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ABSTRACT: Predictive risk models are essential to identify high-risk individuals with disease, and then can provide 

them with individual clinical treatment, screening and interventions to reduce the burden of disease. They can also be 
used for research purposes when trying to identify new risk factors for disease. In this article, we will review the risk 

prediction model developed for colon cancer and evaluate its applicability, advantages and disadvantages. We will also 

discuss the factors that need to be considered in the future development and improvement of colorectal cancer risk 

prediction models. Exist No model can adequately cover the known risk factors of colorectal cancer in order to screen 

the entire risk range, so a new comprehensive model is needed. 
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I. INTRODUCTION 

 

Colon cancer (CRC) is one of the most commonly diagnosed cancers in the world. In 2008, more than one million new 

cases were diagnosed (9.8% of global cancer diagnoses) and 600,000 deaths (8.1% of all cancer deaths worldwide) (1). 

There may be widespread risks in the population (2).Although this is partly due to individual differences in exposure to 

environmental risk factors, theoretically speaking, due to potential family risk factors (we call "family profile risks"), 

the risks will be very different (3-7) .The relationship between family history as a risk factor and the main family risk 

status indicated: (i) In the lowest quartile, the risk of CRC changed 20 times (mean value 1).The lifetime risk of CRC is 

25%), and the highest quartile of the family risk profile (average risk is 25%; Reference 4); (ii) 90% of all CRCs occur 

in people above the average family risk profile. 

 

A. Risk factors for CRC 
Many risk factors have been involved in the development of CRC. [9] Family history is a known risk factor. [10] 

Studies have shown that people with first-degree relatives (father, offspring, brother or sister) have an average risk of 

CRC compared with people without a family history [10-12], people with 3 or more affected first-degree relatives [10] 
have a three-fold increase in association. However, the above statistics are only average values. There is a family 

history, and the age of the high-risk group depends on the age when the sick relatives are diagnosed (the earlier the age 

at diagnosis, the more likely the high-risk group is to be born) And the kinship between them (the greater the number 

and/or the closer the kinship, the more likely they are to be at risk;[10]. 

 

At best, only half of the risk of familial CRC can be explained by known high-risk genetic mutations [11]. Although a 

large amount of research funds have been used to find other genes that are susceptible to CRC, these genes have not 

been confirmed. On the other hand, genome-wide association studies have identified at least 15 universal markers 

(Single Nucleotide Polymorphisms, SNP) for genetic susceptibility. These markers have a slight increase in the risk of 

developing CRC (or homozygous) Related. Small allele). Compared with non-operator rankings0.80 to 1.70; (Lit. 12-

14) The reasons for these weak associations, not to mention residual familial risks, may include relatively rare genetic 

variants and/or other risk factors shared by relatives. 
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B. Predicting Risk of CRC 
Risk prediction models are important because they can be used to (i) reduce the burden of disease by taking preventive 

measures against the most vulnerable groups; (ii) identify those with the most genetic predisposition, and then perform 

genetic testing (iii) Improve the effectiveness of observational research in identifying new risk factors for disease 

(provided that this predictive risk model can highly predict high-risk individuals with CRC). Observational research 

data (including case-control studies and cohort studies) are often used to develop predictive risk models. 

 

1. Reducing the burden of disease. 
 Healthcare managers and clinicians rely on risk assessments to decide who to test for CRC. The variables (including 

new predictors, such as genomic data) are that they tend to be more accurate than the clinical stage alone. The 

predictive model identifies the people most likely to benefit from CRC screening or other preventive interventions. 

Most CRC is caused by polyps, which are a known precancerous stage that may appear many years before symptoms 
(such as rectal bleeding, bowel movements, or anemia) appear. 

 

2.Identification of new risk factors for developing CRC  

In observational studies on the risk of CRC, traditionally, the environment, lifestyle, and incidence of genetic risk 

factors between affected people and healthy people (case-control design) or CRC among exposed and untreated people 

have been compared. Incidence rate (cohort design). In most of these studies, participants were selected regardless of 

their family history of CRC, therefore, most of the population did not have a family history of the disease. Therefore, 

the results of this study cannot be generalized to individuals with a family history of the disease. Since the analysis is 

usually applied to family history, the observed associations only represent the average association in the broad family 

risk profile [8]. It is known which risk factors play specific roles in the category of household risk status, or whether the 

association differs depending on the household risk status. 

Predictive risk models can be used as tools to identify emerging risk factors for diseases. One possible approach is to 

classify individuals into high-risk and low-risk individuals, and then compare cases and controls in those low-risk and 

high-risk categories for a given exposure level (assuming that they are not used for risk classification). This method has 

tremendous statistical power, can determine other risk factors for diseases, and can provide clues about the interaction 

between genes and the environment. 

II. EXISTING RISK PREDICTION MODELS FOR CRC 

 

Based on known genetic and environmental risk factors, a risk prediction model for viral CRC has been developed. The 

purpose of this article is to summarize these models and the research that evaluates them in terms of applicability, 

strengths, and weaknesses. CRC prediction model, including risk factors and/or cancer susceptibility genes related to 

the individual, environment and lifestyle. To focus our review, we excluded models that predict CRC staging based on 

patient and tumor characteristics (egCai et al.;, and models that predict colorectal tumor types (benign or malignant). 
Clinical symptoms (e.g. Brothers and colleagues; [15], a model that predicts the incidence of CRC based on the growth 

rate of polyps after the first polypectomy (eg Wilson and Lightwood), predicts symptomatic CRC based on the 

intestinal symptoms assessed by the therapist Model predicts patients (S. Selvachandran et al.; and models that are 

based only on the first cancer and gene signature. 

 

A.  Non-genetic models 
Previously developed models for predicting CRC risk use a regression model scoring system that includes family 

medical history, lifestyle, and environmental risk factors. These models are easy to implement, and non-genetic risk 

factors can be easily incorporated. However, it is difficult to provide family information. Medical history, including 

number of relatives, age of healthy relatives, age at diagnosis other than first-generation relatives, and related risk 

factors between family members (including genetic and non-genetic factors). CRC risk Although models containing a 

family history of colon cancer (16) or CRC (17,18) (binary (yes/no)) represent the average risk of low-risk groups, they 

cannot provide accurate information for high-risk groups for the following reasons Risk assessment: There may be a 

strong family history or the risk of known genetic mutations. 

 

Another important question about the history of colonoscopy is the need for screening or diagnostic colonoscopy. A 

negative colonoscopy indicates a reduced risk of disease (compared to those who did not have a colonoscopy; reference 

[19], and a positive colonoscopy indicates an increased risk of disease (signs of susceptibility). More adenomas; [19], 

and if possible, reduce the risk of illness Polypectomy can remove precancerous adenomas [20]. It is not clear how 
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such information should be included in the risk prediction model. This will be important as colonoscopy is increasingly 

used as a diagnostic or screening test. 

 

B. Genetic models 
This model has several limitations: (i) Only the family history of CRC of the second-degree relatives is used (Ii) Does 

not contain the PMS2-MMR gene, which accounts for 15% of MMR mutations, although since the risk estimate of 

mutation frequency in this range is reliable, this may have little impact; (iii) Does not contain any environmental risk 

factors; (iv) ) Cannot predict the second primary cancer risk of affected individuals. None of the above models 

(summarized in Table 1) can fully explain its complexity For example, it is known that high-risk mutations in CRC 

susceptibility genes account for up to half of the family risk  Genetic association studies have identified SNPs at 15 

loci, which are respectively associated with a slight increase in the risk of CRC. The model suggests that if the 

remaining family risk is due to similar genetic effects, there may be hundreds of genetic changes to the risk of CRC. 
Although a cancer prediction model with a multi-gene component has been developed, this component represents the 

influence of multiple genetic variants, but each variant has little effect on the risk of breast cancer  and prostate cancer. 

A comparable tool has not been developed for CRC. 

 

III. EVALUATION OF RISK PREDICTION MODELS 

 

 

Before a risk prediction model can be recommended as a useful tool for personal decision-making in a clinical setting, 

it must be tested in a population that is not related to the population used to create the model. The prediction models are 

as follows:  

(i) The calibration (or reliability) assesses the ability of the model to predict the number of events to be 

predicted (CRC in this case). Use goodness of fit or x2 for comparison expected number of events with 

the observed number of events. 

(ii) The discrimination (or precision) measurement model uses the adjusted statistic (statistic c) corresponding 

to the range below the "performance" feature to distinguish between people who are more likely to 

develop a disease and people who are less likely to develop a disease Ability. Recipient. The curve or the 

classification index only (NRI) represents the probability that the improved model will correctly reclassify 

people (ie, Will increase the risk score of people with CRC or decrease the risk score of people without 

CRC) minus the possibility of incorrect reclassification (that is, reduce the risk score of people with CRC 

or increase the risk score) does not belong to someone A person who does not belong to that person;[21] 

(iii) The accuracy assessment model is the most likely and most likely probability of getting the disease in 

some people, and the person's usefulness in predicting the risk of the disease. Sensitivity and specificity as 

well as positive and negative predictive values are important indicators of this test.  

(iv) Utility, that is, the ability of the model to be supplemented by the people it targets (such as doctors, 

patients, the general population, and policy makers). From user surveys or interviews. 

 
A. Harvard Cancer Risk Index 
This model, including 2 qualitative studies (22,23). Although this model is well calibrated for women, it overestimates 

the CRC in low-risk men (24). By evaluating non-professional risk understanding, risk perception and result 

interpretation, it is found that this method is very popular among users. [24]A computerized tool that provides absolute 

personal risk and relative CRC estimates (Emmons et al. [24], qualitatively evaluated the colorectal cancer risk 

assessment and communication tools studied by Harvard, to ensure the accuracy of risk perception as a concern Point 

and user satisfaction, the conclusion is that the tool can be used to correct the misunderstanding of personal risk. At the 

beginning of the study, the risk perception was inaccurate, and more than half of the participants in the intervention 

group corrected their risk perception at the last time Compared with the test, the control group is only 12%. 

 

B. Imperial’s model 
Imperiale and colleagues [25] validated their model using an independent data set from the same source of the 

developed model. 1,031 men and women with no bowel symptoms underwent colonoscopy and found corresponding 

actual risk of progressive lesions in the proximal colon (tubular adenomas larger than 1 cm, polyps with hair histology 

or severe dysplasia or cancer) And what was predicted. The model evaluates low, medium, and high risks, although it 
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shows moderate discrimination statistic 0.74 [24]. However, because different models and validation data sets are from 

the same population, the validity of the model for different populations is unknown. 

 

C. Freeman’s model 
Park and colleagues [26] evaluated the Freeman model using prospective data from 260,000 people, with an average 

follow-up time of 7 years. They found that Freeman's model was well calibrated for men and women and most risk 

factor categories. However, the model overestimates the risk of people with a family history of CRC, and the number of 

CRC is expected to be 35% higher than that of men with CRC.A relative with CRC has 42% more men with a history 

of polyps. The model underestimated the risk of men and women who had previously been screened but did not have 

polyps, ranging from 33% to 0.61, respectively. 

 

D.  Ma’s model 
Ma and colleagues (27) verified their own model based on the study of the Japan Public Health Center. They found that 

their model underestimated the incidence of colon cancer by 19% (95% CI, 3-37%), but the protocol is beneficial for 

rectal methods. Cancer and CRC in general. This model underestimates CRC cases with 4 environmental categories 

(age, body mass index, drinking, and smoking). 

 

IV. FUTURE PERSPECTIVE 

  

Existing CRC risk models are limited in terms of built-in risk factors and their effectiveness. Based on known disease 

risk factors and hypothetical but residual risk factors, a more complex model is needed. Consider developing a 

comprehensive model to predict CRC risk. 

 

A. Environmental factors 
The role of physical characteristics and environmental exposure in the risk of CRC may depend on the presence of 

genetic mutations [26]. The previous model did not consider the interaction of genes with the environment or the 

interaction of genes. Explaining these interactions is not easy. It is observed that the strength of the association between 

environmental risk factors and CRC in people with a family history is different from that in people randomly selected 

from the population (30-31), which is consistent with the existence of a genetic environment. However, to date, several 

studies have directly compared the strength of associations between wearers and non-wearers. We have found that for 

carriers and non-carriers, BMI is similar to the risk of CRC in early adulthood. Fruit consumption fiber intake (32), and 

smoking (32-33) did not directly compare the strength of the association between carriers and non-carriers. 

 

B. Need for ethnicity-specific risk models 
Most CRC risk prediction models are developed using data mainly from white people, and therefore may not be 

applicable to other racial/ethnic groups. These populations need further research. The difference is up to 10 times (1, 2) 

internationally. Although there may be some genetic differences in CRC risk, studies have shown that most of these 

differences are due to: With the increase in the incidence of CRC among immigrants, the differences in environmental 

risk factors approach the host country within one to two generations. 

 
C. Extracolonic cancers 
Hereditary CRC syndromes are rarely limited to the colon and rectum. According to reports, the risk of several 

extracolonic cancers is increased: uterine cancer, gastric cancer, ovarian cancer, ureteral cancer, renal pelvis cancer, 

brain cancer, small bowel cancer, and hepatobiliary tract cancer (34); familial adenomatous polyposis Brain, thyroid, 

and liver cancer (35); uterine and gastric cancer (36) in carriers of monoallelic MUTYH mutations; and duodenal, 

bladder, skin, and ovarian cancers in carriers of biallelic MUTYH mutations. Even in families that are not known to 

have high-risk mutations, people with a family history of extra colon cancer have a higher risk of CRC. Therefore, the 

impact of these other familial cancers on the risk of CRC should be included in the risk model. 

 

V. CONCLUSION AND FUTURE WORK 

 

In order to accurately determine the risk of a person suffering from CRC, it is important to establish a genetic-based 

predictive model. The model should consider family history and environmental risk factors of several generations, and 

also consider the simultaneous exposure of different MMR genes and other genes. High disease susceptibility. 
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Including the influence of MUTYH and low permeability genes, as well as residual genetic risk factors or other family 

risk factors. Only such a model can provide an accurate estimate of future cancer risk and predict the high-risk gene 

mutation status of everyone in the entire CRC risk range. By implementing the predictive model as a web application, 

the predictive model should be easy to evaluate and use by clinicians, genetic counsellors, and the general public. 
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