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Purpose: Breast cancer develops through complex interactions of genetic and environmental influences. XRCC4 is a critical DNA 
repair gene that maintains genomic stability and is implicated in carcinogenesis, while VEGF is a key regulator of angiogenesis that 
plays an essential role in tumor progression and recurrence. The present study sought to evaluate the contribution of XRCC4 
(rs28360071) and VEGF (rs35569394) polymorphisms to breast cancer susceptibility in a Jordanian Arab cohort.
Patients and Methods: This case-control study included 300 breast cancer patients and 300 healthy individuals. Peripheral blood 
samples were collected for genomic DNA extraction. XRCC4 (rs28360071) and VEGF (rs35569394) polymorphisms were genotyped 
using direct PCR, and their associations with breast cancer risk were analyzed using appropriate statistical methods.
Results: The XRCC4 (rs28360071) polymorphism exhibited significant differences in allelic and genotypic distributions between 
breast cancer cases and control individuals in both unadjusted (p = 0.01) and adjusted analyses (p = 0.005), with the DD genotype 
associated with reduced breast cancer risk.
Conclusion: The findings suggest that XRCC4 (rs28360071) is associated with breast cancer susceptibility among Jordanian Arab 
women, whereas VEGF (rs35569394) does not appear to influence risk. These results indicate a potential role for XRCC4 variation in 
breast cancer susceptibility in this population; however, this finding should be cautiously interpreted, as further research is required to 
confirm the association.
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Introduction
Breast cancer represents the most prevalent cause of cancer-related deaths in women across the world, it develops 
through a complex interaction of endo- and exogenous influences.1–3 Whereas most cases of breast cancer occur 
sporadically, about 10–15% are hereditary arising from genetic mutations that can be transmitted from parent to 
offspring.4 Familial cancers, as a distinct category accounts for 15–20% of cases in which a hereditary component is 
suspected despite the absence of a clearly identified causative mutation, these cancers likely arise from a combination of 
inherited susceptibility and shared environmental or socioeconomic factors.5

DNA repair pathways are critical for preserving genomic stability and integrity by rectifying DNA damage that could 
otherwise promote carcinogenesis.6 Genetic alterations in DNA repair and damage signaling genes have been frequently 
identified in human malignancies; therefore, it’s reasonable to hypothesize specific genetic variants in DNA repair genes 
including X-ray cross complementing group 4 (XRCC4) and may contribute to breast cancer pathogenesis.7,8 The XRCC4 
gene, which plays a significant role in the non-homologous end-joining (NHEJ) repair pathway, has been demonstrated to 
restore DNA double strand break (DSB) repair and facilitate V(D)J recombination of transiently introduced substrates in 
the XR-1 CHO cell line.9
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XRCC4 is essential for the accurate repair of blunt DNA double strand breaks (DSBs) in mammalian fibroblasts.10 It 
has been documented that there is a notable correlation between elevated cancer susceptibility and the synergistic effect 
of single nucleotide polymorphisms (SNPs) in NHEJ genes.11 The widely recognized breast cancer susceptibility gene 
BRCA1 may contribute to cancer risk through modulation of cellular NHEJ capability.12 Additionally, it has been 
observed that in hereditary cases of non-BRCA1/2 breast cancer, XRCC4 may influence the age at diagnosis and the 
risk of the disease.13 Several documented SNPs in the XRCC4 gene have been reported to correlate with incidences of 
gastric, bladder and breast cancer.14–16 Among the less well-characterized polymorphisms in XRCC4, rs28360071, 
located in intron 3, has been investigated in relation to susceptibility to various malignancies, including colorectal, 
prostate, and oral cancers;17–19 however, its association with breast cancer remains unclear.

Angiogenesis is a feature that characterizes cancer and is controlled by a variety of growth factors,20 including 
platelet-derived growth factors, transforming growth factors and angiopoietins, with a crucial contribution from vascular 
endothelial growth factors (VEGF).21–23 VEGF functions as one of the most potent mitogens for endothelial cells that 
play an essential role in both normal physiological and tumor angiogenesis.24–26 It promotes the permeability of tumor 
vessels and stimulates endothelial cell proliferation, migration, differentiation and capillary formation, while also 
exhibiting proinflammatory effects.27–29

It is involved in tumor-related pathological angiogenesis, which is a crucial step in cancer development essential for 
primary tumor growth, invasiveness, and metastasis.30 Overexpression of VEGF has been observed in various tumor 
tissues.31–33 Breast cancer is one of the most well-known malignancies involving lymphangiogenesis, the process by 
which blood and lymphatic vessels are attracted to an expanding tumor.34 Studies conducted in vitro and in vivo 
demonstrate that elevated VEGF expression correlates with tumor growth and metastasis. Furthermore, blocking VEGF 
signaling suppresses tumor-induced angiogenesis and inhibits tumor growth.35

Polymorphic variations located in the promoter 5′-UTR and 3′-UTR of the VEGF gene have been documented to 
influence translation efficiency, circulating plasma levels and its expression in tumor tissues.36,37 VEGF polymorphisms 
that affect VEGF expression in normal cells have been documented to influence tumorigenesis, tumor progression and 
the effectiveness of anti-VEGF agents.30,38–40 Among these, the rs35569394 polymorphism, located at position −2549 in 
the promoter region of VEGF, has been associated with altered transcriptional activity.41 However, limited studies have 
investigated the association between rs35569394 and breast cancer susceptibility across different populations, with 
inconsistent findings.42,43

Further, the development of breast cancer involves the cooperation of genetic, environmental, and biological factors, 
focusing attention on the importance of identifying polymorphisms that may influence disease risk. XRCC4, a key 
component of the non-homologous end-joining DNA repair pathway, and VEGF, a central regulator of angiogenesis, 
have been implicated in cancer development. However, limited and inconsistent data are available regarding the 
association of specific polymorphisms, including rs28360071 and rs35569394, with breast cancer risk. Moreover, 
evidence from Middle Eastern populations, including Jordanian Arabs, remains scarce. Given that factors such as 
consanguinity and regional admixture may influence genetic architecture, allele frequencies and gene-disease associa
tions, this study aims to investigate the potential association of XRCC4 and VEGF polymorphisms with breast cancer 
susceptibility in a Jordanian Arab population.

Materials and Methods
Study Participants
This study included 600 participants (300 breast cancer patients and 300 unrelated healthy female controls), the patients 
were recruited based on specific criteria from the chemotherapy clinics of King Abdullah University Hospital (KAUH) 
and King Hussein Medical Center. The control group was recruited from the general population and matched to the 
patients’ age, whereas both patient and control participants shared a common Jordanian ethnic background. Ethical 
approval for this study was obtained from the Institutional Review Board (IRB) of Jordan University of Science and 
Technology and KAUH (Approval No: 9/143/2021) in accordance with the Declaration of Helsinki. Prior to participa
tion, all subjects signed written informed consent forms.
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Patients were enrolled in the study if they met predefined inclusion criteria, which required a histopathologically 
confirmed diagnosis of breast cancer, no evidence of HIV, HBV, or HCV infection and availability of clinical records in 
the KAUH registry. Patients were excluded if they refused to give written informed consent, had undergone a blood 
transfusion during surgery or lacked sufficient clinical data.

The control participants were included if there was no documented history of breast cancer or other malignancies. 
Participants were recruited from the same ethnic background to minimize the potential for population stratification bias. 
Participants were excluded from the control group if they reported a history of cancer, a first-degree family history of 
breast cancer, chronic infectious conditions, or recent blood transfusion. Those who declined to provide informed consent 
or biological samples were excluded from the study.

DNA Extraction and Quality Assessment
Genomic DNA was extracted from frozen whole blood samples using the Puregene® Blood Core Kit A (Qiagen, USA) 
according to the procedure described in the user guide. The quality and concentration of DNA were determined using 
a NanoDrop spectrophotometer. However, the DNA samples accepted must have A260/A280 absorption ratio values 
between 1.8 and 2.0, and the DNA samples with insufficient purity were re-extracted to ensure suitability for downstream 
analyses, and the DNA integrity was evaluated using 1% agarose gel electrophoresis to verify the absence of degradation. 
Quality control of genotyping was ensured by re-genotyping randomly selected samples. Samples with unclear or 
ambiguous results were re-genotyped to confirm accurate genotype calls. Any samples with missing data were excluded 
from the analysis to maintain dataset consistency.

Genotyping of VEGF rs35569394 Polymorphism
According to the VEGF rs35569394 polymorphism, polymerase chain reaction (PCR) was utilized to amplify the specific target 
sequence with two oligonucleotide primers (5′-GCTGAGAGTGGGGCTGACTAGGTA-3′ and 5′-GTTTCTGACCTG 
GCTATTTCCAGG-3′). The thermal cycling conditions comprised an initial denaturation at 95 °C for 6 min, followed by 35 
cycles of denaturation (95 °C, 30sec), annealing (59 °C, 30sec) and extension (72 °C, 30sec), with a final extension at 72 °C for 
10 min. The products were electrophoresed on a 3% agarose gel. The presence of the D allele produced a 211 bp fragment, while 
the I allele produced a 229 bp fragment.

Genotyping of XRCC4 rs28360071 Polymorphism
According to the XRCC4 rs28360071 polymorphism, polymerase chain reaction (PCR) was utilized to amplify the 
specific target sequence with two oligonucleotide primers (5′-TCCTGTTACCATTTCAGTGTTAT-3′ and 5′- 
CACCTGTGTTCAATTCCAGCTT-3′). The thermal cycling conditions comprised an initial denaturation at 95 °C for 
5 min, followed by 35 cycles of denaturation (95 °C, 30s), annealing (55 °C, 30s) and extension (72 °C, 30s), with a final 
extension at 72 °C for 10 min. The products were electrophoresed on a 3% agarose gel. The presence of the D allele 
produced a 109 bp fragment, while the I allele produced a 139 bp fragment.

Statistical Analysis
The statistical evaluation of the data was carried out using the SNPStats web tool (https://www.snpstats.net/start.htm) to 
test Hardy-Weinberg equilibrium, determine allelic and genotypic distributions, and evaluate different inheritance 
dominant, recessive and overdominant models. The strength of association was quantified using odds ratio (OR) with 
corresponding 95% confidence intervals (CI) and statistical significance was defined at the p < 0.05 threshold. The more 
frequent allele in the control group was defined as the reference allele, while the less frequent allele was considered the 
effect allele. Multivariable logistic regression analysis was used to evaluate the association between genetic polymorph
isms under a codominant model and breast cancer risk after adjustment for relevant confounding variables. Associations 
between genotypic categories and phenotypic traits were assessed using Pearson’s chi-square test and one-way ANOVA, 
performed in SPSS software, version 26.0 (SPSS Inc., Chicago, IL). Survival analysis was performed using the Kaplan– 
Meier method in GraphPad Prism (version 10.6.1), and differences between groups were assessed using the Log rank 
test. Time-to-event was defined as the period from breast cancer diagnosis to death or last follow-up. An adjustment for 
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multiple comparisons was implemented by calculating the relevant number of polymorphisms based on a method 
outlined in a prior study.44 The level of statistical significance was adjusted according to the Bonferroni method (α/n), 
where α was set at 0.05 and n denoted the total number of performed tests.45

Results
Baseline Characteristics of Patients and Controls
All included participants were of Jordanian Arab ethnicity, with baseline demographic characteristics comparable across 
patient and control groups. No significant differences were observed between patients and controls in mean age (52.32 ± 
11.39 vs. 52.35 ± 11.24 years, p = 0.97), BMI (28.86 ± 5.98 vs. 28.36 ± 5.92, p = 0.30), smoking status (14.2% vs. 
16.6%, p = 0.44), or age at menarche (13.73 ± 1.65 vs. 13.82 ± 1.33, p = 0.52). Patients had a significantly higher 
frequency of family history of cancer than controls (54.7% vs. 36.0%, p < 0.001).

Assessment of Hardy–Weinberg Equilibrium (HWE)
Table 1 presents the Hardy-Weinberg Equilibrium (HWE) assessment and corresponding minor allele frequencies (MAF) 
for two polymorphisms, rs35569394 and rs28360071, in both breast cancer patients and controls. For the VEGF 
(rs35569394) polymorphism, the minor allele (I) frequency was 42% in cases and 43% in controls, with HWE p-values 
of 1 and 0.72, respectively, indicating no significant deviation from equilibrium. For the XRCC4 (rs28360071) poly
morphism, the minor allele (D) frequency was 42% in cases and 49% in controls, with HWE p-values of 0.72 and 0.49, 
respectively.

Genetic Association of Polymorphisms with Breast Cancer Susceptibility
Table 2 presents the genetic association of studied polymorphisms between breast cancer patients and healthy controls, 
with both unadjusted and adjusted analyses controlling for potential confounding variables, including age, BMI, smoking 
status, age at menarche and family history. The distribution of VEGF alleles and genotypes did not differ significantly 
between patients and controls, suggesting no detectable association with breast cancer in the cohort studied. However, 
XRCC4 demonstrated significant differences in allelic and genotypic distributions in both unadjusted (OR = 0.55, 95% 
CI: 0.34–0.86, p = 0.010) and adjusted analyses (OR = 0.48, 95% CI: 0.28–0.80, p = 0.005), with the homozygous DD 
genotype presenting a reduced risk of breast cancer.

Table 1 Hardy–Weinberg Equilibrium Analysis and Minor Allele Frequency Distribution in Cases and Controls

Gene/Polymorphism Allele/Genotype Allelic/Genotypic Frequencies (%)

Cases (n=300) HWE p-value Controls (n=300) HWE p-value

VEGF (rs35569394) IMA 250 (42%)MAF 1 256 (43%)MAF 0.72

D 350 (58%) 344 (57%)

II 52 (17%) 56 (19%)

ID 146 (49%) 144 (48%)

DD 102 (34%) 100 (33%)

XRCC4 (rs28360071) I 349 (58%) 0.72 304 (51%) 0.49

DMA 251 (42%)MAF 296 (49%)MAF

II 103 (34%) 80 (27%)

ID 143 (48%) 144 (48%)

DD 54 (18%) 76 (25%)

Abbreviations: MA, Minor Allele; MAF, Minor Allele Frequency; I, Insertion; D, Deletion.
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Genetic Association Under Different Genetic Models
Table 3 examines the genetic models and distribution of specific gene polymorphisms (VEGF rs35569394 and XRCC4 
rs28360071) in relation to case-control status. For the VEGF polymorphism, none of the genetic models (dominant, 
recessive and overdominant) exhibited significant associations with breast cancer (p > 0.008), suggesting no correlation 
between VEGF rs35569394 and breast cancer risk in this study. Comparably, the XRCC4 polymorphism was not 
significantly associated with breast cancer risk under any genetic model after applying correction.

Table 2 Genetic Association of Polymorphisms in Unadjusted and Adjusted Analyses of Breast Cancer Cases and Controls

Polymorphism Allelic/Genotypic Frequencies in BC Patients and Control

Allele/Genotype Cases  
(N = 300)

Control  
(N = 300)

Unadjusted  
OR (95% CI)

p-value Adjusted  
OR (95% CI)

p-value

VEGF (rs35569394) D 350 (58%) 344 (57%) 1
I 250 (42%) 256 (43%) 0.95 (0.76–1.21) 0.725 – –

DD 102 (34%) 100 (33%) 1 1

ID 146 (49%) 144 (48%) 0.99 (0.69–1.41) 0.973 1.01 (0.67–1.52) 0.945

II 52 (17%) 56 (19%) 0.91 (0.57–1.43) 0.693 0.99 (0.59–1.69) 0.997

XRCC4 (rs28360071) I 349 (58%) 304 (51%) 1

D 251 (42%) 296 (49%) 0.73 (0.58–0.92) 0.009 – –

II 103 (34%) 80 (27%) 1 1

ID 143 (48%) 144 (48%) 0.77 (0.53–1.12) 0.171 0.70 (0.46–1.08) 0.108
DD 54 (18%) 76 (25%) 0.55 (0.34–0.86) 0.0101 0.48 (0.28–0.80) 0.005

Notes: P-values < 0.0125 (0.05/4 = 0.0125 after applying multiple comparisons) are considered significant. The control group was used as the reference category 
for all case-control comparisons, while the wild-type genotype was used as the reference category for genetic models. Adjusted analyses included age, BMI, 
smoking status, age at menarche, and family history of cancer. The same covariate set was applied to all adjusted models. 
Abbreviations: OR, odds ratio; CI, confidence interval.

Table 3 The Genetic Models and Distribution of the Studied Gene Polymorphisms in Response to Case- 
Control

Polymorphism Model Genotype Cases (%) Controls (%) OR (95% CI) p- value

VEGF 

(rs35569394)

Dominant D/D 102 (34%) 100 (33.3%) 1.00 0.86
I/D-I/I 198 (66%) 200 (66.7%) 0.97 (0.69–1.36)

Recessive D/D-I/D 248 (82.7%) 244 (81.3%) 1.00 0.67
I/I 52 (17.3%) 56 (18.7%) 0.91 (0.60–1.39)

Overdominant D/D-I/I 154 (51.3%) 156 (52%) 1.00 0.87
I/D 146 (48.7%) 144 (48%) 1.03 (0.75–1.41)

XRCC4 
(rs28360071)

Dominant I/I 103 (34.3%) 80 (26.7%) 1.00 0.041
I/D-D/D 197 (65.7%) 220 (73.3%) 0.70 (0.49–0.99)

Recessive I/I–I/D 246 (82%) 224 (74.7%) 1.00 0.029
D/D 54 (18%) 76 (25.3%) 0.65 (0.44–0.96)

Overdominant I/I-D/D 157 (52.3%) 156 (52%) 1.00 0.93

I/D 143 (47.7%) 144 (48%) 0.99 (0.72–1.36)

Note: P-values < 0.0083 (0.05/6 = 0.0083 after applying multiple comparisons) are considered significant. 
Abbreviations: OR, odds ratio; CI, confidence interval.

Cancer Management and Research 2026:18                                                                                     https://doi.org/10.2147/CMAR.S595329                                                                                                                                                                                                                                                                                                                                                                                                       5

AL-Eitan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Clinical Implications of VEGF and XRCC4 Polymorphisms in Breast Cancer Outcomes
Table 4 presents the phenotype-genotype associations between VEGF rs35569394 and XRCC4 rs28360071 polymorphisms 
and various clinical characteristics of breast cancer patients. After applying Bonferroni correction for multiple testing, the 
VEGF polymorphism showed a significant association with allergy (p < 0.0001), while XRCC4 was significantly associated 
with family history of cancer (p < 0.0001). These findings represent corrected statistical associations derived from multiple 
phenotype–genotype comparisons and should therefore be interpreted with caution in this regard.

Assessment of Survival Outcomes in Breast Cancer Patients
Kaplan–Meier survival analysis, followed by the Log rank test, was conducted to evaluate overall survival. The median 
follow-up was 3 years, during which five mortality events (deaths) were recorded. Censoring was applied to patients alive 
at last follow-up. The analysis included all eligible breast cancer patients stratified according to VEGF (rs35569394) and 
XRCC4 (rs28360071) genotypes. The analysis demonstrated no statistically significant difference in survival time 

Table 4 The Phenotype-Genotype Association Between rs35569394 and rs28360071 Genotypes 
and the Clinical Outcomes of Breast Cancer

Clinical Outcome VEGF (rs35569394) 
p- value

XRCC4 (rs28360071) 
p- value

Age 0.7273 0.8406

Age at BC Diagnosis 0.7835 0.6889

Stage of BC 0.7522 0.7815

Age at First Pregnancy 0.2005 0.5277

Body Mass Index 0.8541 0.0694

Age of Menarche 0.2774 0.6395

Age of Menopause 0.4329 0.6928

Breastfeeding Status 0.4278 0.0043

Family History of Cancer 0.1052 <0.0001

Other Types of Cancer 0.1949 0.0407

Polycystic ovary syndrome (PCOS) 0.2156 0.8459

Uterine Fibroid 0.1456 0.1905

Benign Breast Tumor 0.6762 0.8114

Estrogen Receptor 0.3221 0.1053

Progesterone Receptor 0.7639 0.3683

Human Epidermal Growth Factor Receptor 2 (HER2) 0.4394 0.7014

Axillary Lymph Node Metastasis 0.4278 0.5072

Lymph vascular Invasion 0.6285 0.8169

Distant Metastasis 0.1997 0.2225

Allergy <0.0001 0.6003

Smoking 0.4593 0.0694

Notes: Statistical analysis was performed using the ANOVA test for continuous variables and the chi-square test for categorical 
variables. Sample size varied slightly due to missing data; all available cases were included in each analysis. P-values < 0.0012 
(0.05/42 = 0.0012 after applying multiple comparisons) are considered significant.
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associated with VEGF or XRCC4 polymorphisms in breast cancer patients (p = 0.481 and p = 0.133, respectively), as 
illustrated in Figure 1A and B.

Discussion
Although substantial progress has been made in the diagnosis and treatment of breast cancer, current therapeutic 
strategies have not fully realized the expected reductions in morbidity and mortality; however, identifying critical 
molecular targets and elucidating the molecular mechanisms underlying carcinogenesis are both crucial for the preven
tion and development of effective breast cancer therapies.

The human VEGF gene is known to be highly polymorphic with essential variability in its expression levels.38 Plasma VEGF 
levels are strong predictors of tumor progression and overall survival in breast cancer patients,46,47 but its overexpression has 
been shown to support the maintenance of vascular networks in multiple tumor types, including breast cancer.48 Recent evidence 
indicates that multiple mutations in the VEGF gene are associated with breast cancer risk and susceptibility.49,50

Our study identified the 18-bp indel (rs35569394) polymorphism in the VEGF promoter and found no association between 
rs35569394 and breast cancer susceptibility. In the Iranian population, Rezaei et al study did identify the (rs35569394) 
polymorphism but with no significant link to breast cancer susceptibility;42 contrarily, studies in North India reported that the 
II genotype and I allele of the rs35569394 polymorphism were significantly linked to increased breast cancer 
susceptibility.43,51 In Chinese women also, the DD genotype of rs35569394 was found to significantly raise breast cancer 
susceptibility.52 The lack of association observed for VEGF rs35569394 in this study contributes to the growing body of 
evidence suggesting that the effect of this polymorphism may vary across ethnic populations. This finding supports the 
hypothesis that genetic susceptibility to breast cancer may be influenced by population-specific factors, which include genetic 
background and environmental exposures, underscoring the importance of considering these factors in risk assessment.

DNA repair protects an organism from carcinogenesis; hence, DNA repair gene polymorphisms are viewed as breast 
cancer risk factors.53 The XRCC4 gene plays a pivotal role as an indicator of genomic stability and has been reported as 
one of the most crucial contributors to human carcinogenesis.8 Moreover, genetic polymorphism of DNA repair genes is 
assumed to modulate the capacity of DNA repair regarding breast cancer.53,54 Although the significance of XRCC4 has 
been identified, there is inadequate research that has analyzed the relationship regarding the XRCC4 polymorphism and 
risk of breast cancer.16

Several functional XRCC4 gene polymorphisms have been implicated as risk factors for breast cancer with different 
variants consistently observed to be associated with the disease across independent studies.13,55 Our study identified the 
30-bp indel (rs28360071) polymorphism in XRCC4 and found an association between this variant and breast cancer 
susceptibility. We observed that the DD genotype and D allele of the rs28360071 polymorphism were significantly 
associated with reduced breast cancer susceptibility in the studied Jordanian Arab population; this association was 

Figure 1 Kaplan–Meier survival curves showing the association between genotype and overall survival (OS) in breast cancer patients for (A) VEGF rs35569394 and (B) 
XRCC4 rs28360071 polymorphisms. Survival differences between genotype groups were assessed using the Log rank test. The median follow-up was 3 years, and five death 
events were recorded.
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consistent across unadjusted and adjusted analyses for confounding, with the DD genotype appearing to have a protective 
effect. In contrast, studies in the Iranian population reported no significant association between the rs28360071 
polymorphism and breast cancer susceptibility.56

The differences between our findings and those reported in other populations may reflect factors beyond ethnic 
variation, including differences in genetic architecture such as allele frequencies and linkage disequilibrium patterns 
across populations, which can influence variant effects on disease susceptibility.57,58 Gene-environment interactions may 
also contribute, as lifestyle, reproductive, and environmental exposures differ across populations and may modify genetic 
effects.59 In addition, variation in study design, sample size, and adjustment for confounders may explain inconsistencies 
between studies.60,61 Overall, these factors suggest that the effects of VEGF and XRCC4 polymorphisms on breast cancer 
susceptibility are likely population-specific and context-dependent rather than universally applicable.

In addition to the primary genetic association results, the phenotype-genotype associations observed in this study 
should be interpreted cautiously, as these analyses were exploratory and involved multiple comparisons. Although some 
associations remained statistically significant after Bonferroni correction, the possibility that certain findings represent 
chance observations cannot be excluded. Thus, the findings cannot be used as definitive proof of biological connections 
but only as possible markers that need confirmation; larger independent studies are required to confirm the robustness and 
reproducibility of these associations before any firm conclusions can be drawn.

The Kaplan-Meier analysis with Log rank testing showed no significant differences in overall survival according to VEGF 
rs35569394 or XRCC4 rs28360071 genotypes. As a limited number of events, multivariable Cox regression could not be 
reliably performed, and hence only unadjusted survival analyses were conducted. These results should be interpreted 
cautiously as exploratory findings that do not account for potential confounding and require validation in larger studies.

Despite the valuable insights gained from the present study, several limitations should be acknowledged. A formal sample 
size calculation and power analysis were not performed, as the study was based on available recruitment. This may limit 
statistical power, particularly for secondary and survival analyses and the findings should therefore be interpreted as 
exploratory. In addition, the relatively modest sample size may reduce the ability to detect weaker associations or gene- 
gene interactions; also, the study population was restricted to Jordanian Arab women potentially limiting the generalizability 
of the findings to other ethnic groups. Only selected polymorphisms in XRCC4 and VEGF were investigated, whereas 
additional variants in these and other DNA repair or angiogenesis-related genes may also influence breast cancer suscept
ibility. Moreover, the technique that was used for genotyping was a direct PCR method. Although this would be more efficient, 
it would be limited when it comes to sensitivity and accuracy compared to high-throughput techniques. Prospective research 
should target broader, multi-center cohorts to verify these results and elucidate the contributions of both gene-gene and gene- 
environment interactions. Moreover, functional studies are warranted to elucidate the biological mechanisms by which these 
polymorphisms affect DNA repair capacity, angiogenesis and ultimately breast cancer risk; such efforts may contribute to 
improving understanding of the underlying molecular pathways.

Conclusion
The present study suggests that the DD genotype and D allele of the rs28360071 polymorphism in the XRCC4 gene are 
associated with decreased breast cancer susceptibility in the Jordanian Arab population, which may indicate a protective 
effect. In contrast, VEGF polymorphisms were not associated with breast cancer risk. These findings highlight a potential 
population-specific role of XRCC4 genetic variation in breast cancer susceptibility. Further studies with larger sample sizes are 
warranted to validate these findings and to investigate the underlying biological mechanisms.

Data Sharing Statement
The primary data used to support the findings of this study are available from the corresponding author upon request.

Ethics Approval and Informed Consent
The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board 
committee at The Jordan University of Science and Technology (No: 9/143/2021). Written informed consent was 
obtained from all participants before they participated in the study.

https://doi.org/10.2147/CMAR.S595329                                                                                                                                                                                                                                                                                                                                                                                                                                                   Cancer Management and Research 2026:18 8

AL-Eitan et al                                                                                                                                                                 

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Acknowledgments
The authors acknowledge Jordan University of Science and Technology, Jordan, for its administrative and technical 
support.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This research was funded by the Deanship of Research at Jordan University of Science and Technology, grant number 
RN: 20240494. The funder had no role in the design, data collection, data analysis, and reporting of this study.

Disclosure
The authors declare that they have no conflicts of interest.

References
1. DeSantis CE, Bray F, Ferlay J, Lortet-Tieulent J, Anderson BO, Jemal A. International variation in female breast cancer incidence and mortality 

rates. Cancer Epidemiol Biomarkers Prev. 2015;24(10):1495–1506. doi:10.1158/1055-9965.EPI-15-0535
2. Obeagu EI, Babar Q, Vincent CC, et al. Therapeutic targets in breast cancer signaling: a review. J Pharm Res Int. 2021;33:82–99. doi:10.9734/jpri/ 

2021/v33i56A33889
3. Aizaz M, Khan M, Khan FI, Munir A, Ahmad S, Obeagu EI. Burden of breast cancer: developing countries perspective. Int J Innov Appl Res. 

2023;11:31–37.
4. Tung N, Battelli C, Allen B, et al. Frequency of mutations in individuals with breast cancer referred for BRCA1 and BRCA2 testing using 

next-generation sequencing with a 25-gene panel. Cancer. 2015;121(1):25–33. doi:10.1002/cncr.29010
5. Nagy R, Sweet K, Eng C. Highly penetrant hereditary cancer syndromes. Oncogene. 2004;23(38):6445–6470. doi:10.1038/sj.onc.1207714
6. Clementi E, Inglin L, Beebe E, Gsell C, Garajova Z, Markkanen E. Persistent DNA damage triggers activation of the integrated stress response to 

promote cell survival under nutrient restriction. BMC Biol. 2020;18(1):36. doi:10.1186/s12915-020-00771-x
7. Hopkins JL, Lan L, Zou L. DNA repair defects in cancer and therapeutic opportunities. Genes Dev. 2022;36(5–6):278–293. doi:10.1101/ 

gad.349431.122
8. Chiu CF, Wang HC, Wang CH, et al. A new single nucleotide polymorphism in XRCC4 gene is associated with breast cancer susceptibility in 

Taiwanese patients. Anticancer Res. 2008;28(1A):267–270.
9. Li Z, Otevrel T, Gao Y, et al. The XRCC4 gene encodes a novel protein involved in DNA double-strand break repair and V(D)J recombination. 

Cell. 1995;83(7):1079–1089. doi:10.1016/0092-8674(95)90135-3
10. van Heemst D, Brugmans L, Verkaik NS, van Gent DC. End-joining of blunt DNA double-strand breaks in mammalian fibroblasts is precise and 

requires DNA-PK and XRCC4. DNA Repair. 2004;3(1):43–50. doi:10.1016/j.dnarep.2003.09.004
11. Fu YP, Yu JC, Cheng TC, et al. Breast cancer risk associated with genotypic polymorphism of the nonhomologous end-joining genes: a multigenic 

study on cancer susceptibility. Cancer Res. 2003;63(10):2440–2446.
12. Bau DT, Fu YP, Chen ST, et al. Breast cancer risk and the DNA double-strand break end-joining capacity of nonhomologous end-joining genes are 

affected by BRCA1. Cancer Res. 2004;64(14):5013–5019. doi:10.1158/0008-5472.CAN-04-0403
13. Allen-Brady K, Cannon-Albright LA, Neuhausen SL, Camp NJ. A role for XRCC4 in age at diagnosis and breast cancer risk. Cancer Epidemiol 

Biomarkers Prev. 2006;15(7):1306–1310. doi:10.1158/1055-9965.EPI-05-0959
14. Chang CH, Chang CL, Tsai CW, et al. Significant association of an XRCC4 single nucleotide polymorphism with bladder cancer susceptibility in 

Taiwan. Anticancer Res. 2009;29(5):1777–1782.
15. Chiu CF, Wang CH, Wang CL, et al. A novel single nucleotide polymorphism in XRCC4 gene is associated with gastric cancer susceptibility in 

Taiwan. Ann Surg Oncol. 2008;15(2):514–518. doi:10.1245/s10434-007-9674-3
16. Zhou LP, Luan H, Dong XH, Jin GJ, Ma DL, Shang H. Association of functional polymorphisms of the XRCC4 gene with the risk of breast cancer: 

a meta-analysis. Asian Pac J Cancer Prev. 2012;13(7):3431–3436. doi:10.7314/apjcp.2012.13.7.3431
17. Emami N, Saadat I, Omidvari S. Susceptibility to colorectal cancer and two genetic polymorphisms of XRCC4. Pathol Oncol Res. 2015;21 

(4):881–885. doi:10.1007/s12253-015-9905-z
18. Mandal RK, Singh V, Kapoor R, Mittal RD. Do polymorphisms in XRCC4 influence prostate cancer susceptibility in North Indian population? 

Biomarkers. 2011;16(3):236–242. doi:10.3109/1354750X.2010.547599
19. Chiu CF, Tsai MH, Tseng HC, et al. A novel single nucleotide polymorphism in XRCC4 gene is associated with oral cancer susceptibility in 

Taiwanese patients. Oral Oncol. 2008;44(9):898–902. doi:10.1016/j.oraloncology.2007.11.007
20. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011;144(5):646–674. doi:10.1016/j.cell.2011.02.013
21. Hanahan D, Folkman J. Patterns and emerging mechanisms of the angiogenic switch during tumorigenesis. Cell. 1996;86(3):353–364. doi:10.1016/ 

s0092-8674(00)80108-7

Cancer Management and Research 2026:18                                                                                     https://doi.org/10.2147/CMAR.S595329                                                                                                                                                                                                                                                                                                                                                                                                       9

AL-Eitan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1158/1055-9965.EPI-15-0535
https://doi.org/10.9734/jpri/2021/v33i56A33889
https://doi.org/10.9734/jpri/2021/v33i56A33889
https://doi.org/10.1002/cncr.29010
https://doi.org/10.1038/sj.onc.1207714
https://doi.org/10.1186/s12915-020-00771-x
https://doi.org/10.1101/gad.349431.122
https://doi.org/10.1101/gad.349431.122
https://doi.org/10.1016/0092-8674(95)90135-3
https://doi.org/10.1016/j.dnarep.2003.09.004
https://doi.org/10.1158/0008-5472.CAN-04-0403
https://doi.org/10.1158/1055-9965.EPI-05-0959
https://doi.org/10.1245/s10434-007-9674-3
https://doi.org/10.7314/apjcp.2012.13.7.3431
https://doi.org/10.1007/s12253-015-9905-z
https://doi.org/10.3109/1354750X.2010.547599
https://doi.org/10.1016/j.oraloncology.2007.11.007
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/s0092-8674(00)80108-7
https://doi.org/10.1016/s0092-8674(00)80108-7


22. Ferrara N, Davis-Smyth T. The biology of vascular endothelial growth factor. Endocr Rev. 1997;18(1):4–25. doi:10.1210/edrv.18.1.0287
23. Carmeliet P. Mechanisms of angiogenesis and arteriogenesis. Nat Med. 2000;6(4):389–395. doi:10.1038/74651
24. Ferrara N. Vascular endothelial growth factor: molecular and biological aspects. Curr Top Microbiol Immunol. 1999;237:1–30. doi:10.1007/978- 

3-642-59953-8_1
25. Yoshiji H, Kuriyama S, Yoshii J, et al. Halting the interaction between vascular endothelial growth factor and its receptors attenuates liver 

carcinogenesis in mice. Hepatology. 2004;39(6):1517–1524. doi:10.1002/hep.20218
26. Roy H, Bhardwaj S, Ylä-Herttuala S. Biology of vascular endothelial growth factors. FEBS Lett. 2006;580(12):2879–2887. doi:10.1016/j. 

febslet.2006.03.087
27. Kim I, Moon SO, Kim SH, Kim HJ, Koh YS, Koh GY. Vascular endothelial growth factor expression of intercellular adhesion molecule 1 

(ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), and E-selectin through nuclear factor-kappa B activation in endothelial cells. J Biol 
Chem. 2001;276(10):7614–7620. doi:10.1074/jbc.M009705200

28. Reinders ME, Fang JC, Wong W, Ganz P, Briscoe DM. Expression patterns of vascular endothelial growth factor in human cardiac allografts: 
association with rejection. Transplantation. 2003;76(1):224–230. doi:10.1097/01.TP.0000071363.55007.D0

29. Ferrara N. Vascular endothelial growth factor: basic science and clinical progress. Endocr Rev. 2004;25(4):581–611. doi:10.1210/er.2003-0027
30. Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and its receptors. Nat Med. 2003;9(6):669–676. doi:10.1038/nm0603-669
31. Nakamura M, Abe Y, Tokunaga T. Pathological significance of vascular endothelial growth factor A isoform expression in human cancer. Pathol 

Int. 2002;52(5–6):331–339. doi:10.1046/j.1440-1827.2002.01367.x
32. Nagata J, Kijima H, Hatanaka H, et al. Angiopoietin-1 and vascular endothelial growth factor expression in human esophageal cancer. Int J Mol 

Med. 2002;10(4):423–426.
33. Nakasaki T, Wada H, Shigemori C, et al. Expression of tissue factor and vascular endothelial growth factor is associated with angiogenesis in 

colorectal cancer. Am J Hematol. 2002;69(4):247–254. doi:10.1002/ajh.10061
34. Schoppmann SF, Horvat R, Birner P. Lymphatic vessels and lymphangiogenesis in female cancer: mechanisms, clinical impact and possible 

implications for anti-lymphangiogenic therapies (Review). Oncol Rep. 2002;9(3):455–460.
35. Ferrara N. Role of vascular endothelial growth factor in physiologic and pathologic angiogenesis: therapeutic implications. Semin Oncol. 2002;29(6 

Suppl 16):10–14. doi:10.1053/sonc.2002.37264
36. Renner W, Kotschan S, Hoffmann C, Obermayer-Pietsch B, Pilger E. A common 936 C/T mutation in the gene for vascular endothelial growth 

factor is associated with vascular endothelial growth factor plasma levels. J Vasc Res. 2000;37(6):443–448. doi:10.1159/000054076
37. Koukourakis MI, Papazoglou D, Giatromanolaki A, Bougioukas G, Maltezos E, Sivridis E. VEGF gene sequence variation defines VEGF gene 

expression status and angiogenic activity in non-small cell lung cancer. Lung Cancer. 2004;46(3):293–298. doi:10.1016/j.lungcan.2004.04.037
38. Stevens A, Soden J, Brenchley PE, Ralph S, Ray DW. Haplotype analysis of the polymorphic human vascular endothelial growth factor gene 

promoter. Cancer Res. 2003;63(4):812–816.
39. Willett CG, Boucher Y, Di Tomaso E, et al. Direct evidence that the VEGF-specific antibody bevacizumab has antivascular effects in human rectal 

cancer. Nat Med. 2004;10(2):145–147. doi:10.1038/nm988
40. Jain RK. Antiangiogenic therapy for cancer: current and emerging concepts. Oncology. 2005;19(4 Suppl 3):7–16.
41. Yang B, Cross DF, Ollerenshaw M, Millward BA, Demaine AG. Polymorphisms of the vascular endothelial growth factor and susceptibility to 

diabetic microvascular complications in patients with type 1 diabetes mellitus. J Diabetes Complications. 2003;17(1):1–6. doi:10.1016/s1056- 
8727(02)00181-2

42. Rezaei M, Hashemi M, Sanaei S, Mashhadi MA, Taheri M. Association between vascular endothelial growth factor gene polymorphisms with 
breast cancer risk in an Iranian population. Breast Cancer. 2016;10:85–91. doi:10.4137/BCBCR.S39649

43. Kapahi R, Manjari M, Uppal MS, Singh NR, Sambyal V, Guleria K. Association of −2549 insertion/deletion polymorphism of vascular endothelial 
growth factor with breast cancer in North Indian patients. Genet Test Mol Biomarkers. 2013;17(3):242–248. doi:10.1089/gtmb.2012.0222

44. Nyholt DR. A simple correction for multiple testing for single-nucleotide polymorphisms in linkage disequilibrium with each other. Am J Hum 
Genet. 2004;74(4):765–769. doi:10.1086/383251

45. Li J, Ji L. Adjusting multiple testing in multilocus analyses using the eigenvalues of a correlation matrix. Heredity. 2005;95(3):221–227. 
doi:10.1038/sj.hdy.6800717

46. Carmeliet P, Jain RK. Angiogenesis in cancer and other diseases. Nature. 2000;407(6801):249–257. doi:10.1038/35025220
47. Linderholm B, Lindh B, Tavelin B, Grankvist K, Henriksson R. p53 and vascular-endothelial-growth-factor (VEGF) expression predicts outcome in 

833 patients with primary breast carcinoma. Int J Cancer. 2000;89(1):51–62. doi:10.1002/(SICI)1097-0215(20000120)89:1<51::AID-IJC9>3.0. 
CO;2-8

48. Berns EM, Klijn JG, Look MP, et al. Combined vascular endothelial growth factor and TP53 status predicts poor response to tamoxifen therapy in 
estrogen receptor-positive advanced breast cancer. Clin Cancer Res. 2003;9(4):1253–1258.

49. Albalawi IA, Mir R, Abu Duhier FM. Genetic effects of vascular endothelial growth factor A (VEGF-A) and its association with disease 
progression in breast cancer population of Saudi Arabia. Asian Pac J Cancer Prev. 2020;21(1):139–145. doi:10.31557/APJCP.2020.21.1.139

50. Al Balawi IA, Mir R, Abu-Duhier FM. Potential impact of vascular endothelial growth factor gene variation (−2578C>A) on breast cancer 
susceptibility in Saudi Arabia: a case-control study. Asian Pac J Cancer Prev. 2018;19(4):1135–1143. doi:10.22034/APJCP.2018.19.4.1135

51. Kapahi R, Guleria K, Sambyal V, et al. Association of VEGF and VEGFR1 polymorphisms with breast cancer risk in North Indians. Tumour Biol. 
2015;36(6):4223–4234. doi:10.1007/s13277-015-3059-1

52. Guo H, Han Y, Zhou Q, et al. GABPα inhibits tumor progression and angiogenesis via a novel 18-bp indel within VEGF promoter in breast cancer. 
Cancer Biomark. 2024;41(3):CBM230541. doi:10.3233/CBM-230541

53. Goode EL, Ulrich CM, Potter JD. Polymorphisms in DNA repair genes and associations with cancer risk. Cancer Epidemiol Biomarkers Prev. 
2002;11(12):1513–1530.

54. Qiao Y, Spitz MR, Guo Z, et al. Rapid assessment of repair of ultraviolet DNA damage with a modified host-cell reactivation assay using 
a luciferase reporter gene and correlation with polymorphisms of DNA repair genes in normal human lymphocytes. Mutat Res. 2002;509 
(1–2):165–174. doi:10.1016/s0027-5107(02)00219-1

55. Sehl ME, Langer LR, Papp JC, et al. Associations between single nucleotide polymorphisms in double-stranded DNA repair pathway genes and 
familial breast cancer. Clin Cancer Res. 2009;15(6):2192–2203. doi:10.1158/1078-0432.CCR-08-1417

https://doi.org/10.2147/CMAR.S595329                                                                                                                                                                                                                                                                                                                                                                                                                                                   Cancer Management and Research 2026:18 10

AL-Eitan et al                                                                                                                                                                 

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1210/edrv.18.1.0287
https://doi.org/10.1038/74651
https://doi.org/10.1007/978-3-642-59953-8_1
https://doi.org/10.1007/978-3-642-59953-8_1
https://doi.org/10.1002/hep.20218
https://doi.org/10.1016/j.febslet.2006.03.087
https://doi.org/10.1016/j.febslet.2006.03.087
https://doi.org/10.1074/jbc.M009705200
https://doi.org/10.1097/01.TP.0000071363.55007.D0
https://doi.org/10.1210/er.2003-0027
https://doi.org/10.1038/nm0603-669
https://doi.org/10.1046/j.1440-1827.2002.01367.x
https://doi.org/10.1002/ajh.10061
https://doi.org/10.1053/sonc.2002.37264
https://doi.org/10.1159/000054076
https://doi.org/10.1016/j.lungcan.2004.04.037
https://doi.org/10.1038/nm988
https://doi.org/10.1016/s1056-8727(02)00181-2
https://doi.org/10.1016/s1056-8727(02)00181-2
https://doi.org/10.4137/BCBCR.S39649
https://doi.org/10.1089/gtmb.2012.0222
https://doi.org/10.1086/383251
https://doi.org/10.1038/sj.hdy.6800717
https://doi.org/10.1038/35025220
https://doi.org/10.1002/(SICI)1097-0215(20000120)89:1%3C51::AID-IJC9%3E3.0.CO;2-8
https://doi.org/10.1002/(SICI)1097-0215(20000120)89:1%3C51::AID-IJC9%3E3.0.CO;2-8
https://doi.org/10.31557/APJCP.2020.21.1.139
https://doi.org/10.22034/APJCP.2018.19.4.1135
https://doi.org/10.1007/s13277-015-3059-1
https://doi.org/10.3233/CBM-230541
https://doi.org/10.1016/s0027-5107(02)00219-1
https://doi.org/10.1158/1078-0432.CCR-08-1417


56. Saadat M, Saadat S. Susceptibility to breast cancer and Intron 3 Ins/Del genetic polymorphism of DNA double-strand break repair gene XRCC4. 
J Med Biochem. 2015;34(4):409–413. doi:10.2478/jomb-2014-0051

57. Cross DS, Ivacic LC, Stefanski EL, McCarty CA. Population based allele frequencies of disease associated polymorphisms in the personalized 
medicine research project. BMC Genet. 2010;11(1):51. doi:10.1186/1471-2156-11-51

58. Evans DM, Cardon LR. A comparison of linkage disequilibrium patterns and estimated population recombination rates across multiple populations. 
Am J Hum Genet. 2005;76(4):681–687. doi:10.1086/429274

59. Nickels S, Truong T, Hein R, et al. Evidence of gene-environment interactions between common breast cancer susceptibility loci and established 
environmental risk factors. PLoS Genet. 2013;9(3):e1003284. doi:10.1371/journal.pgen.1003284

60. Politi C, Roumeliotis S, Tripepi G, Spoto B. Sample size calculation in genetic association studies: a practical approach. Life. 2023;13(1):235. 
doi:10.3390/life13010235

61. Gao Y, Xiang L, Yi H, et al. Confounder adjustment in observational studies investigating multiple risk factors: a methodological study. BMC Med. 
2025;23(1):132. doi:10.1186/s12916-025-03957-8

Cancer Management and Research                                                                                             

Publish your work in this journal 
Cancer Management and Research is an international, peer-reviewed open access journal focusing on cancer research and the optimal use 
of preventative and integrated treatment interventions to achieve improved outcomes, enhanced survival and quality of life for the cancer 
patient. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to 
use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal

Cancer Management and Research 2026:18                                                                                             11

AL-Eitan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2478/jomb-2014-0051
https://doi.org/10.1186/1471-2156-11-51
https://doi.org/10.1086/429274
https://doi.org/10.1371/journal.pgen.1003284
https://doi.org/10.3390/life13010235
https://doi.org/10.1186/s12916-025-03957-8
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Participants
	DNA Extraction and Quality Assessment
	Genotyping of VEGF rs35569394 Polymorphism
	Genotyping of XRCC4 rs28360071 Polymorphism
	Statistical Analysis

	Results
	Baseline Characteristics of Patients and Controls
	Assessment of Hardy–Weinberg Equilibrium (HWE)
	Genetic Association of Polymorphisms with Breast Cancer Susceptibility
	Genetic Association Under Different Genetic Models
	Clinical Implications of VEGF and XRCC4 Polymorphisms in Breast Cancer Outcomes
	Assessment of Survival Outcomes in Breast Cancer Patients

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

