Patients without cancer n (%) Patients with cancer n (%) Totaln (%)
0 49 (26.49) 50 (27.43) 99 (27.19)

1 54 (29.19) 44 (24.58) 98 (29.92)

2 38(20.54) 44 (24.58) 82 (22.52)

3 or more 44 (22.78) 41 (22.91) 95 (26.09)
Total 185 179 364

=0.688*

*Chi-square test: X* = 1.48; df = 3; p = 0.688.

**Including cases in which VUS were found in association with PV or LPV.
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Age <40 years old — 1.00 — =
40-49 years old 0.155 175 0.81-3.77
>50 years old 0.553 0.80 0.38-1.67

Race Non-white — 1.00 — =
White 0.823 0.93 0.50-1.73

Schooling Early elementary school - 1.00 - -
High school 0.360 1.46 0.65-3.27
Higher education/postgraduate 0.887 0.94 0.42-2.13

Age at menarche Continuous variable (years) 0.936 1.007 0.844-1.202 —

Previous pregnancy No — 1.00 — —
Yes 0.612 124 0.55-2.80

Menopause Pre-menopause - 1.00 - =
Post-menopause 0.595 0.84 0.45-1.58

BMI <20 0.509 2.06 0.24-17.62 -
20-24.9 0.196 1.88 0.72-4.87
25-259 0.511 0.79 0.40-1.58
=30 - 1.00 -

Personal history of cancer No - 1.00 = —
Yes 0.548 121 0.65-2.25

Family history of cancer No — 1.00 — —

First-degree relatives Yes 0.054 0.52 0.27-1.01

History of breast cancer in mother | No — 1.00 — —
Yes 0.801 0.88 0.32-2.43

Family history of No — 1.00 — —

cancer-second-degree relatives
Yes 0.103 1.68 0.90-3.14

*OR (0dds ratio), risk ratio for altered genetic test; 95% CI OR, 95% confidence interval for the risk ratio.
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