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Purpose

With the advancement in early diagnosis and treatment, the prognosis for individuals diagnosed with breast cancer (BC) has improved significantly. The prognosis of primary breast cancer (PBC) survivors can be significantly influenced by the occurrence of colorectal cancer (CRC) as a secondary primary cancer (SPC). The objective of this study is to explore the possible genetic association between PBC and CRC, aiming to lay a groundwork for the development of preventive strategies against SPC-CRC following BC surgery.





Methods

We employed a bidirectional two-sample Mendelian randomization (MR) approach to thoroughly examine genetic instrumental variables (IVs) derived from genome-wide association studies (GWAS) conducted on PBC and CRC. And applied inverse variance weighted (IVW) and multiple other MR methods (weighted median, simple median, MR-PRESSO and MR-RAPS) to evaluate the association between the two cancers (PBC and CRC) at genetic level. Furthermore, the robustness of the findings was further confirmed through the utilization of the genetic risk score (GRS) method in a secondary analysis.





Results

Forward MR analysis, a total of 179 BC genetic IVs, 25 estrogen receptor-negative (ER-) genetic IVs and 135 ER-positive (ER+) genetic IVs were screened. Reverse MR analysis, 179 genetic IVs of CRC, 25 genetic IVs of colon cancer, 135 genetic IVs of rectal cancer, 25 genetic IVs of left colon cancer and 135 genetic IVs of right colon cancer were screened. IVW and other MR methods found no significant genetic association between PBC and CRC (P > 0.05). Subgroup analysis also showed that ER- BC and ER+ BC were not correlated with the occurrence of CRC (P > 0.05). The findings of the secondary analysis using GRS were consistent with those obtained from the primary analysis, thereby confirming the robustness and reliability of this study.





Conclusions

Our findings do not provide any evidence supporting the association between PBC and CRC at the genetic level. Further large-scale prospective studies are warranted to replicate our findings.
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1 Introduction

In 2020, breast cancer (BC) became the most prevalent form of cancer globally, with 226,419 new cases and 684,996 deaths. It ranked first in terms of both incidence and mortality (1). Fortunately, due to advancements in early detection and treatment, the 5-year survival rate for BC is about 89% as reported by the Surveillance, Epidemiology, and End Results (SEER) Program (2). However, as the survival time of BC patients prolongs, the incidence of second primary cancers (SPCs) increases, making BC a significant risk factor for SPC development (3–5). Based on the data provided by the American Cancer Society, a significant number of individuals in the United States have successfully overcome BC, emphasizing the importance of conducting screenings for secondary primary cancers (SPCs). Among these SPCs, it is crucial to prioritize regular examinations for prevalent types like colorectal cancer (CRC) to ensure the ongoing well-being of this extensive group of patients.

CRC impacts approximately 150,000 individuals annually within the United States and stands as the second most prevalent cause of cancer-related fatalities, resulting in the loss of 50,000 lives each year (6). Previous studies have indicated that BC survivors have a standardized incidence ratio (SIR) for CRC as high as 1.59. Moreover, individuals with BRCA mutations may experience a nearly five-fold increase in CRC risk. These findings indicate the necessity for earlier or more frequent CRC screening subsequent to BC surgery (7–10). Besides, existing observational studies suggest a possible link between BC and CRC, which is one of the primary forms of SPC. However, due to inherent limitations in such studies like confounding factors, the precise genetic-level connection between BC and CRC remains uncertain (11–16).

Mendelian randomization (MR) is a commonly employed method in genetic epidemiology for inferring causality (17). In recent years, as MR research methods have advanced, they have become a preferred approach for inferring genetic-level associations between two complex diseases, allowing for a better understanding of their pathogenesis. In 2021, Li et al. conducted a comprehensive investigation of the correlation between Parkinson’s disease and rheumatoid arthritis by performing two-sample MR analysis based on a large sample genome-wide association study (GWAS) (18). In 2023, Chen et al. employed two-sample MR to examine the association between Inflammatory bowel disease and prostate cancer. This study does not support a causal association of Inflammatory bowel disease and prostate cancer (19). In our research, our objective is to employ PBC and CRC GWAS data to investigate the genetic-level association between the two diseases using a two-sample MR analysis. This investigation will serve as a foundation for the development of clinical prevention strategies for subsequent CRC after BC.




2 Materials and methods



2.1 Sources of data

The instrumental variables (IVs) that associated with PBC were obtained from the largest GWAS conducted to date. This study, published by Kyriaki et al. in 2017, consisted of a large sample size, including 122,977 BC cases and 105,974 controls (20). Regarding the reverse analysis, we employed genetic IVs associated with CRC, which were derived from two recent meta-analyses of GWAS specifically focusing on CRC risk (21). The PBC and CRC GWAS summary statistics were obtained from GeneATLAS (http://geneatlas.roslin.ed.ac.uk/). Gene ATLAS is a comprehensive database that contains associations between hundreds of traits and millions of variants, which have been identified using the UK Biobank cohort. The study exclusively recruited participants of European ancestry.




2.2 Selection of IVs

The MR analysis aims to assess the impact of a predictor on an outcome. To ensure the validity of IVs, the fulfillment of three assumptions is necessary: (a) the independence of the IVs from the outcome should be taken into account when evaluating the exposure, which is restriction; (b) the correlation between the IVs and the exposure is necessary, which is commonly referred to as the “relevance” assumption; and (c) the independence of the IVs from any potential confounding factors, whether observed or unobserved, should be ensured (referred to as the assumption of “exchangeability”) (22, 23). Therefore, genetic IVs for overall BC, ER- BC, ER+ BC, overall CRC, colon cancer, rectal cancer, left CRC and right CRC were constructed according to the following criteria (24, 25): (a) LD, linkage disequilibrium among IVs is measured using the r2 statistic, with a threshold of less than 0.001 within a window size of 500 kb (Genetic variants in close genomic regions have a tendency to co-inherit, which is referred to as LD. When the presence of LD is observed alongside genetic variants, the information provided by each variant does not exist in isolation from one another. Consequently, when these genetic variants are interrelated as IVs, the estimation of effects can become biased); (b) P < 5 × 10−8 (In the GWAS study, this criterion demonstrated a significant correlation between single-nucleotide polymorphisms (SNPs) and the disease); (c) nonpalindromic SNPs (Palindromic sequences refer to DNA strands where the order of bases in SNPs is identical in both the forward and reverse directions. In situations where the gene responsible for the outcome effect has a low frequency, it becomes challenging to determine whether the sequence is in the forward or reverse orientation); (d) minor allele frequency (MAF) > 0.01 (The prevalence of mutations within the population is observed to be greater than 1%); (e) exclusion of IVs linked to confounding factors was performed through the utilization of PhenoScanner (In the process of conducting MR analysis, it is essential to address any potential confounding factors that may lead to associations between IVs and the outcome. This step is crucial in order to enhance the reliability and validity of research findings).




2.3 MR analyses

The primary analyses were performed utilizing the inverse variance weighted (IVW) method. The IVW approach, which is widely adopted and considered the predominant method for MR analysis, employs a meta-analysis method to combine ratio estimates of SNPs in an inverse variance weighted manner (26–28). The IVW methodology encompasses both the random-effects IVW and the fixed-effects IVW method. In cases where heterogeneity is observed in the MR analysis, we will utilize the random-effects IVW method, as it demonstrates reduced susceptibility to biases arising from weaker SNP-exposure associations (29). Furthermore, the simple median, weighted median, MR-RAPS, MR-PRESSO, and MR-Egger methods are employed to assess the genetic-level associations between BC and CRC. The simple median and weighted median approaches are utilized in this study, as they possess a high tolerance for pleiotropic IVs. The primary distinction between these two approaches pertains to the handling of estimated medians (The weighted median method incorporates distinct weights for each value, whereas the simple median method assigns uniform weightage to all values) (29, 30). The MR-RAPS approach, incorporating a Huber loss function, is capable of effectively capturing the random-effects distribution of pleiotropic effects. This approach is highly advised as a valuable technique for performing routine MR analysis, especially in scenarios involving intricate characteristics that encompass both the variables of exposure and outcome (31). The MR-PRESSO approach is employed in this study, assuming that a minimum of 50% of the genetic variants serve as valid IVs. This method takes into account both horizontal pleiotropy and the Instrument Strength Independent of Direct Effect (InSIDE) assumption. In addition to identifying genetic IVs that deviate from the norm, the MR-PRESSO technique provides revised estimates by eliminating these exceptional cases (32). The MR-Egger regression method involves conducting a linear regression analysis with weighted coefficients for the outcome and exposure variables, is capable of identifying certain deviations from the standard IVs assumptions. Furthermore, it offers a non-violation-prone estimation of the effect (33).




2.4 Genetic risk scores

In order to corroborate the aforementioned MR findings, a secondary analysis was conducted utilizing the GRS approach. The analyses were carried out employing R software (version 3.5.3) and the “gtx” R package (windows version 0.0.8). Specifically, the GRS function within the grs.summary module was utilized, which utilized summarized data from single SNP associations derived from GWAS results. This technique is akin to an additive GRS regression method (34). For uncorrelated SNPs, the causal estimate α value can be estimated by , and the standard error seα can be estimated by . In this context, ω represents the estimated effects on the intermediate trait or biomarker, while β values indicate the estimated effects on the response variable or outcome, accompanied by standard errors (seβ) (34, 35).




2.5 Horizontal pleiotropy and heterogeneity test

To estimate pleiotropy, the MR-Egger regression technique was employed, while heterogeneity was assessed using Cochran’s Q test. To rule out the occurrence of horizontal pleiotropy, we verified that the P value of the MR-Egger intercept was above 0.05. If the P value of Cochran’s Q test was less than 0.05, we employed a multiplicative random-effects model for IVW as our final results; otherwise, a fixed-effects model was used (35). The F statistic is utilized to assess the strength of the association between the SNP and the exposures (36). If the F statistic is greater than 10, it indicates the absence of weak IVs.

A comprehensive statistical analysis was performed, and the level of statistical significance was established at P < 0.05. The analyses were conducted using R version 4.3.0 along with the utilization packages such as “MendelianRandomization”, “TwosampleMR”, “RAPS”, and “PRESSO” (37).





3 Results



3.1 MR analysis results of BC to CRC (forward MR)



3.1.1 Screen and validation of IVs

In BC to CRC MR analysis, 20,989 overall BC, 13,537 ER+ BC, and 1,520 ER- BC IVs reached significant differences in the GWAS study (P < 5×10-8). Following LD pruning and quality control measures (a: r2 measure of LD among IVs was found to be less than 0.001 within a 500-kb window; b: nonpalindromic single-nucleotide polymorphism; c: MAF > 0.01; c: Available in outcome summary data), 211 IVs were included as proxies of overall BC. 154 IVs were included as proxies of ER+ BC and 30 IVs were included as proxies of ER- BC. Then, we utilized the PhenoScanner database to eliminate potential confounding factors and successfully discovered 179 genetic IVs for overall BC, 135 IVs specifically associated with ER+ BC, and 25 IVs specifically linked to ER- BC. Details of genetic IVs selection were presented in Figure 1 and basic characteristics along with summary effect estimates of included IVs on BC are presented in the Supplementary Table S1.




Figure 1 | Flow chart of genetic variables screening. BC, breast cancer; CRC, colorectal cancer; MAF, minor allele frequency; ER-, estrogen receptor-negative; ER+, estrogen receptor-positive.






3.1.2 Overall BC to CRC

Our study used IVW as the primary analytical method to assess the relationship between BC and CRC. The IVW method provided no genetic relationship between overall BC and CRC (colon cancer: OR = 1.0002, 95% CI: 0.9998-1.0006, P = 0.36; rectal cancer: OR = 0.9999, 95% CI = 0.9996-1.0002, P = 0.42; Table 1; Figure 2A, 3A, B). Similar results were observed by using the other different MR methods (weighted median, simple median, MR-RAPS and MR-PRESSO), indicating the lack of genetic association between overall BC and CRC (Table 1).


Table 1 | Summarised results of Mendelian randomization study on BC to CRC.






Figure 2 | Forest plot of our Two-Sample Mendelian Randomization study based on the IVW method. (A) Mendelian randomization estimates of genetically predicted BC (overall BC, ER- BC and ER+ BC) on colon and rectal cancer risk (Forward MR analysis). (B) Mendelian randomization estimates of genetically predicted CRC (overall CRC, colon cancer, rectal cancer, left CRC and right CRC) on BC risk (Reverse MR analysis). BC, breast cancer; CRC, colorectal cancer; MAF, minor allele frequency; ER-, estrogen receptor-negative; ER+, estrogen receptor-positive; IVW, inverse variance weighted.






Figure 3 | The scatterplots represents genetic instrument variables (IVs) association between BC and CRC (Forward MR analysis). (A, B) Plots of the effect size of each single nucleotide polymorphism (SNP) of overall BC on colon cancer (A) and rectal cancer (B) risk. (C, D) Plots of the effect size of each SNP of ER- BC on colon cancer (C) and rectal cancer (D) risk. (E, F) Plots of the effect size of each SNP of ER+ BC on colon cancer (E) and rectal cancer (F) risk. BC, breast cancer; CRC, colorectal cancer; ER-, estrogen receptor-negative; ER+, estrogen receptor-positive.



About stratified analysis, the IVW method indicate that no association was found between genetic predisposition to ER- BC and CRC (colon cancer: OR= 1.0004, 95% CI = 0.9997-1.0012, P = 0.26; rectal cancer: OR = 0.9997, 95% CI = 0.9990-1.0003, P = 0.29; Table 1; Figure 2A, 3C, D). Similarly, no genetic relationship was found between ER+ BC and CRC (colon cancer: OR = 1.0002, 95% CI = 0.9998-1.0006, P = 0.38; rectal cancer: OR = 1.00004, 95%CI = 0.9998-1.0003, P = 0.74; Table 1; Figure 2A, 3E, F). Similar results were observed by using the other different MR methods (weighted median, simple median, MR-RAPS and MR-PRESSO), indicating the lack of genetic association between ER- or ER+ BC and CRC (Table 1).





3.2 MR analysis results of CRC to BC (reverse MR)



3.2.1 Screen and validation of IVs

To assess the effect of reverse MR analysis, 56 overall CRC, 45 colon cancer, 29 rectal cancer, 36 left CRC and 23 right CRC IVs reached significant differences in the GWAS study (5×10-8). After LD pruning and quality control measures (a: r2 measure of LD among IVs was found to be less than 0.001 within a 500-kb window; b: nonpalindromic single-nucleotide polymorphism; c: MAF > 0.01; c: Available in outcome summary data), 50 variants were included as proxies of overall CRC. 39, 25, 32 and 19 IVs were included as proxies of colon cancer, rectal cancer, left CRC and right CRC, respectively. Then, we utilized the PhenoScanner database to eliminate any potential confounding factors associated with IVs. Our analysis resulted in the identification of 47 genetic IVs for overall CRC, 37 IVs for colon cancer, 23 IVs for rectal cancer, and 29 and 18 IVs for left and right CRC respectively. Details of genetic IVs selection were presented in Figure 1 and basic characteristics along with summary effect estimates of included IVs on CRC are presented in the Supplementary Table S2.




3.2.2 Overall CRC to BC

The IVW method did not reveal any significant association between a genetic predisposition to CRC and BC (overall CRC: OR = 0.9997, 95% CI = 0.9974-1.0019, P = 0.76; colon cancer: OR = 1.0008, 95% CI = 0.9982-1.0035, P = 0.55; rectal cancer: OR = 0.9980, 95% CI = 0.9950-1.0010, P = 0.19; left CRC: OR = 0.9985, 95% CI = 0.9955-1.0017, P = 0.37; right CRC: OR = 0.9993, 95% CI = 0.9949-1.0036, P = 0.74, Table 2; Figure 2B, 4A–E).


Table 2 | Summarised results of Mendelian randomization study on CRC to BC.






Figure 4 | The scatterplots represents genetic instrument variables (IVs) association between CRC and BC (Reverse MR analysis). (A) Plots of the effect size of each single nucleotide polymorphism (SNP) of overall CRC on BC risk. (B) Plots of the effect size of each SNP of colon cancer on BC risk. (C) Plots of the effect size of each SNP of rectal cancer on BC risk. (D) Plots of the effect size of each SNP of left CRC on BC risk. (E) Plots of the effect size of each SNP of right CRC on BC risk. CRC, colorectal cancer; BC, breast cancer.







3.3 GRS analysis results



3.3.1 GRSBC to CRC

To validate the results of the above MR analysis, we further conducted a secondary MR analysis using the GRS. Consistent with the MR results of overall BC, ER- BC and ER+ BC to colon cancer and rectal cancer, the GRSBC revealed no potential association between BC and colon cancer (overall BC: OR = 1.0002, 95% CI = 0.9998-1.0006, P = 0.36; ER- BC: OR = 0.9999, 95% CI = 0.9996-1.0002, P = 0.42; ER+ BC: OR = 0.9999, 95% CI = 0.9996-1.0002, P = 0.42, Table 3) or rectal cancer (overall BC: OR = 1.0002, 95% CI = 0.9998-1.0006, P = 0.36; ER- BC: OR = 0.9999, 95% CI = 0.9996-1.0002, P = 0.42; ER+ BC: OR = 0.9999, 95% CI = 0.9996-1.0002, P = 0.42, Table 3).


Table 3 | The Effect of the GRS between BC and CRC.






3.3.2 GRSCRC to BC

In the reverse-direction, in line with the aforementioned MR findings on overall CRC, colon cancer, rectal cancer, left CRC and right CRC to BC, the GRSCRC revealed no genetic association between CRC and BC (overall CRC: OR = 0.9997, 95% CI = 0.9980-1.0013, P = 0.68; colon cancer: OR = 0.9997, 95% CI = 0.9980-1.0013, P = 0.68; rectal cancer: OR = 0.9997, 95% CI = 0.9980-1.0013, P = 0.68; left CRC: OR = 0.9997, 95% CI = 0.9980-1.0013, P = 0.68; right CRC: OR = 0.9997, 95% CI = 0.9980-1.0013, P = 0.68, Table 3).





3.4 Horizontal pleiotropy and heterogeneity test

In the analysis of CRC to BC MR, Cochrane’s Q tests revealed some degree of heterogeneity among the CRC IVs (overall CRC: P = 0.003; colon cancer: P = 0.003; rectal cancer: P = 0.003; left CRC: P = 0.003; right CRC: P = 0.003, Table 4). The presence of heterogeneity was not observed in other MR analysis. The MR-Egger regression analysis indicated the absence of horizontal pleiotropy in both the BC to CRC forward MR analysis and the CRC to BC reverse MR analysis (Table 4).


Table 4 | Heterogeneity and Horizontal pleiotropy analysis.







4 Discussion

SPC refers to the occurrence of a second primary cancer in an individual who has already been diagnosed with a primary cancer for some time. In recent years, with the progress of cancer prevention, diagnosis and treatment, a large number of early-stage cancer patients have received timely and effective treatment, and the survival period of patients after treatment has been significantly extended. In 2014, 14.5 million early-stage cancer patients in the United States have achieved long-term survival (38). Previous studies have demonstrated a significantly higher prevalence of SPC in the cancer population compared to the normal population, with an increasing trend observed over time. Moreover, it has been found that more than 19% of patients with a follow-up duration exceeding 20 years may experience SPC (38). The incidence of SPC in BC patients is approximately 5%, with a specific risk ratio of 1.59 for developing CRC compared to the general population (6). As the proportion of SPC following BC gradually increases, researchers have shown significant interest incidence, treatment, and prognosis of SPC. CRC, being one of the most prevalent and fatal types of SPC, investigating the association between PBC and CRC incidence can contribute to the identification of high-risk patients for timely screening. This would facilitate prompt implementation of effective treatments to improve rates of survival.

The cause of SPC is still unclear. Precious observational studies suggest that genetic factors, environmental factors and lifestyle habits may be related to the occurrence of SPC (39). Meanwhile, existing clinical studies have found an increased incidence of SPC-CRC after BC, these studies often overlook confounding factors, making it difficult to determine whether the relationship between BC and CRC is independent of these confounding factors. For example, previous studies have shown that factors such as smoking, alcohol consumption, and BMI increase the risk of BC and CRC occurrence (40–46). It is still a clinical issue to be explored whether there is a correlation between BC and CRC and what level of correlation exists. Hence, we conducted a thorough screening of confounding factors associated with both BC and CRC using the PhenoScanner database. After adjusting for these confounding factors, MR analysis was conducted to explore the genetic-level association between BC and CRC, while accounting for potential confounders. The present study ultimately demonstrating no significant evidence of a causal relationship at the genetic level.

According to the 2021 guidelines from the United States Preventive Services Task Force (USPSTF) (47), it is recommended that individuals between the ages of 50 and 75 undergo colorectal cancer (CRC) screening. Individuals who have a family history of CRC, as well as those who are obese, have a long history of smoking, or engage in heavy alcohol consumption, are advised to undergo regular screening. This is due to their increased susceptibility to developing CRC. Previously, our team of researchers successfully established a noteworthy genetic correlation between primary lung cancer and CRC through MR method (25). However, in this study, our research team did not find a statistically significant association between PBC and CRC using MR approach. As a result, individuals with a history of primary lung cancer but not breast cancer should undergo regular screening, which may include tests such as colonoscopy, digital rectal examination, and fecal occult blood test. It is imperative to closely monitor the incidence of SPC-CRC in order to promptly initiate early intervention and treatment measures.

This study utilizes the two-sample MR approach to investigate the possible relationship between PBC and CRC, which offers clear advantages compared to observational studies. In this study, we using the PhenoScanner database conducted a comprehensive examination of confounding factors associated with both BC and CRC. We also took steps to remove IVs that were associated to these confounding factors to minimize the potential influence of horizontal pleiotropy on the genetic IVs. Moreover, the MR-PRESSO and MR-Egger methods employed to conduct further assessments on the impact of pleiotropy in order to enhance the credibility of the findings (48, 49). In addition, we used Cochran’s Q method to test the heterogeneity of IVs. If there was no significant heterogeneity in Cochran’s Q test, unbiased association estimation was performed by IVW linear regression. If there is significant heterogeneity, the random effects IVW model is used for analysis to ensure the correctness of the analysis results (29, 50). Secondly, in addition to the application of IVW approach and various MR methods as analysis methods, GRS method is also used for secondary analysis. Thirdly, we used subgroup analysis for BC and CRC for the first time, and identified that BC and CRC were not significantly associated. Additionally, it is important to acknowledge certain limitations in our study. Firstly, it is challenging to completely eliminate the impact of potential pleiotropy in any Mendelian randomization (MR) study, which can introduce bias in the estimates of causal effects (48). Nevertheless, no evidence of pleiotropic effects was found in the MR-Egger regression analysis, and consistent findings were obtained in sensitivity analyses conducted with various robust models. Moreover, this study only focused on a specific population, and the generalizability of the findings to the entire population still needs to be confirmed. Additionally, GWAS have the potential to offer novel insights into the genetic factors implicated in the development of PBC-CRC. However, further investigations are required to elucidate the precise mechanisms underlying the pathophysiology for a more comprehensive understanding. Lastly, our conclusion lacks validation by wet laboratory experiments. Combining wet laboratory experiments or clinical data to support gene discovery will enhance the robustness of our research.

In conclusion, we do not find clear evidence that genetic correlation between PBC and CRC. In order to validate the accuracy of our findings, future research based on large-scale prospective studies will be necessary.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.





Author contributions

YiL: Conceptualization, Writing – review & editing, Investigation, Writing – original draft. MS: Writing – original draft, Data curation. YQ: Writing – original draft, Methodology. YaL: Investigation, Writing – review & editing. ZCW: Writing – review & editing, Data curation. TZ: Writing – review & editing, Formal analysis. ZHW: Formal analysis, Writing – original draft. KY: Formal analysis, Writing – review & editing. CX: Formal analysis, Writing – review & editing. LX: Writing – review & editing, Validation. ZX: Writing – review & editing, Conceptualization, Writing – original draft. YZ: Conceptualization, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

Thanks to all authors for their participation.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1260941/full#supplementary-material




References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Noone, AM, Cronin, KA, Altekruse, SF, Howlader, N, Lewis, DR, Petkov, VI, et al. Cancer incidence and survival trends by subtype using data from the surveillance epidemiology and end results program, 1992-2013. Cancer Epidemiol Biomarkers Prev (2017) 26(4):632–41. doi: 10.1158/1055-9965.Epi-16-0520

3. Harvey, EB, and Brinton, LA. Second cancer following cancer of the breast in connecticut, 1935-82. Natl Cancer Inst Monogr (1985) 68:99–112.

4. Teppo, L, Pukkala, E, and Saxén, E. Multiple cancer–an epidemiologic exercise in Finland. J Natl Cancer Inst (1985) 75(2):207–17.

5. Pappo, I, Stahl-Kent, V, Sandbank, J, Karni, T, Wasserman, I, and Halevy, A. Gastrointestinal carcinomas occurring in breast cancer patients. Breast J (2006) 12(5):437–41. doi: 10.1111/j.1075-122X.2006.00301.x

6. Lai, JH, Park, G, and Gerson, LB. Association between breast cancer and the risk of colorectal cancer. Gastrointest Endosc (2017) 86(3):429–41.e1. doi: 10.1016/j.gie.2017.04.008

7. Andersson, M, Jensen, MB, Engholm, G, and Henrik Storm, H. Risk of second primary cancer among patients with early operable breast cancer registered or randomised in danish breast cancer cooperative group (Dbcg) protocols of the 77, 82 and 89 programmes during 1977-2001. Acta Oncol (2008) 47(4):755–64. doi: 10.1080/02841860801978921

8. Cluze, C, Delafosse, P, Seigneurin, A, and Colonna, M. Incidence of second cancer within 5 years of diagnosis of a breast, prostate or colorectal cancer: a population-based study. Eur J Cancer Prev (2009) 18(5):343–8. doi: 10.1097/CEJ.0b013e32832abd76

9. Lu, Y, Segelman, J, Nordgren, A, Lindström, L, Frisell, J, and Martling, A. Increased risk of colorectal cancer in patients diagnosed with breast cancer in women. Cancer Epidemiol (2016) 41:57–62. doi: 10.1016/j.canep.2016.01.006

10. Phelan, CM, Iqbal, J, Lynch, HT, Lubinski, J, Gronwald, J, Moller, P, et al. Incidence of colorectal cancer in BRCA1 and BRCA2 mutation carriers: results from a follow-up study. Br J Cancer (2014) 110(2):530–4. doi: 10.1038/bjc.2013.741

11. Schaapveld, M, Visser, O, Louwman, MJ, de Vries, EG, Willemse, PH, Otter, R, et al. Risk of new primary nonbreast cancers after breast cancer treatment: a dutch population-based study. J Clin Oncol (2008) 26(8):1239–46. doi: 10.1200/jco.2007.11.9081

12. Tang, LY, Nugent, Z, Demers, AA, and Singh, H. Incidence of right-sided colorectal cancer after breast cancer: a population-based study. Am J Gastroenterol (2009) 104(5):1213–20. doi: 10.1038/ajg.2009.32

13. Shukla, A, Shukla, S, Osowo, A, Mashtare, T, Bhutani, MS, and Guha, S. Risk of colorectal adenomas in women with prior breast cancer. Dig Dis Sci (2012) 57(12):3240–5. doi: 10.1007/s10620-012-2432-9

14. Srinivasan, R, Yang, YX, Rubin, SC, Morgan, MA, and Lewis, JD. Women with a prior diagnosis of breast cancer are not at an increased risk for subsequent colorectal cancer. Am J Gastroenterol (2005) 100(12):2759–64. doi: 10.1111/j.1572-0241.2005.00316.x

15. Eisen, GM, and Sandler, RS. Are women with breast cancer more likely to develop colorectal cancer? Critical review and meta-analysis. J Clin Gastroenterol (1994) 19(1):57–63. doi: 10.1097/00004836-199407000-00015

16. Schoen, RE, Weissfeld, JL, and Kuller, LH. Are women with breast, endometrial, or ovarian cancer at increased risk for colorectal cancer? Am J Gastroenterol (1994) 89(6):835–42.

17. Smith, GD, and Ebrahim, S. 'Mendelian randomization': can genetic epidemiology contribute to understanding environmental determinants of disease? Int J Epidemiol (2003) 32(1):1–22. doi: 10.1093/ije/dyg070

18. Li, C, Ou, R, and Shang, H. Rheumatoid arthritis decreases risk for parkinson's disease: a mendelian randomization study. NPJ Parkinsons Dis (2021) 7(1):17. doi: 10.1038/s41531-021-00166-x

19. Cheng, W, Liao, Y, Mou, R, Xiao, X, and Jia, Y. Inflammatory bowel disease and prostate cancer risk: a two-sample mendelian randomization analysis. Front Immunol (2023) 14:1157313. doi: 10.3389/fimmu.2023.1157313

20. Michailidou, K, Lindström, S, Dennis, J, Beesley, J, Hui, S, Kar, S, et al. Association analysis identifies 65 new breast cancer risk loci. Nature (2017) 551(7678):92–4. doi: 10.1038/nature24284

21. Huyghe, JR, Bien, SA, Harrison, TA, Kang, HM, Chen, S, Schmit, SL, et al. Discovery of common and rare genetic risk variants for colorectal cancer. Nat Genet (2019) 51(1):76–87. doi: 10.1038/s41588-018-0286-6

22. Didelez, V, and Sheehan, N. Mendelian randomization as an instrumental variable approach to causal inference. Stat Methods Med Res (2007) 16(4):309–30. doi: 10.1177/0962280206077743

23. Zhou, W, Liu, G, Hung, RJ, Haycock, PC, Aldrich, MC, Andrew, AS, et al. Causal relationships between body mass index, smoking and lung cancer: univariable and multivariable mendelian randomization. Int J Cancer (2021) 148(5):1077–86. doi: 10.1002/ijc.33292

24. Chen, L, Yang, H, Li, H, He, C, Yang, L, and Lv, G. Insights into Modifiable Risk Factors of Cholelithiasis: A mendelian Randomization Study. Hepatology (2022) 75(4):785–96. doi: 10.1002/hep.32183

25. Xiao, Z, Wang, Z, Zhang, T, Liu, Y, and Si, M. Bidirectional mendelian randomization analysis of the genetic association between primary lung cancer and colorectal cancer. J Trans Med (2023) 21(1):722. doi: 10.1186/s12967-023-04612-7

26. Thomas, DC, and Conti, DV. Commentary: the concept of 'Mendelian randomization'. Int J Epidemiol (2004) 33(1):21–5. doi: 10.1093/ije/dyh048

27. Burgess, S, Scott, RA, Timpson, NJ, Davey Smith, G, and Thompson, SG. Using published data in mendelian randomization: a blueprint for efficient identification of causal risk factors. Eur J Epidemiol (2015) 30(7):543–52. doi: 10.1007/s10654-015-0011-z

28. Burgess, S, Butterworth, A, and Thompson, SG. Mendelian randomization analysis with multiple genetic variants using summarized data. Genet Epidemiol (2013) 37(7):658–65. doi: 10.1002/gepi.21758

29. Bowden, J, Del Greco, MF, Minelli, C, Davey Smith, G, Sheehan, N, and Thompson, J. A framework for the investigation of pleiotropy in two-sample summary data mendelian randomization. Stat Med (2017) 36(11):1783–802. doi: 10.1002/sim.7221

30. Xiao, Z, Qian, Y, Liu, Y, Huang, L, Si, M, Wang, Z, et al. Investigation of the causal relationship between alcohol consumption and covid-19: a two-sample mendelian randomization study. Int J Comput Intell Syst (2023) 16(1):127. doi: 10.1007/s44196-023-00306-6

31. Zhao, Q, Wang, J, Hemani, G, Bowden, J, and Small, DS. Statistical inference in two-sample summary-data mendelian randomization using robust adjusted profile score. Ann Stat (2018) 48(3):AOS1866.

32. Verbanck, M, Chen, CY, Neale, B, and Do, R. Detection of widespread horizontal pleiotropy in causal relationships inferred from mendelian randomization between complex traits and diseases. Nat Genet (2018) 50(5):693–8. doi: 10.1038/s41588-018-0099-7

33. Burgess, S, and Thompson, SG. Interpreting findings from mendelian randomization using the mr-egger method. Eur J Epidemiol (2017) 32(5):377–89. doi: 10.1007/s10654-017-0255-x

34. Luo, Q, Wen, Z, Li, Y, Chen, Z, Long, X, Bai, Y, et al. Assessment causality in associations between serum uric acid and risk of schizophrenia: a two-sample bidirectional mendelian randomization study. Clin Epidemiol (2020) 12:223–33. doi: 10.2147/clep.S236885

35. Liu, Y, Xiao, Z, Ye, K, Xu, L, and Zhang, Y. Smoking, alcohol consumption, diabetes, body mass index, and peptic ulcer risk: a two-sample mendelian randomization study. Front Genet (2022) 13:992080. doi: 10.3389/fgene.2022.992080

36. Palmer, TM, Lawlor, DA, Harbord, RM, Sheehan, NA, Tobias, JH, Timpson, NJ, et al. Using multiple genetic variants as instrumental variables for modifiable risk factors. Stat Methods Med Res (2012) 21(3):223–42. doi: 10.1177/0962280210394459

37. Hemani, G, Zheng, J, Elsworth, B, Wade, KH, Haberland, V, Baird, D, et al. The mr-base platform supports systematic causal inference across the human phenome. eLife (2018) 7:e34408. doi: 10.7554/eLife.34408

38. Zhong, YJ, Wen, YF, Wong, HM, Yin, G, Lin, R, and Yang, SY. Trends and patterns of disparities in burden of lung cancer in the United States, 1974-2015. Front Oncol (2019) 9:404. doi: 10.3389/fonc.2019.00404

39. Sánchez de Cos Escuín, J, Rodríguez López, DP, Utrabo Delgado, I, Gallego Domínguez, R, Sojo González, MA, and Hernández Valle, M. Disease recurrence and second tumors in long-term survivors of lung cancer. Arch Bronconeumol (2016) 52(4):183–8. doi: 10.1016/j.arbres.2015.07.013

40. Shaukat, A, Dostal, A, Menk, J, and Church, TR. Bmi is a risk factor for colorectal cancer mortality. Dig Dis Sci (2017) 62(9):2511–7. doi: 10.1007/s10620-017-4682-z

41. Suzuki, S, Goto, A, Nakatochi, M, Narita, A, Yamaji, T, Sawada, N, et al. Body mass index and colorectal cancer risk: a mendelian randomization study. Cancer Sci (2021) 112(4):1579–88. doi: 10.1111/cas.14824

42. Zhou, X, Wang, L, Xiao, J, Sun, J, Yu, L, Zhang, H, et al. Alcohol consumption, DNA methylation and colorectal cancer risk: results from pooled cohort studies and mendelian randomization analysis. Int J Cancer (2022) 151(1):83–94. doi: 10.1002/ijc.33945

43. Li, Y, Ye, D, Zhou, W, Liu, B, Mao, Y, and Sun, X. Alcohol consumption and colorectal cancer risk: a mendelian randomization study. Front Genet (2022) 13:967229. doi: 10.3389/fgene.2022.967229

44. Botteri, E, Iodice, S, Bagnardi, V, Raimondi, S, Lowenfels, AB, and Maisonneuve, P. Smoking and colorectal cancer: a meta-analysis. Jama (2008) 300(23):2765–78. doi: 10.1001/jama.2008.839

45. Botteri, E, Borroni, E, Sloan, EK, Bagnardi, V, Bosetti, C, Peveri, G, et al. Smoking and colorectal cancer risk, overall and by molecular subtypes: a meta-analysis. Am J Gastroenterol (2020) 115(12):1940–9. doi: 10.14309/ajg.0000000000000803

46. Deng, Y, Wang, L, Huang, J, Ding, H, and Wong, MCS. Associations between potential causal factors and colorectal cancer risk: a systematic review and meta-analysis of mendelian randomization studies. J Dig Dis (2022) 23(8-9):435–45. doi: 10.1111/1751-2980.13130

47. Davidson, KW, Barry, MJ, Mangione, CM, Cabana, M, Caughey, AB, Davis, EM, et al. Screening for colorectal cancer: us preventive services task force recommendation statement. Jama (2021) 325(19):1965–77. doi: 10.1001/jama.2021.6238

48. Bowden, J, Davey Smith, G, and Burgess, S. Mendelian randomization with invalid instruments: effect estimation and bias detection through egger regression. Int J Epidemiol (2015) 44(2):512–25. doi: 10.1093/ije/dyv080

49. Burgess, S, Bowden, J, Fall, T, Ingelsson, E, and Thompson, SG. Sensitivity analyses for robust causal inference from mendelian randomization analyses with multiple genetic variants. Epidemiology (2017) 28(1):30–42. doi: 10.1097/ede.0000000000000559

50. Wu, F, Huang, Y, Hu, J, and Shao, Z. Mendelian randomization study of inflammatory bowel disease and bone mineral density. BMC Med (2020) 18(1):312. doi: 10.1186/s12916-020-01778-5




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Liu, Si, Qian, Liu, Wang, Zhang, Wang, Ye, Xiang, Xu, Zhang and Xiao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/im2.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Bidirectional Mendelian randomization analysis investigating the genetic association between primary breast cancer and colorectal cancer

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Sources of data

          



          		

            2.2 Selection of IVs

          



          		

            2.3 MR analyses

          



          		

            2.4 Genetic risk scores

          



          		

            2.5 Horizontal pleiotropy and heterogeneity test

          



        



        



        		

          3 Results

        

          		

            3.1 MR analysis results of BC to CRC (forward MR)

          

            		

              3.1.1 Screen and validation of IVs

            



            		

              3.1.2 Overall BC to CRC

            



          



          



          		

            3.2 MR analysis results of CRC to BC (reverse MR)

          

            		

              3.2.1 Screen and validation of IVs

            



            		

              3.2.2 Overall CRC to BC

            



          



          



          		

            3.3 GRS analysis results

          

            		

              3.3.1 GRSBC to CRC

            



            		

              3.3.2 GRSCRC to BC

            



          



          



          		

            3.4 Horizontal pleiotropy and heterogeneity test

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-14-1260941-g001.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Group
Overll CRC

Subgroup

Colon cacer

Rectlcancer

LefecRe

Rght CRC

MR approach
VW (candom)
)

Simple median
Weighed mdian
MRRAPS
MRFRESSO (ko)
MRPRESSO (Outic <o)

MiEger

VW (candom)
VW ()
Simple median
Weighed medisn
MRRAPS
MRIRESSO (fav)

MRPRESSO (Outler-comeced)

MREgger
VW (random)
W (i)

Simple mdian
Weighed medisn
MRRAPS
MRIRESSO ()
MRFRESSO (Outcr-comcted)
MREgger
VW (random)

W (i)

Simple mdian
Weighed modisn
MRRAPS
MRIRESSO (k)
MRFRESSO (Outicr-orrcted)
MREgger
VW (random)

VW ()

Simple median
Weighed modisn
MRRAPS
MRIRESSO (k)

MRPRESO (Outlercoreced)

MREger

OR
09997
09997
09998
™
09996

09997

09998

™
Loz

Loont

e
e
o096
09980
09980
09987
o991
o099
os9%0
os9ss
Lo
09985
09986
09995
09993
09985
09986
o999
o0
09993

0999

Lo0s

o599

09993

Looss

o971
osss0
osr2
osmss
050
I
osmst

I

ooz
o990
omm2
osms2
o990
osms2
oswrs
osen
05950
omss
ossst
oswss
oss7
09950
ome
osmis
omss
osmes
osmes
osmer
oot
osmss
osmer
osste
osmis
osmes
osez
osors
osnes
o595
5o
asses

Lo01s
o013
10025
10035
o013
Lo019
1o

10073

10035
1007
1002
100
10027
1o03s
o026
Loons

100

10001

oo

1001

1010

Lot

o

10017

10007

103t

10025

10006

1017

1000

L0100

10036

109

1o0ss

10057

1019

1036

10wt

s

Palue
076
os
091
051
oss
o7
o
096

0ss
0
015
046
037
oss
oss
om
o
o0
046
oss
006
021
o
oss
037
o
52
067
o6
0
oss
I
o7
05
os7
o7
036
o7
75

o





OEBPS/Images/table4.jpg
Exposure

Oversll BC

ER+BC

Ovenl R

Colon cancer

Recal cancer
Lt cre

Right CRC

Outcome
Colon cancer
Rectl cancer
Colon cancer
Rectl cancer
Colon cancer

Rectl cancer

B

Cochran's Q@ statistic
165782
95
208
335
112997
ey
s6974
74169
366
61990

ssil

Cochran's Q P
o7
039
o
o0
o091
on
o000z
o000z
00057
o000z

00002

o3

o3

020

096

03

08

055





OEBPS/Images/fimmu-14-1260941-g003.jpg





OEBPS/Images/table3.jpg
Overall B

R BC

Oversl RC

Colon cancer

Rectal cancer
Lt cre

Right CRC

Outcome
Colon ancer
Retal ancer
Colon ancer
Rectal ancer
Colon ancer

Rectal ancer

OR
L0002
09999
Looos
09997
Low2
Lo000s
09997
10008
0990
09956

09995

09995

09996

09997

os991

09998

09995

09980

09990

099585

09965

09966

L0006

Lov2

o2

Lo

L0006

1003

Lo

Lo

Lo

L0007

o0

036

o022

026

o

038

o7

oss

039

007

ois

039





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/im1.jpg





OEBPS/Images/fimmu.2023.1260941_cover.jpg
& frontiers | Frontiers in Immunology

Bidirectional Mendelian randomization
analysis investigating the genetic
association between primary breast cancer
and colorectal cancer





OEBPS/Images/fimmu-14-1260941-g002.jpg
Exposare

Erene

Erene

Lancre

RightCRC

Cotn

osies 0390 00w

B

orpscn

om0 @9me, L0002

aswr s, Looos)

100004 0995, 1000

o 1005 10010 10015

or s

w7 @, L0019

10008 0952, 10039

o990 9950, 10010

oS osss

Loorn)

09993 09949, 10036

o6

oss

o

24





OEBPS/Images/table1.jpg
Colon cancer. Rectal cancer

MR approach 95% CI Pvalue  OR 95% CI
Overall BC: VW (random) ooz osms 106 036 099 om0 o
W (i) 1o osms 1006 036 09 ooms 1w o
Simple median Lo 095 Lo on 0 om0 o
Weighted modian 1000 om0 o 09997 o5 1m0 om0
Penalzed weighted median 1o oms 1000 ot 0999  ossi 100 o068
MRRAPS o2 0ss 1006 036 0 oses w2 o
MRPRESSO (Raw) 1o oss Lo 035 os9s om0 oal

MRPRESSO (Oulir-comeeted) | NA N N NA N N N
MR Egger w7 ossyr oo 016 Lows 09 109 040

Subgroup

ER-BC VW (candom) ot osyr o2 026 0997 om0 10 o
W (i) oot osr | oo 026 0 omm e ox
Simple modian s osm | oo 039 0 om0 om
Weighted modian L 0sm | oo 039 09 om0 oz
Penalzed weighted median oo os oo o6t 0995 om0 o1
MRRAPS oo oss 1o 026 097 omm e on
MRPRESSO (Raw) oot osr | oon o0 0997 om0 1w 03
MRPRESSO (Oulir-comeeted)  NA m N NA N N N Na
MR Egger 099 oss Lo o8 L osm Loms 0%
ER+ BC VW (random) oo osms 10w o3 Lo 098 wos o7
W (i) ooz oss Lo 03 Lo 098 Loos o7
Simple median 1o oss 1009 030 1000 0 1oes 063
Weighted median Lo osr | Loon o oz oss Loy on
Penalized weighted median 100t os7 | Loont 025 102 oes  ls 036
MRRAPS Loz 0ss | 1006 o3 Loows  oss | loes o7
MRPRESSO (Raw) ooz osms 1005 o Lo 0998 wo0as 073
MRPRESSO (Outircomected)  NA N N N M N N Na

MR Egger tows  osyr 1o o2 10008 o8 10w o020






OEBPS/Images/fimmu-14-1260941-g004.jpg





