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Colorectal cancer (CRC) screening has been widely implemented in Europe and the USA. However, there is little evidence of participation and diagnostic yields in population-based CRC screening in China. The participation rate and detection of colorectal lesions in this program were reported and related factors were explored. The analysis was conducted in the context of the Cancer Screening Program in Urban China, which recruited 282,377 eligible participants aged 40–74 years from eight cities in Henan province from 2013 to 2019. A total of 39,834 participants were evaluated to be high risk for CRC by an established risk score system and were subsequently recommended for colonoscopy. Of 39,834 with high risk for CRC, 7,454 subjects undertook colonoscopy (participation rate of 18.71%). We found that 50–64 years, high level of education, marriage, former smoking, current alcohol drinking, low levels dietary intake of vegetables, high levels dietary intake of processed meat, lack of physical activity, fecal occult blood test positive result, history of colonic polyp, history of colorectitis, and family history of CRC were associated with increased participation of colonoscopy screening. Overall, 17 CRC (0.23%), 95 advanced adenoma (1.27%), 478 non-advanced adenomas dysplasia (6.41%), 248 hyperplastic polyp (3.33%), and 910 other benign lesions (12.21%) were detected. The findings from the study will provide important references for designing effective population-based CRC screening strategies in the future. Given the relatively low participation rate, there was room for improvement in the yield of CRC screening.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most commonly diagnosed cancers worldwide, with an age-standardized incidence rate of 19.4 per 100,000 and an age-standardized mortality rate of 8.9 per 100,000, in 2018 (1). In recent years, the incidence of CRC is increasing in China owing to the improvement of living standards, lifestyle changes, and the growing number of elderly population (2). In China, the world standardized incidence and mortality of CRC were 19.4 and 9.0 per 100,000, respectively. A total of 521,490 new cases and 247,563 deaths were estimated in 2018 in China, which accounted for 28.2 and 28.1% of all the world cases (1).

More than 90% CRCs are developed from colonic polyps, especially adenomatous polyps (3). Studies have shown that it takes about 7–12 years to progress from adenomatous polyps to early CRC. If the treatment is performed at the stage of adenomatous polyps, it can be completely cured and prevent canceration, and the 5-year survival rate can exceed 90% (4). However, the 5-year survival rate for advanced cases is <10% (4). Colonoscopy with biopsies for histologic confirmation has been shown to significantly reduce CRC mortality through early detection of cancer or removal of adenomatous polyps (5). However, colonoscopy is an invasive procedure requiring a high level of expertise, with a high cost (6, 7). In countries with moderate or low CRC incidence and limited medical resources, it is recommended to use a risk stratification scoring system to select high-risk patients for colonoscopy (8, 9). However, there is still evidence that in population-based screening programs, the strategy of combining risk stratification with subsequent colonoscopy remains ineffective. Since October 2012, the Chinese government has launched a population-based Cancer Screening Program in Urban China (CanSPUC). Except for CRC, lung cancer, female breast cancer, liver cancer, esophageal cancer, and gastric cancer were all targeted (10). Henan started this program in 2013. Qualified participants were recruited from the community in the study area and were invited to undergo cancer screening for free. Participants are first invited to conduct cancer risk assessment through the established Clinical Cancer Risk Scoring System. It is recommended that participants who are assessed as high risk for specific types of cancer undergo appropriate screening interventions in accordance with the research protocol. For CRC screening, it is recommended that people at high risk of CRC follow a procedure and go to a designated tertiary hospital for colonoscopy.

In this study, we report the CRC screening results conducted in the first 6 years (from 2013 to 2019) of the program in Henan Province of China. Our aim is to provide evidence of colonoscopy participation and diagnosis in a timely manner. Research on high-risk populations in China provides an important reference for designing effective CRC screening strategies in the future.



METHODS


Study Design and Population

We carried out a cross-sectional study within the framework of CanSPUC. CanSPUC is an ongoing national cancer screening program launched in October 2013 in Henan province of China. Study methods have been described elsewhere (10). In short, social media and community advertising were used to raise public awareness about the cancer screening process. After then, trained staff provided convocation and appointment services to residents aged 40–74 years who lived in selected communities of participating cities by phone and personal contact. All qualified participants (40–74 years) were interviewed to collect information about their exposure to risk factors by a trained staff, and after signing a written informed consent, their cancer risk was measured using a defined Clinical Cancer Risk Score System. To improve the detection rate of CRC and optimize the use of limited medical resources in this screening program, it is recommended that only participants who are assessed as high risk of CRC to undergo colonoscopy in a tertiary hospital are designated and free of charge. All participants provided a written informed consent, and the study was approved by the Ethics Committee of National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences, and Peking Union Medical College.

In this analysis, we used data from the first 6 years of the CRC screening program in Henan Province, from October 2013 to October 2019. This province covers eight cities (Zhengzhou, Zhumadian, Anyang, Luoyang, Nanyang, Jiaozuo, Puyang, and Xinxiang). Overall, 282,377 eligible participants were recruited. After excluding non-CRC high-risk groups (N = 242,542) and participants with ineffective risk assessment results (N = 1), the study included 39,834 remaining participants. Figure 1 shows the flowchart for recruiting the population sample of the study.


[image: Figure 1]
FIGURE 1. Flow diagram of participant recruitment in CanSPUC, 2013–2019.




Risk Assessment

Participants were asked to perform a risk assessment before performing a colonoscopy. The basic principle of the development of the cancer risk scoring system is based on the Harvard Risk Index (11), but it also includes risk factors, relative risks, and exposure rates of risk factors for the Chinese population. Smoking (at least one cigarette a day for more than 6 months), alcohol drinking (at least once a week for more than 6 months), tea drinking (at least 3 times a week for more than 6 months), dietary intake of pickled food, hot drink or hot food diet, high-salt diet, more-dry diet, body mass index (BMI), indoor soot exposure in the past 10 years, history of intestinal polyps, history of chronic colorectitis, and family history of CRC in first-degree relatives are included in the risk scoring system. The panel of experts assigned each risk factor a score based on the degree of association with CRC. The cumulative risk score was calculated and then divided by the average risk score in the general population to get the final individual relative risk. Individuals whose relative risk exceeds 1.50 were defined as high risk of CRC.



Clinical Procedures

All colonoscopy tests were performed in a total of nine tertiary hospitals (one in each city, except for two in Zhengzhou) by experienced gastroenterologists (physicians with at least 5 years of experience in performing colonoscopy). The abnormal findings found during the colonoscopy were carefully examined in accordance with standard clinical procedures, and biopsy samples were collected for further pathological diagnosis. Any findings during the colonoscopy were recorded in photographs. Clinical information such as morphological features, macroscopic diagnosis, and size were collected and recorded in a data system.



Outcome Ascertainment and Quality Control

Pathological examination was used for all abnormal findings found during colonoscopy by following the latest clinical guidelines. Pathological results were collected from highly standardized forms filled in by pathologists. For difficult cases with difficult or uncertain pathological diagnosis, the expert team of the National Cancer Center of China conducted consultation, and the report of the consultation results was forwarded to the respective doctors.

In this study, advanced adenomas are defined as at least one adenoma with villous components or at least one adenoma ≥10 mm or high-grade dysplasia.



Data Acquisition

Trained staff and physicians collect standardized paper documents (epidemiological questionnaires, colonoscopy reports, and pathology reports). Trained study staff checked the validity of forms and entered it into the data management system. If an inconsistency was found during the consistency check, the error was corrected by retrieving the original record. A unique identifier was used for each participant to track all relevant document forms of the individual. All data were transferred to the central data management team from the National Cancer Center of China, where the database was established and analyzed.



Statistical Analysis

In addition to the descriptive analysis of the characteristics of the study population, the overall participation rate and specific group participation rate owing to public factors were calculated, and a 95% CI was reported by Clopper–Pearson exact test. Chi-square test was used to compare differences in participation rates between groups. Associations between factors, including age (categorized into 40–44, 45–49, 50–54, 55–59, 60–64, 65–69, and 70–74 years), sex (male, female), BMI (<18.5, 18.5–24.0, 24.0–28.0, and ≥28.0 kg/m2), waist (male: <85 and ≥85 cm; female: <80 and ≥80 cm), marriage status (unmarried or divorce or widowed, married), educational background (primary school or below, junior or senior high school, undergraduate or over), smoking status (never, current, former), alcohol drinking (never, current, former), dietary intake of vegetables (<2.5 kg/week, ≥2.5 kg/week), dietary intake of fruit (<1.25 kg/week, ≥1.25 kg/week), dietary intake of processed meat (<0.35 kg/week, ≥0.35 kg/week), physical activity (<3 times/week, ≥3 times/week), past fecal occult blood test (FOBT) (no, negative result, positive result, unknown result), history of colonic polyp (no, yes), history of colorectitis (no, yes), family history of CRC (no, yes), and colonoscopy participation rate were quantified by non-conditional logistic regression models and two-level logistic regression models with ORs and their 95% CIs. For two-level logistic regression model, the first level was the individual level (age, sex, BMI, waist, education background, marriage, smoking, alcohol drinking, dietary intake of vegetable, dietary intake of fruit, dietary intake of processed meat, physical activity, past FOBT, history of colonic polyp, history of colorectitis, and family history of CRC) and the second level was the geographical level (study sites). The diagnostic rate of colonoscopy was calculated, including the detection of CRC, and the detection rate of age and gender. The yield per 10,000 invitees and the number of colonoscopy used to detect a colorectal lesion were also calculated. Statistical software SAS version 9.4 (SAS Institute, Cary, NC) and STATA 14.0 were used for all statistical analyses. All tests are double-sided tests, and p ≤ 0.05 are considered statistically significant.




RESULTS


Characteristics of the Study Population and Participation Rates

Table 1 lists the characteristics of people at high risk of CRC. Overall, more women (55.06%) were included in the study. The average age was 55.44 ± 8.36 years, and most (72.17%) were between 45 and 64 years old. About 63% of the participants (N = 24,987) were overweight or obese, and about 65% of them (N = 25,947) had abdominal obesity (present with waist). About 65% of the participants (N = 25,883) graduated from junior/senior high school, and most of them (96%, N = 38,255) were married. About 38% of the participants (N = 15,111) were current smokers or past smokers, and about 42% of them (N = 16,744) are current or past alcohol drinkers. About 66% of the participants (N = 26,221) had a dietary intake of vegetables with <2.5 kg/week, and about 73% of them (N = 29,004) had a dietary intake of fruit with <1.25 kg/week. About 51% of the participants (N = 20,211) had a dietary intake of processed meat with more than 0.35 kg/week, and about 64% of them (N = 25,475) participated in physical activity <3 times a week. About 17% of the high-risk population received FOBT previously and 28.48% of them (N = 1,981) had positive FOBT results. About 17% of the participants (N = 6,919) had a history of colonic polyp, and about 53% of them (N = 21,076) had a history of colorectitis. About 17% of the participants (N = 6,247) had a family member diagnosed with CRC. Of the 39,834 high-risk CRC participants, 7,454 of them underwent colonoscopy according to our research recommendations. The overall participation rate was 18.71% (95% CI 18.08–18.72%). Overall, the participation rate of men was slightly higher than that of women (19.30 vs. 18.23%, p = 0.007). They were also higher among participants in the 45–64 age group. Univariate analyses showed that participants who had a normal BMI (18.5–24.0 kg/m2), had a smaller waist, had a high educational background, were unmarried/divorce/widowed, were current or former smokers, were current or former alcohol drinkers, had low levels of dietary intake of vegetables, had low levels of dietary intake of fruit, physical inactivity, had positive FOBT results, had a history of colonic polyp, had a history of colorectitis, or had a family history of CRC had relatively higher participation rates.


Table 1. Characteristics of the study population and participation rates between different groups.
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Multivariable Analysis for Factors Related to Participation Rate

As shown in Table 2, we also conducted a multivariable logistic regression model and a two-level logistic regression model to explore potential factors related to the participation rate. After adjusting for potential influencing factors, we found that age, education background, marriage, smoking, alcohol drinking, dietary intake of vegetables, dietary intake of processed meat, physical activity, FOBT results, history of colonic polyp, history of colorectitis, and family history of CRC were associated with participation rate. For instance, the odds of a participant with a history of colonic polyp undertaking screening colonoscopy was 0.53-fold higher than for a participant with no history of colonic polyp (OR 1.53, 95% CI 1.43–1.63). Similarly, the odds of a participant with a family history of CRC undertaking screening colonoscopy was 0.69-fold higher than for a participant with no family history of CRC (OR 1.69, 95% CI 1.58–1.81). After changing to the two-level logistic regression model in model II, the respective ORs did not change much (Table 2).


Table 2. Odds ratios of factors associated with participation rate of colonoscopy in the screening program.
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Colorectal Findings Under Screening Colonoscopy

Table 3 presents the diagnostic yield of colonoscopy in our screening program. Overall, there were 17 CRC, 95 advanced adenoma, 478 non-advanced adenomas dysplasia, 248 hyperplastic polyp, and 910 other benign lesions. This yielded the detection rates for CRC, advanced adenoma, non-advanced adenomas dysplasia, hyperplastic polyp, and other benign lesions at 0.23, 1.27, 6.41, 3.33, and 12.21%, respectively. In addition, based on the gender and age-adjusted detection rate for the Chinese standard population (1982), we calculated the number of colonoscopy tests required to detect one CRC, one advanced adenoma, one non-advanced adenomas dysplasia, one hyperplastic polyp, and one other benign lesions as 1840.7, 365.9, 71.3, 127.6, and 34.7, respectively. In terms of diagnostic yield per invitee, 4.3 CRC, 23.8 advanced adenomas, 119.9 non-advanced adenomas, 62.2 hyperplastic polyp, and 228.4 other benign lesions could be detected per 10,000 invitees.


Table 3. Colonic lesions detected by colonoscopy in the screening program.
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As shown in Figure 2, the detection rates for advanced neoplasms, non-advanced adenomas, and any neoplasms increased with age and were higher for male than for female. The detection rate was highest in the group aged 65–69.


[image: Figure 2]
FIGURE 2. Detection rates of colorectal lesion stratified by age and sex.





DISCUSSION

This study used CRC screening data obtained in the CanSPUC from 2013 to 2019. The study population covered 40,000 people in eight cities across Henan province. The study found that the overall participation rate of colonoscopy screening for high-risk populations in urban areas was relatively low (18.71%, 95% CI 18.08–18.72%), and there were certain regional differences. In this study, the identification of high-risk populations for colonoscopy screening through the evaluation of a high-risk cancer risk questionnaire is one of the screening strategies recommended in the existing consensus on screening for colorectal cancer in China, which can well find out colorectal cancer and precancerous lesions (12). In Europe and the USA, colonoscopy screening is usually recommended for people at average risk of 50 years and older. Preliminary analysis of a randomized controlled trial (RCT) underway in Europe revealed that the participation rate of colonoscopy screening in four participating countries (Norway, Sweden, Poland, and the Netherlands) was 22.9–60.7% (12). Another RCT in Italy reported a colonoscopy screening participation rate of 24.6% in the average-risk population (13). It can be seen that the poor population compliance of colonoscopy screening is a common problem in many countries.

This study found that people who had previously performed a FOBT test and who tested positive were more likely to undergo colonoscopy screening, which is consistent with findings from other studies (9). For instance, in a RCT conducted in Spain, the participation rates of colonoscopy group and fecal immunochemical test (FIT) group were 34.2 and 24.6%, respectively (p < 0.001) (14). A recent study from England reported that the participation rate using FOBT even increased to 66.4% in the National Health Service Bowel Cancer Screening Programme (15). FOBT is one of the common screening methods for colorectal cancer screening recommended by current screening guidelines (16). Compared with colonoscopy, FOBT has higher population compliance and lower cost in population screening (17). In terms of diagnostic ability, the newly developed FIT has shown good diagnostic sensitivity and specificity for CRC, but its diagnostic sensitivity for precancerous lesions is still poor (18). Therefore, how to play the role of FOBT in the organizational screening of the population—both to improve the compliance of the screening and to ensure a higher detection rate of cancer and precancerous lesions—needs to be further explored in future research.

History of colonic polyp, history of colorectitis, and family history of CRC are all important risk factors for CRC that have been confirmed by research (19). This study found that people with these characteristics have better colonoscopy screening compliance. From the clinical point of view, the diagnosis of colonic polyp and colorectitis usually requires colonoscopy to confirm the diagnosis, and doctors will recommend regular colonoscopy review in this high-risk group, and those with a family history of CRC may have a higher recognition of the importance of CRC screening.

This study also found that the participation rate of colonoscopy screening among people aged 40–49 years and with lower education level was lower, which is consistent with the findings of the previous research (20). The analysis may be related to weak health awareness in those groups of people. Therefore, in future screenings, active, and effective health education for these characteristic populations, and raising their awareness of the meaning of CRC screening, will have positive significance for improving compliance with CRC screening.

We also found that the participation rate of colonoscopy screening among people with a history of smoking, alcohol drinking, low level of dietary intake of vegetables, high level of dietary intake of processed meat, and who lack physical activity was higher. A possible explanation to this rate includes that these people may have realized that their unhealthy lifestyle affected their health and thus increase compliance with colonoscopy (9). It needs to be verified in future research.

Through screening, it was found that the detection rate of CRC in urban residents was 0.23%, and the detection rate of advanced adenoma was 1.27%, which is at a low level, lower than the previously reported 0.25 and 3.07% (21). The detection rate in males was higher than in females, which is consistent with the characteristics of CRC incidence in males higher than females (22). With the increase of age, the detection rate of advanced neoplasms, non-advanced adenomas, and any neoplasms increased both for males and females, suggesting that CRC screening is more effective in the elderly population (23). However, the detection rate in the 70–74 age group decreased significantly, which is inconsistent with the trend of CRC in China (24). We noticed that the 70–74 age group had the lowest compliance with colonoscopy (12.30%), and compliance may be an important reason for restricting the detection rate (25). Therefore, improving the screening compliance of the elderly is especially important.

When interpreting our results, we should pay special attention to its strengths and limitations. One of the main advantages of this study is that our analysis comes from a large population-based cancer screening program in China. In addition, well-trained researchers collected detailed patient information in a standardized manner, including epidemiological questionnaires and clinical examination data (colonoscopy and pathology) to ensure data quality. Each year, a team conducts competency training and conducts a centralized review of colonoscopy and pathology reports to improve the consistency and accuracy of clinical diagnosis. However, this study has some limitations. First, the percentage of the population undergoing endoscopic evaluation was very low (less than one-fifth), limiting the implications of the sample to the larger populations. Second, although we selected a population sample from eight cities, our study cannot represent the total population of Henan Province, so selection bias cannot be ruled out. Third, in view of the continuing follow-up of patients diagnosed with CRC, clinical disease information has not been fully obtained. Therefore, our study did not report tumor staging information. Finally, the information, such as on diet, were obtained through a questionnaire survey and not based on nutrition surveys, which might lead to information bias.



CONCLUSIONS

In summary, the participation rate of colonoscopy screening in high-risk urban populations in China is low. Taking effective interventions for subgroups with corresponding characteristics may improve the compliance of CRC screening in future population screening.
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Aim

Studies evaluating colorectal cancer (CRC) risk associated with chronic hepatitis C virus (HCV) infection are limited.



Methods

In this case-control study, we identify 67,670 CRC cases newly diagnosed from 2005 to 2011 and randomly selected 67,670 controls without HCV and CRC from the same database, frequency matched by age and sex of cases.



Results

Results of logistic regression analysis revealed that the adjusted odds ratio (aOR) of CRC was 1.16 (95% confidence interval [CI] = 1.08–1.24, p < 0.001) in association with chronic HCV. The CRC risk was slightly greater for women than for men. The risk decreased with age, with the aOR decreased from 2.26 (95% CI = 1.32–3.87, p = 0.003) in patients under 45 years old to 1.31 (95% CI = 1.10–1.55, p = 0.03) in patients aged 50–59, and 1.10 (95% CI = 1.00–1.22, p = 0.061) in patients aged over 70.



Conclusions

Our findings suggested that patients with chronic HCV infection are at an elevated risk of developing CRC. Our data also imply that the CRC prevention programs are needed to target younger HCV patients.
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Introduction

Near 20% of worldwide malignancy strain can be associated to various virulent bodies. Hepatitis B virus (HBV) and/or hepatitis C virus (HCV), Epstein Barr virus, human papilloma virus, and Helicobacter pylori may contribute to 1,200,000 annual cancer incident cases globally (1). HBV and/or HCV patients are at higher odds of developing liver tumor. However, cancer development requires not only oncoviruses but also several years of continuous infection accompanying chronic inflammation or immune-mediated suppression (2).

The prevalence of anti-HCV ranges from 1.7 to 2.8% in adults worldwide (3, 4). More than 184 million of people in the world have been diagnosed with the chronic infection of HCV in 2005. Both HBV and HCV are the most important causes of hepatocellular carcinoma (HCC) worldwide (4).

HCV infection is prevalent in Asian and African populations, may range from 4.4 to 15% (5, 6). With 4.4% of people aged ≥20 years living with HCV, Taiwan is one of areas with a high HCV infection rate, which increases with age (5).

An inadequate cultural desire of intravenous injections for common cold or fatigue and other minor conditions, and reusing syringes without adequate sterilization were the common causes of HCV infection in Taiwan, as disposable needles and syringes were not commonly available before 1980. And in earlier, unlicensed health care personnel might provide medical care in rural areas (5, 6). An earlier genotype study in hyperendemic areas in Taiwan found that genotype 1b was the most prevalent (47.0 to 76.9%), followed by genotypes 2a and 2b, in 1,164 patients positive for serum HCV antibodies and HCV RNA (ribonucleic acid). The genotype 1b HCV was more prevalent in older age groups, whereas the genotype 2a was more prevalent in younger people (7). A recent study in a southern Taiwan hospital found 18.3% of serum samples tested were genotype 6 among 1,147 patients with hepatitis C viremia (8).

In addition to being a vital risk factor for HCC, HCV infection has been commonly associated with other manifestations. The infection has also been associated with developing type 2 diabetes, lymphoma, neurological disorders, and even extrahepatic cancers and intrahepatic cholangiocarcinoma (9, 10). The extrahepatic malignancy progression in patients with HCV infection is not fully understood, such as the development of colorectal cancer (CRC) (10).

CRC is a highly prevalent cancer in the world and has become the third leading deaths among cancers (11). The CRC incidence rate has drastically increased in the recent decades in Oriental countries, namely Korea, Japan, and China (12). In Taiwan, there was a 30% of increase in CRC incidence rate during 2000–2016, with the second highest incidence and mortality among cancers in 2016 (13). Age, hereditary factors, lifestyle determinants (such as sedentary lifestyle, obesity, red meat consumption, smoking, and alcohol consumption), and long-term bowel inflammation have been associated with CRC in etiologic studies (14). Using colonoscopy to screen 233 participants with chronic HCV infection and 466 controls without HCV infection, the US study found that individuals with chronic HCV were at a 2-fold higher risk of colorectal adenoma in the distal colon than did those without HCV (15). However, limited studies have revealed a discrepancy in the association between CRC and HCV infection (16–20). People in Taiwan have been prevalent with both CRC and HCV infection. We therefore took the advantage of using a large nationwide population-based insurance claims data available to evaluate whether patients with chronic HCV infection are at an increased risk to develop CRC.



Materials and Methods


Data Source

This population-based case-control study is conducted by using data obtained from the National Health Insurance (NHI) Research Database (NHIRD) of Taiwan. The NHIRD data were claims data medical providers submitted to the nationalized insurance program that started from 1995 to offer affordable, good-quality, and extensive health care services to Taiwanese residents (21). The insurance program covers nearly 99% of the Taiwanese citizens (22). Detailed information of the program is available in our previous studies (23, 24). This research was approved by the Institutional Review Board of China Medical University and Hospital Research Ethics Committee (Institutional Review Board approval number: CMU-REC-101-012).



Study Population

The International Classification of Diseases, Tenth Revision (ICD-10) has not been nationally implemented until January 2016, we used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) to identify diseases in the claims data. Patients with a diagnosis of CRC (153–154) from 2005 to 2011 were acknowledged from the Registry for Catastrophic Illness Patient (RCIP) database. The RCIP, an expansion program of the NHI program of Taiwan, was designed for look after people with serious diseases from financial crisis. The NHI program pays for expenses generated for the treatment of the disease when the patient with intractable disease is eligible to register in the RCIP (25). CRC is a NHI-recognized catastrophic illness. For patients with newly diagnosed CRC to be eligible for a catastrophic illness certificate, it is mandatory for the NHI administration to approve after reviewing imaging, clinical, and laboratory information provided by the primary care physician.

The present research evaluated the relationship between CRC risk and chronic HCV infection (coded as ICD-9-CM 070.41, 070.44, 070.51, 070.54, and V02.62). Patients with human immunodeficiency virus (HIV) infection (ICD-9-CM 042, 043, 044, and V08) or HBV infection (coded as ICD-9-CM 070.2, 070.3, and V02.61) were excluded. Anti-HCV antibody and hepatitis B surface antigen were characteristic plasma markers for HCV and HBV infection, correspondingly. Furthermore, data that lacked sex- and age-related information were excluded. Finally, we recruited 67,670 subjects with CRC after excluding three patients infected with HIV, 4,111 patients of HBV carriers, and 64 subjects with lost information on age and sex.

Controls were identified randomly from 1 million general population that randomly selected from the NHIRD with claims data between 2000 and 2011. The controls were selected at random from insured population without the history of HIV, HBV, or CRC or with missing data during 2005–2011, frequently matched by age and sex. The age of individual patient was defined as the difference between the index date and the date of birth. Among 866,326 eligible controls, 67,670 were selected. Figure 1 shows the flowchart for selecting CRC cases and controls from the RCIP database and the 1-million database.




Figure 1 | Flow chart for study patients. Patients having colorectal cancer (CRC) were selected from the Registry for Catastrophic Illness Patient (RCIP) database and controls were selected from the Longitudinal Health Insurance Database 2000 (LHID2000) in Taiwan.





Statistical Analysis

The distribution of baseline demographic characteristics and comorbidities were compared between CRC cases and controls and examined with Chi-square test. In addition to liver cirrhosis, comorbidities considered as associated covariates included cardiovascular disorders of coronary artery disease (CAD), hyperlipidemia and hypertension, and renal disease, diabetes mellitus (DM), chronic obstructive pulmonary disease (COPD), and obesity ascertained during 2005–2011.

We used logistic regression analysis to calculate odds ratios (ORs) of CRC and 95% confidence intervals (CIs) associated with HCV. The overall relationship was evaluated first and the adjusted OR (aOR) was estimated after controlling for significant covariates using the multivariable analysis. Potential covariates included age, sex, geographical region, occupation, urbanization level, monthly income, DM, hypertension, hyperlipidemia, CAD, renal disease, COPD, obesity, and liver cirrhosis. In addition, we used stratification to differentiate the risk of CRC by covariates. Interactions between chronic HCV infection and covariates on colorectal cancer risk were evaluated using the likelihood ratio test. The 95% CI was used to define the significance of the relationship. Data analyses were performed by using SAS statistical software (version 9.4 for Windows; SAS Institute, Inc., Cary, N.C., USA).




Results


Demographic Characteristics

Table 1 compared the demographic characteristics between CRC cases (N = 67,670) and controls (N = 67,670) identified from 2005 to 2011, matched by age and sex. Statistically significant differences were observed in geographical regions and urbanization levels (p < 0.001), occupation categories (p < 0.001), and monthly incomes (p = 0.020) between the two groups. Hypertension, liver cirrhosis, COPD, CAD, and DM were more prevalent among patients with CRC than among controls (p ≤ 0.001).


Table 1 | Demographic characteristics and comorbidities compared between colorectal cancer cases and controls during 2005–2011.





Colorectal Cancer Risk in Patients With Chronic Hepatitis C Virus Infection

The prevalence of chronic HCV infection was higher in CRC cases than in controls (2.55 vs. 2.30%), with an aOR of 1.16 (95% CI = 1.08–1.24, p < 0.001) after controlling for age, sex, geographical region, occupation, urbanization level, monthly income, DM, hypertension, CAD, COPD, and liver cirrhosis in the multivariable logistic regression model (Figure 2). Sensitivity analysis was also performed by subdividing CRC into colon cancer and rectal cancer groups. Results showed that chronic HCV infection was positively linked with the risk of colon cancer (aOR = 1.13, 95% CI = 1.04–1.24, p = 0.007) as well as rectal cancer (aOR = 1.22, 95% CI = 1.08–1.37, p = 0.001) (Supplementary Table 1).




Figure 2 | Odds ratios and 95% confidence intervals of colorectal cancer associated with chronic hepatitis C virus infection adjusted for age, sex, geographical region, occupation, urbanization level, monthly income, DM, hypertension, CAD, COPD, and liver cirrhosis.





Sex-Specific Colorectal Cancer Risk in Patients With Chronic Hepatitis C Virus Infection

The HCV infection prevalence was higher in CRC cases than in controls for both females (2.79 vs. 2.43%) and males (2.49 vs. 2.30%). The sex-specific aORs of CRC associated with HCV infection were 1.21 (95% CI = 1.09–1.34, p < 0.001) in women and 1.12 (95% CI = 1.01–1.23, p = 0.025) in men (Figure 3). Further data analysis failed to show a significant interaction between gender and the HCV status on the CRC risk (p = 0.461).




Figure 3 | Odds ratios and 95% confidence intervals of colorectal cancer associated with chronic hepatitis C virus infection stratified by sex. (Adjusted for age, geographical region, occupation, urbanization level, monthly income, DM, hypertension, CAD, COPD, and liver cirrhosis) (p for interaction was 0.461).





Age-Specific Colorectal Cancer Risk in Patients With Chronic Hepatitis C Virus Infection

The aOR of CRC declined from 2.26 (95% CI = 1.32– 3.87, p = 0.003) for HCV patients <45 years old to 1.51 (95% CI = 1.00–2.77, p = 0.050) for HCV patients 45–49 years old, to 1.31 (95% CI = 1.10–1.55, p = 0.003) for HCV patients 50–59 years old, to 1.08 (95% CI = 0.95–1.24, p = 0.252) for HCV patients 60–69 years old, and to 1.10 (95% CI = 1.00–1.22, p = 0.061) for HCV patients ≥70 years old (Figure 4). Further data analysis showed a strong interaction between age and the HCV status on CRC risk (p = 0.007). Supplementary Table 2 showed young HCV patients aged <45 years were at the highest elevated risks of both colon cancer (aOR = 1.99, 95% CI = 1.05–3.77, p = 0.035) and rectal cancer (aOR = 3.27, 95% CI = 1.18–9.03, p = 0.022).




Figure 4 | Odds ratios and 95% confidence intervals of colorectal cancer associated with chronic hepatitis C virus infection stratified by age. (Adjusted for sex, geographical region, occupation, urbanization level, monthly income, DM, hypertension, CAD, COPD, and liver cirrhosis) (p for interaction was 0.007).



The analyses of CRC risk in patients with chronic HCV infection stratified by geographical region, occupation, urbanization level, monthly income, DM, hypertension, CAD, COPD, and liver cirrhosis were illustrated in the Supplementary Figures 1–9.




Discussion

Our population-based case-control study included 67,670 CRC patients and 67,670 controls in an endemic area of chronic HCV infection. Results showed that the HCV infection was higher in CRC cases than in control with an OR of 1.16 (95% CI = 1.08–1.24, p < 0.001). The risk was greater in younger patients. Limited studies have investigated HCV infection in patients with CRC, and the role of HCV infection in CRC development remains unclear. An earlier US study found chronic HCV infection is associated 2-fold higher risk of colorectal adenoma in the distal colon (15). Hurtado-Cordovi and colleagues found an increased incidence of colorectal adenoma (26.3 vs. 20.2%) in patients with HCV than controls without HCV, but not significant (26). Moreover, a retrospective chart review study conducted by Prakash et al. showed that patients with HCV had a higher incidence of colorectal adenoma detected from screening colonoscopy than did the general population (27). However, these studies were conducted with small sample sizes, it is difficult to draw a solid conclusion. Another case-control study conducted by Malaguarnera and his colleagues showed a significantly increased prevalence (p < 0.005) of anti-HCV in 66 elderly patients with CRC (35.5%) compared with 300 controls (10.5%) (28). A US retrospective cohort study with 145,210 HCV patients and 13,948,826 individuals without HCV found an increased CRC risk for HCV patients with a relative risk of 1.93 (95% CI = 1.65–2.27) (20). The US Chronic Hepatitis Cohort Study demonstrated that patients with chronic HCV infection had a significantly increased incidence of rectal cancer (standardized rate ratio [SRR] = 2.1; 95% CI = 1.3–2.8) but not colon malignancy (SRR = 0.4; 95% CI = 0.3–0.6). They also found an elevated risk of mortality from rectal cancer (RR = 2.6; 95% CI = 2.5–2.7) (16). Pol et al. suggested that cancer in patients with HCV infection occur frequently at a young age with poor prognosis (10). An Australian cancer registry study suggested that colon and rectal malignancy occurrence rates was not increased in HCV patients (standardized incidence ratio [SIR] = 0.6, 95% CI = 0.5–0.9 and SIR = 0.3, 95% CI = 0.2–0.6, respectively) (17). Likewise, no increased occurrence of rectal and colon cancers was seen in one nationwide, population-based cohort study conducted in Denmark (SIR = 1.0, 95% CI = 0.2–2.9 and SIR = 1.8, 95% CI = 0.4–5.4, respectively) (18). Furthermore, Swart et al. reported no raised occurrence of CRC in HCV patients (SIR = 0.9, 95% CI = 0.4–1.8) (19).

Drug abuse related injection uses are the predominant mode of HCV transmission in Australia, Europe, and United States (29). By contrast, intravenous injections for minor conditions driven by a cultural desire, inadequate sterilization and reuse of syringes, and lack of licensed medical providers were the main causes of HCV infection in Taiwan decades ago (5, 6). Taiwanese people could have thus exposed to HCV decades ago. Cancer may develop after several years (normally after 20–30 years) of continuous infection accompanying chronic inflammation or immune-mediated suppression (2). Hence, the positive association between CRC and chronic HCV infection is evident in Taiwan as a long period of infection promotes the carcinogenic process of the microorganism.

No epidemiological study has analyzed the role of different HCV genotypes in CRC development. HCV subtypes vary among populations. Types 1a and 1b are the most common in population in the United States and Europe (30). In Australia, genotype 1 accounts for 50–55% of HCV cases and genotype 3 accounts for 35–40% (31, 32). The Denmark population are prevalent with genotypes 1a (43%), 3a (39%), and 1b (11%) (33). In Taiwan, the most common genotypes of HCV are 1b, 2a, and 2b. The prevalence rate of genotype 1b is greater in older population (7). In recent years, genotype 6 has been more prevalent in the general Taiwanese population (8). In our study, the odds of HCV infection declined as age increased in both CRC and control groups. Therefore, HCV genotypes associating with developing CRC in Taiwan are unlikely to be subtypes 1a and 1b, which are the most common in the United States and Europe.

The exact mechanism by which chronic HCV infection leads to CRC development remains unknown. Yi and Yuan reviewed several possible mechanisms of HCV-induced hepatocarcinogenesis (34). HCV and its proteins/components trigger oxidative stress and inflammation-signaling cascades and in turn produce reactive oxygen species (ROS). ROS can lead to host genetic mutation and inflammation, consequently causing liver injury. Moreover, HCV disturbs lipid metabolism, which in turns contributes to steatosis. In addition, HCV regulates the cellular proliferation signaling pathway as well as facilitate TGF-β production. Subsequently, TGF-β promotes hepatic stellate cells to secrete excess extracellular matrix, which subsequently leads to liver fibrosis and inflammation causing tumor initiation and progression. Liver damage resulting from the aforementioned cascades may induce repeated hepatocyte generation. Finally, disease progenitors with abnormal proliferation form a “cancer field” and develop into carcinoma (34).

Studies have suggested that HCV and its particles can present in various extrahepatic organs or tissues (35), including intestinal tissues (36). Extrahepatic carcinogenesis of chronic HCV infection is potentially caused by indirect actions of the organism and probably not by the direct viral cytopathic effect (35). Thus, the hepatocarcinogenic mechanisms of chronic HCV contribute partially to CRC formation. Zhang et al. suggested that HCV activates the Ras/Raf/MEK/ERK pathway, resulting in cell proliferation (37). In addition, the core protein, NS5A, of HCV inhibits the tumor suppressor gene p53 and induces the transcription factor NF-κB (38, 39). The over expression of p53 is associated with the formation of advanced, large-sized adenoma, villous histology, and high-grade dysplasia (40). The induction of the NF-κB pathway is correlated with the malignant progression of colon cells (41).

In Taiwan, the Health Promotion Administration has started to subsidize citizens aged 50–69 years for CRC screening every 2 years since January 2004. In 2013, the age range has been expanded to aged 74 years. The screening program for CRC consists of two phases. First, the stool occult blood test is utilized for mass screening. In the second phase, subjects with a positive stool occult blood test are referred for confirmatory colonoscopy. In our study, we found that the risk of CRC decreased with age of patients with chronic HCV infection, with the adjusted OR decreased from 2.26 for aged <45 years to 1.31 for aged 45–49 years and 1.10 for patients aged ≥70 years. We suggested that the screening program for CRC prevention should be considered for younger HCV patients aged in their early 40s (42).

This study has several limitations. First, asymptomatic HCV carriers might not be identified for this study if they had not sought any medical attention. Therefore, in this study, these patients may be misclassified into the control group with no HCV. This misclassification may lead to estimated ORs toward null values and weaken the risk estimation. Second, ICD-10 is a better diagnostic classification system than ICD-9-CM is. However, ICD-10 has not been introduced to the NHI program in Taiwan till January 2016. Using ICD-9-CM codes to identify diseases may have few common coding variants. However, HCV and cancers are well known important disorders to population in Taiwan. Cancers are considered as catastrophic illnesses requiring certificates approval from physicians and the NHI program. The certificate may benefit the patients with lower payments generate by the disease. Hence, the CRC population in Taiwan is represented by these patients. Using ICD-9 might not accurately detect chronic HCV cases. In addition to anti-HCV, HCV RNA needs to be positive. Hence, using ICD-9 cannot provide the status of the patient’s HCV viremia and treatment. However, previous Taiwanese community epidemiological studies showed that more than 70% of Taiwanese adults with serum anti-HCV positivity were positive to HCV RNA (43–46). Prior to year 2011, less than 10 percentages of the estimated 400,000 Taiwanese HCV with positive RNA cases have successfully reached sustained viral response (SVR) after completing their HCV interferon therapy (47). As result, we feel ICD-9 can provide relatively representative status of HCV prevalence in Taiwan. Third, in this study, information on other potential risk factors was unavailable in the database, including diet, lifestyle, obesity, and family history of CRC (14). Therefore, in the data analysis, we controlled for COPD, CAD, hypertension, obesity, liver cirrhosis, and hyperlipidemia as they may be the result of poor lifestyle modification. Fourth, HCV-infected patients might have more clinic visits leading to more detection of colorectal cancer. However, since January 2004, the Taiwanese national cancer screening program initiated by the Health Promotion Administration has started to subsidize citizens aged 50–69 years for colorectal cancer screening every 2 years. The age range was expanded to 50–74 years in June 2013 (42). Hence, detection bias in the association between HCV infection and colorectal cancer can be minimized by this nationwide screening intervention. Fifth, the HCV transmission route in Taiwan might be different from that in other ethnic groups. Hence, the results of this study should be cautiously interpreted before generalizing to other racial/ethnic groups.



Conclusions

Our study suggests that patients with chronic HCV infection are at significant risk of developing CRC. The CRC risk could be greater for the younger individuals with HCV infection. It is necessary to conduct in other regions or for other ethnic population to clarify the relationship between CRC risk and chronic HCV infection in addition to the underlying pathophysiological mechanisms.
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Introduction

All colorectal cancer (CRC) survivors have an increased risk of developing second primary malignancies (SPMs). The association between diabetes mellitus (DM) and the risk of cancer is well known. However, the role of DM and its therapy in the development of SPMs in CRC patients is not well described.



Methods

In this single-institutional retrospective analysis we identified 1,174 colorectal carcinoma patients, median follow-up 10.1 years, (median age 63 years, 724 men). All  patients over 18 years with histologically confirmed CRC who were admitted in the period 1.1. 2003- 31.12.2013 and followed-up till 31.12. 2018 at the Masaryk Memorial Cancer Institute (MMCI) were screened for eligibility. The exclusion criteria were CRC diagnosed at autopsy, lost to follow-up and high risk of development of SPMs due to hereditary cancer syndrome. Tumours are considered multiple primary malignancies if arising in different sites and/or are of a different histology or morphology group. Comparisons of the basic characteristics between the patients with SPM and the patients without SPM were performed as well as comparison of the occurrence of SPMs by the site of diagnosis between the DM and non-DM cohorts and survival analyses.



Results

A SPM was diagnosed in 234 (20%) patients, DM in 183 (15%) patients. DM was diagnosed in 22.6% of those with SPM vs. in 13.8% of those without SPM (p=0.001). The most common types of SPMs in DM patients were other CRC, kidney, lung, bladder and nonmelanoma skin cancer, but only carcinoma of the liver and bile duct tracts was significantly more common than in the group without DM. Although breast cancer was the second most common in the group with DM, its incidence was lower than in the group without DM, as well as prostate cancer. A significantly higher incidence of SPMs was found in older CRC patients (≥ 65 years) and in those with lower stage colon cancer and DM. No significant difference in DM treatment between those with and without a SPM was observed including analysis of type of insulin.



Conclusion

CRC patients with diabetes mellitus, especially those with older age, and early stages of colon cancer, should be screened for second primary malignancies more often than the standard population. Patients without DM have longer survival. According to the occurrence of the most common second malignancies, a clinical examination, blood count, and ultrasound of the abdomen is appropriate, together with standard breast and colorectal cancer screening, and lung cancer screening under certain conditions, and should be recommended in CRC survivors especially in patients with intercurrent DM, however the necessary frequency of screening remains unclear.





Keywords: diabetes mellitus, second primary malignancies, second primary neoplasms, multiple primary neoplasms, colorectal cancer, cancer survivors



Introduction

Colorectal carcinoma (CRC) is one of the most common malignant tumors in all western countries. Due to the success of personalized therapy and screening, mortality from this disease has been reduced in recent times. In 2015, its prevalence in the Czech Republic (third rank in incidence within Europe) reached 64 126 persons and increased by almost 40% in comparison with 2005 (1). However, the increasing number of people being cured carries the risk of development of another type of cancer. In Western countries, 17% of all cancer patients experience second primary malignancy (SPM) during their lifetime (2). CRC patients after curative resection are thought to have an additional tumor risk of up to 40% (3). For this reason, it is necessary to focus attention on the early diagnosis of other malignancies in patients with complete remission and adapt the type and timing of screening for SPMs. Primary malignancies are associated with lifestyle, environmental risk factors, and hereditary factors, in secondary tumours, treatment of previous cancer is additionally added.

The associations between diabetes mellitus (DM) and the risk of cancer is well known (4), nevertheless, the factors responsible for this relationship remain unclear. Insulin is a growth factor and major regulator of cell metabolism. Stimulation of growth is facilitated by the insulin receptor which is expressed on cancer cells in an A isoform, known by its predominant mitogenic effect which can stimulate neoplastic proliferation (5). Other factors responsible for cancer development are hyperglycemia accompanying insulin resistance leading to hyperinsulinemia, insulin-like growth factor 1, oxidative stress, and inflammation (6). Obesity which is linked to diabetes mellitus type II is responsible for an increased risk of cancer as well (7). It is hypothetized, that the type of DM treatment also plays an important role in the development of cancer (8, 9). Peroral antidiabetics (PADs) and insulin are long-term standards of care for patients with diabetes mellitus. Previously used animal insulin is currently replaced by recombinant human insulins produced by recombinant DNA technology, which use Escherichia Coli or Saccharomyces cerevisiae. In recent years, insulin glargine has acquired much attention in cancer patients. Insulin glargine (GlyA21, ArgB31, ArgB32 human insulin) is insulin produced by recombinant DNA technology using E. coli, substituting asparagine at position 21 in the A chain with glycine and adding two arginine residues to the B chain at positions 31 and 32 (10). In a large German study, a higher cancer incidence was associated with administration of glargine compared to human insulin. On the other hand, the opposite was described in other retrospective trials and a metaanalysis (11–16). It seems that observational studies describing insulin glargine as a risk factor for developing cancer have important methodological bias (17) and, thus, the importance of insulin glargine in the development of cancer remains unclear (18, 19). There is no robust evidence describing the influence of the type of production of insulin on the development of SPMs or risk of cancer.

In addition to insulin, oral antidiabetic drugs (PAD) are also used to treat diabetes with metformin being one of the most commonly prescribed. Metformin is an antihyperglycemic drug with a hypoglycemic effect without hyperglycemia, it improves insulin resistance (20) and decreases circulating insulin levels through activation of the adenosine monophosphate-activated protein kinase (AMPK) pathway (21). Antiproliferative potential is demonstrated by reduced prevalence and number of metachronous adenomas or polyps after polypectomy (22) and, thus, it is considered as a protective factor in colorectal adenomas and subsequent carcinomas (23). In multiple studies, metformin has also been identified as a drug with anticancer activity, especially in CRC (24–30).

A metaanalysis of 24 metformin studies demonstrates that metformin usage decreases cancer risk in diabetes mellitus type II patients (8) and that metformin could have a protective effect (29, 31). However, no large studies evaluating the risk of development of SPMs and type of treatment of diabetes mellitus in CRC patients are currently available.

The aim of this single-institutional retrospective analysis is the identification of SPMs in colorectal cancer patients and description of the potential relationship between the occurrence of DM, its treatment and the development of SPMs.



Material and Methods


Patients Selection

After approval by the institutional ethics committee (2019/1827/MOU), all patients over 18 years with histologically confirmed CRC who were admitted in the period 1.1. 2003- 31.12.2013 and followed-up till 31.12. 2018 at the Masaryk Memorial Cancer Institute (MMCI) in Brno, Czech Republic, were screened for eligibility after signing their informed consent enabling use of their personal data in the research. All patients who did not meet the exclusion criteria were included. The exclusion criteria were as follows: CRC diagnosed at autopsy, lost to follow-up and high risk of development of SPMs due to hereditary cancer syndrome (e.g., BRCA1,2, Lynch syndrome, or familial adenomatous polyposis). Basic diagnostic and treatment data including the laterality of CRC were retrieved from electronic medical records. Additional data about the type of DM, type of treatment of DM, and type of PAD or insulin therapy were obtained in patients with a diagnosis of DM. The diagnosis of DM had to precede the first malignancy.



Second Primary Malignancies

For epidemiological studies, tumors are considered multiple primary malignancies if arising in different sites and/or are of a different histology or morphology group (32). In our study, criteria according to the SEER definition of multiple primary tumors were used: 1) tumors with ICD-O-3 histology codes that are different at the first, second or third number are multiple primaries; 2) tumors with ICD-O-3 topography codes that are different at the second and/or third characters are multiple primaries (33).

Synchronicity and multiplicity were qualified according to the rules of the International Agency for Research on Cancer (IARC) which suggest synchronous tumours to be diagnosed in an interval of less than 6 months (or metachronous if more than 6 months) and if arising in different sites (34).



Statistical Analysis

Comparisons of the basic characteristics between the patients with SPM and the patients without SPM were summarized with counts and frequencies and tested with the Fisher exact test in case of categorical characteristics. For countinuous characteristics median, 5%–95% percentile and the Mann-Whitney test was used. The Fisher exact test was also used to test the relationship between the occurrence of SPMs on one side and the presence of DM, DM therapy, and the laterality of colorectal cancer on the other side.

Comparison of the occurrence of SPMs by the site of diagnosis between the DM and non-DM cohorts was performed by the N-1 chi-squared test. SPMs with an unknown date of diagnosis were not included in the analysis (7 cases). The national cancer registry of the Czech Republic (35) was used to compare the frequencies of sites of diagnosis in our study with the frequencies in the entire Czech population.

Kaplan-Meier curves were utilized to display the survival of the patients with colorectal cancer stratified by the occurrence of SPM and DM. 15-year survival was used as the primary endpoint. Observations with 15 or more years of follow-up were censored at 15 years. The Breslow test was used to compare the differences in survival between defined groups of patients with respect to the presence of DM and the occurrence of SPM.




Results


Second Primary Malignancies

In total, 1174 patients were identified and enrolled in this study. The median follow-up was 10.1 years, median age 63 years and 724 of the patients were men (62%). The other basic characteristics are summarized in Table 1 in respect to occurance of SPM, which was diagnosed in 234 (20%) patients (Table 2). One secondary neoplasm was found overall in 190 (16.2%) patients, 36 (3.1%) patients suffered from two SPMs and 8 (0.7%) were treated with three SPMs (Table 2). A significantly higher incidence of SPMs was observed in older CRC patients and also in patients with a lower stage of CRC reflecting their better overall survival.


Table 1 | Characteristics of colorectal cancer patients (C18–C20) stratified by the occurrence of second primary malignancies.




Table 2 | Second primary malignancies in patients with colorectal cancer (C18–C20).





Diabetes Mellitus

Diabetes mellitus was diagnosed in 183 (15.5%) patients. DM was diagnosed in 22.6% of those with SPM vs. in 13.8% of those without SPM (p=0.001). The type of DM treatment is summarized in Table 3. Oral antidiabetic drugs (PADs) alone or in combination with insulin were taken by 127 patients. No significant difference in DM treatment between those with and without SPM was observed including analysis of type of insulin and its production.


Table 3 | Relationship between treatment of diabetes mellitus and risk of second primary malignancy in patients with colorectal cancer (C18–C20).



CRC patients with diabetes mellitus had a higher incidence of SPMs than those without DM, especially another CRC, liver and intrahepatic bile ducts, lung, nonmelanoma tumors of the skin, kidney, bladder, non-Hodgkin disease, and leukemia (Table 4), but except for liver and intrahepatic bile duct cancer (4.6% with DM vs. 0.5% without DM, p=0.014), a higher incidence of other SPMs was not statistically significant (Figure 1). Although breast cancer is the second most common in the group with DM, its incidence is lower than in the group without DM, as well as prostate cancer. Statistical significance of a group of other malignant neoplasms is biased by multiple diagnostic units and is listed in Table 5.


Table 4 | Second primary malignancies by the site of diagnosis stratified by the occurrence of diabetes mellitus.






Figure 1 | Comparison of the occurrence of total second primary malignancies with respect to diabetes mellitus. Only SPMs with known date of diagnosis were considered (date of diagnosis was not available for seven SPMs). 1p-value of N-1 Chi-squared test for group no diabetes mellitus and group with diabetes mellitus. SPMs, second primary malignancies; CRC, colorectal cancer, NOR, national cancer registry (1977–2017).




Table 5 | Other malignant neoplasms as second primary malignancies in detail.



According to the date of diagnosis of SPMs, patients were divided into three groups (before the development of CRC, synchronous and metachronous SPM). These and individual SPMs according to DM are summarized in Table 6. In patients with DM, there was a statistically significant difference in laterality of initial CRC cancer between the SPM and non-SPM groups (Table 7). In the SPM group, a higher proportion of cancer of the righ colon and left colon and, conversely, a lower proportion of rectal cancer compared to the group without SPM was observed (p= 0.014). Patients with rectal cancer and DM had the smallest probability of developing SPM. The transverse colon (C18.4) was excluded from the laterality assessment, due to the difficult assignment into the group for the right or left colon, only by ICD-O-3 topography codes.


Table 6 | Second primary malignancies by the site of diagnosis stratified by the occurrence of diabetes mellitus.




Table 7 | Relationship between second primary malignancies and laterality of colorectal cancer stratified by the occurrence of diabetes mellitus excluding patients with C18.4 (transverse colon).



Overall survival (OS) differed according to the occurence of SPM and DM (Breslow test p=0.001). Patients without SPMs and with DM have shorter OS (median 4.7 years) than patients with SPMs and DM (median 7.8 years). Patients without SPMs have shorter survival, probably because of the poor prognosis of primary CRC in combination with DM than those with SPMs and DM, who have early stages of CRC, longer survival, and a higher probability of development SPMs. Patients without DM have longer survival, than those with DM. DM seems to be an important factor for survival. Patients without DM have a similar survival estimation for both groups (with or without SPMs) during the first 5 years, after which patients without diabetes and SPMs live longer (Figure 2 and Table 8).




Figure 2 | Kaplan-Meier curves of 15-year survival among colorectal cancer patients (C18–C20) stratified by the occurrence of multiple primary neoplasms and diabetes mellitus. SPM, second primary neoplasm; DM, diabetes mellitus; CI, confidence interval.




Table 8 | P-values of Breslow test for colorectal cancer patients (C18–C20) stratified by the occurrence of second primary malignancy and diabetes mellitus.






Discussion

In patients with CRC and a history of DM, a higher incidence of second primary malignancies compared with CRC patients without DM was observed in this large retrospective study with more than a 10 year follow up. Identifying the group of patients with CRC at higher risk of developing a SPM, and analyzing their type and timing is essential for clinical practice and development of long-term management, especially with increasing prevalence associated with better treatment and screening programes. This group of patients with SPMs is usually excluded from clinical trials, and available information about their OS or other related factors are limited. Recently, an online competing-risk nomogram was released (http://biostat.fudan.edu.cn/crc) (36), however, without DM listed as a risk factor.

Considering the general biology of carcinogenesis, each primary malignancy is associated with the occurrence of secondary malignancies, but the type of SPMs does not have to be the same. For example, breast cancer survivors often developed secondary breast cancer and colorectal cancer (37) and lung cancer is associated with the occurrence of other tumors of the lung, head and neck and the genitourinary tract (38). According to Jia et al., CRC survivors with an older age, male sex, with localized disease, and treatment with surgery are at high risk of developing SPMs (36, 39). A high incidence of the SPM in older patients is probably due to the long exposition of toxic substances in the environment during the longer life of these people. Also in patients with DM there was a higher incidence of SPMs, and DM was an independent risk factor for the occurrence of SPMs in gastric cancer patients (40). The higher incidence of liver and intrahepatic bile duct cancer in our analysis is in contrast with Broman et al´s. study, where the incidence of these tumors was lower than expected, it is probably due to our detailed information from source documentation, where hepatic lesions are well diagnosed which is not the case in Broman´s analysis, where possible misclassification of primary liver tumors as colorectal metastases in patients with a history of CRC were admitted (41). Relationship between diabetes and risk of second primary contralateral breast cancer was described in the study Li et al. Women with DM had a 2.2-fold increased risk of contralateral breast cancer than non-diabetics patients (42). Diabetes mellitus was identified as a potential risk factor for development of SPMs in cholangiocarcinoma patients (43).

The risk of development of a SPM is inherently associated with survival after treatment of a primary malignancy which is limited in a more advanced local tumor or even in primarily metastatic disease. In concordance with our results, an analysis by Jia et al. (36) shows that patients with SPMs have better OS in the first 10 years and thereafter, they had worse survival than patients without SPMs. In our study OS was better in the first 7 years for patients with SPMs and DM but, thereafter was worse than SPMs without DM, patients without SPMs and with DM had the worst OS.

In addition to DM itself, its treatment, antidiabetic therapy, was described as a risk factor for developing cancer and it seems that antidiabetic treatment may also play a role in carcinogenesis. In previously published literature, insulin use has been associated with increased and metformin with decreased incidence of colorectal cancer (44). Among insulin users, an increased risk of breast cancer was reported (45). Patients treated with metformin have no lower probability of SPMs incidence in our group of patients. In concordance with our results, in head and neck cancer metformin does not show a protective effect on the development of SMPs (46), on the other hand, in the development of primary pancreatic cancer this relationship was significant (47). Although long-term use of metformin appears to have the effect of reducing the incidence of CRC and its progression (48), it appears to have no effect on the incidence of secondary malignancies in CRC patients, as we have shown. In one previous study users of insulin glargine and users of other insulin analogs had a lower risk of cancer in general than those using human insulin (49), but on the other hand, an increased risk of breast cancer in users of insulin glargine in comparison with users of human insulin was found (50). For users of glargine insulin compared to users of non-glargine insulin, a decreased risk of colon cancer, as well as a marginally significant increased risk of breast cancer and prostate cancer, was observed (9, 51). However, in some studies, the effect on cancer development has not been confirmed (14). It has even been previously described that serum of patients treated by insulin glargine is more mitogenic to a breast cancer cell than those treated by other types of insulins (52). Recently, a higher risk of development of cancer was not found in a patient treated by insulin glargine or detemir compared with human insulin (53) and according to our results, insulin glargine was not associated with a higher risk of SPMs in our group of patients.

An inherent limitation of this study is related to its retrospective nature, which is similar to all other studies dealing with this issue. The same reason limits availability of some other data which may be related to the risk of SPM, such as obesity, which increases the risk of malignancy (54) as well as information on alcohol use, smoking, diet, sports activity, and lifestyle (55, 56). Although one may assume that patients with DM have mostly uniform diet, this and other information was not available for the majority of our patient´s cohort and has a significant impact on cancer development. Due to the length of follow-up and changes in the treatment strategy for both CRC and diabetes mellitus, patients with a more recent diagnosis of CRC could survive longer, and their SPMs may not have been detected yet, despite the long follow-up of our group of patients. The strengths of our study include use of a well-characterized and population-based cohort of CRC survivors, patient characteristics, and treatment with extensive follow-up, detailed information on the incidence of SPMs in CRC patients from the source documentation, review of medical charts, and detailed information about antidiabetic medication of patients.

The better identification of risk groups of patients is important for clinicians, health care providers, and health insurance companies. From our analysis it has arisen that CRC patients stage I or II with diabetes mellitus have a higher incidence of SPMs, especially second colon and rectal cancer, liver and intrahepatic bile ducts, lung, nonmelanoma tumors of the skin, kidney, bladder, non-Hodgkin lymphoma, and leukemia. Liver and intrahepatic bile duct cancer is even more common than in the group without DM. On the other hand, although breast cancer is the second most common in the group with DM, its incidence is lower than in the group without DM, as well as prostate cancer.



Conclusion

In conclusion, this single-institution population-based study shows that CRC patients in complete remission have an increased risk of development of SPMs, especially patients ≥65years of age, with stage I and II primary colon cancer and those with diabetes mellitus. These patients should be frequently and regularly screened for second primary malignancies. This screening should be cheap and without increased radiation load. According to the occurrence of the most common second malignancies, clinical examination, blood count, and ultrasound of the abdomen are appropriate, together with standard breast and colorectal cancer screening, and lung cancer screening under certain conditions, but the frequency of the screening remains unclear.
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Introduction: Biologics were approved for the treatment of advanced colorectal cancer (CRC) based on favorable benefit-risk-assessments from randomized controlled trials (RCTs), but evidence on their use in the real-world setting is scarce. Based on descriptive analyses we therefore aimed to assess characteristics and survival of CRC patients treated with biologics using large healthcare databases from three European countries (Netherlands, Italy, Germany).

Methods: We included CRC patients treated with a biologic in 2010 or 2014 and characterized them regarding age, sex, comorbidities, and absolute survival.

Results: Among 4,758 patients, the mean age ranged from 64.8 to 66.8 years, the majority was male, and comorbidities used as exclusion criteria in RCTs were coded in up to 30% of these patients. The proportion of bevacizumab users decreased between 2010 (72–93%) and 2014 (63–85%). In 2014, the absolute 12-month survival in new users was 64% (95% CI 51–77%), 56% (30–80%), and 61% (58–63%) in the Dutch, Italian, and German database, respectively, varying by age and comorbidity.

Conclusions: Our study suggests that in the real-world setting, CRC patients treated with biologics are older and less selected regarding comorbidities compared to patients in RCTs, potentially explaining the relatively low 12-month survival we found. Treatment decisions in the real-world setting may require careful evaluation given that the risk-benefit ratio may vary depending on age and co-existing conditions.

Keywords: colorectal cancer, biologics, survival, Europe, real-world data


INTRODUCTION

Several randomized controlled trials (RCTs) have shown that biologic drugs, called “biologic” because they are produced by living organisms, may improve survival in patients with advanced colorectal cancer (CRC) (1–4). One example is the pivotal study on bevacizumab published in 2004. Bevacizumab was one of the first biologic drugs developed for treating metastatic CRC. The study showed a 12-month survival of 74.3% for patients combining bevacizumab and chemotherapy, as compared to 63.4% for patients receiving chemotherapy alone (5). With respect to adverse events the incidence of grade 3 or 4 adverse events in the bevacizumab group was 10 percentage points higher (statistically significant difference) and the incidence of hospitalizations due to adverse events was five percentage points higher (5). A positive assessment of the risk-benefit ratio and confirmatory results from further RCTs led to the approval by the European Medicines Agency of bevacizumab for the treatment of advanced CRC in 2005 (6).

However, the risk-benefit ratio observed in clinical trials conducted under controlled conditions and in selected study populations is not necessarily similar to the risk-benefit ratio in the real-world setting. In particular, a poorer health status overall or a higher prevalence of certain comorbidities could negatively affect this ratio (7). Monitoring the use of these drugs in the real-world setting is thus urgently needed.

So far, available studies using real-world data such as administrative claims are often based on data from the United States (8–10). To our knowledge, real-world evidence based on routinely collected data on utilization of biologics in CRC patients from Europe is limited to two studies from the Czech Republic using data from a specific drug registry, one study from the Netherlands using data from a regional cancer registry, and one from Italy based on five regional cancer registries (11–14). Large claims or medical record databases from Europe have thus not been used for this purpose so far.

To shed further light on this topic, we aimed to explore the potential of large European healthcare databases for real-world monitoring of biologics in the treatment of CRC. Based on descriptive analyses we assessed the general characteristics, treatment patterns, and overall survival of patients using one or more of the three biologics available for CRC treatment during the study period, namely the vascular endothelial growth factor (VEGF)-inhibitor bevacizumab, slowing the growth of new blood vessels, and the two epidermal growth factor receptor (EGFR)-inhibitors cetuximab and panitumumab, inhibiting cell growth and division.



METHODS


Data Sources

We conducted a retrospective cohort study based on healthcare databases from three European countries [Netherlands: PHARMO Database Network (PHARMO); Italy: Caserta Local Health Unit (Caserta LHU); Germany: German Pharmacoepidemiological Research Database (GePaRD)]. A detailed description of these databases is provided in the (Supplementary Material 1). In brief, the PHARMO is a population-based network of electronic healthcare databases currently covering over 6 million persons out of 17 million inhabitants of the Netherlands (15). It combines anonymous data from different primary and secondary healthcare settings in the Netherlands. For this study, we used data from the Hospital Database, the In-patient Pharmacy Database, and the Out-patient Pharmacy Database, linked on a patient level through validated algorithms.

Caserta LHU contains claims data from several databases since 2009. It covers ~1.2 million residents of Caserta (Italy) from 2009 to 2014. It includes, amongst others, information on drug dispensing in the outpatient setting, hospitalizations, outpatient diagnostic tests, and specialists' visits (16–19).

GePaRD is based on claims data from four statutory health insurance providers in Germany and currently includes information on ~25 million persons who have been insured with one of the participating providers since 2004 or later. In addition to demographic data, GePaRD contains information on drug dispensings, outpatient, and inpatient services and diagnoses (20).



Study Design and Study Population

In each database, we aimed to include CRC patients exposed to biologics in 2014 (cohort 2014) and for comparison also CRC patients exposed to biologics in 2010 (cohort 2010, available in GePaRD and PHARMO only). Exposure to biologics was defined as at least one in- or outpatient dispensing of any relevant biologic (bevacizumab, cetuximab, panitumumab; see Supplementary Material 2 for a list of ATC codes) in the respective year. We selected the cohorts in a two-step process. First, we identified all persons with such a dispensing in the respective year and defined the day of their first dispensing as cohort entry. Second, we limited the cohorts to patients with a CRC diagnosis (PHARMO and GePaRD: ICD-10: C18-20; Caserta LHU: ICD-9: 153*, 154*). In GePaRD, a previously developed algorithm was used to identify CRC cases (21). We considered CRC diagnoses during a preobservation period of 1 year before and on the day of cohort entry. Comorbidities and the presence of metastases were identified by ICD-10 and ICD-9 codes, respectively, and database-specific algorithms. We defined the cohort exit as the end of follow-up or death, whichever came first.



Data Analyses

We characterized the patients regarding age, sex, presence of codes for metastases, and length of follow-up. Furthermore, we assessed the prevalence of comorbidities during the preobservation period, which were defined as exclusion criteria in the pivotal study by Hurwitz et al., namely cardio-vascular diseases, ascites, metastases of the central nervous system, bleeding diatheses, and coagulopathy (see Supplementary Material 3 for a list of ICD-10 and ICD-9 codes) (5).

For each cohort, we determined the type of biologic drug leading to cohort entry as well as the number of different biologic drugs dispensed during a follow-up of 12 and 30 months. We used Kaplan-Meier survival analyses to describe absolute survival after cohort entry. We restricted these analyses to new users of biologics defined as persons without a dispensation of biologics in the 12 months before cohort entry. This helped to avoid the comparison of patients in different phases of treatment with biologics and also ensured a better comparability with clinical trials, which typically report the survival for persons initiating treatment with biologics. In GePaRD, we also assessed overall survival among new users stratified by age group and in the subgroup of new users with the above-mentioned comorbidities. In a subsample of GePaRD containing new users from one participating statutory health insurance which provides information on the number of cytostatic agents used in in- and outpatient chemotherapy, we assessed the number of new users having received chemotherapy within 30 days before or after cohort entry including the number of cytostatic agents used. All analyses were conducted in SAS (22).




RESULTS


Characteristics of the Study Population

Overall, we identified 2,274 CRC patients exposed to biologics in 2010 and 2,484 patients in 2014. Table 1 shows the number of included patients and their characteristics stratified by database and year. GePaRD contributed the largest proportion of patients both in 2010 and 2014 (95%). The mean age ranged from 64.8 to 66.8 years and the proportion of males ranged from 53.2 to 65.3%. In the majority of patients, there were codes for metastases with some variation between databases. In the data from GePaRD and from Caserta LHU, there were codes for cardiovascular disease in more than 20% of patients, while this proportion was lower in PHARMO. Other comorbidities used as exclusion criteria in the study by Hurwitz et al. such as ascites were coded mainly in GePaRD among 0.6–3.3% of patients.


Table 1. Characteristics of colorectal cancer patients using biologics in 2010 and 2014.
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Type and Number of Biologics Used

Table 2 shows the type of biologic and the number of different biologics used during a follow-up period of 30 months. In GePaRD, the proportion of patients using bevacizumab and cetuximab decreased between 2010 and 2014: For bevacizumab, it decreased from 81% in 2010 to 76% in 2014, for cetuximab it increased from 39% in 2010 to 33% in 2014. During the same time, the proportion of patients using panitumumab increased from 20% in 2010 to 24% in 2014. In PHARMO, the proportion of patients using bevacizumab was 93% in 2010 and decreased to 85% in 2014. For cetuximab, the proportion was 2% (2010) and 4% (2014) and for panitumumab, it increased from 16% in 2010 to 29% in 2014. In the database from Caserta LHU (data from 2014 only), the proportion of patients using bevacizumab (82%) was similar to PHARMO in 2014, while for cetuximab, the proportion was 25% and thus similar to GePaRD in 2014.


Table 2. Type and number of biologics used by colorectal cancer patients.

[image: Table 2]

Across all databases, 11–30% of patients received two or more different biologics relevant regarding CRC during 30 months of follow-up. In both years, this proportion was highest in GePaRD where it decreased from 30% in 2010 to 22% in 2014. Only patients from GePaRD received more than two different biologic drugs (7% in 2010 and 2% in 2014).

In the subsample of GePaRD containing new users from the (only) statutory health insurance that provides data on the number of cytostatic agents used in in- and outpatient chemotherapy (n = 2,417), 95% received chemotherapy within 30 days before or after cohort entry. Of these patients, 19% were treated with one cytostatic agent, 66% received two different cytostatic agents, and 15% received three or more different cytostatic agents.



Description of Survival

Table 3 shows the absolute 12-month survival among CRC patients treated with biologics. In GePaRD, about 40% of the patients died within 12 months after cohort entry in both years. This applied to all patients as well as to new users of biologics, i.e., those without a dispensing of biologics in the 12 months before cohort entry. In the other databases, the point estimates of this proportion varied from 31 to 44% and had a large confidence interval that included the point estimates of GePaRD. As illustrated in Figures 1, 2, the probability of dying among new users of biologics increased to about 70% within 24 months in GePaRD and tended to be lower in PHARMO (with non-overlapping 95% confidence intervals, i.e., statistical significance at the 0.05 level). Compared to GePaRD, the probability of dying was also lower for patients from the Caserta LHU database, but the confidence intervals were large and included the point estimates observed in GePaRD and PHARMO.


Table 3. 12-month absolute survival of colorectal cancer patients using biologics overall (all databases) and stratified by age and presence of selected comorbidities (GePaRD only).
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FIGURE 1. Survival of new users of biologics with colorectal cancer by database 2010.
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FIGURE 2. Survival of new users of biologics with colorectal cancer by database 2014.


Stratified by age group (GePaRD only), the 12-month survival among new users of biologics was 7–18% lower in CRC patients of the oldest age group (>75 years) compared to the two younger age groups (<60 and 60–75 years) (Table 3). As shown in Figure 3, the survival curves of the oldest age group started to diverge from the younger age groups after 3 months. The respective confidence intervals were non-overlapping (which corresponds to statistically significant differences) from month 10 onwards. After 24 months, the probability of dying was 61% in the youngest age group (<60 years), 65% in the age group 60–75 years, and 77% in the oldest age group (>75 years).


[image: Figure 3]
FIGURE 3. Survival of new users of biologics with colorectal cancer by age groups (GePaRD only).


Figure 4 shows the results of age-stratified survival analyses restricted to new users of biologics with selected comorbidities (see methods section). In the youngest age group (<60 years), the 12-month survival was 53% and thus 14% lower compared to the survival observed in the unrestricted group of patients aged <60 years (Table 3). The 12-month survival in the youngest age group (<60 years) was similar to the oldest age group (>75 years) and lower compared to age group 60–75 years. Between months 6 and 12, the differences in the survival curves between the youngest age group and the age group 60–75 years were statistically significant (non-overlapping 95% confidence intervals). After 12 months, the survival probability in the youngest age group approached the survival probability in the age group 60–75 years. After 24 months, the survival probabilities were 32% in the two younger age groups (<60 years and 60–75 years) and 20% in the oldest age group (>75 years).


[image: Figure 4]
FIGURE 4. Survival of new users of biologics with colorectal cancer and selected comorbidities† by age groups (GePaRD only).†We considered comorbidities that often led to exclusion of patients from randomized controlled trials investigating biologics in colorectal cancer patients: cardio-vascular diseases, ascites, CNS metastases, bleeding diatheses, and coagulopathy (for a list of the respective ICD-9 and ICD-10 codes see Supplementary Material 3).





DISCUSSION

This observational population-based study of more than 4,500 CRC patients from three European countries showed that CRC patients treated with biologics in the real-world setting differ substantially from those included in pivotal RCTs of those drugs. In particular, the CRC patients in the real-world setting were older and had comorbidities used as exclusion criteria in the RCTs. This might explain the relatively poor absolute survival observed in our study. Furthermore, we observed different patterns regarding utilization of the EGFR-inhibitors cetuximab vs. panitumumab between countries.

In GePaRD, where survival probability could be estimated more precisely than in the other databases, a 12-month absolute survival of 60–62% was observed among new users of biologics, also in analyses restricted to new users of bevacizumab (Table 3). By contrast, the 12-month survival in the RCT by Hurwitz et al. was 74% for bevacizumab users (Figure 5) and thus considerably higher than in GePaRD (5). Also, a review of 17 RCTs investigating the role of biologics combined with standard chemotherapy as first-line treatment of CRC reported 12-month survival rates higher to our findings for the vast majority of studies: Survival was higher in 16 RCTs, and in one RCT it was either higher or similar, depending on the respective chemotherapy (3). The difference in survival—as assessed by indirect comparison—would have even been larger if the sex distribution in GePaRD (unusually high proportion of female CRC patients) had been similar to the RCTs, keeping in mind that partly higher relative survival rates have been reported for female CRC patients compared to male patients (23).


[image: Figure 5]
FIGURE 5. For comparison: Survival of users of standard chemotherapy and bevacizumab and survival of users of standard chemotherapy alone as found in the RCT by Hurwitz et al. (5).


To explore potential reasons for the observed survival rates, further factors need to be taken into account. The patients in our study were about 6 years older as compared to the patients of the pivotal RCT on bevacizumab (5). Also, most of the other RCTs reviewed by Mahipal and Grothey reported a lower median age compared to our study population. Not surprisingly, our analyses stratified by age showed the lowest absolute survival for the oldest age group (>75 years). Similarly, a study analyzing data from four RCTs found a lower 12-month survival for patients >70 years compared to younger patients (24). Thus, the age structure is likely an important factor explaining the relatively poor 12-month survival observed in our study. Interestingly, our subgroup analysis focusing on CRC patients <60 years with comorbidities showed a 12-month survival of only 50%, suggesting that presence of comorbidities is another important predictor of 1-year mortality among CRC patients treated with biologics. Half of the 17 RCTs reviewed by Mahipal and Grothey, including Hurwitz et al., excluded a priori patients with an Eastern Cooperative Oncology Group (ECOG) performance status of ≥2. We could not assess the ECOG performance status in our study but there were patients in our cohort with comorbidities often used as exclusion criteria in the RCTs. Given these comorbidities and the older age in our cohort, we assume that the ECOG status in the real-world setting is worse than in RCTs. Furthermore, the use of biologics as first vs. second line therapy may be considered in the interpretation of our findings. While all RCTs reviewed by Mahipal and Grothey investigated the effectiveness of biologics as first line therapy, studies published in 2013 also suggested a benefit as second line therapy (i.e., continuation beyond first tumor progression) (25). This may have influenced clinical practice, but we did not find differences in survival between the cohorts 2010 vs. 2014, nor did we observe a relevant difference between new users of biologics vs. prevalent users. Overall, it seems that CRC patients receiving biologics in the real-world setting mainly differ from those enrolled in RCTs of biologics with respect to the presence of comorbidities and age distribution.

The comparison of our findings to other studies using real-world data from Europe is hampered regarding studies using certain criteria to select patients, e.g., if they excluded patients with early disease progression (11, 12) or focused on patients with metachronous metastases (13). A study from the UK based on medical records, which included unselected patients with advanced CRC (N = 714) similar to our approach, confirmed our findings. They found a 12-month survival of ~66% in patients who received bevacizumab with the first-line chemotherapy (26). The median age of the study population was similar to our study population and the authors reported comorbidities such as hypertension in 21–34% of the patients and cardiac disorders in 3–7%. Future research focusing on the comparison of patients' characteristics in different countries would be of great interest.

Interestingly, we observed some differences between countries in our analyses. Survival of CRC patients in the German database (GePaRD) was partly statistically significantly lower as compared to the Dutch database (PHARMO), which could not be explained by differences in the age and sex distribution. The prevalence of comorbidities was lower in Dutch patients than in German patients. In part, we assume this resulted from differences in the coding practice but it might also indicate a less selective use of biologics in Germany than in the Netherlands. In other words, as compared to Dutch CRC patients, German patients might be more likely to receive biologics despite an already very poor prognosis or an increased risk of biologic-related adverse reactions due to comorbidities. There were also differences in utilization patterns between countries. Unlike in the German or Italian database, the EGFR-inhibitor cetuximab hardly played a role in the Netherlands, while panitumumab, another EGFR-inhibitor, was used in about one quarter of patients in the Netherlands and in Germany in 2010 but hardly played a role in Italy. Given that all drugs are authorized by the European Medicines Agency, these differences cannot be explained by marketing authorizations. Instead, country-specific reimbursement practices, costs, marketing strategies, or different clinical practices might explain the observed patterns.

It is beyond the scope or the possibilities of our study to judge whether the current use of biologics in the real-world setting is appropriate and clinically justified in all patients receiving biologics. It should still be noted that the risk-benefit ratio of these drugs, as investigated in RCTs, could easily get out of balance if comorbidities increased the risk of severe adverse events or if advanced age or poor prognosis (i.e., terminal illness) lowered the potential benefit on survival. Indeed, our study's findings regarding age, comorbidity, and survival among users of biologics in the real-world setting support concerns that the risk-benefit ratio might be less favorable than in RCTs. Of note, this does not question the efficacy of the drugs regarding tumor progression but solely refers to the selection of patients receiving these drugs. Critical evaluation of treatment decisions regarding biologic use in CRC patients is therefore required, also taking into account ethical issues, e.g., prescribing drugs to patients with poor prognosis where risks may outweigh benefits.

To the best of our knowledge, this is the largest study providing real-world evidence on CRC patients using biologics in Europe and the only study conducting parallel analyses based on databases from different European countries. The study illustrates that large source populations are indeed needed to address research questions on this rare exposure. The sample size in the Dutch and the Italian database was still relatively small but patterns in utilization could be assessed anyhow. The confidence intervals of survival estimates were rather large in these two databases but still partly non-overlapping (e.g., survival curves in PHARMO vs. GePaRD). The databases used for our study also have limitations. The coding of diagnoses is often suboptimal in such databases and coding practices could differ between countries. We assume that this explains the heterogeneous and partly low proportion of CRC patients with codes for metastases as it is very unlikely that these drugs are used “off-label” in non-metastatic CRC patients. Also with respect to comorbidities there was variation in the prevalence between databases, which may in part be explained by these coding issues. Information on molecular subtypes, especially regarding the KRAS status, would have been interesting for additional analyses but was not available in the data used for this study. The same applies to information on the concomitant treatment with chemotherapy. The role of specific cytostatic agents investigated in trials, e.g., the use of capecitabin and bevacizumab in elderly patients in the real-world setting could thus not be assessed in our study (27). We could only do some analysis on concomitant chemotherapy. For example, an analysis in a subsample of new users of GePaRD for whom information on the number of cytostatic agents was available suggested a very high proportion of patients receiving concomitant chemotherapy. In addition, we focused on patterns of use and absolute survival in our study while studies based on primary data often additionally assessed progression-free survival. Although progression-free survival might be assessable with secondary data as well, there is more uncertainty as compared to absolute survival. Also, the follow-up in our data was limited in the 2014 cohorts due to the lag in data availability. Finally, it was beyond our scope to assess treatment regimens (duration, dose, treatment lines) of biologics, which would have required further assumptions and would have been difficult to harmonize across databases. Our study was merely descriptive and focused on patients receiving biologics. Comparison of survival to a control group not receiving biologics would be highly problematic due to confounding by indication and unmeasured confounders.

In conclusion, our study illustrated the potential of European healthcare databases for the real-world monitoring of biologics in the treatment of CRC. These databases do not represent the ideal of a homogeneous and complete European cancer registry with detailed, high-quality data on patient- and tumor-related factors and treatment. As long as such a registry does not exist, we feel it is important to use the specific potential of existing databases in order to allow the various pieces of evidence to complement each other. Consistently across databases, our findings suggest that in the real-world setting, CRC patients treated with biologics are older and have a higher burden of comorbidities as compared to CRC patients enrolled in RCTs of biologics. This may explain the relatively poor 12-month survival rate observed in our study. Our findings highlight the importance of carefully evaluating and reflecting clinical decision making when treating CRC patients with biologics in the real-world setting given that the risk-benefit ratio may vary depending on age and co-existing conditions.
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Early-onset (<50 years old) colorectal cancer (CRC) has been increasing worldwide and is associated with poor outcomes. Over 85% of the Saudi population are <50 years old, which put them at heightened risk of early-onset CRC. No study assessed the trends in CRC incidence rates among the Saudis. The Joinpoint Regression software by the Surveillance, Epidemiology, and End Results (SEER) program was used to estimate the magnitude and direction of CRC incidence trends by age and gender. The annual percentage change (APC) and the average annual percentage change (AAPC) between 2001 and 2016 were computed. In a sensitivity analysis, we also assessed trends using various age groups. Between 2001 and 2016, the early-onset CRC incidence (per 105) increased from 1.32 (95% CI: 1.11, 1.54) to 2.02 (95% CI: 1.83, 2.22) with AAPC (2.6, 95% CI: -0.4, 5.7). At same period, the late-onset incidence increased from 3.54 (95% CI: 3.10, 3.97) to 9.14 (95% CI: 8.62, 9.66) with AAPC (6.1, 95% CI: 3.5, 8.8). Among early-onset CRC patients, age 40–49 has the highest rates and women in this age group has higher rate than men. Our national data showed a gradual increase in CRC incidence rates, which reflect the global concern of early-onset CRC. Further research is needed to understand the etiology of early-onset CRC. Primary health care providers must be alerted about the increasing rate of early-onset CRC. To reduce the future burden of the disease, initiating CRC screening before age 50 is warranted.
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Highlights

Given the global concern of increasing incidence rates of early-onset colorectal cancer, this cross-sectional analysis of data between 2001 and 2016 showed an increase the CRC incidence rate in Saudis including the early-onset colorectal cancer. This finding raise questions about the importance of initiating screening in individuals younger than 50 years old.



Introduction

Colorectal cancer (CRC) is the third most diagnosed cancer globally with more than 1.9 million incident cases in 2020 (1). While the global incidence rates have been decreasing in the screening-eligible age group (50–75) due to the adoption of CRC screening and reduction in risk factors such as smoking, there have been global reports of increasing rates in the younger population (<50), with the highest annual percentage change (APC) among the age group 20–39 (2, 3). These reports bring about the discussion about the appropriate age to initiate the screening, with some reports advocating for starting at age 45 and others as early as the age of 40, after considering the benefit-risk profile of screening at younger age (4–6).

Unlike other international studies, investigating the trends of CRC among the Saudi population is critical for several reasons. First, the Saudi population is young with 35% in the age group 20–39 and 86% younger than 50 years old (7). Second, obesity is common among the Gulf Cooperation Council (GCC) countries, and Saudi Arabia is no exception. In 2016, 35% of Saudi adults and one in five adolescents are considered obese (8). Both, a young population with a high proportion of obesity are characteristics that engender the development of early-onset CRC. Studies from the US, Canada, the UK, Australia, and New Zealand showed an association between the childhood obesity epidemic and the rise in early-onset CRC (9). For instance, women with BMI ≥ 23 at age 18 had a 63% higher risk of early-onset CRC compared to women with a BMI of 18.5–20.9 (10). Third, there is currently no population-based screening for CRC in Saudi Arabia, leading to delayed CRC detection, increased late-stage diagnosis, and poor survival across all age groups (11–13).

In Saudi Arabia, CRC is the most diagnosed cancer in men and third in women with 1659 cases reported in 2016, representing almost 13% of all diagnosed cancers (14). The age-standardized incidence rates per 105 people during 2016 were 12.9 and 9.5 in males and females. It is, nevertheless, unknown if the incidence rates have been increasing similarly across all age groups, and no study has investigated changes in incidence rates by age at diagnosis. While approximately 13% of early-onset CRC develops from germline mutations in genes causing hereditary CRC syndromes, the majority of early-onset CRC are sporadic, poorly differentiated, with mucinous adenocarcinoma and are diagnosed at late stage (15, 16).

On May 18, 2021 and in an effort to detect the disease at early stages, the United State Preventive Services Task Force (USPSTF) recommended CRC screening in adults aged 45–49 years with a grade “B” recommendation (17). While the recommendation recognizes the aggressive nature of early-onset CRC (4, 6), it also reflects the implications of early-onset CRC in terms of the choice of therapies and prognosis. Accordingly, it is imperative to characterize age groups with the heightened risk of early-onset CRC in the Saudi population and to investigate CRC trends in this young population. Therefore, the specific aims of the present study were to assess the average annual incidence rates for the years 2012–2016, to assess the time-weighted average annual percentage change (AAPC) during the recent 10 years (2007–2016) and 5 years (2012–2016), and to compare the incidence rates by age, gender, and subsites.



Materials and Methods


Study Design and Data Source

The Saudi Cancer Registry (SCR) was used in this study. The SCR is a population-based cancer registry that was established in 1992 and collects all cancer cases in Saudi Arabia. The registry gathers information using CanReg that meets high-quality cancer registration set by the International Agency for Research on Cancer (IARC). For the current study, we retrieved all CRC cases diagnosed between 2001 and 2016. Data were retrieved from patients’ medical records using clinical and histopathological diagnoses through trained cancer registrars. To ensure completeness and validity of the data, the tumor’s information is reviewed, coded using the International Classification of Diseases for Oncology 3rd Edition (ICD-O-3), and then linked from various regions. Census data of the Saudi population were obtained from the General Authority for Statistics.



Covariates and Outcome Variables

The primary outcome was the average annual incidence rates during 2001–2016, 2007–2016, and 2012–2016. The incidence rates were stratified by age at diagnosis and categorized as <50 (early-onset CRC) or ≥50 years (other younger age categories were also reported). The subsite for CRC was also categorized according to the ICD-10 codes with colon cancer (code C18) and rectal cancer (code C19 and C20). The 13 regional areas of Saudi Arabia have also been retrieved from the Saudi Authority of Statistics as well as the SCR and were used in the calculation of rates.



Sensitivity Analysis

According to Jacobs et al. (18), there is a distinction between the early-onset colon (20–44 years) and rectal cancers (≤54 years). Based on this difference, the authors suggest different definitions for eligibility criteria among early-onset colon and rectal cancer patients. Therefore, we categorize the CRC patients based on the authors’ suggestions. Additionally, to compare our results with global research (3, 19), we have also investigated the trends in incidence rate among the age group 20–49.



Statistical Analysis

Incidence rates were computed annually and were averaged over the entire study period to examine changes over time. The rates were computed by dividing the age-specific number of incident CRC cases by the appropriate age-specific person-years at risk, as determined from the General Authority for Statistics stratified by gender. The exact Poisson 95% confidence intervals for these rates were calculated in SAS version 9.4 (SAS Institute, Cary, NC). The rates are reported per 105 population and were age-standardized using the world standard population.

The time-weighted AAPC was also computed using the Surveillance, Epidemiology, and End Results Program (SEER) Joinpoint regression analysis. The method fits joined straight lines to the observed age-adjusted incidence rates on a logarithmic scale (20). The method tests the null hypothesis of a zero joinpoint against the alternative hypothesis of maximum joinpoints. The maximum joinpoints are determined by the total number of years available in the registry. If the AAPC is statistically significantly different from zero (p < 0.05), then trends are considered increasing or decreasing; otherwise, they are considered stable trends.




Results

Table 1 shows the characteristics of the Saudi population and CRC cases from the most recent available data during the year 2016. The majority (39%) of the population is younger than 20 years old, about 86% is younger than 50 years old, and mostly reside in regions of Riyadh, Makkah, and Eastern province. Almost one-third of the CRC cases are among age groups 40–54, are predominantly males, and reside in the three most populated regions. While there has been an increase in the age-standardized rates across all age groups, the steepest increase was among patients age 50 years or older (Table 2).


Table 1 | Characteristics of the Saudi population and the population-based colorectal cancer cases, Saudi Arabia, 2016.




Table 2 | Colorectal cancer age-adjusted incidence rates by age group and year, Saudi Arabia, 2001–2016.



Table 3 displays the average age-standardized incidence rates during the years 2007–2016 and the years 2012–2016. Overall, the incidence rates are similar in the most recent 5 years (2012–2016) and the past 10 years (2007–2016). In general, men have higher rates than women except in the age groups 40–49, where women have higher rates than men. Among patients with early-onset CRC (<50), those in the age group 40–49 have the highest rates and even higher than those 50–54 and 55–59, especially among women.


Table 3 | Age-standardized colorectal cancer incidence rates during the most recent years by gender, Saudi Arabia.



As shown in Table 4 (and Figures 1, 2), both early-onset CRC patients (<50) and those 50+ have shown increased AAPC during the study period. Specifically, in the latest 5 and 10 years of data, colon cancer has shown consistent increase in 50+ patients, while it was either increasing or stable in rectal cancer patients across all age groups.


Table 4 | Trends in colorectal cancer incidence rates by gender, age, and subsite, Saudi Arabia, 2001–2016.






Figure 1 | Colorectal cancer incidence trends during the study period (2001–2016) by age and gender. *APC is statistically significantly different from zero using a two-sided test based on the permutation method.






Figure 2 | Average annual percentage change in colorectal cancer by age at diagnosis and gender (2001–2016).



While the most pronounced increase in AAPC was among those 50+, early-onset patients have consistent AAPC increase especially among patients diagnosed with colon cancer. The highest increase in AAPC among 50+ was for men diagnosed with colon cancer (AAPC, 8.0 (95% CI 5.0, 11.2)), and the highest increase in AAPC among early-onset was for women diagnosed with colon cancer (AAPC, 3.50 (95% CI 0.4, 6.6)).

Table 5 presents the AAPC during different periods and across various age groups. Among the early-onset CRC patients, one can notice the persistent increase in the AAPC among the age group 40–49 and males in the age group 30–39. One can also observe the increase in the AAPC among males in almost all age groups. In general, men have a higher increase in AAPC than women (Table 5 and Figure 2), with the highest increase observed in men aged 50–54. Lastly, Figure 3 shows the geographic distribution of age-standardized incidence rates across Saudi Arabia. The region of Riyadh and the Eastern province had the highest rates, while the regions of Jizan and Najran had the lowest rates in 2016.


Table 5 | The average annual percentage change in colorectal cancer incidence rates, number of cases, and population at risk of colorectal cancer by gender and age, Saudi Arabia, 2001–2016.






Figure 3 | The geographic distribution of the age-standardized incidence rates per 105 population, Saudi Arabia 2016.



Lastly, the supplementary materials show the comparison in incidence rate trends between colon and cancer patients by age at diagnosis (<50 vs. 50+ years old). Overall, there has been a significant increase in the rates of colon cancer especially in 50+ years old patients, with a slower increase in patients with rectal cancer diagnosis (Supplementary Figures).



Discussion

The present study was designed to elucidate the magnitude and direction of CRC incidence rate trends by age and gender in the Saudi population. We found that both the early- and late-onset CRC incidence rates have been increasing during the past years, with the steepest increase in the age group 40–49. While there is a lack of local and regional incidence rate trends data, one study estimated the APC during 1999 and 2003 in the Saudi population (21). Authors found significant increases in APC among males (20.5% during 1999–2003) and a non-significant increase among females (6.06% during 2001–2003). Our regression models showed comparable results in males (18.01% during 2001–2005) and females (12.30% during 2001–2006). Taken together, local data suggest increases in all age groups with a more pronounced increase in males.

Similarly, international studies have shown increases in CRC incidence rates among the younger age group. Although CRC is frequently diagnosed in the elderly population (22), data from different countries have shown an alarming increase in the incidence of early-onset CRC amongst men and women (23–25). Between 2008 and 2012, the AAPC in the incidence of early-onset CRC was documented at 4, 2.8, 2.8, and 2.2% in New Zealand, Canada, Australia, and the USA, respectively (3). As indicated above, there is limited data reported on this subject in the GCC countries. For instance, a limited analysis of 387 CRC cases in the United Arab Emirates (UAE) diagnosed in 2015 reported that 41.9% were diagnosed at an age younger than 50 years (26). Only less than one-third of the population from this analysis were UAE nationals. Given the small number of patients, and the heterogeneity of the reported population, it may be difficult to draw conclusions about the trends of early-onset CRC.

Unlike other countries where the incidence of late-onset CRC has declined or remained stable (27), we have shown that the incidence of late-onset CRC in Saudi Arabia continued to rise. Moreover, less than one-third of Saudi patients were diagnosed with localized disease (14). This is likely related to the lack of an effective national screening program for CRC. Our analysis showed that there is an incremental increase of both early- and late-onset CRC. The AAPC of early-onset CRC in our report is comparable to western populations.

As we have shown, increases in incidence rates amongst young individuals (<50 years) have not been the same between the colon and rectal cancer cases in Saudi Arabia. The degree of increase has been less for rectal cancer when compared with colon cancer cases (Supplementary Figures). This is, in part, maybe due to differences in risk factors with certain ones affecting colon rather than rectal cancer. Dietary changes, lack of physical activity, and alcohol intake are known and established risk factors for colon cancer, but not for rectal cancer (28). Obesity was also shown in a meta-analysis to be a risk factor for colon cancer; however, this association was not seen in women with rectal cancer (29). Obesity during childhood has been associated with the increase in early-onset CRC (30). Furthermore, the observation of differences between colon and rectal cancer rates was also reported by a large study on a European population by Vuik and colleagues (19).

Trends in CRC incidence rates in Saudi Arabia reported in this study are in line with what has been reported by other studies in USA (31), Europe (19), and the UAE (26). These results have major implications on our population, healthcare system, and other involved stakeholders. This increase in early-onset CRC resulted in major oncology societies like the American Cancer Society, in 2018, lowering the age for screening for CRC to the age of 45 years (32). The results of their modeling assumed that screening those between the ages of 45–50 would have a preventive effect just as screening those above 50 years of age. Their analyses showed that this will result in a reduction in incidence and mortality, and that benefit-burden balance is favoring screening this younger group. More recently, the USPSTF recommended that adults from the age of 45 years get screened for CRC. Targeting this younger population is therefore important in our population.

Moving forward with establishing a national screening program with a special focus on young-onset CRC is essential. A large survey of more than 1000 young-onset CRC patients reported that more than half were diagnosed at a later stage (stages III & IV), needed more time to be diagnosed, and visited more than two physicians before a correct diagnosis of CRC was made (33). Therefore, education of health care providers on being vigilant and aware of signs and symptoms of CRC regardless of age is crucial. This needs engagement from health agencies, medical societies, and perhaps media in a collaborative national effort to address the needs of this vulnerable group of young-onset CRC patients. Studying and, more importantly, addressing modifiable risk factors of early-onset CRC such as obesity, diet, and lack of exercise are needed. Furthermore, a comprehensive survivorship cancer care and availability of genetic testing are needed to improve the care of young patients with CRC.

One of the strengths of the present study is the use of SCR, which is based on all regions of Saudi Arabia and is therefore representative and generalizable to the Saudi population. Moreover, the current study leveraged the lengthy period of data collection which includes all CRC cases in Saudi Arabia and thus utilized the latest available 16 years of CRC data, the longest studied period in CRC Saudi patients. In addition to the strengths, several limitations should be considered when interpreting the results of our study. First, the current study lacks tumor-sidedness data which has prognostic value, and also lacks molecular characterization of tumors. These variables are not available in the original data source and therefore were not investigated. Second, we were unable to assess patient-level information, which includes variables such as education, income, and other sociodemographic variables because our analysis was based on aggregate data. Nonetheless, aggregate data are very useful for assessing trends in cancer rates (34). Third, patients, especially residents of remote/rural areas, are referred to a tertiary hospital in major cities for cancer care and could be a potential source of referral bias, which might result in underestimation of cases in remote areas. Nevertheless, this kind of selection bias is less likely to affect the findings of the present study given the case ascertainment method implemented by the SCR (35). Fourth, we lack contemporary data (2017–2019) in this study because the year 2016 is the latest available year reported by the SCR. Lastly, our data show an increase in CRC during the year 2016 compared to earlier years. The sudden increase in incidence rate could be due to the implementation of opportunistic CRC (vs. organized or population-based) screening, after the initial publication of CRC guidelines in 2015 (36).



Conclusion

Both early-onset and late-onset CRC are increasing in Saudi Arabia. For early-onset CRC, primary health care providers must be alerted about the increasing rate and should possibly investigate the cancer family history in the younger population, especially in Saudis aged 30–49 years who had the highest increase in CRC incidence. Additionally, national efforts directed to prevention measures such as CRC screening are warranted.
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Background

Patients suffering from inflammatory bowel disease (IBD) have an increased risk of cancer. However, the risk of malignancy in patients with elderly-onset IBD (≥60 years) remains controversial. Hence, we aimed to identify and compare the dissimilarities in morbidity and related risk factors between patients with elderly-onset and adult-onset (18–59 years) IBD in a Chinese cohort.



Methods

Patients with confirmed IBD, diagnosed at age ≥18 years, between January 1998 and December 2020 at the Peking Union Medical College Hospital were enrolled. The yearly incidence rates (IRs) for cancer were calculated, and the characteristics were analyzed in these patients.



Results

A total of 1,480 patients suffering from adult-onset IBD and 129 patients suffering from elderly-onset IBD with a median follow-up period of 4.9 years and 4.8 years, respectively, were included. Patients in the elderly-onset IBD group demonstrated an increased overall incidence of cancer than that demonstrated by patients in the adult-onset group (IR 26.9 versus 9.51, respectively, per 1,000 person-years; relative risk [RR], 2.83). Colorectal cancer was the most common malignancy in the two groups, and patients suffering from elderly-onset IBD demonstrated a higher incidence of the malignancy (IR, 7.07 versus 3.34, respectively, per 1,000 person-years; RR, 2.12). Among the extraintestinal cancers, hematological malignancies and urinary tract cancers (including renal and urinary bladder carcinoma) were common in the elderly-onset group (IR, 4.24 and 4.24 per 1,000 person-years, respectively), whereas thyroid cancer was more common in the adult-onset group (IR, 1.36 per 1,000 person-years). Analysis of clinical characteristics revealed that patients with elderly-onset IBD who developed cancer were more likely to have diabetes and urinary lithiasis (p = 0.041 and 0.035, respectively). In addition, patients in the elderly-onset group had a shorter course from IBD to cancer, less exposure to immunosuppressants, less extraintestinal manifestations, and higher cancer-related mortality. Cox proportional risk regression analysis in the elderly-onset IBD group revealed that diabetes was an independent risk factor for the progression to cancer (hazard ratio [HR], 12.53 [2.379–65.994], P = 0.003).



Conclusion

The risk of malignancy in patients suffering from elderly-onset IBD increased significantly as compared with those with adult-onset disease. Therefore, cancer monitoring should be initiated earlier for patients in the elderly-onset group.





Keywords: elderly-onset inflammatory bowel disease, incidence rate, malignancies, risk factor, cohort study



Introduction

Inflammatory bowel disease (IBD), comprising Crohn’s disease (CD) and ulcerative colitis (UC), is widely accepted as a chronic inflammatory disorder of the intestine. IBD has a bimodal age of onset, with one peak between 20 and 40 years of age and another between 60 and 70 years. Diagnosis at age ≥60 years is considered elderly-onset IBD and constitutes 10%–15% of the total number of IBD cases (1). The incidence rate of elderly-onset IBD has been reported as 4–8/100,000 person-years (2). However, with the aging population in China, the burden and incidence of elderly-onset IBD continue to rise. Data obtained from Hong Kong revealed that the incidence of elderly-onset UC increased from 0.1 per 100,000 persons (before 1991) to 1.3 per 100,000 persons after 2010 (3, 4). In addition, it is known that the clinical characteristics of the patients suffering from elderly-onset and adult-onset IBD (18–59 years) are not always consistent. However, sufficient attention has not been paid to elderly-onset IBD owing to its relatively lower incidence in China.

IBD, as a chronic disease, is prone to be associated with various comorbidities and/or complications throughout its course. A study conducted in Canada reported that 785.6 per 100,000 patients with IBD developed malignancies each year (5). The factors associated with IBD-related malignancies include the location of the lesion, duration, medications, and special comorbidities. Patients with IBD are especially at an elevated risk of developing colitis-associated cancers, which are related to the extent of inflammation, severity, and course of the disease (6). Studies have demonstrated that chronic inflammatory conditions can lead to malignancies even in other organs (7). In addition, IBD-related therapeutic drugs may alter the immune status, which in turn has a profound impacts on tumorigenesis. For example, azathioprine and anti-TNFα biologics have been mentioned to be a risk factor for hematologic malignancies in patients suffering from IBD (8, 9). Recent studies have shown that certain comorbidities including primary sclerosing cholangitis, chronic kidney disease, respiratory disease, and diabetes mellitus are associated with carcinogenesis in IBD patients (HR, 2.43; OR = 1.29, 1.07, and 1.06, respectively) (5, 10). The high risk of malignancy in patients with IBD has been reported as SIR of 1.2–1.6 (11–13). Data obtained from Hong Kong revealed a significant increase in the incidence of colorectal cancer in patients of elderly-onset UC as compared with those of non-elderly onset UC (0.9% versus 3.2%, respectively, p = 0.033) (3). There is evidence that clinical characteristics including complications and medications used differ between patients suffering from elderly-onset and non-elderly-onset IBD. In addition, a study reported that later onset of IBD was associated with a higher risk of early colorectal cancer (14). However, recent cohort studies conducted in the Western populations have shown that elderly-onset IBD only leads to an increased risk of extraintestinal tumors (7, 15), and there is no difference in the risk of colorectal cancer compared to patients with adult-onset disease. Furthermore, studies have shown that corticosteroids increase the cancer risk in patients of elderly-onset IBD (16, 17).

IBD is an emerging disease, the incidence of which is increasing rapidly in China, and several patients are developing complications, including cancer. It is known that elderly patients are vulnerable to cancer. Therefore, research on the incidence and risk factors of malignancy in China is essential to develop preventive strategies and contribute to the global data. The differentiation between elderly patients with IBD and those with elderly-onset IBD has been suboptimal in previous studies. Here, we attempted to identify the dissimilarities in the incidence of cancer between patients with elderly-onset IBD and adult-onset IBD in a Chinese cohort. We aimed to provide information to develop cancer-monitoring strategies in patients of elderly-onset IBD.



Methods


Study Design

All data for this cohort study were obtained from the medical documents, telephonic follow-up records, and the National Central Cancer Registry database from January 1998 to December 2020 of patients diagnosed with or hospitalized for the treatment of IBD at the Peking Union Medical College Hospital. The Ethics Review Committee of the Peking Union Medical College Hospital approved this study.



Study Population

Inclusion criteria: (1) patients diagnosed with IBD (UC and CD) based on the third European Crohn’s and Colitis Organization consensus guidelines and (2) IBD diagnosed at age ≥18 years.

Exclusion criteria: (1) patients with a history of malignancy before the diagnosis of IBD; (2) patients with a previous history of a specific autoimmune disease; the reason for exclusion was baseline claims for biologics, immunomodulators, or corticosteroids; (3) patients with unclassified IBD were excluded owing to unclassified disease severity and extent; and (4) patients without ≥1 day of follow-up. Patients were regularly (at least once a year for most patients) followed up, from the date of diagnosis of IBD until the outcome occurrence, death, or terminal point of the study (June 2021).



Data Collection

Patients with cancer occurring after the diagnosis of IBD and during follow-up were included. The retrospectively collected data at diagnosis included sex, age at IBD diagnosis, type of IBD, disease extent, the behavior of CD, intestinal complications (including fistula, stenosis, obstruction, perforation, bleeding, abdominal abscess, perianal lesions, and toxic megacolon), extraintestinal manifestations (oral ulcers, skin lesions, joint lesions, ocular lesions, fatty liver, cholelithiasis, and thrombotic disease), comorbidities (diabetes mellitus, urolithiasis, hypertension, coronary heart disease, myocardial infarction, and heart failure), and a history of alcohol abuse and smoking. The data recorded during follow-up included drug exposure (5-aminosalicylic acid, glucocorticoids, azathioprine, methotrexate, thalidomide, and biologics), the outcome of cancer, age at diagnosis of cancer, and cause of death.



Outcome Measures

The time to the diagnosis of cancer was the primary outcome measure. The diagnosis of cancer was based on pathological features. The date of diagnosis, type of cancer, affected organ, and histological type were recorded.

The incidence of cancer and mortality was estimated as the incidence densities, which were calculated as the number of new cancer cases or death divided by the number of patient-years (18). The incidence of cancer between 1998 and 2008 has been presented as the accumulated incidence rate considering the small number of enrolled cases and cancer cases. The annual incidence of cancer for the entire cohort was the ratio of the number of new cancer cases (from January 1 to December 31 of each year) to the number of person-years at risk (5), which were calculated for the eligible patients from January 1 to the last data collection, cancer occurrence, death, or endpoint of the year (December 31) (18). Poisson regression was used to measure the annual incidence rates of cancer in the adult-onset and elderly-onset groups, which have been presented graphically as 3-year centered moving averages from 2009 to 2019 (5).



Statistical Analysis

Data are presented as means and standard deviations (SD), medians and interquartile ranges (IQRs), or frequencies and percentages. IBM SPSS version 21 (Armonk, NY, USA) and GraphPad Prism version 7.0 (San Diego, CA, USA) were used for data analyses. The Mann–Whitney U test or Fisher’s exact test was performed to analyze differences between the two groups. Cox regression and logistic regression analysis were used for multivariate analysis.




Results


Cohort Description

A total of 1,863 patients with confirmed IBD from January 1998 to December 2020 were identified, and 254 cases were excluded according to the aforementioned criteria (Figure 1). Finally, 1,609 patients were included (1,065 with UC and 544 with CD), and the total follow-up summation was 8,799.94 person-years. Patients were categorized into the adult-onset IBD (18–59 years) or elderly-onset IBD (≥60 years) group based on their age at diagnosis, with the median follow-up of 4.9 years and 4.8 years, respectively, and the total follow-up duration of 8,092.9 years and 707.1 years, respectively. Among the 1,480 patients with adult-onset disease (966 with UC and 514 with CD) and 129 patients with elderly-onset disease (99 with UC and 30 with CD), the mean age at diagnosis of IBD was 35.5 (SD, 11.4) years and 65.2 (SD, 5.63) years (p < 0.0001), respectively, and men accounted for 59.1% and 65.1% of the cases, respectively. Moreover, 17.1% of the patients with elderly-onset IBD had a long-term history of smoking (>35 years), and 13.2% had a history of heavy drinking (>50 g/day on average for men and >25 g/day for women). Diabetes, hypertension, and coronary heart disease were more common among patients in the elderly-onset IBD (p = 0.001, <0.0001, and <0.0001, respectively), as shown in Table 1.




Figure 1 | Cohort definition and flowchart.




Table 1 | Patient characteristics of the cohort.





Incidence Trends of Malignancy in Patients With Elderly-Onset and Adult-Onset IBD

A total of 96 cancer cases occurred during the study (10.9 per 1,000 person-years; 95% confidence interval [CI], 8.9 to 13.3 per 1,000 person-years), including 77 cases in the adult-onset and 19 cases in the elderly-onset IBD groups. The incidence was significantly higher among patients in the elderly-onset group than in the adult-onset group (26.9 versus 9.51 per 1,000 person-years, respectively; RR, 2.83). Among the intestinal tumors, the incidence of colorectal cancer in the elderly-onset group was also higher than that in the adult-onset group (7.07 versus 3.34 per 1,000 person-years, respectively; RR, 2.12). In terms of extraintestinal cancers, thyroid cancer was the most common in patients with adult-onset IBD (14.3%, 1.36 per 1,000 person-years; 95% CI, 0.8–2.5 per 1,000 person-years), followed by hematological tumors and cervical malignancies (including cervical and endometrial cancers; 9.10%, 0.87 per 1,000 person-years; 95% CI, 0.4–1.8 per 1,000 person-years). However, hematological and urinary tract tumors (including kidney and bladder cancer) were the most common among patients in the elderly-onset IBD group (15.8%, 4.24 per 1,000 person-years; 95% CI, 1.4–12.3 per 1,000 person-years), as shown in Table 2. As no malignancy was recorded among patients with elderly-onset IBD from 1998 to 2008 (shown in Supplementary Table 1), the incidence rate of cancer between 1998 and 2008 has been presented as the accumulated incidence rate and annual incidence of malignancy in the two groups were analyzed from 2009 to 2019. As shown in Figure 2, the overall annual incidence of tumors in the elderly-onset IBD group was always above the morbidity in the adult-onset group. Further stratification of tumors showed that the incidence of extraintestinal cancers in the elderly-onset group was also beyond that of the adult-onset group (except in 2014) and showed an increasing trend after 2016. However, the incidence of intestinal tumors gradually decreased from 2015. The incidence of extraintestinal tumors in the adult-onset group showed a decreasing trend; however, that of intestinal tumors showed an increasing trend after 2017, as shown in Figure 3.




Figure 2 | Annual incidence rate of cancer for elderly-onset IBD and adult-onset IBD as a function of calendar time presented as 3-year moving averages from 2009 to 2019. *Accumulated incidence rate of cancer from 1998 to 2008.






Figure 3 | Crude rates of elderly-onset IBD and adult-onset who developed intestinal or extra-intestinal cancers presented as 3-year moving averages from 2009 to 2019. *Accumulated incidence rate of cancer from 1998 to 2008.




Table 2 | Distribution and incidence rates of malignancy among adult-onset and elderly-onset groups.





Characteristics of IBD Patients Who Developed Malignancies

Univariate analysis of IBD and cancer cases revealed that the time from IBD onset to tumor development in the elderly-onset group was significantly shorter than that in the adult-onset group (4.28 ± 4.15 versus 12.1 ± 8.75, respectively, p < 0.0001). In addition, the cancer-related mortality rate was higher in the elderly-onset group than in the adult-onset group (8.45 versus 0.865 per 1,000 person-years; 31.5% versus 9.72%, respectively; p = 0.007). Patients with cancer in the elderly-onset IBD group had a long-term history of smoking (>35 years) than those in the adult-onset group (26.3% versus 5.2%, respectively, p = 0.03). Regarding comorbidities, the proportion of sufferers with diabetes or urinary calculi in the elderly-onset group was distinct compared with the adult-onset group (15.8% versus 2.6%, respectively; p = 0.041; 78.9% versus 53.2%, respectively; p = 0.035). Moreover, cancer cases in the elderly-onset group showed a significantly lower rate of extraintestinal manifestations, including joint pain and oral ulcers (0 versus 23.4%, respectively; p = 0.003; 0 versus 24.7%, respectively; p = 0.002), and the incidence of perianal lesions and intestinal obstruction was also significantly lower (0 versus 15.6%, respectively; p = 0.017; 0 versus 14.3%, respectively, p = 0.03). Regarding the medication history, the use of glucocorticoids, azathioprine, and thalidomide among cancer patients in the elderly-onset IBD group was not common (p = 0.027, 0.003, and 0.030, respectively), and the exposure rates of three or more IBD drugs were 0% versus 27.6%, respectively (p = 0.001), as shown in Table 3.


Table 3 | Patient characteristics of adult-onset and elderly-onset IBD patients who developed a malignancy.





Risk Factors for Malignancy in Patients With Elderly-Onset IBD

We further explored the risk factors for malignancy among patients in the elderly-onset IBD using Cox regression analysis as well as multivariable logistic regression analysis adjusted for age, gender, and duration. As shown in Figure 4 and Supplementary Figure 1, diabetes was a risk factor for the progression of elderly-onset IBD to malignancy (Adjusted HR, 12.53 [2.379–65.994], p = 0.003), whereas glucocorticoid use and the course of disease were protective factors against cancer (Adjusted HR, 0.194 [0.052–0.716], p = 0.014 and 0.764 [0.639–0.914], p = 0.003).




Discussion

The present study focused on the incidence of malignancy in an IBD cohort in mainland China and presented several important findings. First, patients in the elderly-onset IBD group demonstrated a higher incidence of overall cancer development as compared with those in the adult-onset group, especially for colorectal cancer, which was the most common malignancy in the two groups. Among the extraintestinal cancers, lymphoproliferative or myeloproliferative disorders and urinary tract cancers were the common malignancies among elderly-onset group, whereas thyroid cancer was more common in the adult-onset group. Second, the progression of elderly-onset IBD to malignancy demonstrated a shorter course and was associated with higher tumor-related mortality. Third, diabetes mellitus was an independent risk factor for elderly-onset IBD leading to malignancy, whereas glucocorticoid use was a protective factor. Therefore, considering the aging population in China, it is necessary to initiate tumor surveillance earlier in patients with elderly-onset IBD.

In this study, the overall morbidity of malignancies in the IBD cohort from 1998 to 2020 was 10.9 per 1,000 person-years (95% CI, 8.9–13.3 per 1,000 person-years), which is higher (2.85 per 1,000 person-years) than that reported in the Hong Kong cohort (2000–2016) (13). In addition, the incidence was marginally higher than that reported by Brassard P et al. in the Western IBD population (7.86 per 1,000 person-years; 95% CI, 7.54–8.19 per 1,000 person-years) (5). To determine whether elderly-onset IBD patients had an increased risk of developing cancer compared with non-IBD elderly population, standardized incidence ratios (SIRs) with 95% confidence intervals (CIs) were calculated. Based on the national incidence rates from NCCR, we calculated the expected number of cancer cases according to gender, age, and calendar period in 1-year intervals, and compared it with the observed cancer cases from 1998 to 2020. Finally, we obtained the standardized incidence rate (SIR = 1.86 [1.063–3.021], p = 0.031), which further verified the role of elderly-onset IBD in increasing the overall incidence of cancer. Considering that the present study was conducted at one single center and was a hospital-based cohort, the incidence of IBD-associated malignancies could have been overestimated owing to selection bias. Therefore, a larger multicenter cohort study is required for further verification of the results. Following stratification by tumor type, IBD-related colorectal cancer constituted 33.3% of the cases, with an overall incidence of 3.6 per 1,000 person-years, which is similar to that reported in the Western countries (3.5 per 1,000 person-years) (19). Regarding extraintestinal tumors, hematological malignancies and thyroid cancer were the most common, and the high incidence of hematological malignancies in IBD is consistent with that reported in Denmark (20). Interestingly, in this cohort, all patients who developed thyroid cancer belonged to the adult-onset group. A previous large case–control study suggested that age was a protective factor against the progression of IBD to thyroid cancer (21). Radiation exposure at an early age has long been considered an independent risk factor for thyroid cancer (22). Therefore, the method of optimizing radiographical examination and reducing the incidence of thyroid cancer in young patients with IBD required further investigation. Previous studies in Western populations have reported an increased risk of extraintestinal cancers, especially prostate cancer, hematological malignancies, and skin cancer, in elderly patients with IBD (7, 15). However, the increased risk of colorectal cancer is controversial (14, 23). Our study suggested that the overall morbidity of cancer, including colorectal cancer and extraintestinal tumors (hematological, urinary, hepatobiliary, lung, prostate, and breast carcinomas), was greater in elderly-onset IBD than in adult-onset disease group (IR, 26.9 versus 9.51 per 1,000 person-years, respectively; RR, 2.83). Further analysis of the annual incidence of intestinal and extraintestinal carcinomas in both groups revealed that the incidence of parenteral tumors was higher in the elderly-onset group than in the adult-onset group. In terms of intestinal cancer, the incidence of colorectal cancer was also higher in the elderly-onset IBD group from 2013. However, the incidence started to decline after 2015 and gradually became similar to that in the adult-onset group in the last 3 years. The reason may be that colitis-associated colorectal cancer is related to the course of IBD, and the risk of malignancy in patients with adult-onset IBD is higher than that in elderly-onset patients. Therefore, the incidence of intestinal tumors in patients with younger-onset IBD may gradually increase with a longer follow-up period. Furthermore, we compared the incidence of cancer between patients in the young-onset (18–40 years old) and middle-age-onset (41–59 years old) groups; however, there was no significant difference (IR, 8.42 versus 11.8 per 1,000 person-years, respectively; p = 0.164) in the overall occurrence, as shown in Supplementary Table 2.

Analysis of clinical characteristics in the 96 cancer cases revealed that the time from IBD diagnosis to the development of malignancy was shorter, and the all-cause mortality was higher among patients in the elderly-onset group compared with that in the adult-onset group. Inflammation and aging are known to promote the development of tumors, and this synergistic effect is more significant in elderly patients with IBD, which leads to the rapid progression of carcinomas. Another interesting finding was that the proportion of diabetes mellitus in the cancer cases from elderly-onset group was significantly higher than that in the cancer cases of adult-onset IBD. The analysis of risk factors in elderly patients with IBD showed that diabetes mellitus was an independent risk factor for the progression of IBD to cancer. A recent Canadian study also suggested that diabetes mellitus could increase the incidence of IBD-related cancer (OR = 1.06; 95% CI, 1.01–1.11) (5). The underlying mechanism may be related to inflammatory mediators including IL-6, IL-1α, and TNF-α, which not only promote epithelial–mesenchymal transition through activation of the Janus kinase/signal transducer and activator of trans-ions pathway but also increase the risk of type 2 diabetes (24). This partly explains the increased risk of colorectal cancer in patients suffering from elderly-onset IBD; however, more evidence is required to support the association between diabetes, IBD, and colorectal cancer. Previously, several studies focused on the role of drug use in the cancer risk of patients with IBD and reported that glucocorticoids increased the risk of cancer (18) and azathioprine increased the risk of lymphoproliferative or myeloproliferative disorders (9). However, our study found that glucocorticoid use was a protective factor against the progression of IBD to malignancy in the elderly-onset IBD group. We hypothesize that the treatment period and dose of glucocorticoids may account for the difference. In addition, our data revealed a lower utilization rate of immunosuppressive agents (including azathioprine and thalidomide) in the elderly IBD population; therefore, the role of azathioprine in promoting the occurrence of tumors in patients with elderly-onset IBD needs to be discussed further.

To the best of our knowledge, the current work is a large sample cohort study of tumorigenesis in patients with elderly-onset IBD in mainland China, which provides an in-depth and detailed analysis of tumor incidence and related risk factors. Our study supports the view that patients with elderly-onset IBD are at a greater risk of developing cancer as compared with those with a younger-onset disease. In addition, our study indicates that early tumor onset and higher tumor-related mortality occur in this population, providing strong evidence for early surveillance in patients suffering from elderly-onset IBD. In this study, Cox regression was used for multivariate analysis. In general, multivariate analysis can be conducted by logistic regression and Cox regression. So, we used the multivariable logistic regression analysis for further verification (shown in Supplementary Figure 1). Not surprisingly, both statistical methods confirmed that diabetes was a risk factor for cancer in elderly-onset IBD, whereas glucocorticoid use and the course of disease were protective factors. Considering that this is a dynamic cohort, the results obtained from Cox regression analysis are displayed in Figure 4. The chief limitation of this study lies in the single-center design, which was limited to the inpatients treated in the Peking Union Medical College Hospital. The included patients had a relatively wide range of lesions and severe disease activity, which may have led to selection bias. Therefore, the analysis of risk factors (such as diabetes) needs to be further verified in larger multi-center cohort studies.




Figure 4 | Risk factors for overall cancer in elderly-onset IBD.
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Objective

This study evaluated the association between body composition and clinical parameters and prognosis in patients with colorectal cancer (CRC) treated by radical resection.



Methods

Baseline data on patient age, body mass index (BMI), bowel obstruction and tumor-related factors were collected retrospectively. Body composition parameters such as visceral fat area (VFA), total abdominal muscle area (TAMA), muscle attenuation (MA), posterior renal fat thickness (PPNF) and intermuscular fat area (IMF) are measured using Computed tomography (CT) scans. We also propose a new predictor of linear skeletal muscle index (LSMI) that can be easily measured clinically at CT. Follow-up endpoints were disease-free survival and all-cause death. We follow up with patients in hospital or by telephone. Univariate and multifactorial Cox proportional hazards analyses were performed to identify risk factors associated with prognosis. Survival analysis was performed using the Kaplan-Meier method and a nomogram was established to predict survival.



Results

A total of 1761 patients (median age 62 years) with CRC were enrolled in our study, of whom 201 had intestinal obstruction and 673 had a BMI > 24.0. Among all patients, the 3- and 5-year disease-free survival rates were 84.55% and 68.60% respectively, and the overall survival rates were 88.87% and 76.38%. Overall survival was significantly correlated with MA, LSMI, SMI, Tumor size, N stage, metastasis and adjuvant therapy by Cox regression analysis (p < 0.05). The risk of tumor progression was significantly associated with MA, VFA, LSMI, SMI, Male, N stage, metastasis and adjuvant therapy (p < 0.05). In addition, based on the Chinese population, we found that female patients with MA < 30.0 HU, LSMI < 18.2, and SMI < 38.0 had a worse prognosis, male patients with MA < 37.6 HU, LSMI < 21.9, and SMI < 40.3 had a poorer prognosis.



Conclusion

Our findings suggest that linear skeletal muscle index and MA can be used as new independent predictors for colorectal cancer patients treated with radical surgery, and that baseline data such as body composition parameters, LSMI and tumor-related factors can collectively predict patient prognosis. These results could help us to optimize the management and treatment of patients after surgery.





Keywords: colorectal carcinoma, linear skeletal muscle index, body composition parameters, tumor-related factors, prognostic factors, computed tomography.



Introduction

Colorectal cancer is the third most common cancer worldwide, with a total of 935,173 deaths from colorectal cancer in 2020 (1). In China, the incidence and mortality of colorectal cancer are increasing simultaneously, which is one of the worst among the three models proposed by Arnold et al. for the recent trend of colorectal cancer prevalence in the world (2).

Studies have reported that a higher BMI is associated with a series of endocrine and metabolic changes related to cancer development (3). However, in patients with gastric cancer (4) and colorectal cancer (5), a higher BMI at diagnosis is not associated with a higher risk of death, resulting in an obvious “obesity paradox”. BMI is an imprecise body composition. It cannot distinguish between muscle and adipose tissue, nor can it describe the different proportions of adipose tissue and lean tissue (6), and cannot represent obesity well, thus confusing the health consequences of morbidity and mortality (7–9). Recent observational studies have shown that adipose tissue and muscle distribution are risk factors for postoperative complications and overall survival in cancer patients (10, 11). Furthermore, body composition may be further aggravated by cancer and cancer treatment, highlighting the importance of body composition in oncology (12, 13).

Body composition is not only associated with disease prognosis but also with the risk of surgical complications, e.g. Sarcopenic obesity has been used to predict postoperative pancreatic fistula (POPF) after pancreaticoduodenectomy (PD) (14, 15) and visceral obesity increases the risk of postoperative complications in colon cancer (16, 17). In recent years, body composition parameters have been extensively explored and have been found to affect the prognosis of colorectal cancer patients. SMI and MA have been found to be related to patient prognosis. Dolan, Ross D et al. (18) found that SMI [hazard ratio (HR) 1.50, 95% confidence interval (CI) 1.04–2.18, P = 0.031] was independently associated with overall survival and van Wijk, Laura et al. (19) found that overall survival was lower in patients with both muscle quantity and quality loss compared to other categories. However, relevant studies are still limited, and it is difficult to measure every patient clinically because of the complexity of SMI measurement.

Therefore, in the present study, we propose new clinically easy to measure at CT new predictors of linear skeletal muscle index (LSMI), retrospectively analyzed for oncology-related factors and individual body composition parameters, associated with prognosis in patients with colorectal cancer after radical surgery treatment.



Materials and Methods


Study Population

We selected data related to patients admitted to the colorectal cancer surgery ward of the Second Affiliated Hospital of Harbin Medical University from January 2012 to August 2016, including patients who were pathologically diagnosed with colon or rectal cancer and underwent radical surgery at our hospital. We excluded patients with severe systemic disease (eg: severe sepsis, septic shock, hypotension, and multiple organ dysfunction syndrome), other malignancies and those lacking key information (eg: follow-up). Baseline data collected included gender, age, BMI, diagnosis of ileus and diabetes mellitus, body composition parameters, receipt of adjuvant therapy (the standard XELOX, consisting of eight cycles of capecitabine and eight cycles of oxaliplatin) and various tumor characteristics (T and N stage, maximum diameter, presence of metastases, etc.). In this study, the met7astatic location included lung, liver, peritoneum, bone and brain. Based on the previous studies, prognostic factors had been determined (3, 18). All potential prognostic factors were considered as baseline information and calculated after diagnosis and before treatment. As this study was retrospective, we did not obtain relevant information on smoking, alcohol consumption and exercise.

This study was approved by the Ethics Committee of the Second Affiliated Hospital of Harbin Medical University.



Body Composition and Linear Skeletal Muscle Index Measurements

The CT scan results of the 64-slice multi-detector CT scanner (Somatom Definition Flash, Siemens AG, Erlangen, Germany) for each patient were obtained from our center’s database. Volume was used to segment CT data to measure body composition parameters. At the same time, the maximum diameter of paravertebral muscle group in horizontal direction (Ll, cm) and vertical direction (L2, cm) were further measured in the cross section of the third lumbar midpoint. The product of the transverse and longitudinal diameter of the paravertebral muscle group was L1×L2 (Figure 1). In this study, we defined Ll×L2(cm2)/height squared (m2) as linear Skeletal muscle index (LSMI).




Figure 1 | Diagram of transverse and longitudinal diameter of the third lumbar paravertebral muscle group. Ll, maximum diameter in horizontal direction; L2,maximum diameter in vertical direction.



CT values for muscle tissue were in the range of -29 ~ 150 Hounsfield units; CT values for adipose tissue were in the range of -150 ~ -50 Hounsfield units (20). We measured total psoas muscle area (TPA), total abdominal muscle area (TAMA), subcutaneous fat area (SFA) and visceral fat area (VFA). Posterior renal fat thickness (PPNF) and perirenal fat area (PFA) were measured at the level of the renal vein (21–23), while subcutaneous fat thickness (SCF) was measured at the level of the umbilicus (24, 25). We also measured intermuscular adipose tissue and mean muscle attenuation (MA) at the level of the inferior endplate of L3 (26–28).



Data Standardization and Outcome Events

We derived highly normalized indices (reported as cm2/m2) for psoas muscle (PMI) and skeletal muscle (SMI) using the data collected. For example, PMI is total lumbar muscle area (TPA) divided by height squared, and SMI is total abdominal muscle area (TAMA) divided by height squared.

The endpoints of our study were disease-free survival (DFS) and overall survival (OS), defined as all-cause mortality.



Follow-Up Assessments

Patients were followed up according to NCCN guidelines after radical resection of colorectal cancer (29). The last follow-up was in October 2021. For high-risk patients, physical examinations, CEA and CA19-9, biochemistry, abdominal and pelvic ultrasound were examined every 3 months, and colonoscopy, thoracoabdominal and pelvic CT or MRI were examined every 6 months during the first 2 years after surgery. For other patients, physical examinations, CEA and CA19-9, biochemistry, and abdominal and pelvic ultrasound were reviewed every 3-6 months, and colonoscopy, thoracoabdominal and pelvic CT or MRI were reviewed annually during the first 2 years after surgery. Three to five years after surgery, all patients underwent physical examination, CEA and CA19-9 monitoring, biochemical examination and abdominal and pelvic ultrasound every 6 months, colonoscopy and chest and abdominal and pelvic CT or MRI examinations every year. For all patients, physical examinations, CEA and CA19-9, biochemistry, abdominal pelvic ultrasound, colonoscopy, and thoracoabdominal pelvic CT or MRI were reviewed annually 5 years after surgery.



Statistical Analysis

Statistical analyses were performed using R version 4.1.2 (R Project for Statistical Computing, Vienna, Austria) and SPSS statistics version 25.0 (IBM, Armonk, NY). X-tile is used to determine the cut-off values. Categorical data was expressed as frequencies (%) and continuous data was expressed as median (min-max). We also used the Kaplan-Meier method to analyze patient survival. In survival analysis, disease-free survival (DFS) and overall survival (OS) were analyzed using standard Cox regression analysis based on the proportional risk assumption. Furthermore, univariate Cox proportional risk models were used to analyze categorical data as well as continuous data, and all univariate significant variables were included in the multivariate Cox proportional risk analysis (p < 0.05).




Results


Patient Characteristics

The characteristics of the 1761 post-radical colorectal cancer patients were shown in Table 1. Their median age was 62 years (range 23 - 90) and according to the BMI classification, 673 patients were considered as overweight (BMI > 24) and 148 patients were considered as obese (BMI > 28). In these populations, the prevalence of intestinal obstruction, hypertension, diabetes and anaemia were 11.41%, 24.36%, 11.65% and 11.41% respectively. There were slightly more males (n=1082) than females (n=679). All patients had a pathological diagnosis of malignancy, which included 635 patients with T3 and 945 patients with T4 stage (Table 1).


Table 1 | Baseline characteristics of study cohort.





Survival Analysis

The Kaplan-Meier analysis showed that the 3- and 5-year overall survival rates were 88.87% and 76.38%, respectively (Figure 2A); the disease-free survival rates were 84.55% and 68.60%, respectively (Figure 2B). At follow-up, we identified 553 patients who developed resurgence of diseases after radical colorectal cancer surgery and 416 patients who died during the five-year period.




Figure 2 | (A) Overall survival of all patients; (B) Disease-free survival of all patients.





Prognostic Factors

A total of 27 factors were included in univariate Cox proportional hazard analysis (Table 2). After that, the significant prognostic factors in univariate COX regression analysis were included in multivariate COX proportional risk analysis. Finally, multivariate COX proportional risk analysis showed that MA, LSMI, SMI, Tumor size, N stage, Metastasis, and postoperative adjuvant therapy were significantly correlated with OS (P < 0.05; Table 3). MA, VFA, LSMI, SMI, gender, Tumor size, N stage, Metastasis, and postoperative adjuvant therapy were significantly associated with DFS (P < 0.05; Table 4).


Table 2 | Univariate cox proportional hazard analysis for risk factors of patients’ prognosis.




Table 3 | Multivariate cox proportional hazard analysis for risk factors of patients’ prognosis (OS).




Table 4 | Multivariate cox proportional hazard analysis for risk factors of patients’ prognosis (DFS).



We further found that patients with higher MA, LSMI and SMI values had a lower risk of all-cause mortality, while patients with tumor size ≥5cm, higher N stage, presence of distant metastases and no postoperative adjuvant chemotherapy had a higher risk of all-cause mortality. And patients with higher MA, LSMI and SMI values had a lower risk of tumor progression, while patients with higher VFA, male patients, tumor size ≥5 cm, higher N stage, presence of distant metastases and no postoperative adjuvant chemotherapy had a higher risk of tumor progression.



Cut-Off Values for Prognostic Factors

Based on the overall survival (OS), we found that female patients with MA <30.0HU (Figure 3A), LSMI <18.2 (Figure 3B), and SMI <38.0 (Figure 3C) had a poorer prognosis; male patients with MA <37.6HU (Figure 3D), LSMI <21.9 (Figure 3E), and SMI <40.3 (Figure 3F), male patients had a worse prognosis.




Figure 3 | (A) Cut-off values of Female MA; (B) Cut-off values of Female LSMI; (C) Cut-off values of Female SMI; (D) Cut-off values of Male MA; (E) Cut-off values of Male LSMI; (F) Cut-off values of Male MA.





Nomograms Construction and Clinical Performance

Based on overall survival, we constructed a nomogram using seven independent predictors including MA, LSMI, SMI, tumor size, N stage, metastasis and adjuvant therapy after multivariate COX regression analysis (Figure 4). The calibration curves at 3 and 5 years were close to 45 degrees (Figure 5), indicating that the nomogram has good calibration ability. DCA curves at 3 and 5 years showed that the model had good clinical performance (Figure 6). The ROC was used in this study to determine the predictive effect of the model. The 3-year and 5-year AUC values for this nomogram were 0.835 (95% CI, 0.818 - 0.852) and 0.748 (95% CI, 0.733 - 0.763) (Figure 6).




Figure 4 | Nomogram for predicting overall survival in colorectal cancer patients.






Figure 5 | (A) The calibration plots of the nomogram for 3-year overall survival. (B) The calibration plots of the nomogram for 5-year overall survival.






Figure 6 | Decision curve analysis (DCA) of the nomogram of based on 3-year (A) and 5-year (B) overall survival. The x-axis and the y-axis were the threshold probability and the net benefit, respectively. Receiver operating characteristic (ROC) analyses of the nomogram based on 3-year (C) and 5-year (D) overall survival.






Discussion

In patients with colorectal cancer, quantitative calculation of skeletal muscle area by abdominal CT images is the recognized gold standard for the diagnosis of sarcopenia (30). However, because this method requires a lot of time for each patient to use software to perform manual segmentation, it is currently not clinically conditions to diagnose sarcopenia for each patient (31). This study is the first to find that the product of the transverse and longitudinal diameter of the paraspinal muscle group/square of the height (Linear Skeletal muscle index) on abdominal CT images of the third lumbar spine can be used as a new prognostic factor for colorectal cancer. This method has the advantages of saving time and being easy to measure. When LSMI <18.2 in female patients, and LSMI <21.9 in male patients, the prognosis of patients is worse.

At the same time, we found that few studies have examined muscle and fat tissues among Chinese people. To our knowledge, this is the first time that a combination of muscle and adipose-related parameters, linear Skeletal Muscle Index (LSMI), and oncological parameters has been used to determine survival outcomes in CRC patients undergoing radical surgery. We found that skeletal muscle mass index (SMI), muscle attenuation (MA), linear skeletal muscle index (LSMI), tumor size, N stage, metastasis, and postoperative adjuvant therapy were significantly correlated with the survival rate of colorectal cancer patients after radical resection.

Skeletal muscle is the largest organ in non-obese individuals and it accounts for 40% of body mass (32). Muscle and fat are two important components of the body and a reliable method of assessing the amount and distribution of muscle and fat in the body is clinical imaging and CT scan analysis at the level of the third lumbar vertebra is considered to be the gold standard for measuring body composition parameters. There may be some amount of skeletal muscle loss, either during cancer radiotherapy or malignancy development (33–35), and loss of muscle mass or quality may shorten overall survival (36). The amount and distribution of adipose tissue affects clinical outcomes differently in different types of tumors (10, 11).

SMI is used to measure body muscle mass and is often used as a standard indicator to diagnose sarcopenia, while MA is used to measure muscle quality (37). Skeletal muscle is the largest protein storage site in the body, and it secretes hundreds of myostatin peptides that affect immune function, adipose tissue oxidation, insulin sensitivity and systemic metabolism. Studies have shown that sarcopenia can be mediated through mechanisms such as autophagy (38), disturbances in adipose tissue metabolism (39), oxidative stress (40) and systemic inflammation (41). Loss of MA and SMI is associated with poor prognosis in patients with a variety of solid tumors, such as bladder cancer, lung cancer, breast cancer and gastric cancer (42–45).

Low MA is associated with physical inactivity, obesity and muscle atrophy, which often results in metabolic disturbances, severe postoperative complications and a systemic inflammatory response (46). Inflammation and oxidative stress activate the ubiquitin-proteasome system and apoptosis-inducing proteins, and inhibit insulin-like growth factors (47). Studies have found that skeletal muscle attenuation density is negatively correlated with muscle fibre fat content, and muscle mass and strength are positively correlated (48).

Research demonstrating that muscle mass and quantity are associated with mortality could be used as a framework to test the hypothesis that targeted interventions for muscle status may provide clinical benefit in this population. In this framework, measures of muscle mass and quantity could be used as therapeutic targets (i.e. biomarkers) to guide the development of early treatment. For example, resistance training combined with exercise, nutrition and medication might improve muscle status.

Most of the pathological types of colorectal cancer are adenocarcinoma, which contains a large number of lipid droplets. Therefore, lipid metabolism may play an important role in colorectal cancer. Adipose tissue is an endocrine organ with high metabolic activity, with visceral adipose tissue (VAT) being the most metabolically active (49). Environmental and genetic factors lead to abnormal fat distribution in the body. The accumulation of VAT does not necessarily correlate positively with BMI and patients with low BMI may have higher than normal levels of visceral adipose tissue. Visceral adipose tissue releases adipokines such as IL-6, TNF-a, VEGF, and fibrinogen activator inhibitor-1 that are involved in inflammation and angiogenesis, while decreasing lipocalin expression (50). Meanwhile, many studies have reported that reduced serum lipocalin levels are associated with an increased incidence of common malignancies, including breast, colon and prostate cancers (51, 52). Visceral obesity is one of the manifestations of abnormal body fat distribution under the influence of multiple genetic and environmental factors.

Visceral obesity increases the burden of endoplasmic reticulum, triggers an endoplasmic reticulum stress response and impairs insulin signaling pathways. These factors lead to chronic inflammatory response and insulin resistance, magnifying surgical stress and aggravating surgical complications (17). Polyunsaturated fatty acids (PUFA) have also been found to intervene in the development and progression of colorectal cancer (53). Meanwhile, our results also suggest that visceral fat area (VFA), a fat parameter measured in the third lumbar spine, may significantly influence the invasion and development of colorectal cancer.

The current study has some limitations, and we need to acknowledge that the present study did not retrospectively obtain data on important diagnostic factors related to sarcopenia, such as walking speed and patient self-report on the SARC-F questionnaire (54). Additionally, we did not obtain parameters related to tumor nutrition, such as grip strength, triceps skinfold thickness and the PG-SGA score patient self-assessment scale (55), because some body composition parameters are directly affected by the patient’s nutritional status. In addition, the relatively small cohort and retrospective nature of data collection are potential sources of bias. Future research should focus on validating and refining these results.

Besides, we consider providing some commentary on the next steps for this line of research. In the future, we plan to examine these indicators compared to sarcopenia or other independent prognostic factors for colorectal cancer and explore whether imaging is the most cost-effective tool in this setting. Moreover, we will determine if there are ways to assess proxies for skeletal muscles (e.g., exercise behavior, nutrition, walking pace) in the real-world.



Conclusion

We demonstrate for the first time that linear skeletal muscle index is an independent and powerful prognostic factor for patients with colorectal cancer, and furthermore we find that more refined body composition parameters than BMI combined with oncology-related parameters may provide a more comprehensive assessment of patient prognosis. Our results may provide a reference in their postoperative management.
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Importance

Currently, surgical resection of distant metastatic lesions has become the preferred treatment for select colorectal cancer (CRC) patients with liver metastasis (LM) and/or pulmonary metastasis (PM). Metastasectomy is the most common curative method. However, evidence of the factors affecting the prognosis of CRC patients after resection of LM and/or PM is still insufficient.



Objective

To explore the prognostic factors of CRC patients with LM and/or PM who have undergone resection of metastatic tumors and to provide reliable selection factors for surgical treatment in patients affected by LM and/or PM from CRC.



Methods

The SEER database was used to identify eligible CRC LM and/or PM patients who underwent resection of the primary tumor and distant metastases from January 1, 2010, to December 31, 2018. The Kaplan–Meier method was used to calculate survival, and comparisons were performed using the log-rank test for univariate analysis. A Cox proportional hazards regression model was used to identify prognostic factors for the multivariate analysis. The outcomes included overall survival (OS) and cancer-specific survival (CSS).



Results

A total of 3,003 eligible colorectal cancer patients with LM and/or PM were included in this study. The 3-year and 5-year OS rates were 53% and 33.6%, respectively, and the 3-year and 5-year CSS rates were 54.2% and 35.3%, respectively. In the adjusted multivariate analysis, age < 65 years (OS: p=0.002, CSS: p=0.002) was associated with better long-term outcomes, and primary tumors located on the left side of the colon (OS: p=0.004, CSS: p=0.006) or rectum (OS: p=0.004, CSS: p=0.006), T3 stage (OS: p<0.001, CSS: p<0.001), number of regional lymph nodes examined ≥ 12 (OS: p<0.001, CSS: p=0.001), and CRC LM (OS: p<0.001, CSS: p<0.001) were positive prognostic factors for survival after resection of metastatic tumors.



Conclusion

Age < 65 years is associated with better long-term outcomes in colorectal cancer patients with LM and/or PM, analogously to the left sided primary tumor, T3 stage, number of regional lymph nodes examined ≥ 12 and liver metastases.





Keywords: colorectal cancer, liver metastases, pulmonary metastases, surgical resection, prognostic factors



Introduction

Approximately 149,500 cases of colorectal cancer (CRC) are diagnosed each year in the United States (1). Over half will develop distant metastases, and the liver and lung are the dominant metastatic sites. In the past decade, with the advent of new drugs and the advancement of medical technologies, survival for metastatic CRC has significantly improved. However, surgical resection is still the most likely curative method for patients with potentially resectable liver metastasis (LM). In previous surgical case series, the five-year survival rates of CRC LM patients after resection ranged from 24%-58%, with an average of 40%, and surgical mortality rates were generally<5% (2–4). There is increasing evidence that pulmonary metastasectomy can also improve the outcomes of CRC pulmonary metastasis (PM) patients (5–7). A study that included 785 CRC PM patients undergoing resection of PM with curative intent found that the 5-year overall survival rate was 68% (8), and the 5-year survival rate for patients who were treated with chemotherapy alone was at most 20% (9). Currently, surgical resection has become the preferred treatment for many appropriately selected CRC LM and/or PM patients.

Nevertheless, many factors may affect the prognosis of CRC LM and/or PM patients after surgical resection, such as age, sex, race, comorbidities, primary tumor location, primary tumor size, TNM staging, extent of distant metastasis, preoperative or postoperative chemotherapy, and radiotherapy. Identifying the clinical factors that influence patient prognosis is important for formulating reasonable treatment plans, assessing prognosis and improving the survival rate. This population-based cohort study is the first to use the SEER (The Surveillance, Epidemiology, and End Results) database to explore the prognostic factors of CRC patients with LM and/or PM who underwent resection of distant metastases with the aim of providing reliable selection factors for surgical treatment in patients affected by LM and/or PM from CRC.



Materials And Methods


Patients and Data Sources

This is a population-based cohort study investigating the prognostic factors of CRC patients with LM and/or PM who underwent resection of LM and/or PM. All data were obtained from the SEER database [Incidence-SEER Research Data, 18 Registries, Nov 2020 Sub (2000-2018)]. The following inclusion criteria were used: 1) stage IV CRC patients with LM and/or PM who had primary tumors and metastatic tumors resected from January 1, 2010, to December 31, 2018; 2) malignant tumor confirmed by postoperative pathology to be histological type code 8140/3 (adenocarcinoma); 3) distant metastasis proven by postoperative pathology; and 4) complete postoperative follow-up data. Exclusion criteria were as follows: 1) age <18 years; 2) a second primary cancer; and 3) distant metastases at sites other than the liver and lung, such as peritoneal, bone and brain metastases. Because the SEER database is a public database, institutional ethical approval and informed consent were not required.



Data Collection

Demographic data included age, sex, race, primary tumor location, T stage, N stage, primary tumor size, number of primary tumor regional lymph nodes examined, distant metastatic sites, survival status, cause of death and follow-up time. Patients were categorized according to age (<65 years and ≥ 65 years), primary tumor size (≤40 mm and >40 mm), primary tumor location (right side of the colon, left side of the colon, and rectum), the number of regional lymph nodes examined (<12, 12-20, and > 20), and the presence of LM, PM, or both. All the above variables were considered important factors that may affect the outcome of CRC patients with LM and/or PM after surgical resection. After statistical analysis, the relationship between these variables and patient prognosis was explored.



Outcomes and Statistical Analysis

The outcome endpoints included overall survival (OS) and cancer-specific survival (CSS). OS was defined as the time from resection of CRC LM and/or PM until death from any cause, and CSS was defined as the interval from resection of CRC LM and/or PM until death from cancer cause. Complete follow-up information about vital status in the SEER database was available up to December 31, 2018. Final study analyses were performed on December 01, 2021.

The survival analysis was performed using the Kaplan–Meier method, and comparisons were made using the log-rank test for univariate analysis. Variables with p < 0.1 were included in the multivariable analysis. A Cox proportional hazards regression model for multivariate analysis was used to identify prognostic factors, and a P value < 0.05 was considered a significant difference. All analyses were performed using R statistical software version 3.4.1.




Results

A total of 85,568 cases were retrieved initially through the SEER database. According to our inclusion and exclusion criteria, the data of 3,003 eligible cases with IV stage CRC LM and/or PM were ultimately analyzed (Figure 1) . All patients underwent surgical resection of the primary tumor and metastatic tumor from January 1, 2010, to December 31, 2018. The characteristics of the patients involved in the study are shown in Table 1. The median follow-up time after liver and/or pulmonary metastasectomy was 21 months. Patient age ranged from 18 to 85 years old. Sixty-five percent (1950) were younger than 65 years, and thirty-five percent (1053) were 65 years or older, with 44.5% of patients being female (1336). Patients with only liver metastases accounted for 88.4%, only lung metastases accounted for 3.9%, and both liver and lung metastases accounted for 7.7%. Patients with synchronous or metachronous metastases were included in the analysis.




Figure 1 | Flowchart of the patient selection.




Table 1 | Characteristics of the patients.



Overall survival and cancer-specific survival curves are shown in Figure 2. The 3-year and 5-year OS rates were 53% and 33.6%, respectively, and the 3-year and 5-year CSS rates were 54.2% and 35.3%, respectively. In univariate analysis, age, sex, primary tumor location, T stage, number of regional lymph nodes examined, and distant metastatic sites were significant prognostic factors (Table 2). All these variables were included in the multivariate analysis.




Figure 2 | Kaplan–Meier curve of OS and CSS after resection of LM and/or PM in CRC. YSR, year survival rate.




Table 2 | Univariate analysis of the prognostic factors of OS and CSS after resection of LM and/or PM in CRC.



In the adjusted multivariate analysis, age, primary tumor location, number of regional lymph nodes examined, and distant metastatic sites were important prognostic factors for survival (Table 3). An age< 65 years was associated with better long-term outcomes (OS: HR=1.173, 95% CI 1.062 to 1.295, p=0.002 and CSS: HR=1.182, 95% CI 1.067 to 1.31, p=0.002). Patients with left-sided colon (OS: HR=0.845, 95% CI 0.754 to 0.946, p=0.004 and CSS: HR=0.861, 95% CI 0.765 to 0.969, p=0.006) and rectal tumors (OS: HR=0.787, 95% CI 0.677 to 0.916, p=0.004, and CSS: HR=0.786, 95% CI 0.67 to 0.921, p=0.006) who underwent surgical resection of metastatic tumors had a better prognosis than those with right-sided colon tumors. Patients with stage T3 disease had better long-term survival outcomes (OS: HR=0.291, 95% CI 0.234 to 0.363, p<0.001 and CSS: HR=0.284, 95% CI 0.225 to 0.358, p<0.001). The number of regional lymph nodes examined appeared to be positively correlated with long-term outcomes (OS: HR=0.829, 95% CI 0.725 to 0.949, p<0.001). Compared with PM only or both PM and LM, patients with LM only had a better long-term prognosis (OS: HR=0.56, 95% CI 0.447 to 0.657, p<0.001 and CSS: HR=0.284, 95% CI 0.225 to 0.358, p<0.001). In addition, male sex was a favorable factor for a prolonged CSS (CSS: HR=0.904, 95% CI 0.818 to 0.998, p=0.047).


Table 3 | Multivariate analysis of the prognostic factors of OS and CSS after resection of LM and/or PM in CRC.





Discussion

This study is the first to use the SEER database to explore the prognostic factors of CRC patients with LM and/or PM who underwent resection of metastatic tumors. The current study showed that age, primary tumor location, T stage, number of regional lymph nodes examined, and distant metastatic sites are the most important prognostic factors. Compared with elderly patients (≥65 years), younger patients (<65 years) have better long-term outcomes. However, there is still a substantial proportion of elderly patients who have favorable long-term survival. Patients with primary tumors located in the left colon or rectum can obtain better CSS and OS after resection of metastatic tumors. It should be noted that preoperative T stage was found to be correlated with prognosis in the study; however, when the primary tumor was stage T3, patients achieved better long-term outcomes. In addition, the number of regional lymph nodes examined appears to be positively correlated with prognosis. When the number of regional lymph nodes examined is not less than 12, this may indicate a favorable prognosis. Finally, the prognosis of patients varies significantly depending on distant metastatic site. Compared with CRC patients with PM only or both PM and LM, patients with only LM have better long-term outcomes.

Previous studies have shown that age is an important factor affecting the prognosis of patients after resection of LM and PM, and advanced age (≥65 years) will increase the risk of death associated with surgery (4, 10–12). Despite this, there are still a significant number of elderly patients who can benefit from surgical resection and achieve good long-term survival. Advanced age is not an absolute contraindication for patients with CRC LM (10, 12, 13). Based on the results of our study, for elderly patients with CRC LM and/or PM, a detailed evaluation should be carried out before resection of metastatic tumors to minimize the risks of surgery and to provide elderly patients with the most appropriate treatment plan. The evidence supports the use of preemptive surgery for the management of highly selected metastatic CRC elderly patients.

The results of this study suggested that patients with a primary tumor located on the left side of the colon or rectum have a better prognosis than those with a primary tumor on the right side of the colon, which is consistent with the results of previous studies. A retrospective study by Corsini et al. aiming to study the effect of primary colorectal cancer tumor location on survival after pulmonary metastasectomy showed that left-sided colon and rectal cancer was associated with prolonged survival in patients after resection of PM (14). Yu et al. (15), using the Korean National Health Insurance database to study the prognostic factors of patients with colorectal cancer after PM resection, reported that the presence of distally located colon and rectal cancer is a positive factor for survival and prognosis. Yi, Chenghao (11) and Engstrand (16) also found that compared with the proximal colon, the distal colon and rectum were associated with better long-term survival after resection of metastatic tumors. All these results show that the primary tumor site has a good predictive effect on the outcome of patients after surgical resection. This discrepancy may be related to differences in the anatomical characteristics of the colorectal segments (17). More importantly, differences in molecular and pathological features reported in patients with right-sided and left-sided colon cancer may lead to different clinical features; for example, patients with metastatic right-sided cancer are more likely to have signet ring cell features, higher pathological T stage and grade, KRAS mutation, and microsatellite instability, which may also contribute to a worse prognosis of right-sided colon cancer (18–20). Currently, the TNM staging system is recommended for predicting the prognosis of CRC patients. In our study, patients with T1-2 stage disease had worse OS and CSS rates than those with T3 stage disease, which may be related to the pathological characteristics of the tumor itself or bias in the results due to the small sample of cases with stage T1-2 disease. Further clinical studies should be designed to study the association between T stage and prognosis in colorectal cancer patients with LM and/or PM.

Lymph node examination plays an important role in evaluating the quality of surgery and for pathological examination, which is associated with accurate staging and adjuvant treatment performance (21). Currently, the National Comprehensive Cancer Network (NCCN) and the American Society of Clinical Oncology (ASCO) recommend that at least 12 lymph nodes be examined. The current study also demonstrated that the number of regional lymph nodes examined is closely related to patient prognosis. When the number of regional lymph nodes examined is 12-20 or >20, the postoperative outcome of patients with LM and/or PM is significantly improved. Thus, surgeons should remove as many regional lymph nodes as possible to improve the prognosis of patients when resecting the primary tumor. Of course, we must also consider that more lymph node removal means greater surgical trauma. Importantly, no significant difference was observed in the prognosis of patients with different N stages, which is a novel and important finding of this study. Possible reasons include an insufficient number of lymph nodes examined to obtain an accurate N stage, and differences in disease status of distant metastatic organs, such as the size, number, and extent of metastases. More clinical research is needed to further investigate this finding.

The study by Yi et al. (11) found that among patients with single organ metastases of metastatic colorectal cancer, those with solitary pulmonary metastasis had the highest median OS. However, Siebenhüner et al. (22) reported that compared with patients undergoing resection of PM or liver and lung metastases, those with LM have better OS and CSS rates after metastatic tumors resected, which is consistent with our research results. These results show that the organ affected by distant metastasis also influences the long-term outcomes of patients after surgical resection.

In our study, race and primary tumor size were not significantly correlated with the prognosis of patients. A recent study by Feng et al. (23) using the SEER database to investigate the association between tumor size as a continuous variable and prognosis in nonmetastatic colon cancer suggested that there was a strong negative relationship between the primary tumor size and patient prognosis. However, this relationship was not found in this study. Yu et al. (15) reported that female sex was a positive prognostic factor for survival. However, our study found that male sex was a favorable factor for CSS. More clinical studies are still needed for further verification. Due to the limited patient information available in the SEER database, we were not able to study other factors that may affect prognosis. Some studies have reported that postoperative complication rates and mortality risk increased significantly when the primary tumor and synchronous liver metastases were resected simultaneously; therefore, staged operation should be recommended (24–26). However, a prospective study involving 84 patients found that when primary colorectal cancer and simultaneous liver metastases were resected at the same time, there appeared to be no difference in the complication rate. Delayed resection often compromises overall survival (27). Moreover, Zhang et al. (28) and Silberhumer et al. (29) also concluded that simultaneous surgical resection is a safe and effective treatment option for patients with CRC LM. Compared with staged surgery, there was no significant difference in the long-term prognosis of patients. At present, simultaneous surgical resection has become an optional treatment option for CRC patients with LM or PM. The lack of cytokeratin 20 expression in metastases is associated with poor overall survival for CRC PM patients (30). Isolated unilateral lung metastasis with normal CEA levels and no lymph node involvement is a positive prognostic factor for patients (31, 32). Another study reported that patients with hepatic regional lymph node involvement who underwent resection of CRC liver metastases had inferior survival compared to patients with negative nodes. Despite this poor prognostic factor, a small proportion of cases with involved nodes do achieve favorable long-term survival outcomes (33). For some CRC patients with LM and/or PM, surgical resection combined with chemotherapy or radiotherapy may also bring survival benefits (28, 34).

The study used the SEER database to explore the prognostic factors of patients with CRC LM and/or PM after surgical resection, and the results offer some very important insights and supporting evidence, providing a theoretical basis for clinical practice. Nevertheless, we must point out that this research still has some limitations. First, there was a lack of information about the patient’s general physical condition in the database, such as body mass index and comorbidities. Some studies have reported that patients with serious concomitant diseases often have a poor prognosis (10, 25). Second, the different levels of experience among surgeons can influence patient outcomes and may bias the results. Third, some important potential prognostic variables were not tested in this analysis. The SEER database contains information on the surgical treatments and general outcomes of the patients, but information on preoperative tumor markers, the extent of disease at the distant metastatic site, biological features such as microsatellite status, RAS-RAF mutations, adjuvant systemic and/or local-regional therapies is lacking, limiting further analyses of the possible factors affecting the prognosis of patients. Thus, the effect of selection bias could not be controlled. Finally, control of the indication for surgery, subjective definition of resectability, and access to tertiary care may influence the results of the study to some extent. Hence, we hope that a more complete public electronic database system can be established and that further clinical studies can be designed to overcome some of these problems to ensure that this evidence base is more comprehensive and reliable.



Conclusion

For CRC patients with LM and/or PM who underwent resection of metastatic tumors, age < 65 years is associated with better long-term outcomes. Nevertheless, a significant number of elderly patients (≥65 years) may still benefit from surgical resection and achieve good long-term survival outcomes. Primary tumors located on the left side are positive prognostic factors for CRC patients with LM and/or PM compared with primary tumors located on the right side. When the primary tumor stage is T3, patients often can achieve better long-term survival, which should be further verified by more clinical studies. In addition, the number of regional lymph nodes examined appears to be positively correlated with long-term outcomes and compared with CRC patients with PM only or both PM and LM, patients with only LM have a better long-term prognosis.
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Predicting the prognosis of patients in advance is conducive to providing personalized treatment for patients. Our aim was to predict the therapeutic efficacy and progression free survival (PFS) of patients with liver metastasis of colorectal cancer according to the changes of computed tomography (CT) radiomics before and after chemotherapy.


Methods

This retrospective study included 139 patients (397 lesions) with colorectal liver metastases who underwent neoadjuvant chemotherapy from April 2015 to April 2020. We divided the lesions into training cohort and testing cohort with a ratio of 7:3. Two - dimensional region of interest (ROI) was obtained by manually delineating the largest layers of each metastasis lesion. The expanded ROI (3 mm and 5 mm) were also included in the study to characterize microenvironment around tumor. For each of the ROI, 1,316 radiomics features were extracted from delineated plain scan, arterial, and venous phase CT images before and after neoadjuvant chemotherapy. Delta radiomics features were constructed by subtracting the radiomics features after treatment from the radiomics features before treatment. Univariate Cox regression and the Least Absolute Shrinkage and Selection Operator (LASSO) Cox regression were applied in the training cohort to select the valuable features. Based on clinical characteristics and radiomics features, 7 Cox proportional-hazards model were constructed to predict the PFS of patients. C-index value and Kaplan Meier (KM) analysis were used to evaluate the efficacy of predicting PFS of these models. Moreover, the prediction performance of one-year PFS was also evaluated by area under the curve (AUC).



Results

Compared with the PreRad (Radiomics form pre-treatment CT images; C-index [95% confidence interval (CI)] in testing cohort: 0.614(0.552-0.675) and PostRad models (Radiomics form post-treatment CT images; 0.642(0.578-0.707), the delta model has better PFS prediction performance (Delta radiomics; 0.688(0.627-0.749). By incorporating clinical characteristics, CombDeltaRad obtains the best performance in both training cohort [C-index (95% CI): 0.802(0.772-0.832)] and the testing cohort (0.744(0.686-0.803). For 1-year PFS prediction, CombDeltaRad model obtained the best performance with AUC (95% CI) of 0.871(0.828-0.914) and 0.745 (0.651-0.838) in training cohort and testing cohort, respectively.



Conclusion

CT radiomics features have the potential to predict PFS in patients with colorectal cancer and liver metastasis who undergo neoadjuvant chemotherapy. By combining pre-treatment radiomics features, post-treatment radiomics features, and clinical characteristics better prediction results can be achieved.





Keywords: radiomics, computed tomography, progression-free survival, colorectal liver metastases, chemotherapy



Introduction

Globally, colorectal cancer ranks as the third most common type of cancer but ranks second in terms of mortality (1). Approximately 50% to 60% of patients diagnosed with colorectal cancer will develop colorectal metastases (2–4) and the liver is the most common location for of metastasis (5). Colorectal metastasis is usually metachronous (after local colorectal cancer treatment) (5). An estimated 20%–34% of patients with colorectal cancer present with synchronous liver metastases (6, 7). Synchronous colorectal liver metastases (CRLM) patients tend to have a poor prognosis with a reported 1-year survival less than 30% and a 5-year survival less than 5% if untreated. The 5-year survival rates for the selected group that can undergo curative surgical resection can be up to 60% (8). For patients with CRLM, complete surgical resection of all metastases is considered to be the only curative method (9, 10). However, 80%–90% of the patients with CRLM cannot receive curative surgical resection due to either the tumor being too large or medical conditions accompanying the disease (3, 6, 11–16). Patients with unresectable CRLM have indications for palliative systemic treatment and will undergo neoadjuvant chemotherapy (14, 17). Depending on the therapeutic effect of neoadjuvant chemotherapy, patients may receive surgical resection or local treatment (18). Predicting the prognosis of patients with neoadjuvant chemotherapy in advance will help doctors in making treatment decisions or adjustments.

Computerized tomography (CT) imaging plays a vital role in the diagnosis and efficacy prediction of CRLM. To date, the main content of imaging prediction includes the visual assessment of the lesion size and morphological changes in response to treatment. However, the information obtained from CT is limited because it mainly relies on visual assessment. Fortunately, recent studies have shown that texture analysis enhances the interpretation of CT images, which may reveal underlying tumor biology (19). It can directly extract biological data from radiographic images without invasive operations, thereby, saving cost, time, and avoiding most of all risk to the patient. Texture analysis of CT images involves a computational process, which can spatially quantify the voxel of CT images and effectively correlate the structural features of tumors with the voxel features of CT images (20). In patients with CRLM, texture analysis has been studied using CT data. To date, two main settings have been explored: one group of studies focused on the intralesional texture of the liver metastases itself, which was found to be significantly correlated with the response to chemotherapy, as well as with patient survival (21–24). Other studies focused not on the texture of the metastases but on that of the surrounding liver parenchyma and showed that diffuse parenchymal textural changes may hold promise as a prognostic marker to assess and even predict the occurrence of metastatic disease in the liver (23, 24). Although the texture of metastatic liver cancer and their surrounding parenchyma has been studied, to our knowledge, whether the differences in the focal image texture before and after treatment can predict the curative efficacy has not been reported. This will be an interesting study that will provide valuable insights into the relationship between novel imaging biomarkers and underlying tumor behavior.

The purpose of this study is to combine CT imaging and clinical characteristics to study the image texture changes of colorectal liver metastases before and after treatment, in the hope of helping to predict the efficacy of chemotherapy, and thus contributing to treatment decision-making.



Methods


Patients

The retrospective study included patients with liver metastases from colorectal cancer diagnosed at the Sixth Affiliated Hospital of Sun Yat-sen University from April 2015 to April 2020. The TNM Classification of Malignant Tumors (TNM) stages, pathological types and differentiation, chemotherapy regimen, immunohistochemistry, gene detection and laboratory results (alanine transaminase, aspartate transaminase, glutamine transaminase, alkaline phosphatase, total bilirubin, direct bilirubin, total bile acid, alpha fetoprotein, carcinoembryonic antigen) of the patients were reviewed. All patients met the following inclusion criteria: (a) pathologically confirmed colorectal adenocarcinoma, (b) first-time and untreated patients, (c) CT plain scan and enhanced examination were performed, and (d) reexamined within 3 months after chemotherapy. The exclusion criteria for this study were: (a) patients who had received neoadjuvant chemotherapy or radiotherapy before surgery and (b) first-time patients without liver metastases. A total of 139 patients with an average age of 57 ± 10 years were included.



Treatments and Follow-Up

All patients underwent neoadjuvant chemotherapy and underwent imaging follow-up. The time of our study began with CT plain scan and contrast-enhanced CT examination at the first diagnosis. After chemotherapy, patients were followed up every 2-4 months until the progression of liver metastasis, other distant metastasis, the last follow-up date, or death occured. Progression free survival (PFS) was measured in months from the date of first diagnosis to the first date of local recurrence or progression, distant metastasis, last follow-up date, or death, whichever came first. Overall survival (OS) was measured in months from local recurrence or progression to the date of death or the last follow-up. The last follow-up date was February 5, 2021.



CT Image Acquisitions

A Toshiba 640-slice CT scanner (Toshiba Medical Systems, Tokyo, Japan) was used to perform contrast-enhanced CT examinations at a tube voltage of 120 kV, automatic tube current modulation, 0.814 pitch, and 0.5 mm reconstruction section thickness. All patients received intravenous injection of a contrast agent (Iopromide, Bayer Healthcare, 370 mg / ml, 1.3-1.5ml / kg, and a injection rate of 3 - 4 ml / s). After the injection of the contrast agent, double helix scan in the arterial phase and portal venous phase were acquired. In order to avoid the possibility of image information loss, we obtained DICOM images directly from the picture archiving and communication system (PACS) system without compression and down sampling.



Radiomic Analysis

The four steps of radiomic analysis workflow are presented in Figure 1, including lesion segmentation, image preprocessing, radiomic feature extraction, radiomic feature selection, model building, and model evaluation and application.




Figure 1 | Radiomics framework of predicting the PFS of patients with colorectal liver metastases undergo neoadjuvant chemotherapy. PFS, progress-free survival.





Lesion Segmentation

Two-dimensional manual segmentation of lesion in axial image of plain scanning, arterial, and venous phases was performed by an open-source ITK-SNAP software (www.itksnap.org). The largest section of the lesion was selected. Regions-of-interest (ROI) were manually delineated by a radiologist who had 5 years of experience in abdomen CT imaging interpretation and checked by a senior radiologist with 5 years of experience in liver CT imaging interpretation. Because of the presence of patients with multiple metastases, only the largest five lesions were selected for analysis in each patient. When the number of metastases was greater than 5, we chose to include all of them.



Image Preprocessing and Radiomic Feature Extraction

Image preprocessing and radiomic feature extraction were carried out with in-house software (Artificial Intelligence Kit, v. 3.3.0, GE Healthcare). The steps are as follows: firstly, every image and the corresponding ROI were resampled to a uniform pixel dimension size of 1 × 1 mm2; and secondly, each delineated ROI (ROI_delineated) was expanded the edge by 3mm and 5mm in AK software, automatically. In this way, we acquired 2 circular ROIs (ROI_circle3 and ROI_circle5) and two enlarged ROIs (ROI_expand3 and ROI expand5). The diagram of ROI expansion is shown in Figure 1. Each circular ROI and enlarged ROI were checked. The ROI was manually corrected for regions outside of liver parenchyma. Finally, we performed radiomics feature extraction on ROI_delineated, ROI_circle3, ROI_circle5, ROI_ expand3 and ROI_expand5. For each phase (non-enhanced, arteria,l and venous images phase) in pre-treatment and post-treatment CT images, we extract 6,580 radiomic features (1,316 radiomic features for one ROI, with 5 ROI in total). Finally, we obtained 19,740 features on the pre-treatment and post-treatment CT images, respectively. In order to explore the changes in the feature values before and after the treatment, we obtained the delta feature by subtracting the features after the treatment from the features before the treatment.

Among these 1,316 features, 7 categories of features were extracted: shape features (n = 14), first order features (n = 252), Gray Level Co-occurrence Matrix (GLCM, n = 336), Gray Level Run Length Matrix (GLRLM, n = 224), Gray Level Size Zone Matrix (GLSZM, n = 224), Gray Level Dependence Matrix (GLDM, n = 196), Neighboring Gray Tone Difference Matrix (NGTDM, n = 70).



Radiomic Feature Selection

Patients were randomly assigned to training or testing groups and we ensured that the ratio of the number of lesions in the training and testing groups was 7:3. All cases in the training cohort were used to train the predictive model and cases in the testing cohorts were used to evaluate the model’s performance. Features with zero variance were excluded and missing values and outliers were replaced by the median. Finally, the Z-score is used to standardize the data and the data of different magnitudes are uniformly converted into the same magnitude to ensure the comparability between the data (25, 26).

Although a large number of radiomics features were extracted in previous step, not all of them are relevant to the prognosis of patients with liver metastases from colorectal cancer. In this study, the univariate Cox regression and least absolute shrinkage and selection operator (LASSO) Cox regression were used to select valuable features from the training cohort. Univariate Cox proportional hazard regression model was first applied to each feature. If the p-value of a feature in the univariate Cox model was less than 0.05, the feature was selected, otherwise the feature was removed. LASSO Cox regression was then performed for multivariate feature selection by introducing a penalizing parameter (lambda). Tuning lambda can affect the weight coefficients of each feature and the performance of the Lasso cox model. The features with a weight coefficient of 0 in Lasso cox model were eliminated. In order to get an optimal feature number and avoid over-fitting, the parameter tuning was performed under ten-fold cross-validation. The parameters were finally determined by the performance of LASSO Cox model.



Model Building

Multivariate Cox proportional hazard model was used to build a prognostic prediction model for liver metastasis from colorectal cancer.


Clinical Model

Seven Candidate clinical variables for the prognosis of liver metastasis from colorectal cancer were selected, including age, sex, T stage, N stage, M stage, metastasis status, and surgical treatment. Univariate Cox regression was used to assess predictive power of the clinical candidates. Clinical variables with a P value less than 0.05 were selected to construct clinical models.



Radiomics Model

Three radiomic models were constructed using radiomic features extracted from pre-treatment, post-treatment images, and differences between the two, namely pre-treatment radiomics model (PreRad), post-treatment radiomics model (PostRad), and delta radiomics model (DeltaRad). The feature selection process is shown in section “Radiomic Feature selection”. A radiomics score (Rad-Score) was calculated for each patient by linear combination of radiomic features with associated weights.



Combined Model

Radscores from pre- and post-treatment imaging features and their differences were separately combined with clinical features significant in the univariate analysis to form three combined prediction models: CombPreRad, CombPostRad, and CombDeltaRad.




Model Evaluation and Application

C-index was used to evaluate model performance. It reflects the consistency between the PFS predicted by the model and the actual PFS of all patients. The value range of C-index is 0.5-1 A C-index of 0.5 indicates that the predicted value is poor and a C-index greater than 0.7 indicates moderate to excellent performance.

Based on result of the three models in the training cohort, X-tile was performed to stratify patients into high-risk group and low-risk group in both training and testing cohorts. The Kaplan–Meier (KM) survival curve analyses of PFS was performed and log-tank test is used to compare the difference in survival curves between high- and low- risk groups.

In addition, we evaluated the effectiveness of the combined COX model in predicting the probability of PFS at a given time point (PFS of 1 years in this study). Receiver operating characteristic (ROC) analysis was performed to estimate the prognostic performance of the three combined models in predicting 1-year PFS. The calibration curves and Hosmer-Lemeshow test were utilized to assess the agreement between predicted and actual probabilities of various models. The net reclassification index (NRI) and total integrated discrimination index (IDI) were used to assess the clinical benefit of different models.

For model visualization and clinical application, we constructed a nomogram based on the model with the highest discriminative efficiency.



Statistical Analysis

All statistical analyses were performed using R 3.6.1. Where appropriate, the two-sample t-test, chi-square test, or Mann-Whitney U test was applied to the training and validation cohorts to assess clinical findings, image characteristics, and median PFS time. The Lasso-based feature selection, C-index calculation, and X-tile-based threshold acquisition were implemented using the “glmnet”, “survcomp” and “survminer” package, respectively. The Cox proportional hazard model construction, Kaplan-Meier curve analysis, and Log-rank test used the “survival “ package. The construction of nomogram and calibration curve were implemented with the “rms” package. A two-tailed P-value less than 0.05 was considered statistically significant.




Result


Patient Characteristics

In this study, 397 lesions from 139 patients were included. The patient characteristics are presented in Table 1. The clinical characteristics of different lesions in the same patient are assigned the same value as the patient. The average age of the patients was 56.96 ± 11.06 years. The number of male patients was 96 (69.06%). There were 43 (30.94%), 22 (15.83%), 22 (15.83%), 15 (10.79%) and 37 (26.62%) patients with 1, 2, 3, 4 and 5 metastases lesions, respectively. The mean PFS time was 11.80 ± 7.93 months.


Table 1 | Clinical characteristics of patients.





Feature Selection and Radiomics Signature Construction

Ct-Stage and surgical treatment were significant clinical features in the univariate Cox regression analysis. The HR values and 95% confidence interval (CI) of Ct-stage and surgical treatment in multivariate cox regression are 2.033 (1.507~0.433) and 0.582 (1.507~0.433), respectively. These two clinical features were used to construct a clinical model.

Based on the dimensionality reduction methods of univariate cox regression and lasso cox regression analysis, the PreRad, PostRad and DeltaRad models are constructed by 7, 15, and 24 features, respectively.

A radscore was calculated based on radiomic features and their associated weight from lasso cox model. Figure 2 shows the coefficients of each feature based on PreRad model.




Figure 2 | The coefficients of each feature based on PreRad model.





PFS Prediction Performance of Various Models

Seven models were constructed by combining clinical variable with radscore calculated from CT images before and after treatment, namely clinical, namely PreRad, PostRad, DeltaRad, CombPreRad, CombPostRad, and CombDeltaRad, respectively. The C-index of these models in the training cohort and testing cohort are shown in Table 2.


Table 2 | PFS prediction performance of various models.



The performance of the clinical model is moderate, with a C-index value and 95% CI of 0.661(0.600-0.721) and 0.673 (0.583-0.763) in the training and testing cohort. The combined model demonstrated an increased performance. For radiomics features, the performance is ranked as DeltaRad, PostRad, and PreRad in descending order, both in training and testing cohort. CombDeltaRad achieved the best performance in both training cohort (C-index (95% CI): 0.802(0.772-0.832)) and the testing cohort (0.744(0.686-0.803)).



1-Year PFS Probability Prediction of Various Models

For 1-year PFS probability prediction, the training and testing performance of different models are shown in Table 3. The result is consistent with PFS prediction performance. CombDeltaRad model obtained the best performance with area under the curve (AUC) and 95% CI of 0.871(0.828-0.914) and 0.745(0.651-0.838) in training cohort and testing cohort, respectively. The ROCs for 1-year PFS probability prediction of various models are presented in Figure 3. The calibration curves and Hosmer-Lemeshow test results of various models are presented in Supplementary Material. The p-value of both the training cohort and the testing cohort of the CombDeltaRad model is greater than 0.05. The reclassification measures of discrimination confirmed that DeltaRad, CombPreRad, CombPostRad and CombDeltaRad better than the clinical models with NRI of 0.042 [-0.205 - 0.289], 0.008 [-0.180 - 0.195], 0.049 [-0.135 - 0.232] and 0.033 [-0.188 - 0.254] Respectively; and IDI of 0.034 [-0.166 - 0.233], 0.006 [-0.146 - 0.158], 0.039 [-0.109 - 0.187] and 0.026 [-0.152 - 0.205], respectively (Supplementary Material, Supplementary Tables 2, 3).


Table 3 | 1-year PFS prediction performance of various models.






Figure 3 | ROCs for 1-year PFS probability prediction of various Models. (A) train cohort, (B) test cohort.





Kaplan-Meier Analysis

The X-tile method was used to determine the cutoff value of the CombDeltaRad model in training cohort data. Then, the patients were divided into high-risk groups and low-risk groups based on this cutoff value. In this study, the cutoff value of the CombDeltaRad model was 0.183. Figure 4 shows the Kaplan-Meier analysis of the CombDeltaRad model.




Figure 4 | Kaplan-Meier analysis of PFS based on CombDeltaRad model. (A) train cohort, (B) test cohort.



For the training cohort, the median PFS times were 8.67 months and 21.67 months in the high-risk and low-risk groups, respectively. For the testing cohort, the median PFS times were 9.17 months and 16.70 months in the high-risk and low-risk groups, respectively. There were significant differences between the low- and high-risk groups (log-rank test, P < 0.0001, P = 0.0013, respectively).



Nomogram Construction

For clinical use, we built a nomogram based on the CombDeltaRad model (Figure 5). The nomogram consists of three factors: N-stage, surgical treatment, and radscore (delta). A total score was calculated by summing the scores of each factor for each patient. The higher the score, the lower the 1-, 3-, and 5- year survival probability.




Figure 5 | The nomogram for PFS probability prediction based on CombDeltaRad model.






Discussion

Previous studies have used a large number of clinical, pathological, and molecular factors to predict the survival rate of patients with colorectal cancer after hepatectomy (27–33). This includes: the stage of primary tumor, preoperative serum CEA concentration, the size and number of metastases, whether there is extrahepatic metastasis, or the size of the retained edge during resection. Based on these data, people have established the survival scale, of which the most widely recognized is described by Fong et al. and Iwatsuki et al. (34, 35). However, these studies rarely extract useful texture features and clinical features through imaging images. At the same time, it is difficult to predict the curative effect for the lesions with no obvious imaging changes in a short time. In order to solve this problem, in our study, we predicted the efficacy and prognostic value of CT imaging features in patients with liver metastasis after neoadjuvant chemotherapy. The results show that this method has a good prediction effect on PFS. Our research will help to predict the efficacy and progress of patients after neoadjuvant chemotherapy through image texture features and changes, so as to assist in the clinical treatment decision-making process.

Image feature extraction includes conventional scanning, arterial scanning, and venous scanning, which helps to increase the number of extracted features adding diversity of feature extraction. We chose 2D ROI for sketching, because while previous studies have shown that both 3D and 2D segmentation are reliable, the 2D method is more practical, time-saving, and can reduce the contour change between readings (34).

When clinical features were combined with radiomics features, CombDeltaRad performed best in the training cohort (Cindex (95% CI): 0.802 (0.772-0.832)) and the testing cohort Cinde (95% CI): 0.744 (0.686-0.803)); The AUC (95% CI) of CombDeltaRad model obtained the best performance in the training queue 0.871 (0.828-0.914) and the test queue 0.745 (0.651-0.838). The one-year PFS prediction was consistent with the PFS prediction performance. This shows that when combining clinical features with radiological features, the radiological score can provide more prognostic information than a single clinical or radiological feature through clinical features and extracted image features. Therefore, it can be used as a reference to obtain prognosis, so as to provide the ability to improve or predict prognosis. At the same time, radscore can divide patients into high-risk group and low-risk groups, which is helpful to the stratification of patients. Patients with higher radscore have poorer PFS, suggesting that the risk of recurrence and metastasis is higher, and early treatment is more favorable. Our findings will open a key step to enable surgeons to tailor different treatment options for high-risk and low-risk colorectal cancer patients with liver metastasis according to specific clinical and radiological characteristics.

Among the 1,316 radiological features, 7 categories of image features were extracted and combined with clinical features to obtain 3 combined models, namely CombPreRad, CombPostRad, and CombDeltaRad. Finally, 24 were identified as predictive features of PFS, of which 16 were wavelet features, which may indicate that wavelet features contain more prognostic information. In addition, two logarithmic features are extracted from the image. Wavelet features reflect tumor information from eight spatial domains and logarithmic features reflect tumor information from three frequency domains. This result shows that much prediction information can be mined by wavelet and logarithmic transformation of the original image. This further reflects the advantages of the radiomics method, because it is good at mining high-dimensional information which is difficult to perceive manually. For example, selecting “SumEntropy” in wavelet subspace and “skewness” in logarithmic subspace shows that tumor heterogeneity described by entropy and tumor intensity has prognostic value in high-dimensional wavelet and logarithmic space.

Although the radiology score was good, our study had some limitations. Firstly, we mine seven features from CT images and combine their manifestations with clinical factors. However, the association between radioactive characteristics and biological level events has not been explained. Secondly, this study is a single center study and the sample size is small. In the future, we plan to cooperate with multiple centers for research and plan to combine genotyping with radiation characteristics. Thirdly, the longest PFS of the data we included is only 43 months and the current model may not be able to predict long-term PFS. We will continue to follow up the data and verify the model’s prediction of long-term PFS in the next step. In addition, as an emerging method in medical image analysis, deep learning can provide valuable features and supplement radiological features (35).

In conclusion, this study provides a noninvasive and preprocessing method for CT based PFS of colorectal cancer liver metastasis. In addition, for each patient with colorectal cancer liver metastasis, the radiation score can divide the patients into a high-risk group and a low-risk group. This study may provide some important insights for precise treatment and valuable guidance for clinicians.



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 author.



Author Contributions

SY: Formal analysis, Investigation, Writing - original draft. YH: Investigation KXN: Investigation YTL: Methodology, Software. XCT: Conceptualization, Supervision, Writing – review and editing. XMP participated in data collection, data analyses, software, and interpretation. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by grants from the Guangdong Natural Science Foundation (2021A1515011795).



Supplementary Materials

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.843991/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. Lee, WS, Yun, SH, Chun, HK, Lee, WY, Yun, HR, Kim, J, et al. Pulmonary Resection for Metastases From Colorectal Cancer: Prognostic Factors and Survival. Int J Colorect Dis (2007) 22:699–704. doi: 10.1007/s00384-006-0218-2

3. Van Cutsem, E, Nordlinger, B, Adam, R, Köhne, CH, Pozzo, C, Poston, G, et al. Towards a Paneuropean Consensus on the Treatment of Patients With Colorectal Liver Metastases. Eur J Cancer (2006) 42:2212–21. doi: 10.1016/j.ejca.2006.04.012

4. Yoo, PS, Lopez-Soler, RI, Longo, WE, and Cha, CH. Liver Resection for Metastatic Colorectal Cancer in the Age of Neoadjuvant Chemotherapy and Bevacizumab. Clin Colorectal Cancer (2006) 6:202–7. doi: 10.3816/CCC.2006.n.036

5. Fong, Y, Cohen, AM, Fortner, JG, Enker, WE, Turnbull, AD, Coit, DG, et al. Liver Resection for Colorectal Metastases. J Clin Oncol (1997) 15:938–46. doi: 10.1200/JCO.1997.15.3.938

6. Muratore, A, Zorzi, D, Bouzari, H, Amisano, M, Massucco, P, Sperti, E, et al. Asymptomatic Colorectal Cancer With Un-Resectable Liver Metastases: Immediate Colorectal Resection or Up-Front Systemic Chemotherapy? Ann Surg Oncol (2007) 14:766–70. doi: 10.1245/s10434-006-9146-1

7. Hayashi, M, Inoue, Y, Komeda, K, Shimizu, T, Asakuma, M, Hirokawa, F, et al. Clinicopathological Analysis of Recurrence Patterns and Prognostic Factors for Survival After Hepatectomy for Colorectal Liver Metastasis. BMC Surg (2010) 10:27. doi: 10.1186/1471-2482-10-27

8. Manfredi, S, Lepage, C, Hatem, C, Coatmeur, O, Faivre, J, and Bouvier, AM. Epidemiology and Management of Liver Metastases From Colorectal Cancer. Ann Surg (2006) 244(2):254–9. doi: 10.1097/01.sla.0000217629.94941.cf

9. Noren, A, Eriksson, HG, and Olsson, LI. Selection for Surgery and Survival of Synchronous Colorectal Liver Metastases; a Nationwide Study. Eur J Cancer (2016) 53:105–14. doi: 10.1016/j.ejca.2015.10.055

10. Bipat, S, Niekel, MC, Comans, EF, Nio, CY, Bemelman, WA, Verhoef, C, et al. Imaging Modalities for the Staging of Patients With Colorectal Cancer. Netherl J Med (2012) 70(1):26–34. doi: 10.3402/ljm.v7i0.19086

11. Alberts, SR, Horvath, WL, Sternfeld, WC, Goldberg, RM, Mahoney, MR, Dakhil, SR, et al. Oxaliplatin, Fluorouracil, and Leucovorin for Patients With Unresectable Liver-Only Metastases From Colorectal Cancer: A North Central Cancer Treatment Group Phase II Study. J Clin Oncol (2005) 23:9243–9. doi: 10.1200/JCO.2005.07.740

12. Dawood, O, Mahadevan, A, and Goodman, KA. Stereotactic Body Radiation Therapy for Liver Metastases. Eur J Cancer (2009) 45:29472959. doi: 10.1016/j.ejca.2009.08.011

13. Kemeny, N. Management of Liver Metastases From Colorectal Cancer. Oncol (Williston Park) (2006) 20(10):1161–76, 1179; discussion 1179–80, 1185–6.

14. Eisenhauer, E, Therasse, P, Bogaerts, J, Schwartz, L, Sargent, D, Ford, R, et al. New Response Evaluation Criteria in Solid Tumours: Revised RECIST Guideline (Version 1.1). Eur J Cancer (2009) 45(2):228–47. doi: 10.1016/j.ejca.2008.10.026

15. Robinson, PJ. The Effects of Cancer Chemotherapy on Liver Imaging. Eur Radiol (2009) 19(7):1752–62. doi: 10.1007/s00330-009-1333-6

16. Therasse, P, Arbuck, SG, Eisenhauer, EA, Wanders, J, Kaplan, RS, Rubinstein, L, et al. New Guidelines to Evaluate the Response to Treatment in Solid Tumors. European Organization for Research and Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of Canada. J Natl Cancer Inst (2000) 92(3):205–16. doi: 10.1093/jnci/92.3.205

17. Castellano, G, Bonilha, L, Li, LM, and Cendes, F. Texture Analysis of Medical Images. Clin Radiol (2004) 59(12):1061–9. doi: 10.1016/j.crad.2004.07.008

18. Niekel, MC, Bipat, S, and Stoker, J. Diagnostic Imaging of Colorectal Liver Metastases With CT, MR Imaging, FDG PET, and/or FDG PET/CT: A Meta-Analysis of Prospective Studies Including Patients Who Have Not Previously Undergone Treatment. Radiology (2010) 257(3):674–84. doi: 10.1148/radiol.10100729

19. Lubner, MG, Stabo, N, Lubner, SJ, del Rio, AM, Song, C, Halberg, RB, et al. CT Textural Analysis of Hepatic Metastatic Colorectal Cancer: Pre-Treatment Tumor Heterogeneity Correlates With Pathology and Clinical Outcomes. Abdom Imaging (2015) 40(7):2331–7. doi: 10.1007/s00261-015-0438-4

20. Miles, KA, Ganeshan, B, Griffiths, MR, Young, RC, and Chatwin, CR. Colorectal Cancer: Texture Analysis of Portal Phase Hepatic CT Images as a Potential Marker of Survival. Radiology (2009) 250(2):444–52. doi: 10.1148/radiol.2502071879

21. Rao, SX, Lambregts, DM, Schnerr, RS, Beckers, RC, Maas, M, Albarello, F, et al. CT Texture Analysis in Colorectal Liver Metastases: A Better Way Than Size and Volume Measurements to Assess Response to Chemotherapy? United Eur Gastroenterol J (2016) 4(2):257–63. doi: 10.1177/2050640615601603

22. Caruso, D, Zerunian, M, Ciolina, M, de Santis, D, Rengo, M, Soomro, MH, et al. Haralick’s Texture Features for the Prediction of Response to Therapy in Colorectal Cancer: A Preliminary Study. Radiol Med (2017) 123(3):161–7. doi: 10.1007/s11547-017-0833-8

23. Beckers, RCJ, Lambregts, DMJ, Schnerr, RS, Maas, M, Rao, S-X, Kessels, AGH, et al. Whole Liver CT Texture Analysis to Predict the Development of Colorectal Liver Metastases—A Multicentre Study. Eur J Radiol (2017) 92:64–71. doi: 10.1016/j.ejrad.2017.04.019

24. Rao, SX, Lambregts, DM, Schnerr, RS, van Ommen, W, van Nijnatten, TJ, Martens, MH, et al. Whole-Liver CT Texture Analysis in Colorectal Cancer: Does the Presence of Liver Metastases Affect the Texture of the Remaining Liver? United Eur Gastroenterol J (2014) 2(6):530–8. doi: 10.1177/2050640614552463

25. Ko, J, Park, U, Kim, D, and Kang, SW. Quantitative Electroencephalogram Standardization: A Sex- and Age-Differentiated Normative Database. Front Neurosci (2021) 15:766781. doi: 10.3389/fnins.2021.766781

26. Haga, A, Takahashi, W, Aoki, S, Nawa, K, Yamashita, H, Abe, O, et al. Standardization of Imaging Features for Radiomics Analysis. J Med Invest (2019) 66(1.2):35–7. doi: 10.2152/jmi.66.35

27. Fong, Y, Fortner, J, Sun, RL, Brennan, MF, and Blumgart, LH. Clinical Score for Predicting Recurrence After Hepatic Resection for Metastatic Colorectal Cancer: Analysis of 1001 Consecutive Cases. Ann Surg (1999) 230:309–18. doi: 10.1097/00000658-199909000-00004

28. Iwatsuki, S, Dvorchik, I, Madariaga, JR, Marsh, JW, Dodson, F, Bonham, AC, et al. Hepatic Resection for Metastatic Colorectal Adenocarcinoma: A Proposal of a Prognostic Scoring System. J Am Coll Surg (1999) 189:291–99. doi: 10.1016/S1072-7515(99)00089-7

29. Mann, CD, Metcalfe, MS, Leopardi, LN, and Maddern, GJ. The Clinical Risk Score: Emerging as a Reliable Preoperative Prognostic Index in Hepatectomy for Colorectal Metastases. Arch Surg (2004) 139:1168–72. doi: 10.1001/archsurg.139.11.1168

30. Rees, M, Tekkis, PP, Welsh, FK, O'Rourke, T, and John, TG. Evaluation of Long-Term Survival After Hepatic Resection for Metastatic Colorectal Cancer: A Multifactorial Model of 929 Patients. Ann Surg (2008) 247:125–35. doi: 10.1097/SLA.0b013e31815aa2c2

31. John, SK, Robinson, SM, Rehman, S, Harrison, B, Vallance, A, French, JJ, et al. Prognostic Factors and Survival After Resection of Colorectal Liver Metastasis in the Era of Preoperative Chemotherapy: An 11-Year Single-Centre Study. Dig Surg (2013) 30:293–301. doi: 10.1159/000354310

32. Nash, GM, Gimbel, M, Shia, J, Nathanson, DR, Ndubuisi, MI, Zeng, ZS, et al. KRAS Mutation Correlates With Accelerated Metastatic Progression in Patients With Colorectal Liver Metastases. Ann Surg Oncol (2010) 17:572–78. doi: 10.1245/s10434-009-0605-3

33. Smith, DL, Soria, JC, Morat, L, Yang, Q, Sabatier, L, Liu, DD, et al. Human Telomerase Reverse Transcriptase (hTERT) an Ki-67 Are Better Predictors of Survival Than Established Clinical Indicators in Patients Undergoing Curative Hepatic Resection for Colorectal Metastases. Ann Surg Oncol (2004) 11:45–51. doi: 10.1007/BF02524345

34. Rizzetto, F, Calderoni, F, De Mattia, C, Defeudis, A, Giannini, V, Mazzetti, S, et al. Impact of Inter-Reader Contouring Variability on Textural Radiomics of Colorectal Liver Metastases. Eur Radiol Exp (2020) 4(1):62. doi: 10.1186/s41747-020-00189-8

35. Li, H, Xu, C, Xin, B, Zheng, C, Zhao, Y, Hao, K, et al. 18f-FDG PET/CT Radiomic Analysis With Machine Learning for Identifying Bone Marrow Involvement in the Patients With Suspected Relapsed Acute Leukemia. Theranostics (2019) 9(16):4730–9. doi: 10.7150/thno.33841




Conflict of Interest: Author YTL was employed by GE Healthcare Pharmaceutical Diagnostics.

The remaining 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.


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 © 2022 Ye, Han, Pan, Niu, Liao and Meng. 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.




SYSTEMATIC REVIEW

published: 22 July 2022

doi: 10.3389/fonc.2022.827019

[image: image2]


Combined Effect of Healthy Lifestyle Factors and Risks of Colorectal Adenoma, Colorectal Cancer, and Colorectal Cancer Mortality: Systematic Review and Meta-Analysis


Jiazhou Yu 1†, Qi Feng 2†, Jean H. Kim 1 and Yimin Zhu 3,4*


1 Jockey Club School of Public Health and Primary Care, The Chinese University of Hong Kong, Hong Kong SAR, China, 2Nuffield Department of Population Health, University of Oxford, Oxford, United Kingdom, 3 Department of Epidemiology & Biostatistics, and Department of Respiratory Diseases of Sir Run Run Shaw Hospital, Zhejiang University School of Medicine, Hangzhou, China, 4 Cancer Center, Zhejiang University, Hangzhou, China




Edited by: 

Yawei Zhang, Chinese Academy of Medical Sciences and Peking Union Medical College, China

Reviewed by: 

Azam Majidi, QIMR Berghofer Medical Research Institute, Australia

Daniele Nucci, Veneto Institute of Oncology (IRCCS), Italy

*Correspondence: 

Yimin Zhu
 zhuym@zju.edu.cn



†These authors have contributed equally to this work and share first authorship


Specialty section: 
 This article was submitted to Gastrointestinal Cancers: Colorectal Cancer, a section of the journal Frontiers in Oncology


Received: 01 December 2021

Accepted: 20 June 2022

Published: 22 July 2022

Citation:
Yu J, Feng Q, Kim JH and Zhu Y (2022) Combined Effect of Healthy Lifestyle Factors and Risks of Colorectal Adenoma, Colorectal Cancer, and Colorectal Cancer Mortality: Systematic Review and Meta-Analysis. Front. Oncol. 12:827019. doi: 10.3389/fonc.2022.827019




Background

In addition to adiposity, lifestyle factors such as poor diet, low physical activity, alcohol intake and smoking are noted to be associated with the development of colorectal cancer (CRC). This study aims to investigate the association and dose-response relationship between adherence to a healthy lifestyle and CRC risk.



Methods

A systematic literature search was conducted in MEDLINE and EMBASE for studies examining multiple lifestyle factors with risk of CRC, incident colorectal adenoma (CRA), and CRC-specific mortality through June 2021 without restrictions on language or study design. Meta-analysis was performed to pool hazard ratios using random-effects model. Subgroup analyses were performed based upon study and sample characteristics. Random-effects dose-response analysis was also conducted for CRC risk to assess the effect of each additional healthy lifestyle factor.



Results

A total of 28 studies (18 cohort studies, eight case-control studies, and two cross-sectional study) were included. When comparing subjects with the healthiest lifestyle to those with the least healthy lifestyle, the pooled HR was statistically significant for CRC (0.52, 95% CI 0.44-0.63), colon cancer (0.54, 95% CI 0.44-0.67), rectal cancer (0.51, 95% CI 0.37-0.70), CRA (0.39, 95% CI 0.29-0.53), and CRC-specific mortality (0.65, 95% CI 0.52-0.81). The pooled HR for CRC was 0.91 (95% CI: 0.88-0.94) for each increase in the number of healthy lifestyles. The inverse association between healthy lifestyle and CRC risk was consistently observed in all subgroups (HR ranging from 0.26 to 0.86).



Conclusions

Adoption of a higher number of healthy lifestyles is associated with lower risk of CRC, CRA, and CRC-specific mortality. Promoting healthy lifestyle could reduce the burden of CRC.



Systematic Review Registration

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=231398, identifier CRD42021231398.
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Introduction

Globally, colorectal cancer (CRC) ranks the third most commonly diagnosed malignancy and the second leading cause for cancer mortality (1). In 2020, CRC accounted for approximately 1.9 million new cases and more than 935,000 deaths worldwide (1). Its disease burden is projected to continue increasing globally, particularly in regions undergoing rapid industrialization (2). The increased risk of CRC and colorectal adenoma (CRA), one of its primary precancerous lesions (3), is closely linked to a variety of modifiable lifestyle risk factors, including excess adiposity (4–6), physical inactivity (7, 8), high intake of red meat and/or processed meat (9, 10), alcohol consumption (11, 12), and smoking (13); higher intake of dietary fiber, vegetables, and fruits are noted to be protective against CRC and CRA (14–17).

While the associations between CRC and single lifestyle factors have been extensively investigated in previous studies (18–21), far fewer studies have examined the effect of the adherence to a healthy lifestyle, defined as a combination of various modifiable factors. A latest meta-analysis that included 17 studies showed an overall inverse association between combined healthy lifestyle factors and CRC risk (22). However, it remains unclear whether the association differs by study settings or population characteristics and whether the association presents a dose-response relationship. In addition to CRC incidence, healthy lifestyle is also suggested to be related to CRC mortality in both CRC patients and general population (23–25). However, to the best of our knowledge, no systematic review and meta-analysis are available so far on the combined healthy lifestyle in relation to CRC-specific mortality.

Hence, this systematic review aims to investigate the association between adherence to a healthy lifestyle and the risk of CRC, CRA, and CRC-specific mortality, and to examine whether the association is dose-dependent and any potential effect modification by population characteristics.



Methods

This systematic review was registered on PROSPERO (CRD42021231398) and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) (26).


Data Sources and Search

We searched MEDLINE and EMBASE for relevant studies from their inceptions through June 2021. The search strategy combined three groupings of keywords with their derivatives and synonyms related to the following concepts: 1) combined or integrated effect; 2) lifestyle factors or health behaviors; and 3) colorectal cancer and adenoma. The search terms of these three concepts were combined using the Boolean operator “AND”. More details on search strategy is described in Supplementary Tables 1 and  2. The reference lists of eligible studies and relevant reviews were manually searched to identify additional publications. The search strategy did not impose any restriction on language, publication period, or publication status.



Eligible Criteria and Study Selection

We included epidemiological studies that investigated the association between combined lifestyle factors and colorectal outcomes. The exposure was combination of lifestyle factors, including but not limited to diet, smoking, alcohol consumption, physical activity, overweight/obesity, sleep duration, and others. The primary outcomes were risk of CRC, colon cancer, and rectal cancer. The secondary outcomes included risk of incident CRA, advanced colorectal neoplasia, and CRC-specific mortality. We included cross-sectional studies, case-control studies, and cohort studies. For CRC-specific mortality, we included studies of healthy population or CRC patients, while for the other outcome, the study population should be free of the outcomes at baseline if the study design was prospective cohort.

We excluded studies if they were (1) reviews, protocols, conference abstracts or not peer-reviewed publications, (2) focusing on a single lifestyle factor or a combination of less than three factors, (3) development or validation of prediction models, or (4) not reporting relevant data. For duplicate reports from the same cohort, we only included the report that had examined the largest number of lifestyle factors.

We used a two-step study selection procedure. The title and abstract of all electronically and manually identified records were screened first to identify potentially eligible studies. Second, full texts of the potentially eligible studies were examined for final eligibility. Two authors independently performed the selection process. All disagreements were resolved by discussion with a third reviewer until consensus was reached.



Data Extraction and Quality Assessment

Data were extracted by using an a priori designed form which collected the following information: (1) basic characteristics of study and subjects (e.g. first author, publication year, country, study period, sample size), (2) basic characteristics of participants (e.g. age, gender, ethnicity); (3) methodological characteristics, including study design, exposure definitions, outcome attainment, and follow-up period (for cohort studies) (4) effect estimates for the associations of interest, and (5) other information for quality assessment.

The methodological quality of cohort studies, case-control studies, and cross-sectional studies were assessed by the Newcastle-Ottawa Scale, which covers three domains: selection of participants, comparability of study groups, the ascertainment of exposure (for case-control studies) or outcomes (for cohort studies and cross-sectional studies) (27, 28). A star system, with a maximum of nine stars for cohort studies and case-control studies and ten stars for cross-sectional studies, was used to present the result of quality assessment, with more stars representing higher quality and lower risk of bias. We consider cohort studies and case-control studies high quality if they received more than seven stars, moderate quality if they received five or six stars, otherwise low quality. Cross-sectional studies were considered of high quality if they received more than eight stars, moderate quality if they received six or seven stars, otherwise low quality. Data extraction and quality assessment were performed independently by two authors. Any discrepancy was resolved by discussion until consensus was reached.



Data Synthesis and Analysis

There has been no universal consensus on the quantification of combined lifestyle factors. Most studies constructed a simple unweighted lifestyle score, where one point was given to each of the present healthy lifestyles, although the exact lifestyle factors may vary across studies; for example, in Carr 2018 (29), Hang 2015 (30), and Kirkegaard 2010 (31). Some studies used weighted lifestyle score, in which the factors were weighted differently; for example, in Harnack 2002 (32) and Romaguera 2015 (33). However, some studies constructed risky lifestyle score that assign points to presence of unhealthy lifestyle habits; for example, in Cho 2019 (34) and Erdrich 2015 (35). In order to keep the directionality consistent with studies examining healthy lifestyle factors, we calculated a new score by deducting the original risky lifestyle score from the total number of the lifestyle factors for the studies that focus on unhealthy lifestyle habits (34, 35). The healthy lifestyle score was either used as a continuous variable (measuring the effect of per 1-unit increase in score) or transformed into a categorical variable (measuring the effect of adherence to healthiest lifestyle relative to the least healthy lifestyle) in original studies. In the originals studies, the five most commonly examined lifestyle factors were: diet, smoking status, alcohol consumption, physical activity level, and body measure. Most studies examined all five factors while others included some of them (see Supplementary Table 3).

Effect measures comparing the group with the healthiest lifestyle to the group with the least healthy lifestyle was pooled to present the associations of interest. Hazard Ratios (HR) with 95% confidence intervals (CIs) was the most commonly used as the measure of effect in original studies and was therefore used in this meta-analysis. Odds ratios, where applicable, were transformed into RR using the following formula: RR=OR/[(1-P0)+(P0*OR)], where P0 is the risk of an event in the non-exposed group (36). The transformed RRs and those extracted from some original studies were converted into HR using the formula: RR=(1-eHR ln(1-r))/r, where r is the rate of outcome in reference group (37).

Studies reporting the effect size for each unit increase in lifestyle score were included in a separate meta-analysis. Given the heterogeneity across studies in study population characteristics and healthy lifestyle scoring (the number, component, and weights of different lifestyle factors), all meta-analyses were conducted using random-effects model.

Pre-specified subgroup analyses were performed to detect potential effect modification, according to study design (cohort, case-control), study setting (Europe, North America, Asia, Africa), ethnicity of the predominant study population (Caucasian, Asian, African, African American), mean age (<60, ≥60 years), follow-up time (<10 years, ≥10 years, unknown), gender (women, men, both), scoring system [simple lifestyle score, WCRF/AICR (World Cancer Research Fund and the American Institute for Cancer Research) recommendation adherence score, ACS (American Cancer Society) guideline adherence score], examined factors (five factors, smoking excluded, smoking and diet excluded, smoking, alcohol, and body measure excluded), and study quality (high, moderate, low). Cochran’s Q test and I2 were used to assess the heterogeneity across studies, with p<0.05 and/or I2>50% indicating significant heterogeneity (38, 39). Potential publication bias was assessed by visual inspection of funnel plots as well as the Egger’s test when the number of included studies is more than 10 (40). P-value <0.05 in Egger’s test indicates presence of publication bias. Sensitivity analysis was performed to assess the robustness of the summary estimates by excluding studies of low quality and by including studies with relative comprehensive covariates only.

Random-effect dose-response analysis with one-stage method was used to generate the study slope lines (41). To minimize the impact of methodological heterogeneity on effect estimates in dose-response analysis, we only included studies using simple unweighted scoring. We further standardized the score scale so that each point represents adherence to one healthy lifestyle. For example, we modified the score scale in studies that assigned two points to each lifestyle factors by multiplying the original score by 0.5. We investigated potential non-linear relationship by using restricted cubic splines with three knots located at 10th, 50th, and 90th percentiles of the exposure category (42). These three knots accordingly represented 0.5, 2.5, and 4.5 points in the 5-point healthy lifestyle score scale. The curve segments before the first knot and after the last knot was assumed to be linear. Akaike information criteria (AIC) was used to compare the fitness of models, with the lower AIC indicating the better-fitting model (43). All quantitative data analyses were conducted by using Stata 14.0 (Stata Corp LP, College Station, TX, USA).




Results


Summary of Study Selection

A total of 10,555 unique records were identified from the literature search, 28 of which were considered eligible and were included. Among the eligible studies, 18 reported the risk of CRC (29–32, 34, 35, 44–55), five reported the risk of incident CRA (56–60), two reported the risk of advanced colorectal neoplasia (57, 61), and five reported CRC-specific mortality (33, 50, 62–64). The details of study selection are outlined in Figure 1. Among the five studies on CRC-specific mortality, two were conducted on CRC patients (50, 62) while the other three were conducted among healthy populations (33, 63, 64).




Figure 1 | Flow chart of study selection.





Characteristics of Included Studies

The characteristics of included studies are shown in Table 1 and Supplementary Table 3. Among the 28 studies included in the analyses, 18 were cohort studies, eight case-control studies, and two cross-sectional studies. The mean age at baseline ranged from 46.1 to 78.9 years. Eight studies were conducted among women (32, 35, 46, 47, 50, 54, 55, 62) while one was conducted among men (51); the other studies included both sexes, one of which (49) reported data separately for men and women. In terms of the study setting, 12 were conducted in the US, 10 in European countries, five in Asia, and one in Africa. The mean sample size was 51,735, with a range between 138 and 521,330. The median follow-up of cohort studies ranged from 3.1 years to >24 years.


Table 1 | Basic characteristics of the included studies (n=28).





Quality Assessment

Using the Newcastle-Ottawa Scale, the included cohort studies received ratings ranging from five to eight stars. Nine studies were rated as of high quality (31, 32, 35, 48, 49, 51, 54, 62, 63), nine studies of moderate quality (33, 44, 46, 47, 50, 52, 53, 55, 64). None of the studies got star for the ascertainment of exposure because the lifestyle habits were self-reported by participants. In some studies, the sample was not well representative of general population. The included case-control studies received three to seven stars. Two studies were rated as high quality (29, 60), two moderate quality (30, 59), and four low quality (34, 45, 56, 58). The common biases in low quality studies were introduced by poor selection of cases and controls and unclear outcome ascertainment. Of the two cross-sectional studies included, one was rated as high quality (61) while the other moderate quality (57). The assessment results of all the included studies are described in Supplementary Table 4.



Meta-Analysis


Overall Risk for CRC

We included 15 studies (1,139,361 participants), 11 studies (953,541 participants) and 8 studies (788,038 participants) in the meta-analyses of CRC, colon cancer and rectal cancer, respectively (Figure 2). Compared with the least healthy lifestyle, the adherence of the healthiest lifestyle was associated with 48% (HR=0.52, 95% CI 0.44-0.63, I2 = 86.2%), 46% (HR=0.54, 95% CI 0.44-0.67, I2 = 80.2%), and 49% (HR=0.51, 95% CI 0.37-0.70, I2 = 92.0%) lower risk of CRC, colon cancer and rectal cancer, respectively. After pooling the studies using continuous lifestyle scores, the results showed that the per 1-unit increase in healthy lifestyle score was associated with a pooled HR of 0.88 (95% CI 0.84-0.92) for CRC, 0.87 (95% CI 0.83-0.92) for colon cancer, and 0.86 (95% CI 0.79-0.90) for rectal cancer (Supplementary Figure 1).




Figure 2 | The forest plots of risk of CRC, colon cancer, rectal cancer, CRA, advanced colorectal neoplasia, and CRC-specific mortality.



Nine studies were included in the dose-response meta-analysis for risk of CRC (29, 30, 45, 49–52, 55, 65). The reported risk estimates for association between the number of present healthy lifestyles and risk of CRC from these studies generally showed an inverse linear relationship, as displayed in Figure 3A. The AIC was -54.7 for linear model (Figure 3B) and -44.1 for model using cubic splines (Figure 3C). Given the lower AIC, the linear model was considered better-fitting and was adopted for further analysis. Overall, the pooled HR for CRC was 0.91 (95% CI 0.88-0.94) per 1-unit increase in the number of healthy lifestyles, similar to the overall estimate in the meta-analysis of continuous lifestyle scores.




Figure 3 | (A) Line graph of association between healthy lifestyles and risk for CRC; dose-response relationship between the number of healthy lifestyles and the risk for CRC: (B) Linear trend; (C) Restricted cubic splines.



The result of subgroup analyses was presented in Figure 4. Overall, the inverse association between healthy lifestyle and risk for CRC was consistently observed within each subgroup (HR ranging from 0.26 to 0.86), and the association was statistically significant for all subgroups except among African Americans. Similarly, the inverse association for colon cancer was statistically significant in all subgroups, except among African Americans (Supplementary Figure 2). The associations for rectal cancer similarly remained directionally consistent with the primary analysis, although statistical significance was not reached in some subgroups (Supplementary Figure 3).




Figure 4 | The results of the subgroup analyses for risk of CRC.



In sensitivity analysis, we conducted separate meta-analysis for risk of CRC of (1) all studies after excluding the two studies of low quality (34, 45); and (2) the three studies that adjusted for a relative comprehensive list of covariates (socio-demographic factors, family history, and intake of nutritional supplement and nonsteroidal anti-inflammatory drugs at baseline) (45, 49, 50). The results of these analyses were consistent with main analysis (Supplementary Figure 4).



Overall Risk for Colorectal Adenoma and Advanced Colorectal Neoplasia

Four studies (21,697 participants) reporting risk for incident colorectal adenoma using categorical lifestyle variables were included in the analysis (Figure 2), and the pooled HR was 0.39 (95% CI 0.29-0.53, I2 = 90.1%). Two studies reported the risk for advanced colorectal neoplasia and the pooled HR for the healthiest group was 0.43 (95% CI 0.33-0.57, I2 = 0.0%).



Overall Risk for CRC-Specific Mortality

Five studies with 174,982 participants were included in the analysis of CRC-specific mortality. The group with the highest lifestyle score showed 35% lower risk (HR=0.65, 95% CI 0.52-0.81, I2 = 37.5%) compared to the group with lowest score (Figure 2). Using continuous lifestyle score, 1-unit increase in healthy lifestyle score was associated with an HR of 0.84 (95% CI 0.77-0.91) (Supplementary Figure 1). Subgroup analyses showed largely consistent results of similar directions (Supplementary Figure 5).



Publication Bias

The result of Egger’s test suggested no evidence of significant publication bias (p=0.23 for CRC risk, p=0.09 for colon cancer risk). The funnel plots for these two outcomes with more than 10 studies showed overall asymmetrical pattern (Supplementary Figure 6).





Discussion

This systematic review and meta-analysis found that adopting multiple healthy lifestyles is associated with a considerably lower risk of multiple colorectal diseases. Compared with individuals with the least healthy lifestyle, those with the healthiest lifestyle had 48%, 46% and 49% lower risk of CRC, colon cancer, and rectal cancer, respectively. The associations were consistent across populations with different socio-demographic characteristics. A dose-response relationship between the number of healthy lifestyles and risk of CRC was identified, and adoption of each additional healthy lifestyle lowers the risk of CRC by 9% on average. We have also found that adherence to the healthiest lifestyle was associated with 61% lower risk of incident colorectal adenoma and 57% lower risk of advanced colorectal neoplasia. Among CRC survivors, those with the healthiest lifestyle had 31% lower risk of CRC-specific mortality.

The dose-response relationship between various individual lifestyle factors and CRC risk has been well established. It is reported that the relative risk for developing CRC is 0.90 for an increase of 10 g/day of dietary fibre (14), 1.24 for 120 g/day increase of red meat, 1.36 for 30 g/day increase of processed meat (66), 1.34 for one-point increase of Dietary Inflammatory Index (67), 1.38 for 50 g/day increase of alcohol intake (68), 1.07 for 2 kg/m2 increase in BMI, 1.04 for 2-cm increase in waist circumference (69), and 0.99 for 1 metabolic equivalent task (MET)-hour/week increase when the physical activity is over 10 MET-hour/week (70). In this study, we further revealed a dose-response association between the number of adopted healthy lifestyles and CRC risk, which further supports the significant difference in CRC risk between those with the healthiest lifestyle and those with the least. Previous studies have reported that healthy or unhealthy lifestyles tend to aggregate in individuals (71, 72), and the prevalence of adopting a healthiest lifestyle is generally low among general populations. For example, only 5.7% of the study population reported having all four healthy lifestyles (non-smoking, low alcohol consumption, sufficient fruit and vegetable consumption, regular physical activity) in England (73), while in Netherland, approximately 20% of the general population presented at least three of the five unhealthy lifestyles (smoking, low vegetable and fruit consumption, excessive alcohol intake, low physical activity) examined and all lifestyle factors showed significant clustering (72). It can, therefore, be expected that promotion of all healthy lifestyles among the populations could produce a synergistic effect on preventing CRC. A prospective study from the US estimated that 71% of colon cancer risk was attributable to a combination of unhealthy lifestyles, including being overweight, physical inactivity, alcohol consumption, smoking, and unhealthy diet (74). A prospective study in Denmark estimated that an overall 16% of the new CRC cases (22% for male and 11% for female) were attributable to lack of adherence to a combination of five healthy lifestyle factors (healthy weight, physical activity, non-smoking, limited alcohol consumption, healthy diet) (52).

The subgroup analyses showed that associations between multiple lifestyle factors and colorectal cancer risk were largely consistent across different age groups, sexes, geographic settings, and ethnicities. This suggests that the promoting healthy lifestyles could benefit populations universally regardless of their demographic characteristics. However, it should be noted that the association was found not statistically significant in the group of African American, but given that only one study was included in this group, future studies with bigger sample size are warranted to further explore the association among this ethnicity.

A previous meta-analysis concluded that adherence to at least four of the five healthy lifestyles examined (non-smoking, normal weight, healthy diet, moderate or lower alcohol consumption, and regular physical activity) could reduce all-cause mortality by 66% compared to those with no more than one healthy lifestyle (75). Our result suggested that adopting the healthiest lifestyle lowers CRC-specific mortality by 35%, and this protective effect was found significant among both CRC patients and healthy populations. This indicates that improving lifestyles could significantly benefit CRC survivors. Previous evidence has demonstrated that a variety of interventions are effective in improving awareness of CRC risk factors and facilitating adoption of healthy lifestyles among CRC patients after diagnosis, including telephone-delivered coaching (76), combined exercise and dietary advice (77), and education and behavioral change techniques (78). Such strategies could be considered as an integral part of CRC management to improve survival outcomes.

This study is the first systematic review and meta-analysis to reveal the dose-response relationship between the number of healthy lifestyles and CRC risk. Given the lack of large randomized controlled trials to examine the effect of adopting multiple healthy lifestyles on the risk of CRC and CRA as well as the survival outcomes of CRC patients, our study has provided high quality evidence by including a pooled sample of more than one million participants and generating results that are unlikely to be affected by publication bias. Our findings support the recommendations by the World Health Organization (79), American Cancer Society (80), and WCRF/AICF (81) on prevention and management of cancer. Adopting healthy lifestyles could not only prevent colorectal adenoma and CRC among the general population, but also improve clinical outcomes among CRC survivors. Nonetheless, international evidence has shown that population at risk of CRC generally demonstrated low awareness of lifestyle risk factors of CRC, particularly the effect of weight and physical activity (78, 82, 83). It would be strategic to provide information to increase awareness of lifestyle risk factors and promote interventions targeting behavior change among both healthy populations and CRC patients. Similar to our findings, previous meta-analyses have revealed that adopting multiple healthy lifestyles is associated with lower risk for cardiovascular disease (84), all-cause mortality (85), and type 2 diabetes (86), and such associations are generally found to be consistent among different populations. Hence, promoting healthy lifestyles could produce health benefits not only for CRC, but also for a variety of other health outcomes.

A few limitations should be noted when interpreting the study results. First, composition of healthy lifestyle and definitions of lifestyle factors varied considerably across studies, which may introduce heterogeneity to meta-analysis. We used random-effects model to minimize the effect of heterogeneity on the overall estimates. To explore the potential heterogeneity caused by this variation, we conducted subgroup analysis based on scoring system and factor composition. Although heterogeneity remained substantial within subgroups, the protective effect was still consistent within each group. For dose-response relationship, we only included studies using unweighted score system to exclude this attrition. Second, most original studies are from high-income, Western settings whose populations are comprised predominantly of Caucasians. Hence, more evidence from other populations, particularly Asian and African populations is needed. Third, only five studies have reported on CRC-specific mortality, which may restrict the power of performing stratified analyses. Fourth, socio-economic status is a key determinant for individual lifestyles (87–89), but few included studies have fully adjusted for all socio-economic factors. Other factors related to CRC risk, such as the use of certain pharmacological agents and nutritional supplements at baseline, were not collected and therefore not adjusted for in some studies. Despite this heterogeneity of covariate adjustment, the consistent finding from sensitivity analysis supports the robustness of the pooled estimate from the main analysis. Lastly, immortal time bias may exist in the original cohort studies assessing mortality given the possible time gap between study initiation and exposure assessment.

In conclusion, the number of healthy lifestyle attributes is inversely correlated with the risk of colorectal adenoma, cancer, and CRC-specific mortality. Lifestyle interventions could effectively reduce incidence of CRC. Future research may explore the effect of complex interventions targeting multiple lifestyle factors on prevention and management of CRC; randomized controlled trial is needed to provide high-quality evidence on the combined effect of healthy lifestyles and CRC risk.
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Background and aims

Current studies have shown that polyp recurrence occurs after colonic adenomas polypectomy (AP), but the difference in recurrence risk between patients in patients older than 50 years and younger than 50 years has not been clearly studied.



Methods

490 patients after AP were enrolled in the study. The patients were classified according to age (<50 years old or ≥50 years old), and then further categorized according to the baseline adenoma characteristics: Group 1: 1–2 non-advanced adenomas (NAAs) 1–5 mm in size; Group 2: ≥3 NAAs, 1–5 mm; Group 3: 1–2 NAAs, 6–9 mm; Group 4: ≥3 NAAs, 6–9 mm; and Group 5: advanced adenomas.



Results

During a mean follow-up interval of 2.52 years (2.51 years for ≥50 years old and 2.55 years for patients <50 years old), NAA recurrence was detected in 147 patients (30.0%). Overall, the hazard ratio (HR) for NAA recurrence after AP was higher in patients ≥50 years old than that in patients <50 years old (HR, 1.774, P = 0.003). For patients <50 years old, HRs (Group 2-5 vs. G1, respectively) for NAA recurrence were 0.744 (P = 0.773), 3.885 (P = 0.007), 5.337 (P = 0.003), and 3.334 (P = 0.015). For patients ≥50 years old, HRs (Group 2-5 vs. G1, respectively) for NAA recurrence were 1.033 (P = 0.965), 1.250 (P = 0.405), 2.252 (P = 0.015), and 1.887 (P = 0.009). For G1, the risk of NAA recurrence was significantly higher in patients ≥50 years old (HR, 2.932, P = 0.011) than that in patients <50 years old; for G2–G5, the risk was similar in the two age groups (P > 0.05).



Conclusions

For patients <50 years old with less than 3 NAAs that are 1–5 mm in size, the recurrence rate of NAA is less than that of patients ≥50 years old with the same index colonoscopy findings. When the adenomas are ≥5 mm, or their number exceeds 3, they have similar recurrence risk as that for patients ≥50 years old.





Keywords: adenoma, colorectal cancer, polyp, age, risk factor, surveillance



1 Introduction

Colorectal cancer (CRC) was estimated to be the fifth most commonly diagnosed cancer and a leading cause of death related to cancer worldwide in 2020 (1). Colonoscopy and polypectomy are routine methods for CRC and precancerous lesion screening to prevent CRC. As evidenced by clinical practice, removal of adenomatous polyps reduces the incidence and mortality rate of CRC (2, 3). Adenoma is one important type of precancerous lesions, and it is thought that almost 90% of CRC develops from adenoma (4). Therefore, it is recommended that adenomatous polyp be removed immediately after identification during colonoscopy (5). Nevertheless, the recurrence rate of adenoma is very high, reaching nearly 50% during follow-up (6). This suggests that patients with adenomas should be followed up in accordance with the risk of adenoma recurrence and metachronous CRC development.

According to the current guideline (7), patients ≥50 years old should be stratified based on the polyp baseline number, size, and histology during post-polypectomy surveillance. Specifically, tubular adenomas smaller than 10 mm and without high-grade dysplasia are classed as non-advanced adenomas (NAAs), and one to two NAAs that are smaller than 10 mm are classed as low-risk adenomas (7). Timely intervention and follow-up are essential to improve the prognosis of patients with NAAs. Several studies have demonstrated a major protective effect of polypectomy in patients with NAAs (8, 9). According to these studies, after polypectomy, the risk of CRC in patients with NAAs is lower than that in the general population. But the difference in recurrence risk between patients older than 50 and those younger than 50 has not been clearly elucidated (10, 11). This makes choosing an appropriate surveillance interval for these patients very difficult. Further, analysis of subcategories of NAAs of different sizes (1–5 mm vs. 6–9 mm) in individuals >50 years old revealed different risks of developing metachronous advanced neoplasia associated with NAAs of different sizes (12–18). It is not known whether the same is true for individuals younger than 50 years.

Accordingly, in the current study, we compared the risk of adenoma recurrence after NAA polypectomy in patients <50 years old and those ≥50 years old, to determine whether the currently recommended surveillance intervals are also suitable for patients <50 years old.



2 Methods


2.1 Study population

Patients undergoing colonoscopy from January 2012 to January 2020 at the Endoscopic Center of Wuhan Union Hospital (Wuhan, China) were considered for the study. Only patients who had undergone polypectomy of at least one polyp and were followed up for more than 1 year were included. And all the patients involved in this study were with Boston bowel preparation score greater than 6.

The exclusion criteria were: all resected polyps pathologically confirmed to be non-adenomatous; a history of CRC, inflammation bowel disease, schistosomiasis, and previous resection of any part of the colon; diagnosed with CRC, irritable bowel disease, and schistosomiasis at an index colonoscopy; poor bowel preparation; and lack of clinical information or histologic information on the polyps.

The endoscopic findings and histologic results were based on well-established electronic medical records. Data, including an identifier, sex, age, and polyp number, size, and histology were collected. All endoscopic reports and pathologic reports were manually reviewed by experienced endoscopists and pathologists.



2.2 Colonoscopy and histologic examination

All colonoscopies were performed using Olympus (Tokyo, Japan) CF-Q260 or CF-Q290 by experienced endoscopists. Polyp number and size were determined during the colonoscopy (11, 19, 20). Polyp size was determined after resection or using standard clinical practices, such as open biopsy forceps method. Polypectomy was carried on through argon plasma coagulation (APC), cold or hot snare polypectomy, endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD), where the polypectomy regimen was determined by endoscopist according to the actual condition of the patient. All collected specimens were carefully histologically investigated by pathologists.



2.3 Measurement and definition

Adenomas were stratified as follows: diminutive adenoma, 1–5 mm in diameter; small adenoma, 6–9 mm in diameter; advanced adenoma (AA), ≥10 mm in diameter, with tubulovillous or villous histology, or with high-grade dysplasia (7). Advanced neoplasia (AN) referred to the occurrence of either AAs or CRC. Serrated adenomas were excluded from consideration.

Patients were classified into two groups according to age, i.e., <50 years old (n = 163) and ≥50 years old (n = 327), and further sub-divided into five groups according to the number, size, and histology of polyps: Group 1 (G1), 1–2 diminutive NAAs; Group 2 (G2), 3 or more diminutive NAAs; Group 3 (G3), 1–2 small NAAs; Group 4 (G4), 3 or more small NAAs; and Group 5 (G5), AAs. The size of the adenoma was determined for the largest of the several present.



2.4 Statistical analysis

Baseline characteristics were compared using Chi-squared test, for categorical variables, and ANOVA, for continuous variables. Hazard ratios (HRs) for metachronous AN and adenoma recurrence were calculated using Cox proportional hazards regression model with 95% confidence interval (CI). Disease-free survival probabilities were determined using Kaplan–Meier method and survival curves were compared by log-rank test. All reported P-values are two-tailed, and P < 0.05 was considered to be statistically significant. All statistical analyses were performed using R software version 4.0.3, packages “survival” and “survminer” (21, 22).




3 Results


3.1 Patient characteristics

The study workflow is shown in Figure 1. After initial patient screening using the inclusion and exclusion criteria, 490 patients were eligible for inclusion in the study. The patients were stratified per age, and then into predefined risk groups, according to the size, number, and histology of polyps. The demographic characteristics of patients included in the study at an index colonoscopy are shown in Table 1. The mean age was 54.1 ± 10.9 years; 29.8% (146/490) of the patients were female. The sex distribution did not differ significantly between all groups. The mean interval between the colonoscopy and surveillance was 2.52 ± 1.25 years (median: 2.18 years; range: 1.52–3.32 years), and the mean interval was 2.51 years for patients ≥50 years old and 2.55 years for patients <50 years old. The clinical findings of the surveillance are summarized in Table 2. During the follow-up, advanced neoplasia was rare, and found in only 18 patients (3.7%); NAA recurrence was more frequent, and detected in 147 patients (30.0%).




Figure 1 | Study workflow.




Table 1 | Demographic characteristics of patients.




Table 2 | Pathologic findings during the surveillance.





3.2 Risk of NAA recurrence after resection of diminutive vs. small adenomas in different age groups

The cumulative incidence of NAA was compared across different age groups and the polyp size–number groups (Table 3). The risk of NAA recurrence was significantly higher in patients aged ≥50 years than that in patients aged <50 years [HR, 1.77 (95% CI, 1.21–2.60), P = 0.003]. Further, the risk in the G3, G4, and G5 group was significantly lower than the individual risk in the G1 group [HR, 1.75 (95% CI, 1.11–2.78), P = 0.017, G3 vs. G1; 2.90 (95% CI, 1.66–5.06), P < 0.001, G4 vs. G1; and 2.32 (95% CI 1.52–3.54), P < 0.001, G5 vs. G1), but the risk in G2 group was similar to that in the G1 group [HR, 0.71 (95% CI, 0.22–2.31), P = 0.570]. This suggests that older age, large polyp size, and the presence of numerous polyps are potential risk factors for the recurrence of NAA after polypectomy.


Table 3 | Risk of non-advanced adenoma recurrence according to the colonoscopy results.



In the two age groups, the trend of the recurrence risk was similar, with some specific differences (Table 3). For patients <50 years old, the risks in the G3, G4, and G5 groups were significantly higher than that in the G1 group [HR, 3.89 (95% CI, 1.45–10.45), G3 vs. G1; HR, 5.34 (95% CI, 1.78–15.98), G4 vs. G1; and HR, 3.33 (95% CI, 1.27–8.79), G5 vs. G1], but the risk in G2 was not significantly different from that in the G1 group [HR, 0.74 (95% CI, 0.09–6.08), P = 0.773]. For patients ≥50 years old, the risks of recurrence in G4 and G5 groups were significantly higher than that in G1 group [HR, 2.25 (95% CI, 1.17–4.33), G4 vs. G1; HR, 1.89 (95% CI, 1.18–3.02), G5 vs. G1], but the differences in the risks in the G2, G3, and G1 groups were not significant [HR, 1.03 (95% CI, 0.25–4.34), P = 0.965, G2 vs. G1; HR, 1.25 (95% CI, 0.74–2.11), P = 0.405, G3 vs. G1].

We next conducted subgroup analysis for age (≥50 years old vs. <50 years old) and the G1–G5 groups (Table 3 and Figure 2). The analysis revealed that in the G1 group, the risk in the ≥50 years old group was remarkably higher than that in the <50 years old group [HR, 2.93 (95% CI, 1.28–6.72), P = 0.011] (Figure 2A). However, in other groups, the analysis did not reveal any significant differences by age (Figures 2B–E).




Figure 2 | Non-advanced adenoma (NAA)–free survival rate according to the index colonoscopy results. (A–E), G1–G5, accordingly. G1, Group 1, 1–2 diminutive NAAs; G2, Group 2, 3 or more diminutive NAAs; G3, Group 3, 1–2 small NAAs; G4, Group 4, 3 or more small NAAs; and G5, Group 5, advanced adenomas.





3.3 Risk of metachronous AN after resection of adenomas in different age groups

Cumulative risks of metachronous AN in the different age groups are shown in Table 4 and Figure 3. After adenoma resection, no differences in recurrence rates of AN [3.1% (n = 5) for <50 years old patients and 4.0% (n = 13) for ≥50 years old patients] were apparent in the two age groups [HR, 1.20 (95% CI, 0.42–3.41), P = 0.732). The general recurrence rate was 3.7% in all patients.


Table 4 | Risk of metachronous advanced neoplasia between different groups.






Figure 3 | Advanced neoplasia-free survival rate in patients <50 years old and ≥50 years old.





3.4 Risk of metachronous AN with NAA recurrence vs. without NAA recurrence

Patients whom were found with polyp recurrence during surveillance would undergo polypectomy. To determine whether polyp recurrence, suggesting that these patients are more prone to metachronous AN, we compared the outcomes in patients with and without NAA recurrence in each age group. Cox regression analysis did not reveal significant differences in the risk of metachronous AN between patients with and without NAA recurrence [HR, 0.25 (95% CI 0.06–1.10), P = 0.066]. However, log-rank test of the survival curves of patients with and without NAA recurrence indicated significant differences between the groups (P = 0.047) (Table 4 and Figure 4A). The differences were more pronounced for patients who were over 50 years old than for younger patients (Figures 4B, C). Log-rank test showed in patients ≥50 years old, the risk of metachronous AN was higher in patients without NAA recurrence than that of patients with NAA recurrence (P = 0.005), while in patients <50 years old this difference was insignificant (P = 0.47).




Figure 4 | Risk of metachronous advanced neoplasia in groups (A All patients, B patients younger than 50 years old, and C patients 50 years old and over) with and without non-advanced adenoma recurrence.






4 Discussions

In the current study, we compared the risk of NAA recurrence in two age groups (<50 years old and ≥50 years old) of patients with different numbers of different-sized adenomas. The presented data support the hypothesis that the NAA recurrence risk in patients with adenomas who are <50 years old is lower than that in patients ≥50 years old. Therefore, for patients with adenomas who are <50 years old, one may consider a different follow-up strategy than that for older patients.

The main results of the current study can be summarized as follows. (1) For patients <50 years old with 1–2 diminutive adenomas, the NAA recurrence risk after polypectomy is significantly lower than that for patients ≥50 years old with 1–2 diminutive adenomas. Hence, for these patients, one could recommend a surveillance interval that is longer than that recommended for patients ≥50 years old. (2) For patients <50 years old with small adenomas, the NAA recurrence risk is similar to that for patients ≥50 years old with small adenomas. Consequently, for these patients, the recommended surveillance frequency may be similar to that recommended for patients ≥50 years old.

Adenomatous polyps are typically considered to be a type of precancerous lesion before CRC (4) and most CRCs are thought to originate from adenomas. Removal of adenomas, once found, and subsequent surveillance are a standardized procedure in the US (5, 7). The current US Multi-Society Task Force guideline recommends stratifying patients ≥50 years old into different risk groups according to the baseline colonoscopy findings. According to the guideline, 1–2 NAAs that are <10 mm in size are considered low-risk adenoma, with a recommended 7–10-year surveillance interval for patients after polypectomy. Other adenomas are considered high-risk adenomas, with a recommended 3–5-year surveillance interval after polypectomy. However, the surveillance intervals recommended by the current guideline have some limitations and should be improved. Specifically, the guideline only provides recommendations for patients ≥50 years old, because of lack of research focusing on younger patients (<50 years old). Further, it does not discriminate between diminutive and small adenomas, even though some experts suggest that there are differences in the risk for these two types of adenomas to develop into malignant lesions (11, 14–17, 20). Similarly, the guidelines of European Society of Gastrointestinal Endoscopy (ESGE) and British Society of Gastroenterology (BSG) do not discriminate between diminutive and small adenomas and suggest a simpler follow-up protocol (23, 24). In ESGE and BSG guidelines, only adenomas ≥10mm, or with high grade dysplasia are regarded as high-risk adenomas, irrespective of villous components; others are all regarded as low-risk adenomas. ESGE guideline recommends that patients with 1-4 low-risk adenoma do not need any surveillance, while patients with ≥5 adenomas or with high-risk adenoma require surveillance colonoscopy in 3 years after index colonoscopy (23). BSG guideline is very similar with ESGE guideline, which recommends only patients with ≥2 premalignant polyps including ≥1 high-risk adenoma, or patients with ≥5 adenomas require surveillance colonoscopy in 3 years (24).

The risks of metachronous AN in patients who had undergone polypectomy of diminutive or small adenoma have been compared in several other studies (11, 14–17, 20). Although the endpoint chosen in the current study was different from those of the other studies, the conclusions presented herein are still generally in line with those of previous studies. In all studies, patients with 1–2 diminutive NAAs were at a lower risk of either metachronous AN or NAA recurrence than patients with 1–2 small NAAs. Sneh Arbib et al. (14) were the first to report that patients with 1–2 diminutive NAAs were at a different risk of metachronous AN than patients with 1–2 small NAAs. However, no differences in the risk in patients with ≥3 polyps were reported in that study (14). These observations were further validated in subsequent investigations worldwide (11, 15, 17, 20). Kim et al. (11, 20) validated these conclusions in Asian populations. The authors reported that while patients with high-risk adenoma (including ≥3 diminutive adenomas, ≥3 small adenomas, and AAs) shared a similar risk of metachronous AN, the risk was reduced in patients with 1–2 diminutive NAAs. Further, the risk was different for patients <50 years old and patients ≥50 years old. In patients <50 years old with high-risk adenoma, the risk was no longer similar to that of patients ≥50 years old with high-risk adenoma (20). The risk of metachronous AN in patients with ≥3 diminutive adenomas was lower than that in patients with ≥3 small adenomas, but was not different from that in patients with low-risk adenoma. Kim et al. (11) did not conduct any further subgroup analysis according to age in each group. Nonetheless, they concluded that the surveillance strategy should probably be different for patients <50 years old and ≥50 years old. Our study supported this notion, but with some specific cases. For example, we did not find any differences between the risk of NAA recurrence in patients with ≥3 diminutive adenomas between patients <50 years old and ≥50 years old [HR, 0.86 (95% CI, 0.40–1.84), P = 0.697].

Considering the above, the follow-up strategy for the surveillance interval should be updated to guide long-term prognostic assessment and follow-up. Jung et al. (12) proposed a new classification that entails three groups (low, intermediate, and high-risk groups) instead of two groups (low and high-risk groups). They suggested that 1–2 NAAs sized 6–9 mm and 3–10 NAAs sized 1–5 mm should be regarded as an intermediate-risk group and require a different surveillance interval than other groups. However, the authors did not recommend any specific surveillance intervals for the risk groups in their study. Similar to the observations of Jung et al. (12) for patients ≥50 years old, we here observed that 1–2 small NAAs are more dangerous than 1–2 diminutive NAAs in that patient group. In addition to showing that the same holds for patients <50 years old, we also found that even with just 1–2 diminutive NAAs, patients ≥50 years old are at a much greater risk of adenoma recurrence than patients <50 years old [HR 2.93 (95%CI 1.28–6.72)]. Therefore, an individualized surveillance strategy should be established that considers various factors, especially age.

We also here analyzed the risk of metachronous AN in patients with and without NAA recurrence. A notion exists in clinical practice that polyp removal always reduces a patient’s risk of colorectal cancer. However, there is little evidence on the degree of the associated risk reduction. The observations presented herein demonstrate that during surveillance, recurrent NAAs which were timely resected would not increase the chances of metachronous AN comparing to patients without NAA recurrence. This result provides indirect evidence for the protective effect of polypectomy.

Further, we did not observe a significant difference in the risk of metachronous AN in patients <50 years old and ≥50 years old. We suggest that the low incidence of AN and some confounding factors, such as subsequent polypectomy after an index colonoscopy, may have impacted this finding. Because of the low incidence of AN, the sample size in the current study was not sufficient for subgroup analysis with respect to the size and number of adenomas. Consequently, while we conclude that the general risk of metachronous AN in patients <50 years old and ≥50 years old is similar, the risk in each subgroup requires further consideration.

One potential confounding factor needed to be considered was that there might be a few polyps missed at the first index colonoscopy, then regarded as recurrent polyps at the subsequent colonoscopy. Missing adenoma could not be avoided, but since the colonoscopies were all done by experienced endoscopists in our center, and all the patients included in the study were with a fair bowel preparation quality, this influence could be minimized. Our study showed a similar polyp recurrence rate with previous researches (11, 14), which also proved this confounding factor had little effect on the finding of the study. In our study, we found that the overall non-advanced adenoma recurrence rate during a median follow-up of 2.18 years was 30%. And in similar researches, Sneh Arbib et al. reported that the overall non-advanced adenoma recurrence rate during a median follow-up of 2.67 years was 30.5% (14). Kim et al. reported that 3-year nonadvanced adenoma cumulative recurrence rates after polypectomy were 39.2% for high-risk population (high-risk referred to those having an advanced adenoma or >3 adenomas) in 50-54 age, and 38.8% for high-risk population in 20-49 age (11). And for advanced neoplasia, similar to our study, there are several studies have reported a similar advanced neoplasia recurrence rate. Kim et al. reported that the overall advanced adenoma recurrence rate during a median follow-up of 3.2 years was 5.6% (20). And in another study, Kim et al. reported that 3-year cumulative advanced adenoma recurrence rate was 0.9-4.0% varying from patients with different baseline adenoma numbers and sizes (13).

The current study has several limitations. First, the follow-up period was relatively shorter than that recommended by the current guideline but close to that used in similar studies. The average follow-up time is 2.52 years (median: 2.18 years), while the median follow-up time was 2.67 years for the study by Sneh Arbib et al. (14). Second, the sample size of some subgroups was inadequate to detect associations, such as the G2 group (n = 27) and G4 group (n = 41). However, the primary conclusions of the current study are not based on data for the G2 group and G4 group and, therefore, this limitation does not undermine the primary conclusions of the study. Since a small sample size may produce a false-negative error, the true correlations for the G2 group should be validated in a large-sample study. Third, the cohort in the current study was based on the medical records of Wuhan Union Hospital. The cohort was a hospital-based population, and we selected all patients and checkup populations who met the inclusion criteria in the study, which may have introduced selection bias. Further, the retrospective design of the study did not allow a constant follow-up duration. The time interval between the index colonoscopy and subsequent colonoscopy varied, which could also result in bias. Accordingly, we used the survival analysis method to minimize the effects of any such potential bias. Fourth, we found a slight difference on the mean ages of G1-G5 on the baseline. Thus, we conducted a subgroup analysis, divided the patients into the subgroups of <50 years old and ≥50 years old and found this heterogeneity was eliminated in each subgroup. So, this heterogeneity would not influence our major conclusions since our major conclusions were based on the subgroup analysis results. This also suggested the necessity to discriminate the patients <50 years old and ≥50 years old, which is the major topic of our research.

Several important aspects of the current study should be highlighted. To the best of our knowledge, the current study is the first to focus on the differences of adenoma recurrence risk in patients <50 years old and ≥50 years old. Some previous studies reported that the metachronous AN risk is different across age groups, but no further subgroup analysis for age was conducted (11, 20). Further, we chose NAA recurrence as the primary endpoint, which is a feasible endpoint in clinical practice. In conclusion, we showed that it is necessary to distinguish between patients ≥50 years old and <50 years old with 1–2 adenomas sized 1–5 mm because they are at a different risk of NAA recurrence, which may ultimately affect the risk of CRC development.
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Factors
Five factors
Smoking excluded
Smoking and diet excluded
Smoking, alcohol, and anthrometry excluded
Quality
High
Moderate
Low

Overall, DL
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0.62 (0.54, 0.70)
0.36 (0.25, 0.52)

0.59 (0.50, 0.69)
0.66 (0.54, 0.79)
0.33 (0.23, 0.48)
0.51 (0.40, 0.65)

0.63 (0.56, 0.71)
0.33 (0.23, 0.48)
0.51 (0.40, 0.65)
0.86 (0.52, 1.43)

0.57 (0.47, 0.70)
0.45 (0.31, 0.63)

0.48 (0.60, 0.75)
0.66 (0.58, 0.75)
0.36 (0.45, 0.63)

0.41 (0.31, 0.54)
0.71 (0.60, 0.84)
0.57 (0.45, 0.74)

0.46 (0.37, 0.58)
0.70 (0.56, 0.87)
0.48 (0.32, 0.73)

0.48 (0.39, 0.58)
0.66 (0.53, 0.82)
0.66 (0.62, 0.71)
0.26 (0.21, 0.33)

0.59 (0.48, 0.73)
0.53 (0.38, 0.73)
0.36 (0.18, 0.73)

0.53 (0.45, 0.63)

Weight  1* (%)

P Between gmup=0-004
72.98 57.6
27.02 87.8

P Between group=0.003

30.21 26.9
37.95 66.8
24.82 82.1

7.02 NA

P Between gmup=0-003

65.87 59.6
23.06 82.1
6.57 NA
4.50 NA

P Between gmup=0'1 6

63.35 81.2
36.65 88.5

P Between gwup<0-001
16.40 0
56.58 53.9
27.02 87.8

P Between gruup=0~01
48.89 86.6
36.95 47.0
14.16 55.7

P Between gmup=0-05
66.88 88.2
28.30 63.4
5.22 NA

P Between gmup<0-001
49.30 71.2
36.12 65.8
7.46 NA
7.1 NA

P Between grt:;up=0-28
46.21 79.8
40.78 77.4
13.01 89.9
100.00 78.4
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Study ID Country Study Sample Mean
design  size age
(range)
Aleksandrova 10 Cohort 521330 51.8
(52) European (25-70)
countries
Barrubes (53) Spain Cohort 7216 67.0
(62-72)
Byrd (56) us Case- 2751 55.5 (NA)
control
Carr (29) Germany Case- 7124 68.2
control (32-99)
Cheng (54) us Cohort 35221 61.7
(55-69)
Cho (34) South Case- 1927 56.1 (NA)
Korea control
Dartois (55) France Cohort 64732 NA
(43-68)
Erdrich (35) us Cohort 81092 63.0
(40-89)
Erben (57) Germany Cross- 13600 62.9 (NA)
sectional
Fliss-Isakov Israel Case- 788 58.8 (NA)
(58) control
Fu (59) us Case- 5208 57.4
control (40-75)
Hang (30) China Case- 61693 68.9
control (23-98)
Harnack (32) US Cohort 34708 61.7
(65-69)
Hastert (44) us Cohort 66920 61.1
(50-76)
Hatime (45) Morocco Case- 2906 56.0 (NA)
control
Inoue-Choi us Cohort 2017 78.9
(62) (72-88)
Jones (46) UK Cohort 30963  52.3 (NA)

Kirkegaard Denmark Cohort 55487 56.0
(31) (50-64)
Knudsen (61)  Norway Cross- 6315 62.0
sectional (NA)
Lohse (63) Switzerland  Cohort 16722 46.1
(25-74)
Nomura (47)  US Cohort 49103 38.2
(21-69)
Odegaard Singapore  Cohort 50466 55.9
(48) (45-74)
Petimar (49)  US Cohort 45442 52.8
(m)° (40-75)
Petimar (49)  US Cohort 68977 52.8
(f° (30-55)
Romaguera 10 Cohort 3292 64.6
(33) European (NA)
countries
Sotos-Prieto  US Cohort 87113 51.7
(64) (40-75)
Tabung (60) US Case- 138 NA
control (30-80)
Thomson (50) US Cohort 65838 63.2
(60-79)
Zhang (51) China Cohort 595038 55.3
(40-74)

“Sleeping duration included as a component;
"Breasrfeeding (applicable to women) included as a component;

Male
%

35.0

57.4

47.5

60.8

68.3

50.3

52.7

63.0

45.2

49.0

49.3

48.0

48.0

48.8

46.4

100

45.5

66.9

49.3

100

Median
follow-up
year

12.0

6.0
NA

NA

>10.0

NA

156.0
24.0

NA

NA

NA

NA
13.0
7.6

NA

5.4

18.7

9.9

NA

21.7¢

15.1

>24.0

>24.0

42

NA
NA

12.6

9.3

Outcomes
assessed (n)

CRC (3579)
Colon cancer
(2359)

Rectal cancer
(1390)

CRC (101)

CRA (765)

CRC (4092
Colon cancer
(24579)
Rectal cancer
(1633)

CRC (1737)

CRC (632)
Colon cancer (318)
Rectal cancer (304)
CRC (481)

Colon cancer
(1127)

CRA (2839)
Advanced
colorectal neoplasia
(1375)

CRA (403)

Advanced CRA
(386)
Non-advanced
CRA (1220)
CRC (1144)

Colon cancer (619)
CRC (646)

CRC (1458)

Colon cancer (729)
Rectal cancer (724)
CRC-specific
mortality (23)

CRC (444)

Colon cancer (322)
Rectal cancer (146)
CRC (678)

Colon cancer (420)
Rectal cancer (258)
Advanced
colorectal neoplasia
(311)

CRC-specific
mortality (79)

CRC (328)

Colon cancer (259)
CRC (969)

Colon cancer (590)
Rectal cancer (379)
CRC (1151)

Colon cancer (907)
Rectal cancer (244)
CRC (1298)

Colon cancer
(1023)

Rectal cancer (275)
CRC-specific
mortality (872)

CRC-specific
mortality (684)
CRA (47)

CRC (751)
CRC-specific
mortality (190)
CRC (674)

Colon cancer (400)
Rectal cancer (274)

Healthy lifestyle components

Diet Smoking Alcohol Physical Body Other
use activity measure
X X X X X
X X X X X
X X X X
X X X X X
X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X
X X X Xe
X X X X2
X X X X
X X X X
X X X X X
X X X X
X X X X X®
X X X X X
X X X X X
X X X X
X X X X
X X X X X xe
X X X X
X X X X
X X X X X0
X X X X X
X X X X X
X X X X
X X X X

°Petimar 2019 reported outcome on males and females separately and was therefore included as two separated studies in analysis;

Imean follow-up;

®Requiar nonsteroidal anti-inflammatory drug use; CRC, colorectal cancer; CRA, colorectal adenoma; NA, not available.
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NoSPM (N=940) WithSPM(N=234) p-value
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Men 590 (628%) 184673% 013

women 350(37.2%) 100 (42.7%)

Age al GRC diagnosis
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Ves 180 (138%) 53 226%)
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Variables. Controls (N = 67,670) Cases (N = 67,670) P value®

n (%) " )
Sex 1,000
Women 20208 (102 20208 (432)
Men sBag2 (568 A2 (568)
Age, years 1000
<20 ar ©05 a7 (005
2029 466 (069 466 (069
3039 2079 (@07 2009 (307)
4049 587 (867 587 (867
5059 18841 205 13841 (205
60-69 16035 @37) 16035  (37)
7079 18200 (269 18230 (269
280 15 (164 115 (164)
Geographical region <0001
Norther 26606 (123 28726 (125
Central 18717 @03 13512 (200)
Southern 21413 (16 22130 (@27)
Easemandisinds 3934 (581) 3208 (487)
Occupation <0001
Waite cotar 09 @67 238 @79
Biue collar 28631 (123 28016  (41.4)
Reliedandotbers 8107 (120) 7265 (10)
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Urban 18185 (268 18669 (276)
Swburban 0176 (446 0850 (@56
Rural 19309 (86 18121 (268
Monthly income, NTS 0020
<15840 21316 (15 21474 @17)
16,841-25,000 3253 (@81 %2054 (@74)
225,001 19820 (04) 14142 (209)
Comorbidiies.
oM 16383 @41) 18817 (@78 <0001
Hypertension 36060 (B3 59 (650 <0001
Hyperfpidemia 21586 (@18 2130 (@16 0275
cAD 19763 292 19236  (284) 0001
Ronal disease 10878 (181) 10883 (161) 0971
coPp 26505 (92 24304 @59 <0001
Obesty 99 (14) 1003 (1489 0441
Lver cinhosis 15567 @80 16047 (222 <0001

“Chi-square test.
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Factors

Age (years)
40-44
45-49

65-69
70-74
Sex
Male
Female
BMI (kg/m?)
<185
185-240
24.0-280
>28.0
Waist (cm)
<85 (male)/<80 (female)
285 (male)/80 (female)
Educational background
Primary school or below
Junior/senior high school
Undergraduate or over
Marriage
Unmarried/divorce/widowed
Married
Smoking
Never
Current
Former
Alcohol drinking
Never
Current
Former
Dietary intake of vegetables
<25 kg/week
22.5 kg/week
Dietary intake of fruit
<1.25 kg/week
>1.25 kg/week
Dietary intake of processed meat
<0.35 kg/week
20,35 kg/week
Physical activity
<3 times/week
>3 times/week
Past FOBT
No
Yes (negative result)
Yes (positive result)
Yes (unknown result)
History of colonic polyp
No
Yes
History of colorectitis
No
Yes
Family history of CRC
No
Yes

Participants at high
risk for CRC (%)

4,256 (10.68)
6,962 (17.53)
8,011 (20.11)
6,714 (16.85)
7,044 (17.68)
5,113 (12.84)
1,715 (4.31)

17,901 (44.94)
21,933 (55.06)

533(1.34)
14,314 (35.98)
17,175 (43.12)
7,812 (19.61)

13,887 (34.86)
26,947 (65.14)

6,176 (15.50)
25,883 (64.98)
7,775 (19.52)

1,679 (3.96)
38,255 (96.04)

24,723 (62.07)
12,262 (30.78)
2,849 (7.15)

23,090 (57.97)
14,607 (36.67)
2,137 (5.36)

26,221 (65.89)
13,613 (34.17)

29,004 (72.:81)
10,830 (27.19)

19,623 (49.26)
20,211 (50.74)

25,475 (63.95)
14,359 (36.05)

32,879 (82.54)
3,379 (8.48)
1,981 (4.97)
1,595 (4.00)

32,915 (82.63)
6,919 (17.37)

18,758 (47.09)
21,076 (52.91)

33,587 (84.32)
6,247 (15.68)

Participants
undertaking
colonoscopy (%)

760 (10.20)
1,817 (17.67)
1,636 (21.95)
1,872 (18.41)
1,331 (17.86)
827 (11.09)
211(2.83)

3,456 (46.35)
3,999 (53.65)

99(1.33)
2,814 (37.75)
3,240 (43.47)
1,301 (17.45)

2,695 (36.16)
4,759 (63.84)

940 (12.61)
4,627 (62.07)
1,887 (25.32)

344 (4.61)
7,110(95.39)

4,479 (60.09)
2,382 (31.29)
643 (8.69)

4,027 (54.02)
3,010 (40.38)
417 (5.59)

5,205 (69.89)
2,249 30.17)

5,662 (75.96)
1,792 (24.04)

3,674 (49.29)
3,780 (50.71)

4,984 (66.86)
2,470 (33.14)

6.071(81.45)
580 (7.79)
490 (6.57)
313(4.20)

5,542 (74.35)
1,912 (25.65)

2,833 (38.01)
4,621 (61.99)

5,600 (75.13)
1,854 (24.87)

‘CRC, colorectal cancer; BMI, body mass index; FOBT, fecal occult blood test.

Participation rate (%)

17.86
18.86
20.42
20.43
18.90
16.17
12.30

19.30
18.23

18.57
19.66
18.86
16.65

19.41
18.34

16.22
17.88
2427

21.79
18.59

18.12
19.02
2257

17.44
20.61
19.51

19.85
16.52

19.62
16.55

18.72
18.70

19.56
17.20

18.46
17.16
24.73
19.62

16.84
27.63

15.10
21.93

16.67
29.68

x2 P-value*
98.74 <0.001
7.39 0.007
30.46 <0.001
6.76 0.009
219.28 <0.001
1021 0.001
34.38 <0.001
59.91 <0.001
65.31 <0.001
45.88 <0.001
0 0.959
33.70 <0.001
54.76 <0.001
438.14 <0.001
303.71 <0.001
586.68 <0.001
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Factors

Age (years)
40-44
45-49

65-69
70-74
Sex
Male
Female
BMI (kg/m?)
<185
18.5-24.0
24.0-280
2280
Waist (cm)
<85 (male)/<80 (female)
=85 (male)/=80 (female)
Educational background
Primary school or below
Junior/serior high school
Undergraduate or over
Marriage
Unmarried/divorce/widowed
Married
Smoking
Never
Current
Former
Alcohol drinking
Never
Current
Former
Dietary intake of vegetables
<2.5 kg/weok
22.5 kg/week
Dietary intake of fruit
<1.25 kg/week
2125 kg/week

Dietary intake of processed meat

<0.35 kg/week
>0.35 kg/week
Physical activity
<3 times/week
>3 times/week
Past fecal occult blood test
No
Yes (negative result)
Yes (positive result)
Yes (unknown result)
History of colonic polyp
No
Yes
History of colorectitis
No
Yes
Family history of CRC
No
Yes

$0dds ratios were adjusted for factors including study sites, age, sex, BM, waist, education background, marriage, smoking, alcohol dinking, dietary intake of vegetable, dietary
intake of fnit, dietary intake of processed meat, physical activity, past FOBT, history of colonic polyp, history of colorectitis, and family history of CRC in the non-condltionl logistic

regression modl.

“The model included the indivicual level (age, sex, BMI, waist, education background, marriege, smoking, alcohol drinking, distery intake of vegetable, dletary intake of fuit, dietary
intake of processed meat, physical activity, past FOBT, history of colonic polyp, history of colorectits, and femily history of GRC) and the geographical level (stuy sites). All models were

controlled for year of recruitment.

Odds ratio (95% CI)

1.00
1.09 (0.99-1.21)
1.26 (1.14-1.38)
1.30 (1.17-1.44)
1.20 (1.08-1.33)
1.03 (0.92-1.15)
0.73 (0.61-0.86)

1.00
0.95 (0.88-1.02)

1.00
1.03 (0.82-1.29)
1.00 (0.80-1.26)
1.01 (0.79-1.28)

1.00
0.98 (0.92-1.05)

1.00
1.05 (0.97-1.14)
1.45 (1.32-1.69)

1.00
0.83 (0.73-0.94)

1.00
0.84 (0.78-0.92)
1.20 (1.07-1.34)

1.00
1.13(1.05-1.21)
1.04 (0.92-1.17)

1.00
0.88 (0.82-0.94)

1.00
0.98 (0.91-1.0)

1.00
1.12 (1.06-1.18)

1.08 (1.02-1.15)
1.00

1.00
091 (082-1.00)
1.24 (1.11-1.38)
099 (0.87-1.13)

1.00
1.53 (1.43-1.63)

1.00
1.68 (1.50-1.67)

1.00
1.69 (1.58-1.81)

Model I8

p-value

0.094
<0.001
<0.001

0.001

0.624
<0.001

0.171

0.806
0.984
0.961

0.578

0.200
<0.001

0.003

<0.001
0.002

0.001
0.558

<0.001

0523

<0.001

0.007

0.055
<0.001
0915

<0.001

<0.001

<0.001

0Odds ratio (95% CI)

1.00
1.09 (0.99-1.21)
1.25 (1.14-1.38)
1.30 (1.17-1.44)
1.20 (1.08-1.33)
1.03 (0.92-1.16)
0.73(0.61-0.86)

1.00
095 (0.83-1.02)

1.00
1.08 (0.82-1.29)
1.00 (0.80-1.26)
1.01(0.79-1.28)

1.00
0.98 (0.92-1.05)

1.00
1.06 (0.97-1.14)
1.45 (1.32-1.69)

1.00
083 (0.73-0.94)

1.00
0.84(0.78-0.92)
1.20 (1.07-1.34)

1.00
1.13(1.05-1.21)
1.04(0.92-1.17)

1.00
0.88 (0.82-0.94)

1.00
098 (0.91-1.05)

1.00
1.12 (1.06-1.18)

1.08(1.02-1.14)
1.00

1.00
091(083-1.00)
1.24 (1.11-1.38)
099 (0.87-1.13)

1.00
1.53 (1.43-1.63)

1.00
1.58 (1.49-1.67)

1.00
1.69 (1.58-1.80)

Model Il

p-value

0.092
<0.001
<0.001

0.001

0.611
<0.001

0.178

0.806
0.983
0.968

0.575

0.190
<0.001

0.003

<0.001
0.002

0.001
0.553

<0.001

0.509

<0.001

0.008

0.058
<0.001
0915

<0.001

<0.001

<0.001
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RCIP database. LHID2000 database.
Newly identified CRC patients during | (" Insurants without cancer, HIV, HBV o
20052011 missing information on age and sex
(a=713848) (n=866,326)
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HIV G

age orsex (n = 64).

o with missing information on
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3 3
Newly idenified colon cancer patients Selected normal controls
(n=67,670)

“Total of 135,340 CRC cancer cases and non-CRC
controls in the study. Analyzed number of HCV

before index date and the associations between CRC
and HCV.
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Variable No. (%)
Age (yr)

<65 1950 (64.94)

>65 1053 (35.06)
Sex

Female 1336 (44.50)

Male 1667 (65.50)
Race

Black 393 (13.08)

White 2318 (77.20)

Others 292 (9.72)
Primary tumor location

Right side of colon 789 (26.28)

Left side of colon 1505 (50.11)

Rectum 486 (16.20)

N/A 223 (7.42)
T stage

T1-2 124 (4.12)

T3 1467 (48.86)

T4 652 (21.71)

N/A 760 (25.31)
N stage

NO 466 (15.53)

N1 995 (33.12)

N2 826 (27.52)

N/A 716 (23.83)
Primary tumor size (mm)

<40 321 (10.69)

>40 581 (19.35)

N/A 2101 (69.97)
Regional nodes examined

<12 454 (15.11)

>12, <20 1364 (45.41)

>20 1185 (39.48)
Metastasis

Lung 118 (3.94)

Liver 2654 (88.37)

Both 231 (7.69)

N/A Not Applicable, missing values or not specially stated.
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Variable Adusted OR (93%CY) prvalue
HCV (yes w. no) e L16(108124) <0001
Sex (men vs. women) . 102(1.00-1.04) 0.102
Age, years !
<45 o 1.05(1.00-1.10)  0.070
45-49 I 1.03 (0.98-1.09) 0.221
50-59 101 0.98-1.05)  0.400
60-69 Ref.
>70 103 (1.00-1.06)  0.068
Geographical region
Northern 113 (107-1.19) <0001
Central 116 (110-1.22) <0001
Southern 121(115-1.27)  <0.001
Eastern and islands Ref.
Ocoupation
White collar 118(114-1.23) <0001
Blue collar 114(109-1.20) <0001
Retired and others Ref.
Urbanization level
Urban 1.09(105-1.13) <0001
Suburban 109(105-1.12) <0001
Rural Ref.

Monthly income, NTS
<15840
15841-25000
25001
DM (yes 1. n0)
Hypertension (yes 1. no)
CAD (yes . no)
COPD (yes 1. n0)
Liver cirrhosis (yes vs. n0)

1.03(1.00-1.07)  0.071
Ref.

1.00 (0.97-1.04) 0.841
1.23(1.20-1.26)  <0.001
113 (110-116) <0001
0.93 (0.91-0.96)  <0.001
0.85(0.83-0.87)  <0.001
0.93 (0.90-0.95)  <0.001

0s 10 15
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Variable os css
HR 95%Cl P Value HR 95%Cl P Value
Age (yr)
<65 1 Reference 0.002 1 Reference 0.001
>65 117 1.058-1.295 1.18 1.062-1.311
Sex
Female 1 Reference 0.072 1 Reference 0.046
Male 0917 0.832-1.009 0.905 0.819-0.999
Race
Black 1 Reference 0.402 1 Reference 0.766
White 0911 0.789-1.053 0.954 0.819-1.11
Others 0.902 0.737-1.103 0.931 0.755-1.147
Primary tumor location
Right side of colon 1 Reference 0.002 1 Reference 0.006
Left side of colon 0.847 0.753-0.953 0.863 0.763-0.975
Rectum 0.79 0.68-0.918 0.788 0.674-0.922
T stage
T-2 1 Reference <0.001 1 Reference <0.001
T3 0.305 0.216-0.43 0.298 0.207-0.428
T4 0619 0.433-0.886 0619 0.424-0.903
N stage
NO 1 Reference 0.1 1 Reference 0.125
N1 1 0.873-1.146 1.002 0.87-1.154
N2 1121 0.972-1.293 1.122 0.967-1.3
Primary tumor size
<40 1 Reference 0.159 1 Reference 0.146
>40 1.159 0.935-1.437 1.173 0.939-1.465
Regional nodes examined
<12 1 Reference <0.001 1 Reference <0.001
212, <20 0.868 0.764-0.986 0.875 0.766-0.999
>20 0.811 0.711-0.925 0.805 0.702-0.924
Metastasis
Lung 1 Reference <0.001 1 Reference <0.001
Liver 0.539 0.442-0.658 0.532 0.433-0.653
Both 3.33 1.983-5.591 3.433 2.002-5.887
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Findings

Colorestal cancer
Advanced adenoma
>10mm
Non-advanced
adenomas dysplasia
Hyperplastic polyp
Other benign lesions

Participants taking screening
colonoscopy (%)

17029)
95(1.27)
34(0.46)
478 (6.41)

248(3.39)
910 (12.21)

Yield per 10,000
invitees

43
238

85
119.9

622
228.4

& Calculation was based on the age-specific and sex-specific detection rate adjusted by China Standard Population (1982).

Number of colonoscopies to
detect one lesion®

1,840.7
365.9
1,002.1
713

1276
347
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Variable os css

Multivariate Analysis Multivariate Analysis
5-y, % HR (95%Cl) P Value 5-y, % HR (95%Cl) P Value
Age (yr.)
<65 36 1[Reference] 0.002 37 1[Reference] 0.002
>65 30 1.173 (1.062-1.295) 31 1.182 (1.067-1.31)
Sex
Female 32 1[Reference] 0.073 33 1[Reference] 0.047
Male 35 0.916 (0.832-1.008) 37 0.904 (0.818-0.998)
Primary tumor location
Right side of colon 29 1[Reference] 0.004 31 1[Reference] 0.006
Left side of colon 30 0.845 (0.754-0.946) 30 0.861 (0.765-0.969)
Rectum 35 0.787 (0.677-0.916) 37 0.786 (0.67-0.921)
T stage
T1-2 4 1[Reference] <0.001 5 1[Reference] <0.001
T3 40 0.291 (0.234-0.363) 42 0.284 (0.225-0.358)
T4 16 0.607 (0.483-0.763) 16 0.607 (0.477-0.771)
Regional nodes examined
<12 27 1[Reference] <0.001 28 1[Reference] 0.001
212, <20 33 0.829 (0.725-0.949) 35 0.843 (0.732-0.971)
>20 37 0.752 (0.654-0.866) 39 0.748 (0.646-0.867)
Metastasis
Lung 16 1[Reference] <0.001 38 1[Reference] <0.001
Liver 37 0.56 (0.477-0.657) 0 0.549 (0.466-0.647)

Both 0 4.059 (3.114-5.29) 16 4.22 (3.217-5.537)
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Characteristics

Gender
Tumor size

T stage

N stage

Metastasis

Adjuvant therapy

IA (Muscle attenuation)
TAMA
VFA
PFA
PMI
LSMI (linear skeletal muscle index)
SMI

Male
Female
<5cm
>5cm
T

T2

T3

T4
NO

N1

N2
MO
M1
No
Yes

HR (95%Cl)

1.0 (ref)
0.67 (0.53,0.84)
1.0 (ref)
1.25 (1.04,1.51)
1.0 (ref)
1.63 (0.80,3.31)
1.13 (0.54,1.95)
1.11(0.53,1.93)
1.0 (ref)
1.43 (1.16,1.75)
1.64 (1.31,2.06)
1.0 (ref)
4.04(3.19,5.12)
1.0 (ref)
0.80 (0.65,0.98)
0.97 (0.97,0.98)
1.00 (0.99,1.01
1.01(1.00,1.01
1.00 (0.99,1.01
1.00 (0.96,1.03)
0.93 (0.91,0.95)

)
)
)
)
)
)
)
0.93 (0.90,0.96)

DFS

P value

P=0.001

P=0.020

P=0.080

P<0.001

P<0.001

P=0.033

P<0.001
P=0.828
P<0.001
902
P=0.801
P<0.001
P<0.001
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Cases 1dentified through the SEER
database
(n = 85,568)

A: Cases before 2010
B: Unacceptable surgery
C: No pathological diagnosis or not adenocarcinoma

Cases 1dentified through the SEER database
(n=15,862)

A: No liver/lung metastasis
B: Unrescctable distant metastascs
C: Age <18 years

Cases 1dentified through the SEER
database

A: Occurrence of other distant metastases besides liver and lung
B: A sccond primary cancer
C: Incomplete postoperative follow-up data

Cases included 1n the analysis
(n=3,003)
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Months after resection of metastatic tumors
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Survival Rate
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0.8
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0.4
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Months after resection of metastatic tumors
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Models

cohort

AUC (95% CI)

ACC (95% CI)

Sensitivity (95% CI)

Specificity (95% Cl)

Clinical

PreRad

PostRad

DeltaRad

CombPreRad

CombPostRad

CombDeltaRad

training
testing
training
testing
training
testing
training
testing
training
testing
training
testing
training
testing

0.689 (0.626-0.753)
0.708 (0.610-0.805)
0.725 (0.663-0.787)
0.526 (0.414-0.638)
0.804 (0.751-0.856)
0.632 (0.524-0.740)
0.852 (0.807-0.897)
0.707 (0.608-0.806)
0.777 (0.721-0.832)
0.671 (0.564-0.778)
0.840 (0.791-0.888)
0.720 (0.618-0.823)
0.871 (0.828-0.914)
0.745 (0.651-0.838)

0.622 (0.621-0.624)
0.664 (0.660-0.668)
0.673 (0.671-0.674)
0.395 (0.391-0.399)
0.709 (0.707-0.710)
0.681 (0.677-0.684)
0.759 (0.758-0.760)
0.664 (0.660-0.668)
0.741 (0.740-0.742)
0.697 (0.694-0.701)
0.773 (0.772-0.775)
0.773 (0.770-0.776)
0.809 (0.808-0.810)
0.639 (0.635-0.642)

0.745
0.711

0.657-0.833)
0.566-0.855)
0.638 (0.541-0.735)
0.974 (0.923-1.025)
0.734 (0.645-0.823)
0.421 (0.264-0.578)
0.840 (0.766-0.914)
0.789 (0.660-0.919)
0.564 (0.464-0.664)
0.632 (0.478-0.785)
0.745 (0.657-0.833)
0.500 (0.341-0.659)

(

(

0.745 (0.657-0.833)
0.842 (0.726-0.958)

0.560 (0.488-0.632)
0.642 (0.538-0.746)
0.690 (0.623-0.757)
0.123 (0.052-0.195)
0.696 (0.629-0.762)
0.802 (0.716-0.889)
0.717 (0.652-0.782)
0.605 (0.498-0.711)
0.832 (0.777-0.886)
0.728 (0.632-0.825)
0.788 (0.729-0.847)
0.901 (0.836-0.966)
0.842 (0.790-0.895)
0.543 (0.435-0.652)
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Records identified from:
Databases:
PubMed (n = 6042) Records removed before screening:
EMBASE (n = 10557) Duplicate records removed (n = 6053)
Relevant original studies and
meta-analyses (n=9)

Identification

Records screened Records excluded
(n = 10555) (n = 10509)
Not conducted on human (n = 189)
Review articles (n = 350)
Not peer-reviewed publications (n = 21)
Unrelated to exposure or pre-decided
outcomes (n = 9293)
Examined individual factors or combined
effect of two factors (n = 631)
Ecological studies (n = 4)
Validation or prediction of model (n = 21)

Reports sought for retrieval Reports not retrieved
(n=46) (n=3)

Reports assessed for eligibility

(n = 43) Reports excluded:

Duplicated reports from same study (n = 11)
Relevant data not available (n = 4)

Studies included in review*
(n=28)
Risk of CRC (n = 18)
Risk of colorectal adenoma (n = 5)
Risk of advanced colorectal neoplasia (n = 2)
Risk of CRC-specific mortality (n = 5)
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Characteristics

Patients (N = 139)

Age (years, mean + SD)
Gender (%)

Male

Female

cT stage (%)

3

4

cM.stage (%)

1

cN stage (%)

0

1

2

Metastasis to other sites
No

Yes

Surgical treatment

No

Yes

Number of metastatic lesions per patient

1
2
3
4
5

Mean PFS time (months, mean + SD)

56.96 + 11.06

96 (69.06%)
43 (30.94%)

85 (61.15%)
54 (38.85%)

139 (100.00%)
6 (4.32%)
36 (25.90%)
97 (69.78%)

93 (66.91%)
46 (33.09%)

78 (56.12%)
61 (43.88%)

43
22

(30.94%)
15.83%)
22 (15.83%)
15 (10.79%)
37 (26.62%)
11.80 = 7.93
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Models
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Testing cohort C-index
(95 CI %)

Clinical
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0.694 (0.633-0.755)
0.744 (0.686-0.803)
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Total patients (\)

uc

CD
Sex, N (%)

Male

Female
Age at IBD diagnosis

Mean (SD)
Follow-up time, years

Mean (SD)

Median (IQR)
Smoke duration, N (%)

Never

<15 years

15-35 years

>35 years
Drink, N (%)

Never

Mild

Moderate

Severe
Appendectomy history, N (%)
Comorbidities, N (%)
Diabetes
Hypertension
Coronary disease
Urolithiasis

Adult-onset IBD (Age 18-59)

1,480
966 (65.3)
514 (34.7)

874 (59.1)
606 (40.9)

35.5 (11.4)

5.46 (4.18)
4.85 (5.36)

1,107 (74.8)
174 (11.8)
163 (11.0)

36 (2.4)

1,077 (72.8)
271(183)
65 (4.40)
67 (4.50)
111 (7.50)

63 (4.30)
125 (8.45)
38 (2.57)
840 (56.8)

Elderly-onset IBD (Age >60)

129
99 (76.7)
30 (23.3)

84 (65.1)
45 (34.9)

65.2 (5.63)

5.46 (4.28)
479 (6.19)

76 (58.9)
6 (4.65)
25 (19.4)
22 (17.1)

78 (60.5)
25 (19.4)
9(6.98)
17 (13.2)
7(5.43)

14 (109
55 (42.
22 (174

)
)
)
83 (64.3)

p-value

0.007

0.219

<0.0001

0.985

<0.0001

<0.0001

0.372

0.001
<0.0001
<0.0001

0.123
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Adult-onset IBD (Age 18-59) Elderly-onset IBD (Age >60)

N (%) Per 1,000 PYs [95% CI] N (%) Per 1,000 PYs [95% Cl]
Gl malignancies 32 (41.6) 3.95 [2.80-5.60] 8(42.1) 11.3 [6.70-22.1
Colorectal cancer 27 (35.1) 3.34 [2.30-4.80) 5(26.3) 7.07 [3.00-16.5)
SBA 1(1.30) 0.12 [0-0.70] 0 0
Appendiceal mucinous neoplasms 2 (2.60) 0.25 [0-0.80] 0 0
Hepatobiliary malignancy 2(2.60) 0.25 [0-0.80] 3(15.8) 4.24 [1.4-12.3]
Lung cancer 5(6.49) 0.62 [0.3-1.4 2(10.5) 2.83[0.80-10.2]
Urinary tract malignancy 5(6.49) 0.62 [0.3-1.4] 3(15.8) 4.24 [1.4-12.3]
Hematological malignancy 7(9.10) 0.86 [0.4-1.8] 3(15.8) 4.24 [1.4-12.3]
Thyroid cancer 11(14.3) 1.36 [0.8-2.5 0 0
Genital malignancy
Female breast cancer 5(6.49) 0.62 [0.3-1.4] 1(5.26) 1.41 [0.20-7.90)
Prostate cancer 1(1.30) 0.12 [0-0.70] 2(10.5) 2.83[0.80-10.2]
Uterus malignancy 7(9.10) 0.87 [0.4-1.8] 0 0
Ovarian cancer 2 (2.60) 0.25 [0-0.80] 0 0
Others 2(2.60) 0.25 [0-0.80] 0 0
Total 77 (100) 9.51[7.6-11.9] 19(100) 26.9 [17.3-41.6

PYs, patient-years; SBA, small bowel adenocarcinoma.
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Adult-onset IBD (Age 18-59) Elderly-onset IBD (Age >60) p-value
Total patients (\) 77 19
Sex, N (%) 0.071
Male 39 (519 14 (73.7%)
Female 38 (48.1 5 (26.3%)
IBD diagnosis, N (%) 0.279
uc 61(79.2 17 (89.5)
cD 16 (20.8) 2(10.5)
Age at IBD diagnosis <0.0001
Mean (SD) 37.5(10.6) 66.6 (4.06)
Median(IQR) 37 (17.00) 66 (5.0)
Duration of disease to cancer, years <0.0001
Mean (SD) 12.1 (8.75) 4.28 (4.15)
Median(IQR) 11.3(12.3) 3.53 (3.39)
Death, N (%) 8(11.1) 7(36.8) 0.007
Cancer-related death 79.72) 6 (31.5)
Others 1(1.39) 1(5.26)
Family history of cancer 22 (28.6) 4(21.1) 0.5
Smoke duration, N (%) 0.03
Never 61(79.2) 13 (68.4)
<15 years 7(9.1) 0
15-85 years 5(6.5) 1(6.3)
>35 years 4(5.2) 5(26.3)
Drink, N (%) 16 (20.8) 5(26.3) 0.437
Appendectomy history, N (%) 6(7.8) 0 0.098
Comorbidities, N (%)
Diabetes 2(2.6) 3(15.8) 0.041
Hypertension 20 (26.3) 8 (42.1) 0.187
Coronary disease 6(7.8) 4(21.1) 0.117
Urolithiasis 41 (83.2) 15 (78.9) 0.035
IBD-related surgery, N (%) 12 (15.6) 4(21.1) 0.576
Extra-intestinal manifestation
Arthralgia 18 (23.4) 0 0.003
Oral ulcer 19 (24.7) 0 0.002
Eye lesion 4(5.2) 0 0.179
Fatty liver 7(7.8) 2(10.5) 0.850
Cholelithiasis 6(7.8) 2(10.5) 0.707
Complication
Bleeding 11(14.3) 1(6.3) 0.246
Perforation 4(5.2) 0 0.179
Obstruction 11(14.3) 0 0.03
Skin lesion, N (%) 4(5.2) 0 0.179
Perianal lesion, N (%) 12 (15.6) 0 0.017
Medication exposure (ever exposed)
5-ASA 71(922) 18 (94.7) 0.694
Steroids 46 (59.7) 6 (31.6) 0.027
Thiopurines 18 (23.4) 0 0.003
Methotrexate 5 (6.50) 0 0.132
Thalidomide 10 (13.0) 0 0.030
Biologics 3(3.90) 0 0.246
Multi-medication exposure* 0.001
0 medication 4(5.2) 1(6.3
1-2 medications 47 (65.5) 18(93.3)
3+ medications 26 (27.6) 0
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Gender

Male

Female

Al

Subsite

Colon

Rectum

CRC

Colon

Rectum

CRC

Colon

Rectum

CRC

Age

<50
50+
<50
50+
<50
50+

50+
<50
50+
<50
50+
<50
50+
<50
50+
<50
50+

Trend 1 Trend 2 Trend 3 AAPC (95% Cl)
Years APC (95% Cl) Years APC (95% Cl) Years APC (95% CI) 2001-2016 2007-2016
- - - - - - 256 (0.84.3) 1.07 (2.24.5)
2001-2005 22.1(8.9, 36.9) 2005-2016 33(1.8,48) - - 80(50,11.2) 362(1.8,55)
- - - = - = 1.53 (0.5, 3.6) 0.96 (-6.1, 3.4)
2001-2004 28.1(5.3, 55.9) 2004-2016 1.3(02,28) - - 620 (2.3, 10.1) 1.87 (-40, 4.1)
E - = e 2 E 1.92(03,36) -0.15(-34,3.2)
2001-2004 286(8.9,51.9) 2004-2016 27(15,40) = = 7.5 (4.2,108) 290(1.1,48)
2001-2007 11.0(33,193) 2007-2016 -12(40,16) - - 35(0.4, 6.6) .53 (-4.0,1.0)
2001-2006 12.7 (4.3, 21.9) 2006-2016 25(07,43) - - 58(3.1,85) 2.48 0.40, 4.6)
- - - - - - 047 (-1.4,2.4) 1.6 (5.6, 2.4)
2001-2006 14.6 (5.0, 25.1) 2006-2016 02(-18,23) - - 48(18,7.8) 039(-1.8,2.6)
2001-2009 57(24,9.2) 2009-2016 2.4 (5.4,06) = - 1.8(02,39) 161 (:3.2,0)
2001-2006 135(59,21.9) 2006-2016 16(-001,33) - - 55(3.1,7.9) 1.70 (03, 3.7)
2001-2007 9.1(28,15.7) 2007-2016 06(28,1.7) - - 32(07,57) 0,65 (-25,1.3)
2001-2006 14.7 (7.4, 22.5) 2006-2016 25(1.0,4.0) = - 64(4.1,87) 281(1.1,46)
- - - - - - 081(-1.1,2.8) -1.54 (66, 2.7
2001-2004 27.5(7.2,516) 2004-2016 1.0 (0.3, 2.4) - - 58(25,9.3) 092 (-1.1,30)
2001-2010 53(3.1,7.5) 2010-2014 67 (14.7,20) 2014-2016 10.54 (7,313 26(-04,5.7) 1.20(-3.4,1.1)
2001-2005 186 (7.5, 308) 2005-2016 1.9(06,33) = = 6.1(35,88) 206 (03,39
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Age group 2001-2016 2007-2016 2012-2016
AAPC, (95% CI) Cases At risk AAPC, (95% CI) Cases At risk AAPC (95% CI) Cases, n At risk, n

20-29

Male 224 (-2.6,7.3) 213 19496153 -5.97 (-10.62, -1.09) 166 12770676 -10.86 (-12.74, -8.95) 79 6698712

Female -0.15(-3.9,3.7) 203 26917804 -1.51(-8.98, 6.58) 140 17983467 -0.15 (-3.85, 3.69) 71 9394870

Total 0.61(-2.4,3.7) 417 46413957 -3.94 (-7.90, 0.20) 306 30754143 -6.30 (-23.79, 15.20) 150 16093582
30-39

Male 4.16 (2.6, 5.7) 614 18202883 2.45(0.20, 4.75) 451 11787983 3.11(-7.92, 15.46) 247 6118127

Female 0.44 (-1.4,2.3) 655 20040987 0.14(-2.85, 3.21) 465 13849503 0.44 (-1.43, 2.35) 256 7622327

Total 0.85(-0.7, 2.4) 1268 38243870 -0.18 (-2.05, 2.47) 916 25637486 6.05 (0.83, 11.53) 503 13740454
40-49

Male 6.0(4.8,7.2) 1340 16503235 5.59 (3.19, 8.05) 998 10642711 6.04 (0.43, 11.95) 557 5249650

Female 26(1.1,42 1391 13315700 -1.95 (-3.80, -0.06) 1057 9388325 262(1.08,4.18) 565 5328800

Total 3.3 (0.6, 6.0) 2731 29818935 -1.17 (-4.17,1.93) 2055 20031036 1.11 (-12.15, 16.38) 1122 10578450
50-54

Male 14.40 (6.0, 23.6) 971 14271149 18.85 (6.78, 32.29) 786 9353314 38.84 (0.59, 91.63) 468 4284658

Female 4.04 (1.4,6.8) 946 4565216 1.48 (-2.48, 5.61) 762 3313250 4.04 (1.38,6.78) 441 1893713

Total 5.9(-1.8,14.2) 1917 18836365 1.96 (-1.65, 5.69) 1548 12666564 5.52 (-8.83, 22.12) 909 6178371
55-59

Male 13.40 (4.4, 23.2) 17 13134994 20.49 (15.20, 26.02) 899 9041816 33.27 (-7.81, 92.66) 581 4329919

Female 3.79 (1.8, 5.9) 873 3425455 1.47(-2.12,5.19) 691 2465862 3.79(1.76, 5.85) 418 1439765

Total 6.6 (1.4, 12.0) 1990 16560449 2.79(0.74, 4.87) 1590 11507678 63 (-3.02, 10.74) 994 5769684
60-64

Male 12.0(3.6,21.2) 1054 11542310 20.67 (13.05, 28.81) 794 7912660 44,62 (-19.98, 161.35) 492 3892314

Female 3.78 (1.9, 5.7) 873 2636916 3.42(0.29, 6.64) 660 1837727 3.78(1.88,5.72) 402 1054044

Total 6.1 (2.0, 10.4) 1927 14179226 2.91(0.80, 5.06) 1454 9750387 5.40 (-4.62, 16.47) 894 4946358
65-69

Male 5.5(-0.6, 11.9) 1030 9740352 9.20 (-4.30, 24.61) 773 6821321 41.35 (-25.54, 168.35) 403 3390723

Female 327 (-0.1,6.8) 725 1879501 2.07 (-1.986.29), 557 1327576 3.27 (-0.12, 6.77) 334 753261

Total 52(1.8,88) 1755 11619853 -0.97 (-3.81, 1.96) 1330 8148897 1.13 (-6.23, 9.07) 737 4143984
70-74

Male 14.2 (6.5, 22.5) 933 8233623 23.88 (18.66, 29.34) 718 5744946 56.25 (-30.29, 250.22) 436 2921751

Female 6.0 (2.5, 9.6) 601 1399651 0.07 (-3.51, 3.78) 468 926243 6.01(2.52,9.63) 267 514943

Total 85 (5.1, 12.1) 1634 9633274 3.83 (1.71,6.0) 1181 6671189 -0.02 (-6.99, 7.46) 703 3436694
75+

Male 12.0 (5.1, 19.5) 1874 7002390 17.22 (9.06, 25.99) 1081 4860583 48.44 (-21.01, 178.93) 633 2515466

Female 3.27 (0.7, 5.9) 914 1884621 0.74 (-4.03, 5.75) 705 1323235 327 (0.75, 5.86) 397 726320

Total 7.0 (2.6, 11.6) 2288 8887011 2.45(-1.14,6.18) 1786 6183818 4.53 (-10.71, 22.36) 1030 3241786
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8.94, 10.14
9.49, 10.68
9.50, 10.67
(8.89,9.92)
(8.69, 9.71)
(9.40, 10.45)
(10,61, 11.72)

( )
( )
( )
( )





OPS/images/fonc-11-630456/fonc-11-630456-t002.jpg
2010

GePaRD (Germany) PHARMO (Netherlands) GePaRD (Germany)
N=2162 N=112 N=2362

Biologics used during 30 months of follow-up® [percent]

Bevacizumab 805 %29 763

Cetuximab 30.1 18 3.7

Panitumumab, 1.7 16.1 24.1

Number of different biologics used during 30 months follow-up [percent]

One 69.9 893 782

Two 233 107 19.4

More than two 68 00 24

aSince use of multiple drugs per patient was possible, numbers may add up to more than 100%.

2014

PHARMO (Netherlands)
N=73

849
41
288

822
178
0.0

Caserta LHU (italy)
N=49

81.6
245
6.1

87.8
122
0.0
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2010

GePaRD (Germany) PHARMO (Netherlands) GePaRD (Germany)

Users of biologics, 12-month survival (95% Cl) [percent]

Al 60.4 (58.3-62.4) 65.2 (56.2-74.5) 60.7 (58.7-62.7)
New users of biologics, 12-month survival (95% Cl) [percent]

Al 60.7 (58.4-63.0) 68.9(55.7-80.1) 61.8(59.1-64.5)
Stratified by age in years

<60 62.5(57.8-67.1) 67.8(62.2-73.0)
60-75 615 (58.5-64.5) 635 (59.9-67.1)
>75 549 (48.8-61.0) 50.2 (44.0-56.4)
New users of bevacizumab, 12-month survival (95% Cl) [percent]

Al 59.5 (56.3-62.6) 62.1(58.4-65.7)
Stratified by age in years

<60 60.2 (53.2-66.9) 71.2 (63.2-78.4)
60-75 61.3(57.2-65.3) 625 (57.5-67.4)
>75 52.2 (44.2-60.0) 50.8 (44.8-60.7)
New users of biologics with selected comorbidities®, 12-month survival (95% Cl) [percent]
Al 56.4 (52.2-60.5) 569 (52.2-61.5)
Stratified by age in years

<60 50.0(38.6-61.4) 53.2(38.1-67.9)
60-75 59.8 (54.5-65.0) 615 (55.5-67.2)
>75 51.1(42.4-50.7) 480 (39.0-57.1)

2014

PHARMO (Netherlands)

63.0 (50.9-74.0)

64.4(50.9-76.5)

Caserta LHU (italy)

63.3 (48.3-76.6)

56.3(20.9-80.3)

2We considered comorbidities that often led to exclusion of patients from randomized controlled trials investigating biologics in colorectal cancer patients: cardio-vascular diseases,

ascites, CN'S metastases, bleeding diatheses, and coaguiopathy (for a list of the respective ICD-9 and ICD-10 codes see Supplementary Material 3).
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Number of patients

Sex male [percent]

Mean age (SD) [years)

Median age (Q1, Q3) [years]
<60 years [percent]
60-75 years [percent]
>75 years [percent]

Presence of distant metastases.
[percent]

Comorbidities [percent]
Cardio-vascular diseases
Ascites
CONS metastases
Bleeding diatheses
Coagulopathy

GePaRD (Germany)

2,162
54.78
65.7(10.0)
67 (60, 73)
248
600
15.4
903

285
19
13
0.7
1.0

2010

PHARMO (Netherlands)

12
625
65.8(8.9)
68(61,72)
232
589
17.9
66.1

27
00
0.0
0.0
00

GePaRD (Germany)

2,362
53.20
668 (10.4)
68 (60, 74)
235
560
205
923

298
33
1.2
06
16

2014

PHARMO (Netherlands)

73
63.0
64.8(9.0)
65 (61,72)
246
616
13.7
726

55
0.0
0.0
0.0
0.0

Caserta LHU (italy)

49
65.3
66.4(11.9)
68 (58, 75)

81.6

22.4
20
0.0
0.0
0.0

2In one of the health insurances providing data of about 6 milion insured persons to GePaRD, the proportion of women 50 years old or older is substantially higher as compared to the

general population (32.1 vs. 22.5%). This explains the unexpected gender distribution among patients with CRC in GePaRD.





