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Abstract
Breast cancer (BC) is one of the most prevalent malignancies among women worldwide 
and a leading cause of cancer-related mortality. Studying gene mutations associated 
with BC risk in Kazakh women can help identify hereditary predispositions and 
facilitate early prevention. Next-generation sequencing (NGS) technology was used 
to sequence 113 candidate genes, followed by bioinformatics analysis, on BC patients 
from Western Kazakhstan. NGS sequencing revealed 28 polymorphisms from the 
genome-wide association studies catalog, seven of which were identified as statistically 
significant risk polymorphisms for BC: RARG (Rs2229774), FGFR2 (Rs2981582), ATM 
(Rs1800057), MAP3K1 (Rs889312), BRCA2 (Rs11571833), FGFR2 (Rs7895676), and 
FGFR2 (Rs1219648). Inheritance model analysis showed that the polymorphism in the 
Rs2981582 of the FGFR2 gene increased the likelihood of developing BC across four 
inheritance models. The Rs2229774 polymorphism of the RARG gene elevated BC risk 
in three models, whereas the Rs889312 polymorphism of the MAP3K1 gene did so in 
two models. The Rs137852985 polymorphism of the BRIP1 gene raised BC risk in four 
models, and Rs137852576 of the AR gene increased the risk in the codominant model. 
In a one-factor risk prediction, 32 significant factors were identified, with risks ranging 
from 69.7% to 90.6%. The combination of polymorphisms “Rs2229774 (AG),” “Rs889312 
(AA, CC),” and “Age <54 years” yielded a high-risk assessment (95.8%), with a predictive 
quality score of 0.88. Overall, NGS sequencing identified six statistically significant 
gene polymorphisms (ATM Rs1800057, RARG Rs2229774, BRCA2 Rs11571833, MAP3K1 
Rs889312, FGFR2 Rs2981582, and BRIP1 Rs137852985) associated with a high risk of 
BC in Kazakh women.
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1. Introduction
In 2022, female breast cancer (BC) was the second most 
common cancer globally, accounting for approximately 
2.3 million new cases, or 11.6% of all cancer diagnoses.1 It 
was also the fourth leading cause of cancer-related deaths 
worldwide, with an estimated 666,000 fatalities.1 BC is 
the most frequently diagnosed cancer among women and 
the leading cause of cancer-related mortality globally.1 
Comparing GLOBOCAN data from 2018 and 2020 shows 
an increase in both BC incidence and mortality. In 2020, 
there were 19.1 million new cases and 9.9 million deaths 
globally due to BC.1 The age-standardized incidence and 
mortality rates for BC worldwide in 2020 were 47.8 and 
13.6 cases per 100,000 population, respectively.1 According 
to the International Agency for Research on Cancer 
GLOBOCAN 2020 report, there were 35,366 new cases 
of malignant neoplasms diagnosed in the Republic of 
Kazakhstan, of which 4,390 (12.4%) were cases of BC. The 
mortality from all malignant neoplasms was 20,959, with 
1,654 (7.9%) deaths due to BC.2

To identify hereditary predispositions to BC and verify 
genetic diagnoses in high-risk groups, medical-genetic 
testing and counseling are conducted for subsequent 
personalized diagnosis, treatment, prognosis, and 
prevention.3 BC is a complex disease influenced by both 
genetic and non-genetic factors, and, in most cases, lacks 
clear inheritance patterns.4 It is estimated that 40% of 
malignant tumors in various anatomical locations have 
a hereditary etiology, but this proportion is only 10% for 
BC.5 Genes associated with BC include BRCA1, BRCA2, 
CHEK2, NBS1, p53, ATM, and others. Inherited mutations 
in these genes increase the risk of developing cancer.6 
According to epidemiological studies, only 15 – 20% of 
familial BC cases are largely associated with BRCA1 and 
BRCA2 mutations, whereas the remaining 80 – 85% of 
familial risk is attributed to other known and unknown 
gene polymorphisms.7

In addition to BRCA mutations, there are “non-
BRCA” inherited BC genes, which include both highly 
penetrant genes (e.g., PALB2, TP53, PTEN, and CDH1) 
and moderately penetrant genes (e.g., ATM, BRIP1, and 
CHEK2).8,9 Highly penetrant genes are associated with a 
>4-fold increased risk of BC, whereas moderately penetrant 
genes confer a 2 – 4-fold increased risk.10

Single nucleotide polymorphisms (SNPs), found within 
or outside genes, are considered low-penetrance variants, 
carrying a 2-fold risk.11 However, when combined, SNPs 
can be used to assess polygenic risk, meaning that the 
presence of multiple low-penetrance alleles may increase 
the likelihood of BC development.

The study of gene mutations associated with BC risk in 
Kazakh women will help identify hereditary predispositions 
and facilitate early prevention. The objective of this study 
is to investigate the polymorphisms of genes associated 
with BC in ethnic Kazakh women in Western Kazakhstan, 
with the goal of identifying hereditary predispositions and 
informing early prevention strategies.

2. Materials and methods
2.1. Study design and participant criteria

This case–control study was conducted to investigate the genetic 
risk factors associated with BC in the Kazakh population of 
Western Kazakhstan. Participants included patients diagnosed 
with BC at stages I, II, IIIa, and IIIb, all of whom were over 
18  years of age and Kazakh ethnicity. Exclusion criteria 
included pregnant women, patients who require palliative 
care, and individuals who declined to participate.

A total of 299 participants were enrolled, comprising 149 
women with histologically confirmed BC and 150 control 
participants (healthy women with no personal or family 
history of cancer). Biological samples (peripheral venous 
blood) were collected from all participants following 
standard protocols. Informed consent was obtained from 
all participants before their inclusion in the study. The 
study was conducted in accordance with ethical guidelines 
and was approved by the Institutional Review Board of 
West Kazakhstan Marat Ospanov Medical University, 
approval No. 24 (October 3, 2017) in accordance with the 
Declaration of Helsinki and local ethical guidelines.

2.2. Sequencing and genotyping

2.2.1. Next-generation sequencing

Candidate gene sequencing was performed using next-
generation sequencing (NGS) technology on the Illumina 
platform (MiSeq, Illumina Inc., USA) at the National Center 
for Biotechnology, Astana, Kazakhstan. Whole-exome 
sequencing was employed to identify SNPs associated with 
BC progression. The sequencing was conducted using 
paired-end reads with an average depth of 100× to ensure 
high coverage of the targeted genomic regions.

2.2.2. Genotyping and single nucleotide 
polymorphism panel selection

To focus on genetic variations relevant to BC, we utilized 
a custom-designed SNP genotyping panel that included 
113 SNPs previously reported to be associated with BC 
risk, prognosis, and progression in the Kazakh ethnic 
population. The selection of SNPs was guided by prior 
genome-wide association studies (GWAS), which were 
integrated into the design of the panel. High-throughput 
genotyping was performed using the QuantStudio 12K 
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Flex Real-Time PCR System (Thermo Fisher Scientific, 
USA) in the research laboratory of Karaganda Medical 
University, ensuring high sensitivity and specificity in the 
detection of SNPs.

2.3. Data collection and integration of genome-wide 
association studies

2.3.1. Collection of genome-wide association studies 
data

Publicly available GWAS datasets relevant to BC were 
reviewed to identify SNPs associated with BC susceptibility. 
These datasets were integrated with the results of our NGS 
sequencing using bioinformatics pipelines. The integration 
process involved cross-referencing SNPs identified in our 
cohort with previously reported GWAS findings, enabling 
a comprehensive evaluation of genetic risk factors specific 
to the Kazakh population.

2.3.2. Bioinformatics analysis

Bioinformatics analysis was conducted at the Karaganda 
Medical University using the following pipeline: raw 
sequencing data were processed using the BWA-MEM 
algorithm for alignment to the human reference genome 
(GRCh38); variant calling was performed using the 
Genome Analysis Toolkit, followed by annotation using 
the ANNOVAR tool to identify functional implications 
of the detected SNPs. Quality control measures included 
filtering for a minimum read depth of 30×, a minimum 
Phred quality score of 20, and exclusion of variants with a 
minor allele frequency of < 0.05.

2.4. Statistical analyses

2.4.1. Genotype-phenotype association analysis

The association between SNPs and BC risk was analyzed 
using various genetic inheritance models, including 
dominant, codominant, recessive, overdominant, and 
logarithmic models. Hardy-Weinberg equilibrium was 
tested to verify the assumptions of population genetics. 
Logistic regression, with Bonferroni correction for multiple 
comparisons, was applied to adjust for false positives.

2.4.2. Risk factor analysis and model validation

To assess the statistical significance of SNPs associated 
with BC, Pearson’s Chi-square test was used. Variables 
were ranked by descending significance, allowing for the 
selection of key risk factors. In addition, receiver operating 
characteristic (ROC) curve analysis was performed to 
evaluate the predictive power of the identified genetic 
markers. The area under the curve (AUC) was calculated to 
determine the discriminative ability of the model. A P < 0.05 
was considered statistically significant for all tests.

3. Results
3.1. Comparative analysis of allele and genotype 
differences between breast cancer patients and 
control group

A total of 149 patients with a confirmed diagnosis of BC, 
admitted to the Medical Center of West Kazakhstan Marat 
Ospanov Medical University, were included in the study. 
The distribution of patients by cancer stage was as follows: 
17 patients (11.4%) at stage I, 100 patients (67.1%) at stage 
II, 29 patients (19.5%) at stage IIIa, and 3 patients (2.0%) at 
stage IIIb. The control group consisted of 150 conditionally 
healthy women, recruited as part of a project funded by 
the Ministry of Education and Science of the Republic 
of Kazakhstan. All participants were unrelated Kazakh 
women based on their lineage. The average age of the 
patients was 56 years (95% confidence interval [CI]: 29.81 
– 45.36), and a positive family history of BC was identified 
in 15 patients (10%). The genotyping panel included 113 
polymorphisms localized in different regions of various 
chromosomes, as well as in different functional regions of 
genes and intergenic regions, based on GWAS data.

The statistical analysis of our data yielded absolute 
and relative allele and genotype frequencies for both BC 
patients and the control group, along with the P < 0.05) for 
the Hardy–Weinberg equilibrium, as presented in Table S1.

A comparative analysis of allele and genotype differences 
between BC patients and the control group revealed 28 
statistically significant polymorphisms associated with BC. 
These results are detailed in Table 1.

For the identified polymorphisms demonstrating 
statistically significant differences between the study 
groups, we referred to the GWAS catalog (https://www.ebi.
ac.uk/gwas/) to determine whether these polymorphisms 
had been previously associated with BC risk in other 
researchers’ data. The GWAS catalog identified seven 
statistically significant risk polymorphisms: RARG 
(Rs2229774), FGFR2 (Rs2981582), ATM (Rs1800057), 
MAP3K1 (Rs889312), BRCA2 (Rs11571833), FGFR2 
(Rs7895676), and FGFR2 (Rs1219648).

Next, we assessed the influence of genetic inheritance 
models on BC risk. Given the varying levels of 
statistical significance observed in the allele and 
genotype differences, we evaluated genotype-phenotype 
associations across different inheritance models. 
Calculations were performed assuming that the reference 
(non-risk) allele could either be the major allele (which 
is true in most cases) or, in some instances, the minor 
allele. Therefore, both possibilities were considered in 
the analysis. The assessment was based on a case–control 
design using a generalized linear model.
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Table 1. Comparative analysis of allele and genotype differences between breast cancer patients and the control group

No. Polymorphism (SNP) Genotype Groupa (%) Total P‑value (df=1)

BC Control

1 Rs55886062 AA 108 (72.97) 88 (58.67) 196 0.0093

AC 40 (27.03) 62 (41.33) 102

2 Rs3918290 CC 109 (73.15) 88 (58.67) 197 0.0082

CT 40 (26.85) 62 (41.33) 102

3 Rs12721655 AA 106 (72.60) 88 (58.67) 194 0.0117

AG 40 (27.40) 62 (41.33) 102

4 Rs4987117 CC 109 (73.15) 86 (57.33) 195 0.0041

CT 40 (26.85) 64 (42.67) 104

5 Rs2229774 GG 40 (27.21) 131 (87.33) 171 <0.0001

AG 107 (72.79) 18 (12.00) 125

AA 0 (0.00)* 1 (0.67) 1

6 Rs11203289 GG 109 (73.15) 88 (58.67) 197 0.0082

GC 40 (26.85) 62 (41.33) 102

7 Rs16942 CT 75 (53.19) 94 (68.12) 169 0.0102

TT 62 (43.97) 44 (31.88) 106

CC 4 (2.84) 0 (0.00)* 4

8 Rs34945627 CC 107 (73.29) 87 (58.78) 194 0.0087

CT 39 (26.71) 61 (41.22) 100

9 Rs11571747 AA 109 (73.15) 88 (58.67) 197 0.0082

AC 40 (26.85) 62 (41.33) 102

10 Rs137852576 AG 107 (75.89) 87 (58.39) 194 0.0016

GG 34 (24.11) 62 (41.61) 96

11 Rs11571833 AA 105 (71.92) 88 (58.67) 193 0.0167

AT 41 (28.08) 62 (41.33) 103

12 Rs80359062 CC 109 (73.15) 88 (58.67) 197 0.0082

CG 40 (26.85) 62 (41.33) 102

13 Rs3218536 CC 98 (67.59) 80 (53.33) 178 0.0124

CT 47 (32.41) 70 (46.67) 117

14 Rs80357382 TT 105 (73.43) 88 (58.67) 193 0.0077

TC 38 (26.57) 62 (41.33) 100

15 Rs28934577 AA 108 (72.97) 88 (58.67) 196 0.0093

AT 40 (27.03) 62 (41.33) 102

16 Rs2981582 AG 104 (73.76) 44 (31.88) 148 <0.0001

GG 10 (7.09) 81 (58.70) 91

AA 27 (19.15) 13 (9.42) 40

17 Rs137852985 CC 33 (25.58) 136 (93.15) 169 <0.0001

TC 91 (70.54) 7 (4.79) 98

TT 5 (3.88) 3 (2.05) 8

18 Rs1800057 CC 108 (72.97) 88 (58.67) 196 0.0093

CG 40 (27.03) 62 (41.33) 102

19 Rs3092856 CC 107 (72.79) 87 (58.39) 194 0.0091

CT 40 (27.21) 62 (41.61) 102

(Cont’d...)
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We investigated genotype-phenotype associations 
between the 28 SNPs and BC risk across five genetic 
inheritance models (codominant, dominant, recessive, 
overdominant, and log-additive models) (Tables 2-5). For 
each polymorphism, two genotype-phenotype variations 
were calculated (either common or minor). This approach 
aimed to identify the allele associated with an increased risk 
of disease. Default calculations (common group) assumed 
that minor alleles were risk alleles, which was expected in 
most cases. However, to account for the possibility that 
the risk allele might be the major allele in the population, 
and the minor allele might act as the reference, we also 
conducted calculations for the “minor” group.

3.2. Univariate risk prediction for breast 
cancer development based on age and gene 
polymorphisms

Identifying prognostic risk factors for BC development 
is crucial. This section presents the results of a univariate 
risk prediction analysis for BC based on age and gene 

polymorphisms associated with the disease, considering 
both quantitative and binary factors. The statistical 
significance of each factor’s influence on the binary 
outcome variable was assessed using Pearson’s Chi-square 
test. All indicators were ranked in descending order of 
significance, allowing the identification of key factors 
contributing to the risk of BC. Table 6 lists the top 32 risk 
factors in relation to the outcome variable “BC.”

According to Table 6, of the 40 factors considered, 32 
demonstrated a statistically significant influence on BC 
risk, with risk levels ranging from 50.7% to 90.6%. Among 
the top 32 factors, the risk of BC development increased 
from 47.6% to 100.0%. The most statistically significant 
factors, with risk levels ranging from 69.7% to 90.6%, were 
the following polymorphisms: Rs137852985 (TC, TT), 
Rs2229774 (AG, AA), and Rs2981582 (AG and AA). At 
the end of the risk spectrum, the list of the top 40 factors 
is rounded out by Rs1219648 (GG), Rs1800470 (TT, CC), 
and Rs12762549 (CG, GG), which contribute to risk levels 
ranging from 53.0% to 63.0%.

Table 1. (Continued)

No. Polymorphism (SNP) Genotype Groupa (%) Total P‑value (df=1)

BC Control

20 Rs1800058 CC 97 (67.83) 63 (47.37) 160 0.0022

CT 45 (31.47) 67 (50.38) 112

TT 1 (0.70) 3 (2.26) 4

21 Rs1799950 TT 129 (90.21) 146 (97.33) 275 0.0111

CT 14 (9.79) 4 (2.67%) 18

22 Rs1799954 CC 109 (73.15) 87 (58.00) 196 0.0058

CT 40 (26.85) 63 (42.00) 103

23 Rs889312 AC 83 (56.08) 86 (57.33) 169 0.0131

AA 28 (18.92) 44 (29.33) 72

CC 37 (25.00) 20 (13.33) 57

24 Rs1787991 GG 75 (67.57) 74 (53.24) 149 0.0308

GT 35 (31.53) 65 (46.76) 100

TT 1 (0.90) 0 (0.00)* 1

25 Rs3918242 TT 90 (62.50) 73 (50.34) 163 0.0372

TC 54 (37.50) 72 (49.66) 126

26 Rs62625308 GG 109 (73.15) 88 (58.67) 197 0.0082

GA 40 (26.85) 62 (41.33) 102

27 Rs757229 GC 72 (48.98) 37 (24.67) 109 <0.0001

CC 51 (34.69) 52 (34.67) 103

GG 24 (16.33) 61 (40.67) 85

28 Rs7895676 TT 91 (63.64) 75 (51.02) 166 0.0299

TC 52 (36.36) 72 (48.98) 124

Note: aAll data are expressed as n (%), unless otherwise stated. *indicates that the genotype was assessed but not observed in the group.
Abbreviations: BC: Breast cancer; df: Degree of freedom; SNP: Single nucleotide polymorphism.

https://dx.doi.org/10.36922/ejmo.5385


Volume 9 Issue 1 (2025)	 97� doi: 10.36922/ejmo.5385 

Genomics of breast cancer in Western Kazakhstan

Eurasian Journal of Medicine and 
Oncology

Univariate risk analysis of the target variable “BC” 
revealed that the three key statistically significant risk 

factors for BC development were the polymorphisms: 
Rs137852985 (TC, TT), Rs2229774 (AG and AA), and 

Table 4. Genotype‑phenotype association between rs137852985 of the BRIP1 gene and breast cancer risk

Inheritance model Genotypes Control groupa (%) BCa (%) OR (95% CI) P‑value

Codominant C/C 136 (93.2) 33 (25.6%) 1 0

T/C 7 (4.8) 91 (70.5%) 53.58 (22.72 – 126.32)

T/T 3 (2.1) 5 (3.9%) 6.87 (1.56 – 30.2)

Dominant C/C 136 (93.2) 33 (25.6%) 1 0

Recessive T/C‑T/T 10 (6.8) 96 (74.4%) 39.56 (18.61 – 84.1) 0.36

C/C‑T/C 143 (97.9) 124 (96.1) 1

Overdominant T/T 3 (2.1) 5 (3.9) 1.92 (0.45 – 8.2) 0

C/C‑T/T 139 (95.2) 38 (29.5) 1

Log‑additive T/C 7 (4.8) 91 (70.5) 47.55 (20.36 – 111.07) 0

0,1,2 146 (53.1) 129 (46.9) 24.41 (12.3 – 48.46)

Note: aAll data are expressed as n (%).
Abbreviations: BC: Breast cancer; CI: Confidence interval; OR: Odds ratio.

Table 2. Genotype‑phenotype association between Rs2981582 of the FGFR2 gene and breast cancer risk

Inheritance model Genotypes Control groupa (%) BCa (%) OR (95% CI) P‑value

Codominant G/G 81 (58.7) 10 (7.1) 1 0

A/G 44 (31.9) 104 (73.8) 19.15 (9.08 – 40.35)

A/A 13 (9.4) 27 (19.1) 16.82 (6.62 – 42.74)

Dominant G/G 81 (58.7) 10 (7.1) 1 0

A/G‑A/A 57 (41.3) 131 (92.9) 18.62 (9 – 38.51)

Recessive G/G‑A/G 125 (90.6) 114 (80.9) 1 0.01

A/A 13 (9.4) 27 (19.1) 2.28 (1.12 – 4.63)

Overdominant G/G‑A/A 94 (68.1) 37 (26.2) 1 0

A/G 44 (31.9) 104 (73.8) 6 (3.58 – 10.09)

Log‑additive 0,1,2 138 (49.5) 141 (50.5) 5.57 (3.44 – 9.02) 0

Note: aAll data are expressed as n (%).
Abbreviations: BC: Breast cancer; CI: Confidence interval; OR: Odds ratio.

Table 3. Genotype‑phenotype association between rs2229774 of the RARG gene and breast cancer risk

Inheritance model Genotypes Control groupa (%) BCa (%) OR (95% CI) P‑value

Codominant G/G 131 (87.3) 40 (27.2) 1 0

A/G 18 (12) 107 (72.8) 19.47 (10.56 – 35.91)

A/A 1 (0.7) 0 (0) 0 (0‑NA)

Dominant G/G 131 (87.3) 40 (27.2) 1 0

A/G‑A/A 19 (12.7) 107 (72.8) 18.44 (10.09 – 33.7)

Recessive G/G‑A/G 149 (99.3) 147 (100) 1 1

A/A 1 (0.7) 0 (0) 0 (0 – NA)

Overdominant G/G‑A/A 132 (88) 40 (27.2) 1 0

A/G 18 (12) 107 (72.8) 19.62 (10.64 – 36.17)

Log‑additive 0,1,2 150 (50.5) 147 (49.5) 16.67 (9.22 – 30.16) 0

Note: aAll data are expressed as n (%).
Abbreviations: BC: Breast cancer; CI: Confidence interval; OR: Odds ratio.
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Rs2981582 (AG and AA), with absolute BC risk levels 
exceeding 69.7%. The presence of any one of these three 
key factors increases the risk of BC development by more 
than 3.6 times.

3.3. Development of a predictive model for breast 
cancer risk

3.3.1. Creation of the predictive model

The development of a predictive model for BC risk aims 
to optimize the diagnosis of this disease at all healthcare 
levels by identifying high-risk groups. To achieve this, 
patients were classified into several risk groups for the 
development of BC based on a combination of influencing 
factors, and these groups were ranked according to their 
respective risk levels. To improve the prediction accuracy, 
we applied the classification tree method (decision tree). 
For constructing the BC risk model, we calculated the 
predictive value of identified risk polymorphisms and 
patient age characteristics.

To assess the predictive value of the model and 
evaluate the quality of the decision tree model, we used 
characteristics performance metrics such as the area under 
the ROC curve (AuROC), sensitivity, and specificity. 
A  higher AuROC value indicates a better classifier. An 
AuROC value ≤0.5 suggests that the classification method 
is no better than random guessing. If the AuROC is < 0.75, 
the model’s predictive quality is considered low; values 
between 0.75 and 0.85 indicate medium predictive quality, 
and values above 0.85 suggest a high-quality predictive 
model. Sensitivity refers to the proportion of true positives 
among all positives, whereas specificity refers to the 
proportion of true negatives among all negatives.

The predictive evaluation of the identified risk 
polymorphisms as BC occurrence predictors was performed 

using ROC analysis, which involved plotting “sensitivity-
specificity” curves and calculating the AUC, along 
with the determination of the optimal cut-off value for 
discriminating between positive and negative outcomes. 
Statistical significance was considered for P < 0.05.

Figure  1 illustrates the decision tree diagram for the 
BC indicator, based on a combination of five influencing 
factors: Rs137852985, Rs757229, Rs2981582, age <56 years, 
and age ≥49 years.

Using the decision tree, six distinct risk classes were 
identified (Table  7). The highest risk of developing BC 
(risk = 100.0%, group size = 20) was observed in patients 
with the following combination of factors: Rs137852985 
(TC and TT) and Rs2981582 (AA and GG). The lowest 
risk level (risk = 0.0%, group size = 47) was observed 
for the combination of factors: Rs137852985 (CC), 
Rs757229 (CC, GG), and age <49 years. The largest group, 
consisting of 86 observations with a risk level of 88.4%, 
was associated with the combination of Rs137852985 (TC, 
TT) and Rs2981582 (AG).

The results of the ROC analysis and the predictive 
indicators for the quality of the decision tree model are 
shown in Figure 2 and Table 8. The cutoff point represents 
the optimal boundary for distinguishing between positive 
and negative forecasts.

Table  8 presents the results of ROC analysis and the 
calculation of AuC, along with the assessment of sensitivity 
and specificity for the studied parameters as predictors of 
BC risk. The analysis suggested that the factors with the 
highest predictive quality for high BC risk are Rs137852985 
(TC and TT) and Rs2981582 (AA and GG), with an 
AuROC value of 0.95, indicating a high prognostic quality 
for the constructed decision tree model. With a cutoff 
point ≥50.0%, the model demonstrated 86.0% sensitivity 

Table 5. Genotype‑phenotype association between rs889312 of the MAP3K1 gene and breast cancer risk

Inheritance model Genotypes Control groupa BCa OR (95% CI) P‑value

Codominant A/A 44 (29.3%) 28 (18.9) 1 0.0124417313

A/C 86 (57.3%) 83 (56.1) 1.52 (0.86 – 2.66)

C/C 20 (13.3%) 37 (25) 2.91 (1.41 – 5.98)

Dominant A/A 44 (29.3%) 28 (18.9) 1 0.0351103098

A/C‑C/C 106 (70.7%) 120 (81.1) 1.78 (1.04 – 3.06)

Recessive A/A‑A/C 130 (86.7%) 111 (75) 1 0.0100038635

C/C 20 (13.3%) 37 (25) 2.17 (1.19 – 3.95)

Overdominant A/A‑C/C 64 (42.7%) 65 (43.9) 1 0.8273177615

A/C 86 (57.3%) 83 (56.1) 0.95 (0.6 – 1.5)

Log‑additive 0,1,2 150 (50.3%) 148 (49.7) 1.69 (1.18 – 2.42) 0.0034843232

Note: aAll data are expressed as n (%).
Abbreviations: BC: Breast cancer; CI: Confidence interval; OR: Odds ratio.
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(correctly identifying positive cases) and 92.4% specificity 
(correctly identifying negative cases).

Thus, using the decision tree method for the BC risk 
indicator, six risk classes were identified, with risk levels 

ranging from 0.0% to 100.0%. These risk levels were 
determined based on the following five influencing factors: 
Rs137852985, Rs757229, Rs2981582, age <56  years, and 
age ≥49 years. The highest-risk class, with a 100.0% risk 

Table 6. Top 32 key factors influencing the “breast cancer” indicator outcome (absolute risk estimates, risk change, and 
relative risk)

Factor BC: Frequencya (%) Risk change (95% CI)b Relative risk (95% CI) P‑value

Factor: Absent Factor: Present

Rs137852985 (TC and TT) 33 (19.5) 96 (90.6) 71.0 (62.9 – 79.2) 4.64 (3.39 – 6,34) <0.0001

Rs2229774 (AG and AA) 40 (23.4) 107 (84.9) 61.5 (52.6 – 70.4) 3.63 (2.74 – 4,81) <0.0001

Rs2981582 (AG and AA) 10 (11.0) 131 (69.7) 58.7 (49.5 – 67.9) 6.34 (3.51 – 11.47) <0.0001

Rs757229 (GC and CC) 24 (28.2) 123 (58.0) 29.8 (18.1 – 41.4) 2.05 (1.44 – 2.94) <0.0001

Age, years ≥54,0 52 (36.9) 96 (61.1) 24.3 (13.2 – 35.3) 1.66 (1.29 – 2.13) <0.0001

Rs1800058 (CC) 46 (39.7) 97 (60.6) 21.0 (9.3 – 32.7) 1.53 (1.18 – 1.98) 0.0006

Rs137852576 (AG) 34 (35.4) 107 (55.2) 19.7 (7.9 – 31.6) 1.56 (1.16 – 2.10) 0.0016

Rs4987117 (CC) 40 (38.5) 109 (55.9) 17.4 (5.8 – 29.1) 1.45 (1.11 – 1.91) 0.0041

Rs1799954 (CC) 40 (38.8) 109 (55.6) 16.8 (5.1 – 28.5) 1.43 (1.09 – 1.88) 0.0058

Rs80357382 (TT) 38 (38.0) 105 (54.4) 16.4 (4.6 – 28.2) 1.43 (1.08 – 1.90) 0.0077

Rs3918290 (CC) 40 (39.2) 109 (55.3) 16.1 (4.4 – 27.9) 1.41 (1.07 – 1.85) 0.0082

Rs11203289 (GG) 40 (39.2) 109 (55.3) 16.1 (4.4 – 27.9) 1.41 (1.07 – 1.85) 0.0082

Rs11571747 (AA) 40 (39.2) 109 (55.3) 16.1 (4.4 – 27.9) 1.41 (1.07 – 1.85) 0.0082

Rs80359062 (CC) 40 (39.2) 109 (55.3) 16.1 (4.4 – 27.9) 1.41 (1.07 – 1.85) 0.0082

Rs62625308 (GG) 40 (39.2) 109 (55.3) 16.1 (4.4 – 27.9) 1.41 (1.07 – 1.85) 0.0082

Rs34945627 (CC) 39 (39.0) 107 (55.2) 16.2 (4.3 – 28.0) 1.41 (1.07 – 1.86) 0.0087

Rs3092856 (CC) 40 (39.2) 107 (55.2) 15.9 (4.2 – 27.7) 1.41 (1.07 – 1.85) 0.0091

Rs55886062 (AA) 40 (39.2) 108 (55.1) 15.9 (4.1 – 27.6) 1.41 (1.07 – 1.85) 0.0093

Rs28934577 (AA) 40 (39.2) 108 (55.1) 15.9 (4.1 – 27.6) 1.41 (1.07 – 1.85) 0.0093

Rs1800057 (CC) 40 (39.2) 108 (55.1) 15.9 (4.1 – 27.6) 1.41 (1.07 – 1.85) 0.0093

Note: aAll data are expressed as sample size (%); bAll data are expressed in %.
Abbreviations: BC: Breast cancer; CI: Confidence interval.

Figure 1. Classification tree for breast cancer risk based on identified risk polymorphisms and patient age
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level, was defined by the combination of Rs137852985 
(TC and TT) and Rs2981582 (AA and GG). The 
predictive quality of the model was considered high. In 
addition, we examined the risk classes for the significant 
polymorphisms identified in the GWAS catalog that are 
associated with BC risk.

3.3.2. Analysis using polymorphisms identified in 
genome-wide association studies

A second decision tree was constructed to assess BC risk 
using five polymorphisms associated with BC, as identified 
in the GWAS catalog. Figure 3 presents the decision tree 
diagram for the BC indicator, based on the combination 
of five influencing factors associated with the risk of 
developing BC: age, Rs2229774, Rs2981582, Rs889312, 
and Rs1800057.

Using the decision tree, six distinct risk classes were 
identified (Table  9). The highest risk of developing BC 
(risk = 95.8%, group size = 24) was observed in patients 
with the following combination of factors: age <54.0 years, 
Rs2229774 (AG), and Rs889312 (AA and CC). The lowest 
risk level for BC (risk=1.9%, group size=52) was observed 
in patients with the combination of age <54.0  years, 
Rs2229774 (GG and AA), and Rs2981582 (GG). The 
largest risk class, consisting of 103 observations and a risk 
level of 67.0%, was associated with the combination of age 
≥54.0 years and Rs1800057 (CC).

Figure 4 and Table 10 present the results of the ROC 
analysis and the predictive quality indicators for the 
constructed decision tree model for the BC target indicator. 
The cutoff point represents the optimal boundary for 
distinguishing between positive and negative predictions.

Table  10 displays the results of the ROC analysis, the 
calculation of AuC, and the sensitivity and specificity 
estimates for the studied indicators as predictors of BC 
risk. The analysis indicated that the factors with “high” 
predictive quality for high BC risk include: age <54.0 years, 
Rs2229774 (AG), and Rs889312 (AA and CC), with an 
AuROC value of 0.88, indicating high predictive quality of 
this decision tree model. With a cutoff point of ≥67.0%, 
the model demonstrated a sensitivity of 75.5% (correctly 
identifying positive cases) and a specificity of 93.7% 
(correctly identifying negative cases).

Based on this decision tree model, six risk classes were 
identified, with risk levels ranging from 1.9% to 95.8%, 
using the following five influencing factors: age, Rs2229774, 
Rs2981582, Rs889312, and Rs1800057 (according to GWAS 
catalog data). The highest-risk class, with a 95.8% risk 
level, was defined by the combination of age <54.0 years, 

Table 7. Patient risk classes for the target indicator “breast cancer,” sorted by descending risk

No. Class definition Group size Class proportion, % Risk, %

1 Rs137852985 (TC, TT) & Rs2981582 (AA, GG) 20 7.3 100.0

2 Rs137852985 (TC, TT) & Rs2981582 (AG) 86 31.3 88.4

3 Rs137852985 (CC) & Rs757229 (GC) & age ≥56.0 years 30 10.9 50.0

4 Rs137852985 (CC) & Rs757229 (GC) & age years <56.0 30 10.9 30.0

5 Rs137852985 (CC) & Rs757229 (CC, GG) & age 49.0 years 62 22.5 14.5

6 Rs137852985 (CC) & Rs757229 (CC, GG) & age <49.0 years 47 17.1 0.0

Table 8. Predictive quality indicators of the constructed 
decision tree for the target outcome “breast cancer” based on 
risk polymorphisms identified in the current study

Metric Value

Cutoff point 50.0%

AuROC 0.95

Sensitivity 86.0%

Specificity 92.4%

Effectiveness 89.2%

Abbreviation: AuROC: Area under the receiver operating characteristic 
curve.

Figure  2. Receiver operating characteristic curve for the predictive 
model of breast cancer risk using the factors Rs137852985, Rs757229, 
Rs2981582, and age
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Rs2229774 (AG), and Rs889312 (AA and CC). The 
predictive quality of the constructed model was high.

3.4. Analysis of identified significant polymorphisms 
and inheritance models

As a result of NGS, we identified 28 polymorphisms from the 
GWAS catalog, of which seven were statistically significant 

risk polymorphisms associated with the development 
of BC: RARG (Rs2229774), FGFR2 (Rs2981582), ATM 
(Rs1800057), MAP3K1 (Rs889312), BRCA2 (Rs11571833), 
FGFR2 (Rs7895676), and FGFR2 (Rs1219648).

The study of inheritance models showed that the 
polymorphism Rs2981582 of the FGFR2 gene increased 
the risk of BC across four inheritance models: codominant 
(odds ratio [OR] = 19.15, 95% CI: 9.08 – 40.35 and 
OR = 16.82, 95% CI: 6.62 – 42.74), dominant (OR = 18.62, 
95% CI: 9 – 38.51), recessive (OR = 2.28, 95% CI: 1.12 – 4.63), 
and superdominant model (OR = 6, 95% CI: 3.58 – 10.09).

The polymorphism Rs2229774 of the RARG gene 
increased the risk of BC across three inheritance models: 
codominant (OR = 19.47, 95% CI: 10.56 – 35.91), dominant 
(OR = 18.44, 95% CI: 10.09 – 33.7), and superdominant 
(OR = 19.62, 95% CI: 10.64 – 36.17).

The polymorphism Rs889312 of the MAP3K1 gene 
increased the risk of BC in two inheritance models: 
dominant (OR = 1.78, 95% CI: 1.04 – 3.06) and recessive 
(OR = 2.17, 95% CI: 1.19 – 3.95).

Figure 3. Classification tree for breast cancer risk based on polymorphisms identified in genome-wide association studies and patient age

Table 10. Predictive quality indicators of the constructed 
decision tree for the target outcome “breast cancer” based 
on polymorphisms identified in genome‑wide association 
studies

Metric Value 

Cutoff point 67.0%

AuROC 0.88

Sensitivity 75.5%

Specificity 93.7%

Effectiveness 84.6%

Abbreviation: AuROC: Area under the receiver operating characteristic 
curve.

Table 9. Risk classes of patients for the target indicator “breast cancer,” sorted in descending order of risk

No. Class definition Group size Class proportion, % Risk, %

1 Age <54.0 years & Rs2229774 (AG) & Rs889312 (AA, CC) 24 8.4 95.8

2 Age <54.0 years & Rs2229774 (AG) & Rs889312 (AC) 21 7.3 71.4

3 Age ≥54.0 years & Rs1800057 (CC) 103 35.9 67.0

4 Age ≥54.0 years & Rs1800057 (CG) 53 18.5 49.1

5 Age <54.0 years & Rs2229774 (GG, AA) & Rs2981582 (AG, AA) 34 11.8 23.5

6 Age <54.0 years & Rs2229774 (GG, AA) & Rs2981582 (GG) 52 18.1 1.9
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The polymorphism Rs137852985 of the BRIP1 gene 
increased the risk of BC across four inheritance models: 
codominant (OR = 53.58, 95% CI: 22.72 – 126.32), dominant 
(OR = 39.56, 95% CI: 18.61 – 84.1), superdominant 
(OR = 47.55, 95% CI: 20.36 – 111.07), and log-additive 
(OR = 24.41, 95% CI: 12.3 – 48.46).

The polymorphism Rs137852576 of the AR gene 
increased the risk of BC in the codominant model 
(OR = 2.24, 95% CI: 1.35 – 3.72).

In a univariate risk prediction analysis for BC, we 
identified the top 32 statistically significant factors, with risk 
levels ranging from 69.7% to 90.6%. The most influential 
factors were: Rs137852985 (TC and TT), Rs2229774 (AG 
and AA), and Rs2981582 (AG and AA).

We also demonstrated the possibility of predicting 
BC risk with high accuracy (95.8%) by combining the 
polymorphisms Rs2229774 (AG), Rs889312 (AA and CC), 
and the factor age <54.0 years. The predictive quality of the 
constructed model was high, with an AuROC value of 0.88.

Since the significant gene polymorphisms we 
identified – Rs2229774 of the RARG gene, Rs2981582 of 
the FGFR2 gene, Rs1800057 of the ATM gene, Rs889312 
of the MAP3K1 gene, Rs11571833 of the BRCA2 gene, 
Rs7895676 of the FGFR2 gene, Rs1219648 of the FGFR2 
gene, and Rs137852985 of the BRIP1 gene – are associated 
with deoxyribonucleic acid (DNA) damage and repair, we 
were interested in investigating the presence of double-
strand breaks in DNA in women with BC.

4. Discussion
In our case–control study, we analyzed 113 polymorphisms 
in patients with BC and conditionally healthy women 

(controls). We identified 28 statistically significant 
polymorphisms associated with the risk of developing BC, 
seven of which were previously included in the GWAS 
catalog: RARG (Rs2229774), FGFR2 (Rs2981582), ATM 
(Rs1800057), MAP3K1 (Rs889312), BRCA2 (Rs11571833), 
FGFR2 (Rs7895676), and FGFR2 (Rs1219648). Table  11 
presents the key characteristics of these 28 polymorphisms, 
which are associated with BC risk in women from the 
Aktobe region.

The case–control study design provides a framework 
for comparing the relationship between BC risk and 
individual polymorphisms with existing literature on the 
genetic contribution to BC development. Bioinformatics 
analysis is important for determining the specific effects 
of polymorphisms and how different genotypes may 
influence BC risk. The OR was calculated based on five 
inheritance models: codominant, dominant, recessive, 
superdominant, and log-additive. The results from these 
models showed variations in the “genotype-phenotype” 
relationship for BC risk.

The codominant model compares heterozygous 
and variant homozygous genotypes with the reference 
homozygous genotype. The dominant model combines 
heterozygous and variant homozygous genotypes in 
comparison with the reference homozygous genotype. 
The recessive model compares heterozygous and reference 
homozygous genotypes with the variant homozygous 
genotype. The superdominant model compares two 
homozygous genotypes with the heterozygous genotype. 
Finally, the log-additive model compares one and two 
variant alleles with the reference allele.12

Based on these five inheritance models, the highest 
odds of developing BC were identified for the following 
polymorphisms: in the codominant model, the 
polymorphism Rs2981582 of the FGFR2 gene (common 
variation) showed significant associations with genotypes 
A/G and A/A, yielding OR values of 19.15  (95% CI: 9.08 
– 40.35, P = 0) and 16.82  (95% CI: 6.62 – 42.74, P = 0), 
respectively. In the dominant model, the genotypes A/G-A/A 
(OR = 18.62, 95% CI: 9 – 38.51, P = 0) were strongly associated 
with BC risk. In the recessive model, the genotype  A/A 
(OR = 2.28, 95% CI: 1.12 – 4.63, P  = 0) demonstrated a 
significantly higher risk. In the superdominant model, the 
genotype A/G (OR = 6, 95% CI: 3.58 – 10.09, P = 0) was 
significantly associated with BC. In addition, the minor 
variation in the superdominant model with genotype A/G 
(OR = 6, 95% CI: 3.58 – 10.09, P = 0) further validated a high 
likelihood of inherited BC risk.

The study by Shu et al.13 verified the association between 
the FGFR2 Rs2981582 polymorphism and BC in the Asian 
population. Logistic regression analysis revealed that the 

Figure  4. Receiver operating characteristic curve for the decision tree 
model using the factors age, Rs2229774, Rs2981582, Rs889312, and 
Rs1800057
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TT and TC genotypes, as well as the dominant model, were 
significantly correlated with BC development (OR = 1.21, 
95% CI: 1.05 – 2.27; OR = 1.81, 95% CI: 1.24 – 2.73; 
OR = 2.15, 95% CI: 1.25 – 5.31, respectively). Additional 
studies have sought to validate certain SNPs in the Russian 
population. In particular, Boyarskikh and colleagues14 

identified an association between the FGFR2 Rs2981582 
polymorphism and BC development in Western Siberia, 
with an OR of 1.46 (95% CI: 1.30 – 1.62, P = 2×10–6).

Our research found that the Rs2229774 polymorphism 
of the RARG gene (a common variation) increased the 
risk of BC in the codominant model for the A/G genotype 
(OR = 19.47, 95% CI: 10.56 – 35.91, P = 0); in the dominant 
model for the A/G-A/A genotypes (OR =  18.44, 95% 
CI: 10.09 – 33.7, P = 0); and the overdominant model for 
the A/G genotype (OR = 19.62, 95% CI: 10.64 – 36.17, 
P = 0). In addition, the Rs137852985 polymorphism 
(a common variation) showed an increased risk of BC in 

Table 11. Characteristics of the 28 identified polymorphisms associated with breast cancer risk in women from the Aktobe region

No Polymorphism 
ID

Gene Gene name Association Clinical significance References

1 Rs55886062 DPYD Dihydropyrimidine dehydrogenase No Response to fluoropyrimidine 22

2 Rs3918290 DPYD Dihydropyrimidine dehydrogenase Yes Toxicity of capecitabine 23

3 Rs12721655 CYP2B6 Cytochrome P450 2B6 No Toxicity of doxorubicin and 
cyclophosphamide

24

4 Rs4987117 BRCA2 BReast CAncer 2 No BC 25

5 Rs2229774 RARG Retinoic acid receptor gamma Yes Anthracycline‑induced cardiotoxicity 
in children with cancer

26

6 Rs11203289 SDHB Succinate dehydrogenase No Cowden syndrome 27

7 Rs16942 BRCA1 BReast CAncer 1 No BC 28

8 Rs34945627 TNFRSF11A Representative 11a of the TNF receptor 
superfamily

No BC 29

9 Rs11571747 BRCA2 BReast CAncer 2 No Pancreatic cancer 30

10 Rs137852576 AR Androgen receptor No BC in men 31

11 Rs11571833 BRCA2 BReast CAncer 2 Yes BC 32

12 Rs80359062 BRCA1 BReast CAncer 1 No BC in men 33

13 Rs3218536 XRCC2 X‑ray repair cross‑complementing 
group 2

No BC 34

14 Rs80357382 BRCA1 BReast CAncer 1 No BC 35

15 Rs28934577 TP53 Tumor protein p53 No BC 36

16 Rs2981582 FGFR2 Fibroblast growth factor receptor 2 Yes BC 37

17 Rs137852985 BRIP1 C‑terminus helicase 1 interacting with 
BRCA1

No BC 38

18 Rs1800057 ATM Serine/threonine kinase ATM Yes Multiple cancers 39

19 Rs3092856 ATM Serine/threonine kinase ATM No BC 40

20 Rs1800058 ATM Serine/threonine kinase ATM No BC 41

21 Rs1799950 BRCA1 BReast CAncer 1 No BC 42

22 Rs1799954 BRCA2 BReast CAncer 2 No BC 43

23 Rs889312 MAP3K1 Mitogen‑activated protein kinase kinase 
kinase 1

Yes BC 44

24 Rs1787991 CHEK2 Checkpoint kinase 2 No BC 45

25 Rs3918242 MMP‑9 Matrix metalloproteinase‑9 No Stroke 46

26 Rs62625308 BRCA1 BReast CAncer 1 No BC 36

27 Rs757229 GP×4 Phospholipid hydroperoxide 
glutathione peroxidase

No Male infertility 37

28 Rs7895676 FGFR2 Fibroblast growth factor receptor 2 Yes BC 38

Abbreviations: ATM: Ataxia‑telangiectasia mutated; BC: breast cancer; TNF: Tumor necrosis factor.
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the codominant model for the T/C genotype (OR = 53.58, 
95% CI: 22.72 – 126.32, P = 0); in the dominant model for 
the T/C-T/T genotypes (OR = 39.56, 95% CI: 18.61 – 84.1, 
P = 0); and in the overdominant model for the T/C genotype 
(OR = 24.41, 95% CI: 12.3 – 48.46, P = 0). However, no studies 
in the available literature have investigated the association of 
RARG missense variants with BC development. It is known 
that the first published GWAS catalog for anthracycline-
induced heart failure identified a significant missense 
variant in RARG (Ser427Leu, TCG>TTG, and Rs2229774).15 
A prospective cohort study further evaluated the potential 
for combined testing of RARG Rs2229774, SLC28A3 
Rs7853758, and UGT1A6*4 Rs17863783 polymorphisms to 
predict doxorubicin-related cardiotoxicity in a large cohort 
of patients with identical diagnoses.16

Our results revealed that the Rs889312 polymorphism 
in the MAP3K1 gene (a common variation) increased the 
risk of BC in the dominant inheritance model for the A/C-
C/C genotypes (OR = 1.78, 95% CI: 1.04 – 3.06, P = 0.003) 
and the recessive model for the C/C genotype (OR = 2.17, 
95% CI: 1.19 – 3.95). These findings are consistent with 
Abbasi et al.’s17 study, which reported that the Rs889312 
polymorphism in the MAP3K1 gene is associated with BC in 
Pakistani women. In that study, the OR was 0.55 (95% CI: 0.31 
– 0.96) for the wild-type AA homozygote, OR = 1.30 (95% 
CI: 0.74 – 2.26) for the heterozygote AC, and OR = 7.06 (95% 
CI: 1.23 – 40.34) for the rare allele CC homozygote.

The association between the Rs889312 polymorphism 
and BC incidence has been well-documented in 
populations from East Asia, North Africa, and the 
Northern Hemisphere. These studies, conducted in BC 
patients, aimed to determine the likelihood of SNPs being 
associated with disease development and/or progression. 
Strong associations were observed in the GWAS study 
conducted by Easton et al.,18 which included 3,882 BC 
patients from the European Network of Excellence for 
Cancer using population-based registries and biobank data 
(CCPRB). A previous meta-analysis, designed to verify the 
association of Rs889312 with BC risk, demonstrated that 
this polymorphism was associated with an increased risk of 
BC in both small and large population models.19 Studies by 
Jara et al.20 also indicated an association between Rs889312 
and BC risk in Latin America. Furthermore, the MAP3K1 
Rs889312 genotype was found to be associated with larger 
breast tumors in Asians, but not in Europeans.21

Meta-analysis data by Zheng et al.19,p.8 showed that “the 
MAP3K1 gene polymorphism (Rs889312) is associated 
with BC risk in Europeans and Asians (as in our study), 
whereas Rs16886165 is a risk factor for BC in Asian and 
African women, and both may serve as markers of BC 
predisposition.”

Regarding the AR gene polymorphism, no studies were 
found in the available literature linking it to BC.

In univariate analysis for BC risk prediction, 32 
statistically significant factors were identified, with risk 
levels ranging from 69.7% to 90.6%. Among these, the most 
important factors were Rs137852985 (TC, TT), Rs2229774 
(AG, AA), and Rs2981582 (AG, AA). When constructing 
the predictive model (decision tree), the primary high-
risk classes for BC development, with a risk level of 95.8%, 
were identified as age <54.0  years, Rs2229774 (AG), 
and Rs889312 (AA, CC). The predictive quality of the 
constructed model was found to be high.

5. Conclusion
Seven statistically significant risk polymorphisms 
associated with the risk of developing BC have been 
identified and are included in the GWAS catalog: RARG 
(Rs2229774), FGFR2 (Rs2981582), ATM (Rs1800057), 
MAP3K1 (Rs889312), BRCA2 (Rs11571833), FGFR2 
(Rs7895676), and FGFR2 (Rs1219648). A strong genotype-
phenotype association has been found between five SNPs 
and the risk of developing BC across five genetic models: 
Rs2981582 of the FGFR2 gene, Rs2229774 of the RARG 
gene, Rs889312 of the MAP3K1 gene, Rs137852985 of 
the BRIP1 gene, and Rs137852576 of the AR gene. Thirty-
two prognostic factors for the risk of developing BC have 
been identified, with risk levels ranging from 69.7% to 
90.6%. The most important factors are Rs137852985 
(BRIP1), Rs2229774 (RARG), and Rs2981582 (FGFR2). 
A predictive model for BC risk has been developed with 
a high-quality score (0.88) and a risk assessment of 95% 
when combining polymorphisms included in the GWAS 
catalog: Rs2229774 (RARG), Rs889312 (MAP3K1), and 
the factor age <54.0 years.
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