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Background

This study aims to assess trends in patient-related factors and treatment strategies in Dutch colorectal cancer (CRC) patients and their effect on survival.



Methods

Data were obtained from the Rotterdam study, an ongoing population-based study of individuals aged ≥45 years. Between 1990 and 2014, incident, pathology-confirmed CRC cases were divided into two groups based on date of diagnosis (either before or after January 1, 2003). Patient characteristics, initial treatment, and date of mortality were collected. Analyses were performed using Kaplan–Meier and Cox proportional hazard models.



Results

Of 14,928 individuals, 272 developed colon cancer and 124 rectal cancer. Median follow-up was 13.2 years. Patients diagnosed after January 1, 2003 were treated chemotherapeutically more often than those diagnosed prior to this date in colon cancer (28.6% vs. 9.1%, p = 0.02) and treated more often with chemotherapy (38.6% vs. 12.3%, p = 0.02) and radiotherapy (41.3% vs. 10.2%, p = 0.001) in rectal cancer. Overall survival, adjusted for patient, tumor characteristics, and treatment, improved in rectal cancer (HR, 0.31; 95% CI, 0.13–0.74) but remained stable in colon cancer (HR, 1.28; 95% CI, 0.84–1.95).



Conclusion

Chemotherapeutic agents and radiotherapy are increasingly used in CRC patients. Survival in rectal cancer improved, whereas in colon cancer this was not observed.
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Introduction

With an estimated 1.8 million new cases and 881,000 deaths worldwide in 2018, colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the second leading cause in cancer-related death (1). Both incidence and mortality are growing rapidly worldwide and are expected to increase to up to 2.2 million new cases and 1.1 million deaths by 2030 (2). Reasons for this increase are multifactorial and include aging, changing diet, and growth of the population, as well as changes in the prevalence and distribution of the main risk factors for colorectal cancer, several of which are associated with socioeconomic development (1, 3, 4).

These risk factors for CRC comprise both endogenous factors, such as (inherited) genetic predisposition, and exogenous factors such as lifestyle and environmental exposure (5). The influence of environmental factors on the incidence of CRC has been investigated extensively. Multiple studies have shown a positive association between both CRC incidence and mortality and smoking, alcohol consumption, obesity, and diabetes mellitus (DM) (6–15). In line with global trends in incidence and mortality rates in well-developed countries over the past few decades, incidence rates in the Netherlands increased from nearly 7,000 new colorectal cancer cases in 1990 to more than 15,000 new cases in 2014, while mortality rates in the same time period have decreased (16–18). After implementation of the national screening programme in 2014, incidence rates increased a little further to almost 16,000 new cases in 2015. Thereafter, a decrease was noted to nearly 14,000 new cases in 2018, with a further decrease expected to approximately 12,500 new cases in 2019 (18). Previous Dutch cohort studies, with data obtained from national registries, suggested that the decrease in mortality might be attributed to improvements in both early detection and treatment (2, 19–22). However, since they were unable to adjust for potential confounders, the influence of patient characteristics such as socioeconomic status (SES), presence of overweight, alcohol usage, smoking status, or presence of comorbidity on survival of CRC remains unknown.

Therefore, the aim of the present study was to describe changes in treatment and its effect on survival in patients with CRC in the Netherlands between 1990 and 2014. The secondary aim was to assess which patient-related and tumor-related factors were associated with survival.



Materials and Methods


Study Setting

Data were obtained from the Rotterdam study, a population-based prospective cohort study in Ommoord, a suburb in the city of Rotterdam in the Netherlands. The objectives and design of the Rotterdam study have been described extensively earlier (23, 24). Briefly, inhabitants aged 55 years and older were invited to participate in 1989. In total, 10,215 individuals were invited of whom 7,983 entered the study (78%). Between 2000 and 2001, a second cohort of 3,011 persons (67% response) aged 55 years and over was enrolled. A third cohort of 3,932 subjects of 45 years and older was enrolled in 2006 (65% response), leading to a total study population of 14,926 individuals, aged 45 years and over by the end of 2008. At baseline, participants underwent a home interview, as well as an extensive set of examinations at a research facility in the center of the district. These examinations included both a physical examination, imaging of the heart, blood vessels, eyes, skeleton and later brain, as well as collecting biospecimen to enable molecular and genetic analyses. Subsequent follow-up visits took place every 3–6 years.



Case Identification

All incident CRC cases diagnosed between January 1, 1990 and January 1, 2015 in the Rotterdam study were included in this follow-up. Cancer cases were identified either through (1) follow-up of medical records of general practitioners, (2) discharge diagnosis registered by the Dutch Hospital Data (LMR) which captures discharge diagnoses for all nationwide hospital admissions, (3) pathology reports obtained through linkage with the nationwide network and registry of histo- and cytopathology in the Netherlands (PALGA), or (4) linkage with the National Cancer Registration (NKR), which captures additional information on tumor characteristics and initial treatment. Medical records, discharge letters, and pathology reports were revised by two medical doctors to obtain patient, tumor, and treatment characteristics. Patient characteristics included date of birth, medical history, and several modifiable lifestyle factors, tumor characteristics comprised tumor type and differentiation grade, while treatment characteristics comprehended date, type and aim of a surgical procedure,
indication and treatment with chemotherapy and indication and aim of radiotherapy, among others. All obtained patient, tumor and treatment characteristics are described in Tables 1–3. The level of certainty was diagnosed as either certain
(histopathologically confirmed), probable (clinical diagnosis based on radiological examination and/or biomarkers) or probable (clinical diagnosis by physical examination). Only certain cases were included in analyses. In case of discrepancy, consensus was sought through consultation of a specialist in internal medicine. Cancer follow-up was complete until January 1, 2015 and information on vital status until January 1, 2020. Patients with a prior history of cancer (excluding non-melanoma skin cancer), as well as cases discovered at autopsy were excluded from the analyses. Patients with tumors of the appendix or anus were not considered cases. In the case of metachronous primary tumors, only the first diagnosed CRC was included. In the case of synchronous CRC, the tumor with the highest stage in the tumor, node, and metastases (TNM) staging system was included. Follow-up time was defined as the period between the date of diagnosis of CRC and date of death, censoring, or end of study period (January 1, 2020), whichever came first.



Tumor Classification

Classification of cases was according to the International Classification of Diseases and Related Health Problems, 10th revision (ICD-10), and patients were stratified by tumor localization in either colon (C18) or rectum (rectosigmoid and rectum, C19 and C20). The date of diagnosis was registered as the date of the pathology report or the date of hospital admission if no pathology report was available yet. The TNM classification was coded according to the edition valid at time of diagnosis (1990–1996 4th edition, 1997–2002 5th edition, 2003–2009 6th edition, 2010–2014 7th edition).

Based on date of diagnosis, our study cohort was then divided into two groups (either 1990–2002 or 2003–2014), as from the 6th edition onwards, tumor stage II was subdivided as IIA and IIB (on the basis whether the tumor was T3 or T4, respectively), and stage III was subdivided into IIIA (T1-2N1M0), IIIB (T3-4N1M0), or IIIC (any TN2M0), see Supplementary Table 1. Subsequently, disease stages in those diagnosed after January 1, 2003 were transformed to the corresponding disease stage in those diagnosed before January 1, 2003. Information on vital status was obtained from the national database of deceased persons of the Central Bureau for Genealogy. Follow-up was complete until January 1, 2020.



Covariables

The following covariables were considered potential determinants of survival: age, sex, body-mass index (BMI), smoking status (current, former, never), use of alcohol (yes/no), SES based on level of education (primary/lower vocational/intermediate vocational/higher vocational or university), and presence of DM. DM at date of diagnosis was based on a fasting plasma glucose level ≥7.0 mmol/L or nonfasting plasma glucose level ≥11.6 mmol/L or use of glucose-lowering drugs. Treatment was assessed through resection of the primary tumor yes/no, type of operation (open procedure vs. laparoscopic procedure), chemotherapy (yes/no and neoadjuvant/adjuvant/palliative), and radiotherapy (yes/no and neoadjuvant/adjuvant/palliative).



Statistical Analysis

Categorical variables were expressed in frequencies and percentages, while continuous variables were expressed in means and standard deviation (SD). As mentioned before, participants were divided into two groups based on date of diagnosis (either before or after January 1, 2003) to assess trends in diagnostics and treatment within our cohort. Fisher’s exact test and Chi-squared test were used for comparisons of categorical variables, such as tumor characteristics, and Student’s t-test and Mann-Whitney U test for continuous parametric and nonparametric variables, respectively.

Survival curves were plotted using the Kaplan-Meier method and compared using the Log-Rank test. Survival percentages in our cohort were compared with the nationwide survival percentages published by the NKR using the Z-score test.

Cox proportional hazard regression analyses was used to assess risk of mortality. Proportionality was tested by constructing log-log plots for each variable separately. Variables in which the Cox proportional hazards assumptions did not hold, were added as time-dependent variables to the model to estimate hazard ratios (HR) and 95% confidence intervals (CI) for overall mortality. All multivariable models were adjusted for age at diagnosis, sex, and year of diagnosis (dichotomous: 1990–2002, 2003–2014). Additionally, analyses were adjusted for patient characteristics, tumor characteristics and treatment strategy. All analyses were performed for colon and rectal cancer separately.

As a sensitivity analysis, we also calculated overall conditional survival for both colon and rectal cancer in the total study cohort and per age group and disease stage separately. Conditional survival is the probability of surviving another t years, given that a subject has survived x years after diagnosis and can be calculated by S (x + t)/S(x) (25).

p-values <0.05 were considered statistically significant. Analyses were performed using SPSS Statistics for Windows (version 25.0, IBM Corp, Armonk, NY) and R version 3.6.1 (https://www.r-project.org/).




Results

In total, 396 individuals with an incident diagnosis of a histopathological proven primary CRC were divided into a colon cancer cohort (n = 272, with a tumor in either caecum, ascending colon, hepatic flexure, transverse colon, splenic flexure, descending colon, and sigmoid colon) and a rectal cancer cohort (n = 124, with a tumor in either rectosigmoid or rectum, see Supplementary Figure S1). As previously described, analyses were split for cases with a date of diagnosis between January 1, 1990 and December 31, 2002 and cases with a date of diagnosis between January 1, 2003 and December 31, 2014 (26).


Colon Cancer

In our colon cancer cohort, patients diagnosed after January 1, 2003 were more often former smokers (p = 0.05) and current alcohol users (p = 0.001) than those diagnosed before 2003. No clear significant differences in age, sex, BMI, presence of DM, and socioeconomic status were observed between the different study groups (see Table 1).


Table 1 | Patient characteristics.



T-stage, N-stage, and disease stage, as well as other tumor characteristics, such as morphology, differentiation grade, and tumor subsite, did not change significantly over time between both groups. However, M-stage was more often known in those diagnosed after 2003 (p < 0.001, see Table 2). However radiological imaging was performed more often to obtain information on possible lymph node metastases (p <0.001, see Table 2).


Table 2 | Tumor characteristics.



With regard to treatment, the proportion of patients who underwent a resection of the primary tumor remained stable, whereas the proportion of laparoscopic procedures increased statistically significantly from 5% in patients diagnosed before 2003 to over 30% (p < 0.001) in those diagnosed after January 1, 2003 (Table 3). Furthermore, patients diagnosed after January 1, 2003 were treated with chemotherapeutic agents more often (p = 0.02), either adjuvant with a curative intention in stage III patients (28.6% vs. 9.1% respectively, p = 0.06), or palliative in case of stage IV disease (58.8% vs. 28.0% respectively, p = 0.02).


Table 3 | Treatment characteristics.



Median overall survival in our cohort did not improve significantly over time in all stages combined (44.3 months in those diagnosed before and 45.2 months in those diagnosed after January 1, 2003, respectively, p = 0.84), nor when only stages I, II, and III were combined (77.8 vs. 82.6 months, respectively, p = 0.83), as is shown in Figure 1 and Supplementary Tables S2, S4. Risk of mortality did not differ between both groups when adjusted for patient-related factors, tumor characteristics, and treatment strategy (HR, 1.28; 95% CI, 0.84–1.95, see Supplementary Table S5).




Figure 1 | Kaplan-Meier estimate of survival in colon cancer patients and rectal cancer patients. (A) The 5-year overall survival, in months, after diagnosis for patients of all tumor stages combined in colon cancer patients. The curves are compared using the Log-Rank test. (B) The 5-year overall survival, displayed in months, after diagnosis for patients of all tumor stages combined in rectal cancer patients. The curves are compared using the Log-Rank test.



The 5-year survival rates ranged from 77% in stage I colon cancer cases to only 2% in stage IV colon cancer cases. In our cohort, combined 1-year survival did not improve and was stable around 72%; however, 5-year survival for all CRC cases increased from 42.7% to 44.6%, albeit nonstatistically significant (p = 0.76).

The nationwide absolute overall 1-year survival percentages in colon cancer patients in these time periods increased from 71.1% to 76.1% whereas the 5-year survival percentage improved from 43.5% to 51.3%, but this did not differ significantly from our observed percentages (p = 0.89).



Rectal Cancer

In our rectal cancer cases, no significant differences in BMI, presence of DM, smoking status, and SES were found in those diagnosed before January 1, 2003 compared with those diagnosed after January 1, 2003. However, cases with a diagnosis after January 1, 2003 were more often current alcohol users (p = 0.005, see Table 1). No significant differences were found in disease stage and other tumor characteristics, while information on possible lymph node or distant metastasis was more often available (p = 0.004, see Table 2). Although resection rates remained stable over time, the procedure was significantly more often performed laparoscopically in those diagnosed after January 1, 2003 compared with those diagnosed prior to this date (26.6% and 8.7%, respectively, p = 0.04; see Table 3).

In patients diagnosed before the January 1, 2003, 71.4% of all stage IV patients underwent a resection of the primary tumor, versus 35.0% diagnosed after this date (p = 0.09). Although statistically nonsignificantly different, stage IV patients diagnosed after January 1, 2003 were treated more often with chemotherapy, both neoadjuvant and adjuvant, while none of the stage IV patients diagnosed before 2003 were treated chemotherapeutically (15.8% vs. 0.0% respectively, p = 0.74).

Similar results were found with regard to radiotherapy. Of all stage IV subjects diagnosed after January 1, 2003, 20% underwent neoadjuvant radiotherapy, whereas none of the stage IV patients diagnosed before 2003 underwent radiotherapy, p-value 0.31. However, the number of cases in both groups is small (1990–2002, n = 7; 2003–2014, n = 20).

Median overall survival did not improve significantly over time in all stages combined (41.0 months in those diagnosed before and 55.4 months in those diagnosed after January 1, 2003, respectively, p = 0.33), nor when only stages I, II, and III were combined (60.7 vs. 100.7 months, respectively, p = 0.07), as is shown in Figure 1, Supplementary Tables S3, S4 and Supplementary Figure S2.

When adjusted for patient, tumor characteristics, and treatment strategy, risk of mortality in subjects diagnosed after January 1, 2003 decreased by 69% (HR, 0.31; 95% CI, 0.13–0.74, see Supplementary Table S5).

In our cohort, the 5-year survival percentage of stage I rectal cancer cases was 67.6%, while only one of the stage IV rectal cancer cases (3.7%) was alive 5 years after diagnosis. The combined 1-year survival in our cohort decreased from 79.6% in those diagnosed before 2003 to 73.3% in subjects diagnosed after January 1, 2003, whereas an increase in 5-year survival was observed from 42.9% to 49.3%, respectively (p = 0.43 and p = 0.48, respectively). Nationwide, 1- and 5-year absolute overall survival in rectal cancer increased from 76.8% to 82.7% and from 44.9% to 55.9%, respectively, again not statistically different from our observed survival percentages (p = 0.85).



Sensitivity Analysis

The 1-year conditional survival in colon cancer patients increased from 83% to 92% in the first 5 years after diagnosis and did not differ between both groups. The 5-year conditional survival ranged from 69% to 77% in the first 5 years after diagnosis in subjects diagnosed before January 1, 2003, whereas for those diagnosed after 2003, these percentages were 57% to 70%.

In rectal cancer patients, the 1-year conditional survival did not differ between both groups, remained relatively stable and ranged between 85% after 1 year and 95% 4 years after diagnosis. The 5-year conditional survival improved from 46% 1 year after diagnosis to 66.7% 5 years after diagnosis in subjects diagnosed between 1990 and 2003. In subjects diagnosed between 2003 and 2014, these percentages increased from 61.7% to 70.4%, respectively.




Discussion

We observed a decreased risk of mortality in rectal cancer subjects diagnosed after January 1, 2003 compared with those diagnosed before this date, whereas in colon cancer subjects, no change over time was observed. Kaplan–Meier estimates of survival showed no differences in both rectal and colon cancer subjects. While resection rates remained stable and high, over time procedures were more often performed laparoscopically and both colon and rectal cancer patients were more often treated chemotherapeutically.

In diagnosing colorectal cancer cases, information on possible lymph node and distant metastases was obtained and reported significantly more often over time, illustrated by the decrease in the proportion of patients in whom information on lymph node metastasis (22.6% vs. 16.9% in the colon cancer cohort and 16.3% vs. 14.3% in our rectal cancer cohort) and distant metastasis (46.0% vs. 21.0% in colon cancer and 48.9% vs. 18.7% in rectal cancer, respectively) was not available, which is in line with a previous nationwide Dutch study (27). During our study period, advancements in imaging techniques, such as more widespread use of CT and MRI scanning, have emerged, leading to detection of smaller metastases, which would otherwise have remained undetected (28, 29). Nonetheless, no evidence was found that more recently diagnosed patients as a result were diagnosed at an earlier stage yet. In 2014, a nationwide screening program was implemented in the Netherlands. Studies conducted in the other parts of Western Europe and the United States observed a trend towards an earlier stage and less advanced disease at diagnosis, leading to a significant decrease in mortality rates (30–32). Nationwide mortality rates in the Netherlands have decreased modestly over the last decades and are, partly due to the screening program, expected to decrease further (27, 33). The number of cases from the national screening program included in our cohort was too low to address this question.

Our findings of stable resection rates over time in stages I–III patients were also demonstrated in a French population-based study, and also our findings with regard to changes in both detection and treatment in both colon and rectal cancer, are in line with a previous Dutch study (17, 34). As shown by multiple studies, the proportion of patients receiving adjuvant chemotherapy (both curative and palliative) increased, with the increase being steeper in stage III patients and smaller in older patients (aged >75 years) (17, 34). This is similar to our findings. In colon cancer, chemotherapy was mainly administered as adjuvant therapy, whereas rectal cancer cases mainly received chemotherapy as neoadjuvant treatment. In our cohort, none of the ten stage III patients aged >85 years received adjuvant treatment with either chemotherapy or radiotherapy. Previous, mainly retrospective, studies have shown conflicting results in benefits of adjuvant therapy in elderly patients, ranging from no benefit and increased toxicity to similar benefits from adjuvant chemotherapy in elderly patients as compared with younger patients, without a significant increase in toxicity (35). The Dutch Colorectal cancer guideline recommends an individual approach in elderly patients to carefully weigh harms against benefits, taking performance status and comorbidities into account instead of age.

Overall survival in our colon cancer cases did not improve over time. This might, at least partly, be explained by changes in diet and lifestyle over time, as subjects diagnosed after 2003 were more often overweight, (former) smokers and (current) alcohol users. Previous studies have shown an increased mortality (both overall mortality and cancer-specific mortality) for current and former smokers, alcohol users, and obese CRC patients (6–14). Another, and maybe more likely, explanation might be the age distribution of our study population. A previous Dutch cohort study found improved 5-year survival rates from 51% in 1975–1984 to 58% in 2000–2004 in colon cancer patients, and survival rates in rectal cancer patients improved from 44% to 59% in that period (17). In younger patients (aged <70 years), these survival rates increased throughout the whole study period, while in elderly patients, this increase was only seen up to 1995–1999 (17). In their study, over 30% of all patients were younger than 65 years old, while in our study almost 90% of all subjects were aged 65 years and over and almost 75% were aged >70 years.

Other studies reported relative survival and disease-specific survival, while we report absolute all-cause mortality numbers. We therefore obtained age-specific national data on absolute overall survival in both colon and rectal cancer. The proportion of younger patients (<75 years) in both our colon cancer and rectal cancer cohort were smaller than nationwide. This might be explained by the age limit in our cohort of 55 years and older for the first two included cohorts (1990-2005) and 45 years and over for the third cohort. Nationwide, the proportion of colon cancer patients aged <75 years remained stable around 60% (95% CI, 60–62), whereas in our cohort, these percentages were 41.9% (95% CI, 33–51) in those diagnosed before January 1, 2003 and 37.1% (95% CI, 29–45) in those diagnosed after January 1, 2003 (p < 0.001). In our rectal cancer cohort, 49.0% (95% CI, 35–63) of the patients diagnosed before January 1, 2003 and 57.3% (95% CI, 46–69) of those diagnosed after January 1, 2003 were aged <75 years. This was significantly smaller than nationwide, where this proportion remained stable around 70% (95% CI, 68–71; p = 0.005). As mentioned before, previous studies have shown that the improvement in survival was much more prominent in younger patients.

Our Cox proportional hazards model showed a lower risk of mortality in rectal cancer patients after adjustment for patient-related factors, tumor characteristics, and treatment strategy, suggesting a significant contribution in the improvement of survival. Resection rates in our cohort were consistently high over 80% in all stages in both colon and rectal cancer, while the proportion of laparoscopic procedures significantly increased over time. Median overall survival in laparoscopically operated patients was significantly higher than those who underwent an open procedure when stratified for diagnose before or after January 1, 2003 (p = 0.008 in colon cancer patients and p = 0.04 in rectal cancer patients, data not shown). This, however, can be explained by the stage distribution, as laparoscopically operated patients were more often diagnosed with stage I or II cancer (p = 0.02 in our colon cancer cohort and p = 0.001 in our rectal cancer cohort, data not shown). The European Multicenter Colon Cancer Laparoscopic or Open Resection (COLOR) trial, a large, prospective, randomized controlled trial conducted in 29 participating hospitals in Europe, demonstrated no differences in both disease-free and overall survival at 3 and 10 years follow-up between laparoscopic and open surgery for colon cancer with tumor stages being equally distributed among both types of procedures (36, 37). Similar results were found in rectal cancer patients (38). In addition, treatment of rectal cancer has changed drastically during our study, with implementation of the total mesorectal excision (TME) approach and increased neoadjuvant administration of chemo- and radiotherapy, leading to an increased survival as shown in previous studies (22, 39, 40). In metastasized patients, a shift was observed from resection of the primary tumor towards systemic therapy with chemotherapy. In our cohort however, no improvement in absolute overall survival or conditional survival was observed.

With its long follow-up and detailed information on important risk factors and comorbidities, a large population-based cohort study, such as the Rotterdam study, enables evaluation of changes in patient characteristics, diagnostics, and implemented care. However, an important limitation of our study is the relatively small number of included cases, causing overfitting in some of our multivariate Cox proportional hazard models.

In conclusion, between 1990 and 2014, resections in colorectal cancer patients were performed laparoscopically more often and patients were treated chemotherapeutically more frequently. Absolute overall survival in rectal cancer patients improved, while absolute overall survival in colon cancer patients remained stable. Lack of improvement of survival in our cohort may be explained by the large proportion of elderly, compared with the general population and the difference in survival benefit of treatment between younger and elderly patients.
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Colon cancer cohort

Rectal cancer cohort

1990-2002 2003-2014 p-value 1990-2002 2003-2014 p-value
N =124 N =148 N=49 N=75
T-stage
TO NA NA 0.65 0 (0.0%) 1(1.3%) 0.88
T 14 (11.3%) 12 (8.1%) 6 (12.2%) 9(12.0%)
T2 23 (18.5%) 2 (14.9%) 9(18.4%) 19 (25.3%)
T3 65 (52.4%) 79 (53.4%) 25 (51.0%) 34 (45.3%)
T4 2(9.7%) 8 (12.2%) 3(6.1%) 5 (6.7%)
Missing 10 (8.1%) 7 (11.5%) 6 (12.2%) 7(9.3%)
N-stage
NO 65 (62.4%) 78 (52.7%) 0.67 21 (42.9%) 32 (42.7%) 0.05
N1 21 (16.9%) 27 (18.2%) 17 (34.7%) 6 (21.3%)
N2 10 (8.1%) 8(12.2%) 3(6.1%) 6 (21.3%)
N3 1(0.8%) 0 (0.0%) 0(0.0%) 0(0.0%)
Missing 28 (22.6%) 25 (16.9%) 8(16.3%) 11(14.3%)
M-stage
MO 41 (33.1%) 81 (54.7%) <0.001 18 (36.7%) 41 (54.7%) 0.004
M1 26 (21.0%) 36 (24.3%) 7 (14.3%) 20 (26.7%)
Missing 57 (46.0%) 31 (21.0%) 24 (48.9%) 14 (18.7%)
Stage
| 28 (22.6%) 2 (21.6%) 0.97 12 (24.5%) 22 (29.3%) 0.16
Il 42 (33.9%) 48 (32.4%) 11 (22.4%) 2 (16.0%)
Ul 25 (20.2%) 28 (18.9%) 15 (30.6%) 20 (26.7%)
\% 26 (21.0%) 5 (23.6%) 7 (14.3%) 20 (26.7%)
Morphology
adenocarcinoma 118 (95.2%) 137 (92.6%) 0.56 43 (87.8%) 65 (86.7%) 0.50
NET = neuroendocrine tumor 1(0.8%) 1(0.7%) 0 (0.0%) 0(0.0%)
Squamous 1(0.8%) 0 (0.0%) 6 (12.2%) 8(10.7%)
Signet cell 2 (1.6%) 42.7%) 0(0.0%) 2(2.7%)
Differentiation grade
Well 13 (11.0%) 5 (4.0%) 0.16 7 (15.2%) 2(3.3%) 0.07
Moderate 84 (71.2%) 95 (76.6%) 31 (67.4%) 50 (82.0%)
Poorly 20 (16.9%) 21 (16.9%) 8(17.4%) 9(14.8%)
Undiff. = Undifferentiated 1(0.8%) 3 (2.4%) 0 (0.0%) 0(0.0%)
Tumor location
Left 116 (67.4%) 137 (61.7%) 0.46 NA NA 0.02
Transverse 6 (3.5%) 1(56.0%) NA NA
Right 50 (29.1%) 74 (33.3%) NA NA
Rectum NA NA 33 (67.3%) 64 (85.3%)
Rectosigmoid NA NA 16 (32.7%) 1(14.7%)
Relapse
Local 5 (4.0%) 5 (3.4%) 0.79 0 0 0.82
Local and distant 5 (4.0%) 5 (3.4%) 2 (4.3%) 4 (5.3%)
Distant 16 (12.9%) 14 (9.5%) 6 (12.8%) 7(9.3%)
None 98 (79.0%) 124 (83.8%) 39 (83.0%) 64 (85.3%)

Missing colon cancer cohort: disease stage, n = 8 (2.9%); morphology, n = 8 (2.9%).
Missing rectal cancer cohort: disease stage, n = 5 (4.0%).

NA, Not Applicable.
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Colon cancer cohort

Rectal cancer cohort

1990-2002 20032014 p-value 1990-2002 2003-2014 p-value
N=124 N =148 N =49 N=75

Resection primary tumor

Yes 110 (90.2%) 124 (83.8%) 0.13 43 (89.6%) 60 (80.0%) 0.16
No 12(9.8%) 24 (16.2%) 5(10.4%) 15 (20.0%)

Open vs. laparoscopic

Open 112 (93.3%) 91 (67.9%) <0.001 41 (89.1%) 44 (68.8%) 0.04
Laparoscopic 6 (5.0%) 41 (30.6%) 48.7%) 7 (26.6%)
Treatment intention

Curative 94 (78.3%) 115 (85.8%) 0.17 38 (82.6%) 55 (85.9%) 0.24
Palliative 22 (18.3%) 18 (13.4%) 6(13.0%) 9 (14.1%)

Chemotherapy

None 107 (86.3%) 112 (75.7%) 0.02 41 (83.7%) 45 (60.0%) 0.01
Neoadjuvant NA 3(2.0%) 0 (0.0%) 10 (13.3%)

Adjuvant 2 (1.6%) 11 (7.4%) 2 (4.1%) 10 (13.3%)

Palliative 11 (8.9%) 21 (14.2%) 4 (8.2%) 9 (12.0%)

Radiotherapy

None 123 (99.2%) 143 (96.6%) 0.15 42 (85.7%) 41 (54.7%) 0.001
Neoadjuvant NA NA 5(10.2%) 30 (40.0%)

Adjuvant NA NA 0 (0.0%) 1(1.3%)

Palliative 1(0.8%) 5(3.4%) 0 (0.0%) 3 (4.0%)

Missing colon cancer cohort: open vs. laparoscopic, n = 4 (1.5%); treatment intention, n = 5 (1.8%); chemotherapy, n = 5 (1.8%).
Missing rectal cancer cohort: open vs. laparoscopic, n = 4 (3.2%); treatment intention, n = 2 (1.6%), chemotherapy, n = 3 (2.4%).

NA, Not Applicable.
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Colon cancer cohort

Rectal cancer cohort

1990-2002 2003-2014 p-value 1990-2002 2003-2014 p-value
N=124 N =148 N =49 N=75
Age (years)
Mean (SD) 76.0 8.1) 76.5 (8.4) 0.63 76.2 (7.8) 739 (8.3 0.13
Age category
<75 52 (42.0%) 55 (37.2%) 0.72 24 (49.0%) 43 (57.3%) 0.66
75-85 57 (46.0%) 74 (50.0%) 18 (36.7%) 23 (30.7%)
>85 15 (12.1%) 19 (12.8%) 7 (14.3%) 9(12.0%)
Sex
Male 53 (42.7%) 73 (49.3%) 0.28 22 (44.9%) 37 (49.3%) 0.63
Female 71 (57.3%) 75 (50.7%) 27 (55.1%) 38 (50.7%)
BMI (kg/m?)
Mean (SD) 26.1(3.5) 26.9 (3.3) 0.07 26.4 (4.0) 27.5 (3.9) 0.17
BMI (kg/m?)
<25.00 46 (39.3%) 40 (28.6%) 0.06 18 (42.9%) 19 (25.7%) 0.15
25.0-29.99 58 (49.6%) 71 (50.7%) 16 (38.1%) 39 (62.7%)
>30 13 (11.1%) 29 (20.7%) 8 (19.0%) 16 (21.6%)
Prevalent DM
No 99 (83.9%) 118 (80.8%) 0.52 37 (82.2%) 59 (79.7%) 0.74
Yes 9 (16.1%) 28 (19.2%) 8(17.8%) 5(20.3%)
Alcohol
Never 7 (13.7%) 10 (6.8%) 0.001 8(16.3%) 4(5.3%) 0.005
Former 6 (4.8%) 5 (3.4%) 2 (4.1%) 6 (8.0%)
Current 90 (72.6%) 132 (89.2%) 31 (63.3%) 63 (84.0%)
Smoking
Never 45 (37.8%) 41 (28.5%) 0.05 19 (39.6%) 18 (25.7%) 0.25
Former 52 (43.7%) 85 (59.0%) 21 (43.8%) 35 (50.0%)
Current 22 (18.5%) 18 (12.5%) 8 (16.7%) 17 (24.3%)
SES
Very low 32 (26.2%) 23 (15.5%) 0.15 10 (20.8%) 8(10.8%) 0.14
Low 48 (39.3%) 66 (44.6%) 23 (47.9%) 31 (41.9%)
Medium 31 (25.4%) 39 (26.4%) 11 (22.9%) 19 (25.7%)
High 11 (9.0%) 20 (13.5%) 4 (8.3%) 16 (21.6%)
Mortality
No 7 (6.6%) 40 (27.0%) <0.001 7 (14.3%) 26 (34.7%) 0.01
Yes 117 (94.4%) 108 (73.0%) 42 (85.7%) 49 (65.3%)

Missing colon cancer cohort: BMI, n = 16 (5.9%); prevalent DM, n = 8 (2.9%); alcohol status, n = 12 (4.4%); smoking, n = 9 (3.3%); SES, n = 2 (0.7%).

Missing rectal cancer cohort: BMI,

(6.5%); prevalent DM,

5 (4.0%); alcohol status,

= 8 (6.5%); smoking,

(4.8%): SES, n = 2 (1.6%).
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