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	1
	TITLE and ABSTRACT
	Indicate Mendelian randomization (MR) as the study’s design in the title and/or the abstract if that is a main purpose of the study
	1-2
	Title
“Genetically predicted causal associations between 152 blood-related exposures and pan-cancer in the framework of prediction, prevention and personalized medicine: a study integrating Mendelian randomization and bioinformatics.”
“Abstract
Objective: Blood serves as a powerful tool for monitoring the intricate landscape of cancer development. Previous studies have emerged, suggesting that hematologic indicators hold promise in predicting the onset of malignancy. This present investigation aims to delve into the underlying causal connections between blood-related indicators and pan-cancer, further elucidating the potential impact of diseases and medication utilization reflected in these indicators on cancer, within the realm of predictive, preventive and personalised medicine(PPPM).
Methods: To embark on this scientific endeavor, we procured summary-level data from a genome-wide association studies (GWAS) encompassing blood-related indicators and cis-eQTLs of drug target genes, from the esteemed IEU OpenGWAS. Additionally, we obtained GWAS summary-level data encapsulating pan-cancer (consisting of an impressive cohort of 659,582 cases and 12,186,911 controls), along with diseases annotated by their correlation to blood-related indicators, from esteemed sources such as IEU OpenGWAS, UK Biobank, FinnGen, and Biobank Japan. In order to unravel the direct causal associations between blood-related indicators and pan-cancer, as well as the causal implications between the diseases manifested by these indicators and cancer, we initiated a robust analysis employing the two-sample Mendelian randomization(MR) method. Furthermore, utilizing bioinformatics methodologies, we went on to explore the potential effects of drug target genes on pan-cancer.
Results: Preliminary findings from our MR analysis provided compelling evidence of a significant link between blood-related exposures and pan-cancer. Drawing upon the intriguing interplay observed between blood pressure and tumors, it was postulated that monitoring hypertension (HTN) may offer notable advantages in the prevention of colorectal adenocarcinoma (COAD), breast carcinoma (BRCA), and esophageal carcinoma (ESCA). Similarly, considering the captivating relationship between blood glucose, insulin levels, and tumors, it was hypothesized that closely monitoring diabetes mellitus (DM) could prove beneficial in the prevention of stomach adenocarcinoma (STAD) and COAD. In consonance with the intriguing connection discovered between red blood cell counts, distribution width, and tumors, our findings supported the notion that monitoring anemia could impart advantageous effects in the prevention of lung adenocarcinoma (LUAD). Remarkably, drawing upon the intriguing relationship observed between deep vein thrombosis (DVT) and tumors, it was hypothesized that surveillance of DVT might prove valuable in the prevention of COAD. Additionally, we noted a disparity in risk for various cancers, including lung, breast, colorectal, ovarian, prostate, and pancreatic, consequent to the utilization of drugs for these aforementioned diseases. Among our identified drug targets, we carefully sifted through and diligently analyzed three pivotal genes, namely HMGCR, INSR, and NR3C1, fostering the prospect of formulating novel, tumor-targeted therapeutics. However, our investigation yielded insufficient evidence to confirm any mediating effects of glycated hemoglobin (HbA1c), hemoglobin-gastric, D-dimer, and renin on the associations between HTN, anemia, DVT, DM, and pan-cancer.
Conclusions: The present study unveils the intricate web of causal associations between blood-related indicators, the diseases they manifest, and medication utilization, all of which significantly impact the development of cancer. Notably, the potential for utilizing blood-related indicators as pioneering biomarkers for cancer prediction and prevention is underscored, showcasing a remarkable avenue for advancing PPPM strategies in the field of oncology. This seminal investigation serves as a beacon of novel insight, engendering the construction of refined and tailored approaches to combat the formidable challenge of cancer.”

	
	INTRODUCTION
	
	
	

	2
	Background
	Explain the scientific background and rationale for the reported study. What is the exposure? Is a potential causal relationship between exposure and outcome plausible? Justify why MR is a helpful method to address the study question
	2-3
	“Cancer, a major global health concern, continues to impose escalating incidence and mortality rates worldwide. With an estimated 1,958,310 new cases and 609,820 deaths projected in the United States alone for 2023[1], the urgency to identify individuals at high risk of developing tumors and implement effective preventive measures becomes increasingly paramount. Recognizing blood as a valuable domain for disease surveillance, the utilization of blood-specific biomarkers holds significant potential in monitoring cancer progression[2]Notably, prior studies have unraveled associations between these indicators, diseases, and medications with tumor formation. For instance, patients with hypertension (HTN) display an elevated risk of developing breast carcinoma (BRCA)[3], while the renin-angiotensin system(RAS) axes intricately contribute to the pathogenesis of pediatric malignancies[4]…”

	3
	Objectives
	State specific objectives clearly, including pre-specified causal hypotheses (if any). State that MR is a method that, under specific assumptions, intends to estimate causal effects
	
	

	
	METHODS
	
	
	

	4
	Study design and data sources
	Present key elements of the study design early in the article. Consider including a table listing sources of data for all phases of the study. For each data source contributing to the analysis, describe the following: 
	
	

	
	a)
	Setting: Describe the study design and the underlying population, if possible. Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection, when available.
	4
	“In order to enhance the scientific and writing standardization of the analysis of the MR study, we employed the STROBE-MR guidelines to design our study [18]. Firstly, we implemented a two-sample MR method to investigate the association between 152 blood-related exposures and pan-cancer. Subsequently, we employed the mediating MR method to explore potential associations between the disease indicated by the significant outcome and tumors. For medications that potentially impact tumors as indicated by the significant outcome, we conducted a two-sample MR analysis to examine the causal associations between cis-eQTLs of drug target genes and pan-cancer. Finally, we employed bioinformatic tools to explore the potential impact of drug target genes on tumorigenesis. ”

	
	b)
	Participants: Give the eligibility criteria, and the sources and methods of selection of participants. Report the sample size, and whether any power or sample size calculations were carried out prior to the main analysis 
	5
	“We conducted a comprehensive search on the IEU OpenGWAS (https://gwas.mrcieu.ac.uk/) platform, utilizing the keyword "blood," to acquire the genome-wide association studies (GWAS) summary-level data pertaining to blood-related exposures. Additionally, we acquired the GWAS summary-level data focusing on pan-cancer (26 different types of cancer) from esteemed sources including IEU OpenGWAS, UK Biobank (https://www.ukbiobank.ac.uk/), FinnGen (https://www.finngen.fi/en), and Biobank Japan (https://biobankjp.org/en/). A comprehensive overview of the GWAS cohorts involved in our study is presented in Table S1 of the Supplementary Material.”

	
	c)
	Describe measurement, quality control and selection of genetic variants
	5
	“To ensure the robustness and reliability of our study, we incorporated 152 data points from blood-related GWAS as exposures. However, we excluded GWAS data points with an insufficient number of single nucleotide polymorphisms (SNPs), utilizing a locus-wide significance threshold of P<5e-6, thus retaining only SNPs that exhibit a significant association with the blood-related exposures. To ensure the inclusion of independent SNPs while excluding those in strong linkage disequilibrium (LD), we conducted a careful LD clumping procedure for all instrumental variables (IVs), employing an LD threshold of r2=0.001 and a clumping window of 10,000 kb. Similar LD clumping strategies were employed for the drug target gene cis-eQTL, maintaining consistency with the aforementioned parameters (r2=0.001, clumping window: 10,000 kb).”

	
	d)
	For each exposure, outcome, and other relevant variables, describe methods of assessment and diagnostic criteria for diseases
	5
	Additionally, we acquired the GWAS summary-level data focusing on pan-cancer (26 different types of cancer) from esteemed sources including IEU OpenGWAS, UK Biobank (https://www.ukbiobank.ac.uk/), FinnGen (https://www.finngen.fi/en), and Biobank Japan (https://biobankjp.org/en/). A comprehensive overview of the GWAS cohorts involved in our study is presented in Table S1 of the Supplementary Material.”

	
	e)
	Provide details of ethics committee approval and participant informed consent, if relevant
	NA
	NA

	5
	Assumptions

	Explicitly state the three core IV assumptions for the main analysis (relevance, independence and exclusion restriction) as well assumptions for any additional or sensitivity analysis
	
	[bookmark: _GoBack]Initially, we investigated the causal relationship between blood-related exposures and pan-cancer using two distinct MR approaches: inverse variance weighted (IVW), MR Egger, and weighted mode. The MR Egger method was employed to assess horizontal pleiotropy and evaluate the robustness of our findings. Robustness was deemed satisfactory when the p-value derived from IVW or weighted mode was less than 0.05, and the p-value obtained from MR Egger was greater than 0.05. In order to provide preliminary assessment of causal associations, results derived from the IVW method were utilized due to its superior estimation precision and test efficacy in the absence of horizontal pleiotropy among instrumental variables (IVs)[19].

	6
	Statistical methods: main analysis
	Describe statistical methods and statistics used
	
	

	
	a)
	Describe how quantitative variables were handled in the analyses (i.e., scale, units, model)
	
	

	
	b)
	Describe how genetic variants were handled in the analyses and, if applicable, how their weights were selected
	
	

	
	c)
	Describe the MR estimator (e.g. two-stage least squares, Wald ratio) and related statistics. Detail the included covariates and, in case of two-sample MR, whether the same covariate set was used for adjustment in the two samples
	
	

	
	d)
	Explain how missing data were addressed
	
	

	
	e)
	If applicable, indicate how multiple testing was addressed
	
	

	7
	Assessment of assumptions
	Describe any methods or prior knowledge used to assess the assumptions or justify their validity	
	
	

	8
	Sensitivity analyses and additional analyses
	Describe any sensitivity analyses or additional analyses performed (e.g. comparison of effect estimates from different approaches, independent replication, bias analytic techniques, validation of instruments, simulations)
	
	

	9
	Software and pre-registration
	
	
	

	
	a)
	Name statistical software and package(s), including version and settings used 
	
	

	
	b)
	State whether the study protocol and details were pre-registered (as well as when and where)
	
	

	
	RESULTS
	
	
	

	10
	Descriptive data
	
	
	

	
	a)
	Report the numbers of individuals at each stage of included studies and reasons for exclusion. Consider use of a flow diagram
	
	

	
	b)
	Report summary statistics for phenotypic exposure(s), outcome(s), and other relevant variables (e.g. means, SDs, proportions)
	
	

	
	c)
	If the data sources include meta-analyses of previous studies, provide the assessments of heterogeneity across these studies
	
	

	
	d)
	For two-sample MR:
   i.  Provide justification of the similarity of the genetic variant-exposure associations between the exposure and outcome samples
   ii.  Provide information on the number of individuals who overlap between the exposure and outcome studies
	
	

	11
	Main results
	
	
	

	
	a)
	Report the associations between genetic variant and exposure, and between genetic variant and outcome, preferably on an interpretable scale
	
	

	
	b)
	Report MR estimates of the relationship between exposure and outcome, and the measures of uncertainty from the MR analysis, on an interpretable scale, such as odds ratio or relative risk per SD difference
	
	

	
	c)
	If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	
	

	
	d)
	Consider plots to visualize results (e.g. forest plot, scatterplot of associations between genetic variants and outcome versus between genetic variants and exposure)
	
	

	12
	Assessment of assumptions
	
	
	

	
	a)
	Report the assessment of the validity of the assumptions
	
	

	
	b)
	Report any additional statistics (e.g., assessments of heterogeneity across genetic variants, such as I2, Q statistic or E-value)
	
	

	13
	Sensitivity analyses and additional analyses
	
	
	

	
	a)
	Report any sensitivity analyses to assess the robustness of the main results to violations of the assumptions
	
	

	
	b)
	Report results from other sensitivity analyses or additional analyses
	
	

	
	c)
	Report any assessment of direction of causal relationship (e.g., bidirectional MR)
	
	

	
	d)
	When relevant, report and compare with estimates from non-MR analyses
	
	

	
	e)
	Consider additional plots to visualize results (e.g., leave-one-out analyses)
	
	

	
	DISCUSSION
	
	
	

	14
	Key results 
	Summarize key results with reference to study objectives
	20-21
	“Our study represents a prospective investigation into pan-cancer development, utilizing blood indicators. It stands as the most extensive study to date within this field. Not only do our findings validate the outcomes of preceding studies, but they also go beyond them, owing to our comprehensive population sample and unparalleled systematic approach. By employing MR and bioinformatics, we have discovered that blood monitoring of patients with HTN, anemia, DVT, and DM aids in unraveling cancer PPPM in this specific population. Moreover, our research unveils the consequences of long-term medication, encompassing lipid-lowering drugs, oral contraceptive drugs, insulin, and hormones, regarding pan-cancer progression. Thus, it offers novel perspectives pan-cancer prognostication and fosters innovative approaches in pan-cancer therapeutics. This seminal contribution has granted substantial dividends in terms of predicting and preventing pertinent malignancies, as well as providing new strategies for pan-cancer treatment. Notably, we have successfully identified 3 crucial targets within the aforementioned medications, thereby establishing a theoretical groundwork for the advancement of targeted pan-cancer therapy.”


	15
	Limitations
	Discuss limitations of the study, taking into account the validity of the IV assumptions, other sources of potential bias, and imprecision. Discuss both direction and magnitude of any potential bias and any efforts to address them 
	26
	“Owing to the limited accessibility of disease sample repositories, we encountered a lack of data on diseases where blood-related indicators, namely leukopenia, hypotension, and hypoglycemia, have a strong correlation with pan-cancer. Consequently, our effort to establish a comprehensive PPPM network for monitoring pan-cance through blood indicators remains incomplete. Furthermore, the age distribution of the included samples was not clearly defined, imposing limitations on conducting subgroup-specific analyses. The prolonged incidence of chronic conditions such as hypertension and diabetes heightens patient visits, potentially leading to an artificial elevation in cancer detection rates because of detection bias, thereby overestimating the risk of pan-cancer."

	16
	Interpretation
	
	
	

	
	a)
	Meaning: Give a cautious overall interpretation of results in the context of their limitations and in comparison with other studies
	27
	“Our study has revealed associations between blood-related markers and various types of cancer, including esophageal, breast, lung adenocarcinoma, ovarian, and several gastrointestinal cancers. This valuable information can contribute to personalized cancer surveillance and prevention strategies for these specific populations.”

	
	b)
	Mechanism: Discuss underlying biological mechanisms that could drive a potential causal relationship between the investigated exposure and the outcome, and whether the gene-environment equivalence assumption is reasonable. Use causal language carefully, clarifying that IV estimates may provide causal effects only under certain assumptions 
	21-26
	“The INSR gene encodes insulin receptor (IR), with its IR-A isoform being implicated in increased cancer risk, such as in BRCA and THCA, through pathways involving insulin-like growth factor I receptor (IGF-IR), mammalian target of rapamycin(mTOR), and the epidermal growth factor (EGF) families[86,87,88]. IR participates in the insulin signaling pathway and glycolysis, both of which mediate tumorigenesis.”

	
	c)
	Clinical relevance: Discuss whether the results have clinical or public policy relevance, and to what extent they inform effect sizes of possible interventions
	27
	“Prevention and early screening for pan-cancer play a crucial role in reducing the suffering and economic burden of patients. At the genetic level, by utilizing MR and bioinformatics analysis of blood-related markers, along with their associated diseases and drug interactions in pan-cancer, in combination with clinical data and molecular experiments, it is possible to establish a predictive diagnostic and prognostic model for pan-cancer based on blood markers. This approach allows for the implementation of PPPM for pan-cancer.”

	17
	Generalizability   
	Discuss the generalizability of the study results (a) to other populations, (b) across other exposure periods/timings, and (c) across other levels of exposure
	26-27
	“We aspire that future studies will enhance our comprehension of hematological index-related diseases and the associated risk of pan-cancer development by integrating gwas data from diverse diseases, culminating in the establishment of a detection and prediction system for hematological index-associated diseases-pan-cancer. Our ultimate goal is to enhance global human health and alleviate the burden of cancer treatment on governments and healthcare institutions within the PPPM framework. Additionally, our investigations into the connection between lipid-lowering drugs, oral contraceptive drugs, hormones, and insulin with pan-cancer risk imply that disparate drug targets and pathways may entail varying levels of risk for the development of the same malignancy.”

	
	OTHER INFORMATION
	
	
	

	18
	Funding
	Describe sources of funding and the role of funders in the present study and, if applicable, sources of funding for the databases and original study or studies on which the present study is based
	29
	“This study was supported by the Jiaxing Public Welfare Research Program Project (2020AY30006), Suzhou Science and Technology Development Programme (SKYD202306), National Student Innovation Training Program (s20021038117, 202210315128Z), 2022 Luo Linxiu Cup Student Innovation Cultivation Project of Nanjing University of Chinese Medicine (3), and 2023 Chinese Medicine Artificial Intelligence Unveiling and Hanging Project of Nanjing University of Chinese Medicine (1).”

	19
	Data and data sharing 
	Provide the data used to perform all analyses or report where and how the data can be accessed, and reference these sources in the article. Provide the statistical code needed to reproduce the results in the article, or report whether the code is publicly accessible and if so, where
	29
	“Data availability
The data used and/or analyzed in this study are available from the corresponding author upon reasonable request.
Code availability
The software and code used in the study can be obtained through the corresponding author.”

	20
	Conflicts of Interest  
	All authors should declare all potential conflicts of interest
	30
	 “All authors disclosed no competing interests in this study.”
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