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Abstract

Background & Aims—Risk for colorectal cancer (CRC) can be greatly reduced through 

screening. To aid in development of screening strategies, we refined models designed to determine 

risk of CRC by incorporating information from common genetic susceptibility loci.

Methods—Using data collected from more than 12,000 participants in 6 studies performed from 

1990 through 2011 in the United States (US) and Germany, we developed risk determination 

models based on sex, age, family history, genetic risk score (number of risk alleles carried at 27 

validated common CRC susceptibility loci), and history of endoscopic examinations. The model 

was validated using data collected from approximately 1800 participants in the Prostate, Lung, 

Colorectal, and Ovarian Cancer Screening Trial, conducted from 1993 through 2001 in US.

Results—We identified a CRC genetic risk score that independently predicted which patients in 

the training set would develop CRC. Compared with determination of risk based only on family 

history, adding the genetic risk score increased discriminatory accuracy from 0.51 to 0.59 (P=.

0028) for men and from 0.52 to 0.56 (P=.14) for women. We calculated age- and sex-specific 10 y 

CRC absolute risk estimates based on the number of risk alleles, family history, and history of 

endoscopic examinations. A model that included a genetic risk score better determined the 

recommended starting age for screening in subjects with and without family histories of CRC. The 

starting age for high-risk men (family history of CRC and genetic risk score=90%) was 42 y, and 

for low-risk men (no family history of CRC and genetic risk score=10%) was 52 years. For men 

with no family history and a high genetic risk score (90%), the starting age would be 47 years; this 

is an intermediate value that is 5 years earlier than it would be for men with a genetic risk score of 

10%. Similar trends were observed in women.

Conclusions—By incorporating information on CRC risk alleles, we created a model to more 

accurately determine risk for CRC. This model might be used to develop screening and prevention 

strategies.
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Introduction

Worldwide, colorectal cancer (CRC) is the third most commonly diagnosed cancer in men 

and second in women. With about 1.36 million new cancer cases and 694,000 deaths 

estimated to have occurred in 2012, it is the second leading cause of cancer death.6 

Substantial evidence shows that the risk of CRC can be greatly reduced through screening 
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allowing early detection and removal of precancerous lesions.7–11 About 5% of the 

Westernized population will develop CRC over their lifetime. Individuals at high risk may 

benefit from earlier or more frequent screening whereas others at lower risk could delay, or 

reduce frequency of, screening. An improved estimation of the risk of developing CRC 

would assist both physicians and patients in making more informed screening decisions, and 

can identify a high-risk subgroup of the population that could benefit from preventive 

interventions, utilizing various modifiable risk factors of CRC.

Current guidelines for CRC screening generally recommend men and women begin at age 

50 years with earlier and more frequent screening for those who have a positive family 

history of CRC, inflammatory bowel disease, or suspected hereditary CRC syndromes.12, 13 

The recent progress in identifying CRC-associated common single nucleotide 

polymorphisms (SNPs) has offered new opportunities to refine risk determination beyond 

age and family history. Dunlop et al.14 examined 10 CRC susceptibility loci and found that 

these loci, along with sex, age, and family history, showed a slight improvement in 

discriminatory accuracy over a model that did not include these loci. However, the model 

did not consider prior history of endoscopy, which is a major predictor of future CRC risk as 

well as a strong correlate with family history.

In this study, we included 27 validated common CRC susceptibility loci identified from 

genome-wide association studies (GWAS). We built a risk determination model 

incorporating a genetic risk score computed as the number of risk alleles carried at these loci 

together with age, sex, family history, and history of endoscopy in more than 12,000 cases 

and controls and validated the results in approximately 1,800 additional cases and controls.

Methods

Study Participants

The included studies are described in detail in Supplemental Note A. The number of cases 

and controls and the distributions of age and sex are listed in Supplemental Table S1. 

Additional details for each study can be found in Peters et al.15 Briefly, CRC cases were 

defined as colorectal adenocarcinoma and confirmed by medical records, pathology reports, 

or death certificate. Controls had no history of CRC at the time of ascertainment. All 

participants gave written informed consent and the studies were approved by their respective 

Institutional Review Boards.

We included two case-control studies and four nested case-control studies as a training data 

set for building risk determination models (5,811 cases and 6,302 controls). These include 

DACHS (Darmkrebs: Chancen der Verhütung durch Screening, 2,369 cases and 2,206 

controls); DALS (Diet, Activity and Lifestyle Study, 1,081 cases and 1,174 controls); HPFS 

(Health Professionals Follow-up Study, 256 cases and 305 controls); NHS (Nurses’ Health 

Study, 417 cases and 798 controls); VITAL (Vitamins And Lifestyle Study, 278 cases and 

288 controls); and WHI (Women’s Health Initiative, 1,410 cases and 1,531 controls). We 

used PLCO (the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial, 866 cases 

and 869 controls) for model validation. All analyses were restricted to subjects of European 

descent because of small numbers from other population groups.
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Reference Time, Family History, and Endoscopy

Data on family history and endoscopy were harmonized across studies as part of our 

standardized data-harmonization procedure, described elsewhere.16 Data were ascertained 

through self-reported or interviewer-administered questionnaire. We used the risk factor data 

at reference time, which was defined differently depending on the study design. For the 

population-based case-control study DACHS, the reference time was the date of diagnosis 

among the cases and the date of interview among the controls, and for DALS the reference 

time was approximately two years prior to date of diagnosis (cases) or selection (controls). 

For the cohort-based studies VITAL, WHI and PLCO, the reference time was study entry. 

For the HPFS (initiated in 1986) and NHS (initiated in 1976) cohort studies, we used risk-

factor information collected nearest the time of blood-sample collection; reference times 

were blood collection years: 1994 and 1990, respectively.

A positive family history (yes/no) was defined as having one or more first-degree relatives 

with CRC. Endoscopy (yes/no) was defined as having a sigmoidoscopy or colonoscopy 

before the reference time to accommodate the limited endoscopy history data available from 

the studies. For DALS and the cohort-based studies, the reference time was prior to CRC 

diagnosis; hence, it was unlikely that endoscopy was performed for diagnostic purpose. For 

DACHS, detailed questionnaire data allowed exclusion of diagnostic endoscopy. For PLCO, 

we coded the endoscopy variable as “yes” if the participant had had an endoscopy prior to 

entering the study or had been assigned to the intervention arm and actually had screening; 

other participants were coded “no” to indicate not having had an endoscopy. Participants 

diagnosed with CRC within one year of follow-up were excluded. Details on the questions 

on endoscopy and family history for all studies can be found in Supplemental Note B.

Genotyping and SNP Selection

Genotype data, directly genotyped or imputed, for the known CRC loci were obtained from 

existing GWAS data. Details on genotyping, quality assurance/quality control, and 

imputation have been previously published.15

We extracted 31 CRC-risk-associated SNPs that were identified through GWAS as of 

December 2013 that reached or nearly reached the genome-wide significance 5×10−8 in 

discovery studies. For regions where multiple SNPs have been reported, we included only 

the statistically most significant SNP in the Genetics and Epidemiology of Colorectal 

Cancer Consortium if the D’ value17 or linkage disequilibrium was greater than 0.5. This 

resulted in a total of 27 SNPs: rs16892766,18 rs6983267,19 rs10795668,18 rs3802842,18 

rs4444235,18, 20 rs4779584,20, 21 rs9929218,18 rs4939827,18, 19 rs10411210,18 

rs961253,18, 20 rs6687758,22 rs10936599,22 rs1321311,23 rs719725,24, 25 rs3824999,23 

rs7136702,22 rs1957636,20 rs4813802,20, 26 rs4925386,22 rs10911251,15 rs11903757,15 

rs3217810,15 rs3217901,15 rs59336,15 rs647161,27 rs10774214,27 rs2423279.27 The call rate 

of genotyped SNPs was >98% and the average R2 for imputed SNPs was 0.93 

(Supplemental Table S2).
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Statistical Analysis

We estimated the odds ratio (OR) and 95% confidence intervals (CI) of the association of 

CRC risk with endoscopy, family history of CRC, and SNPs by logistic regression in the 

training data set. We stratified the model by sex (men and women) and anatomic tumor site 

(proximal colon, distal colon, and rectum) to allow for potential differential effects of risk 

factors on different tumor site for men and women. We adjusted for study and age in all 

models. For model evaluation and absolute risk estimation, we summed the risks for all 

three-tumor sites as the overall risk for colorectal cancer.

Each SNP was coded as 0, 1, or 2 copies of the risk allele if it was directly genotyped or the 

expected number of copies of the risk allele if it was imputed. We defined the genetic risk 

score as the count of risk alleles across all 27 SNPs, which ranged from 11 to 38. 

Additionally, we calculated the weighted genetic risk score with weights determined by the 

log-odds ratios estimated from prior studies (Table S2) to avoid potential bias. The 

performance of the model using the weighted genetic risk score was similar to the model 

using simple count of risk alleles (Table S7, Supplemental Note A). Therefore, we present 

the results based on the count score for its simplicity and easy interpretation.

For cohort-based nested case-control studies, we estimated the effect of endoscopy within 10 

years of the reference time to reflect the diminished protective effect of endoscopy beyond 

10 years.28 To achieve this, we excluded cases whose follow-up times were more than 10 

years. We investigated potential population substructure by adjusting for the first three 

principal components of genetic ancestry obtained from GWAS genotyping data. We found 

little evidence for the substructure; and therefore, did not include them in the subsequent 

analyses. This is because the QC protocol for our previous GWAS analysis excluded any 

individuals who did not cluster well with the Utah residents with Northern and Western 

European ancestry in HapMap II. We assessed pairwise interactions among age, family 

history, endoscopy, and genetic risk score by including the product of paired variables, but 

no interaction was significant at α = 0.05, and hence, we did not include any interaction term 

in the final model.

We evaluated the discriminatory accuracy of the risk-prediction models by the area under 

the receiver-operating characteristic curve (AUC) in the validation data set. The AUC value 

is the probability that the risk score ranks a randomly selected case higher than a randomly 

selected control. We calculated the risk score for each tumor site based on the site-specific 

model and took the weighted average of the risk scores with weights equal to probabilities of 

developing rectal, proximal-colon, and distal-colon cancers obtained from the Surveillance, 

Epidemiology and End Results (SEER) registry.29 We then estimated the AUC for the risk 

scores that included family history alone, genetic risk score alone, and both while adjusting 

for study, age and endoscopy, separately for men and women.30 We obtained the 95% CIs of 

AUC estimates with 1,000 bootstrap samples. To compare the AUC of two models we 

calculated the Wald statistic by dividing the observed difference of AUC estimates of the 

two models by the standard error of the difference obtained from bootstrap.

We estimated the absolute risk and 95% confidence intervals for developing CRC for men 

and women separately based on the overall hazard rate for CRC, which is a sum of the 
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hazard rates for proximal colon, distal colon, and rectal cancers given family history, genetic 

risk score and endoscopy.31 As CRC tends to occur at older ages, we accounted for the 

competing risks of death from non-CRC causes in the absolute risk estimation. The details 

of the calculation are provided in Supplemental Note A.

We considered a two-sided p-value<0.05 statistically significant. We performed all analyses 

using the R statistical software package.

Results

In both men and women, cases were more likely to have a positive family history of CRC 

and were less likely to have an endoscopy compared to controls (Table 1). In addition, cases 

tended to carry higher numbers of genetic risk alleles than controls (Supplemental Figure 

S1).

Association of Endoscopy, Family History, and Genetic risk score with CRC Risk by 
Tumor Sites in Men and Women

Endoscopy had a strong negative association with CRC risk, particularly with risk of distal 

colon and rectal cancers (Table 2). Additionally, within controls we found that both men and 

women with a positive family history of CRC were more likely to have had an endoscopy 

than those without (Men: OR=1.52, 95% CI, 1.15 to 2.02; Women: OR=1.97, 95% CI, 1.63 

to 2.40; Supplementary Table S5). We adjusted for endoscopy in addition to study and age 

when assessing CRC risk in relation to family history and genetic risk score.

Both family history and genetic risk score were independent risk factors for CRC after 

adjusting for study, age, and endoscopy (Table 2). A positive family history of CRC 

significantly increased risk for all tumor sites. Similarly, the genetic risk score was 

statistically significantly associated with increased risk of CRC at all tumor sites in both 

men and women.

We examined the association by type of study (population-based case-control studies; 

cohort-based nested case-control studies). The effects of family history and endoscopy were 

stronger in the population-based case-control studies than in the nested case-control studies; 

however, patterns were largely consistent (Supplementary Table S6). We also performed a 

sensitivity analysis excluding the two SNPs, rs59336 (p-value = 3.7×10−7) and rs3217901 

(p-value = 5.9×10−8), that did not reach the genome-wide significance and the results were 

essentially unchanged (Supplemental Table S8 and S9).

Assessment of Risk Determination Models

We assessed the discriminatory accuracy of the models obtained from the training data set in 

the validation data adjusted for study, age, and endoscopy (Table 3). For men, the AUC 

estimate for the family history alone was 0.51 (95% CI, 0.48 to 0.53) and for the genetic risk 

score alone it was 0.60 (95% CI, 0.56 to 0.65). Including both family history and genetic 

risk score in the model yielded an AUC = 0.59 (95% CI, 0.54 to 0.64), which showed no 

difference from the genetic-risk-score-only model (p-value = 0.57), but significantly 

improved prediction over the family-history-only model (p-value = 0.0028).
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The AUC estimates for women were 0.52 (95% CI, 0.50 to 0.55) and 0.55 (95% CI, 0.50 to 

0.60) for family history alone and genetic risk score alone, respectively. The AUC estimate 

for the model that included both family history and genetic risk score was 0.56 (95% CI, 

0.51 to 0.61), which showed improvement but not statistically significant over the model 

with family history alone (p = 0.14). It did not show improvement over the model with the 

genetic risk score only (p-value = 0.57).

Probability of Developing CRC Based on Endoscopy, Family History, and Genetic risk 
score

The absolute risk estimates vary greatly for men depending on risk profiles (Table 4). To 

compare the absolute-risk estimates based on our model, we calculated two reference risks: 

the projected average risk based on SEER CRC incidence rates that included subjects with 

and without an endoscopy, and the projected average risk of subjects who did not have an 

endoscopy. To illustrate, for a 60-year-old man, the average risk of developing CRC in the 

next 10 years was 1.68% regardless of endoscopy status, and 2.70% in the absence of 

endoscopy. If he had not had an endoscopy, had a positive family history of CRC, and 

carried 28 risk alleles (the 90th percentile), his risk of developing CRC in the next 10 years 

was 5.79%. However, if he had had an endoscopy, despite his positive family history, his 

risk was only 1.75%, very similar to the average risk of a 60-year-old man in the general 

population (1.68%), and below the average risk of a 60-year-old without an endoscopy 

(2.70%). For a man with low-risk profile, e.g., no positive family history and carrying 20 

risk alleles (the 10th percentile), the risk was 1.93%, even in the absence of endoscopy and 

only 0.55% if he had had an endoscopy. This is substantially lower than the average risk of a 

60-year-old man in the general population (1.68%).

The absolute risk of developing CRC among women exhibited a similar pattern to men, but 

with overall lower risk (Table 4). The population average risk of developing CRC for a 60-

year-old woman was 1.16% regardless of endoscopy status and 1.57% in the absence of 

endoscopy. With a positive family history and carrying 28 risk alleles (the 90th percentile), 

her risk for developing CRC was 2.81% without endoscopy, but 1.31% with endoscopy, 

below the average risk of a woman who had not had an endoscopy (1.57%). In contrast, if 

the woman has low-risk profile (e.g., no positive family history of CRC and the genetic risk 

score at 10%), her 10-year risk for developing CRC was only 1.09% even without 

endoscopy, and the risk would be further reduced to 0.54% if she had had an endoscopy.

Utilizing Genetic risk score for Risk Stratification

We assessed the potential of our risk determination models to improve risk stratification by 

calculating age for screening if the subject’s calculated risk exceeded a pre-specified 

threshold. Since our models include history of endoscopy (yes/no), we can estimate absolute 

risk for subjects who have and have not had screening. Hence, for those who have not had 

screening, we can use the models to calculate the starting age for screening; for those who 

have had screening, it would be the age for the next screening. Here for illustration we focus 

on the former, i.e., the starting age for screening. To our knowledge, there is no agreed upon 

threshold of CRC risk to initiate screening. As 50 years of age is the recommended starting 

age for screening in the general population, we used as the threshold the average of 10-year 
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risk of 50-year-old men (1.13%) and women (0.68%) who did not have endoscopy, i.e., 

0.91% = (1.13% + 0.68%)/2.

Based on this average risk threshold, the starting age for screening for men with and without 

a positive family history was 44 and 49 years, respectively based on the family-history-alone 

model. For women, the corresponding age was 50 and 54 years, respectively. Including 

genetic-variant information led to a wider age range for recommending the start of screening 

(Figure 1). The starting age for screening for high-risk men (a positive family history of 

CRC and a genetic risk score at the 90th percentile) was 42 years old. In contrast, for men at 

low-risk of CRC (no family history of CRC and a genetic risk score at the 10th percentile), 

the starting age was 52 years. For a man with no family history of CRC and a genetic risk 

score at the 90th percentile, the starting age would be 47 years, an intermediate value, 5 

years earlier than it would be with a genetic risk score at the 10th percentile. The starting age 

for screening for high- and low-risk women was 47 and 58 years, respectively.

Discussion

Using data from six epidemiologic studies, we have shown that a genetic risk score based on 

common CRC susceptibility loci is an independent predictor of CRC risk in the presence of 

family history. Compared to the model including only family history, which the current 

guidelines use to define increased risk groups for screening,12 a risk-prediction model that 

incorporates both a genetic risk score and family history improves the discriminatory 

accuracy between CRC cases and controls in men and could lead to more individually 

tailored screening recommendations. It is important to note that while each risk locus by 

itself has moderate association, there is a noteworthy cumulative effect; particularly these 

are common variants and impact a sizeable fraction of the population. The differences in age 

to start screening for the top 90% and the bottom 10% of genetic risk score are 5 years for 

men and 7 years for women. This could mean that subjects at very low risk require fewer 

endoscopies in their lifetime, which will help reduce unnecessary procedures; those at very 

high risk may need to start endoscopy at an earlier age, resulting in more endoscopies over 

their lifetime to reduce risk for developing CRC.

Our study adds to previously reported risk-prediction models, see Win et al. 32 (and 

references therein) for a comprehensive review. To our knowledge, only two papers have 

used CRC-associated common genetic variants for risk determination. Jo et al.33 reported 

that the AUCs for genetic risk scores of top SNPs along with age and family history were 

0.729 and 0.650 for Korean men and women, respectively. However, these top SNPs were 

chosen from the same data set that was used for calculating the AUCs. As a result, these 

AUC estimates are likely to be inflated. Dunlop et al.14 included 10 common genetic 

variants and estimated the AUC along with age, sex, and family history in independent 

validation studies of Swedish (n=3,067, AUC=0.56) and Finnish (n=1,120, AUC=0.57) 

populations. We included 27 validated CRC susceptibility loci that had been identified in the 

literature as of December 2013 (more than the previously published studies) in addition to 

family history, age, and sex. It is important to note that we included history of endoscopy in 

the model because it is strongly protective as well as strongly associated with a family 
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history. By adjusting for endoscopy, we provide a more accurate assessment of the 

performance of risk-prediction models.

There are several strengths to our study. We have a large sample size with more than 12,000 

participants in the training data set. Most CRC susceptibility loci were identified previously, 

not using our study samples, which avoids the bias from winner’s curse, where the effects 

are likely to be stronger in the discovery samples than in the general population.34 Our 

training data set included both population-based and cohort-based case-control studies. 

There are inherited differences such as recall and sample selection bias between these two 

study designs.35 Another notable difference is the timing of the risk factor information 

collected. For the population-based case-control studies risk factors are usually collected 

around the time of case and control ascertainment. In contrast, for case-control studies 

nested in prospective cohorts they are collected at study entry prior to the development of 

cancer in cases and ascertainment of matched controls. Because the protective effect of 

endoscopy diminishes over time and family history and endoscopy can change, it would be 

expected that the effects be attenuated towards the null for nested case-control studies. 

Despite these potential differences, we find the association patterns are consistent between 

these two types of studies (Supplemental Table S6), suggesting our risk estimates are 

generally robust. Our validation data set is based on the large PLCO screening trial with 

standardized protocol, implementation, and monitoring of outcomes, which allows us to 

evaluate risk-prediction models rigorously.

There are limitations in our study. First, information on hereditary nonpolyposis colorectal 

cancer was not collected across studies, hence, we were not able to examine directly if added 

common genetic risk loci would improve risk prediction for subjects with rare-high-

penetrance mutations. Previous works have found the modifying effects of common SNPs in 

carriers of mismatch repair gene mutations;36 however these results were not replicated in 

other studies.37, 38 Using family history as a surrogate, we found that the genetic risk score 

of common loci remains to be significantly associated with increased risk of CRC in both 

men and women with a positive family history of CRC (results not shown), suggesting 

common genetic loci improve risk prediction in this group. Second, although our 

independent validation study includes approximately 1,800 subjects, we validated the 

models for men (~1,100) and women (~700) separately; therefore, the sample size is 

somewhat limited. Nevertheless, even with the current sample size, we were able to detect 

statistically significant AUC improvement for men although not for women. In addition, the 

validation study is a case-control study, which limits our ability to assess model calibration 

and fully evaluate the public health impact of our models. Third, our study samples are 

limited to subjects of European descent because the studies have small numbers from other 

populations. Previous work shows that, if the sample size is large enough, GWAS loci tend 

to replicate across ethnicities if tagging SNPs are included, and thus, the AUC estimates are 

likely to be generalizable. However, CRC incidence rates differ across populations and the 

distribution of risk factors probably differs. Our absolute risk estimates will need to be re-

calibrated in non-European populations.

There are also limitations in predictors. We only included a variable for family history of 

CRC in first-degree relatives (yes/no). Although there was no association of the number of 
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first-degree relatives with CRC risk after adjusting for this yes/no family history variable 

(data not shown), more detailed information on family history such as ages of affected 

relatives, history of non-CRC cancers and adenomas in first-degree relatives and family 

history beyond first-degree relatives could provide additional predictive power. Nonetheless, 

first-sgree family history is reported with more accuracy than second-degree family history 

and the risk conferred by second-degree relatives is comparably small.39 In addition, the 

level of family history data that we have in GECCO seems reflective of what would actually 

be collected for an average person. For determining risk in the general population, it is 

important to use the information that is commonly available. In this case, it is interesting to 

note that the genetic risk score based on common variants is adding independent information 

beyond the yes/no first-degree family history. We combined colonoscopy and 

sigmoidoscopy into one variable, endoscopy, due to lack of more detailed information in 

some studies, nor did we include data on frequency of screening and the results of 

endoscopy, nor can we account for endoscopy that was not reported or tracked. Accordingly, 

our model could be further refined if this additional information were available.

Our risk models can be further improved. Many environmental and lifestyle factors such as 

diet, obesity, non-steroidal anti-inflammatory drugs, post-menopausal hormone use, 

smoking and alcohol have been shown associated with CRC risk.40 In our study we also 

identified lower risks in women; this translated into an upward shift in the age to start 

screening of approximately 4–7 years across categories in women compared to men. This 

may in part be explained by differences in the risk profile of environmental factors such as 

red meat intake, hormone replacement therapy use, smoking and alcohol use. Accordingly, it 

will be important to investigate in future models if adding these environmental factors will 

further improve the risk determination and possibly explain the difference between men and 

women. Our genetic risk score is calculated based on tagging variants. There is ongoing 

work to identify the underlying functional or causal variants with potentially stronger 

effects, and updated analysis using these may further improve the risk determination. 

Furthermore, CRC has a sizable heritable component and there remains more information in 

the GWAS data that has not been fully utilized. Indeed, it has been shown that incorporating 

a larger number of variants, for example, the 500 or 1,000 most statistically significant 

variants, not just those reaching genome-wide significance, improves risk 

determination.41–43 Besides common variants, rare variants with stronger effects may also 

help identify individuals, though few in number, at markedly increased risk for CRC. A 

comprehensive risk determination model based on genome-wide genetic variants including 

rare variants, environmental factors, and gene-gene and gene-environment interactions will 

likely further improve risk determination as well as help understand the risk differences 

between men and women.

In summary, we demonstrate that the genetic risk score comprised of 27 known CRC loci is 

an independent risk factor and improves discriminatory accuracy compared to a model based 

on family history. We also show that genetic risk score could potentially be used to refine 

screening decision such as age to start screening. However, an important factor for 

determining whether the genetic risk score should be incorporated into screening strategies 

is the costs and comparative gain of targeted or genome-wide genetic testing in relation to 

current guidelines. A formal evaluation of the cost-effectiveness is beyond the scope of this 

Hsu et al. Page 10

Gastroenterology. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



paper. However, our findings show that risk-prediction model development using genetic 

information permits more accurate, individually tailored screening and prevention strategies, 

warranting comparative effectiveness studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Starting age for screening vs. genetic risk score by family history. (a) negative family 

history of CRC (Neg. FH); (b) positive family history of CRC (Pos. FH). The risk threshold 

is set to be 0.91%, the average 10-year risk for 50 years old subjects. The red and blue solid 

lines are for women and men, respectively. The horizontal line corresponds to reference age 

50 years old. The two vertical lines correspond to the 10% and 90% of genetic risk score in 

the controls.
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Table 2

Odds ratio (95% CI) of risk factors associated with CRC risk in the training dataset†

Variable

Men Women

OR (95% CI) OR (95% CI)

Proximal colon cancer

 Endoscopy

  No 1.00 1.00

  Yes 0.49 (0.41 to 0.58) 0.71 (0.62 to 0.81)

 Family history

  No 1.00 1.00

  Yes 2.03 (1.60 to 2.57) 1.38 (1.16 to 1.63)

 Genetic risk score

  Allele 1.07 (1.04 to 1.10) 1.06 (1.03 to 1.08)

Distal colon cancer

 Endoscopy

  No 1.00 1.00

  Yes 0.26 (0.21 to 0.32) 0.43 (0.36 to 0.50)

 Family history

  No 1.00 1.00

  Yes 1.68 (1.29 to 2.17) 1.38 (1.11 to 1.71)

 Genetic risk score

  Allele 1.08 (1.06 to 1.11) 1.08 (1.05 to 1.10)

Rectal cancer

 Endoscopy

  No 1.00 1.00

  Yes 0.16 (0.13 to 0.21) 0.28 (0.22 to 0.34)

 Family history

  No 1.00 1.00

  Yes 1.67 (1.25 to 2.23) 1.41 (1.09 to 1.81)

 Genetic risk score

  Allele 1.06 (1.03 to 1.09) 1.12 (1.08 to 1.15)

†
The logistic regression model includes study, age, endoscopy, family history and genetic risk score.
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Table 3

AUC comparisons between risk determination models†

Men (N=890)
AUC (95% CI)

Women (N=666)
AUC (95% CI)

Model I

 Family history 0.51 (0.48 to 0.53) PI vs. III = 0.0028 0.52 (0.50 to 0.55) PI vs. III = 0.14

Model II

 Genetic risk score 0.60 (0.56 to 0.65) PII vs. III = 0.57 0.55 (0.50 to 0.60) PII vs. III = 0.57

Model III

 Family history & Genetic risk score 0.59 (0.54 to 0.64) 0.56 (0.51 to 0.61)

†
The analyses were adjusted for study, age and endoscopy.
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