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Abstract

The advantage of adjuvant chemotherapy (ACT) for treating Stage III colon cancer patients is well 

established and widely accepted. However, many patients with Stage III colon cancer do not 

receive ACT. Moreover, there are controversies around the effectiveness of ACT for Stage II 

patients. We investigated the administration of ACT and its association with overall survival in 

resected Stage II (overall and stratified by low-/high-risk) and Stage III colon cancer patients in 

three European countries including The Netherlands (2009–2014), Belgium (2009–2013) and 

Sweden (2009–2014). Hazard ratios (HR) for death were obtained by Cox regression models 

adjusted for potential confounders. A total of 60244 resected colon cancer patients with 

pathological Stages II and III were analyzed. A small proportion (range 9–24%) of Stage II and 
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over half (range 55–68%) of Stage III patients received ACT. Administration of ACT in Stages II 

and III tumors decreased with higher age of patients. Administration of ACT was significantly 

associated with higher overall survival in high-risk Stage II patients (in The Netherlands (HR; 

95%CI = 0.82 (0.67–0.99), Belgium (0.73; 0.59–0.90) and Sweden (0.58; 0.44–0.75)), and in 

Stage III patients (in The Netherlands (0.47; 0.43–0.50), Belgium (0.46; 0.41–0.50) and Sweden 

(0.48; 0.43–0.54)). In Stage III, results were consistent across subgroups including elderly 

patients. Our results show an association of ACT with higher survival among Stage III and high-

risk Stage II colon cancer patients. Further investigations are needed on the selection criteria of 

Stages II and III colon cancer patients for ACT.
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Complete surgical resection is the primary treatment of nonmetastatic colon cancer patients. 

Historically about 55% of patients experience recurrence after curative resection.1 However, 

more recent publications show a lower recurrence rate.2 Despite the vast improvement in the 

surgical techniques of colon cancer in recent years, many patients still recur with rates up to 

29% in Stage II3–5 and 42% in Stage III,6 and adjuvant (postsurgical) chemotherapy (ACT) 

is the standard care for node-positive colon cancer patients (Stage III).7 The primary goal of 

ACT administration is to eliminate potential microscopic residual disease and thereby 

reduce the risk of recurrence. For Stage III, it has been estimated that ACT reduces the risk 

of recurrence by 14%.6 Although the advantage of ACT for treating Stage III colon cancer 

patients is well established and widely accepted, several studies have described potential 

underutilization of ACT in routine practice.8,9 Moreover, the completion rate of initiated 

ACT for Stage III colon cancer patients has been reported to be only 78%.10

Modest survival benefits of ACT administration have been reported for Stage II colon cancer 

patients.11,12 However, administration of ACT for Stage II patients remains a subject of 

ongoing debate and is recommended when specific features associated with poor prognosis 

are present.7,13 These include perforation or obstruction, histopathologic T4 tumor, 

suboptimal lymph node sampling, vascular or neural invasion, and poorly differentiated 

histology.14,15 There is little scientific evidence in the literature supporting the effectiveness 

of ACT in low-risk colon cancer patients.13,16 Nevertheless, guidelines published by the 

European Society for Medical Oncology (ESMO) state that ACT can also be considered in 

individual low-risk patients.17

This study is part of a EurocanPlatform project which is a consortium of major European 

cancer centers aiming at the enhanced translation of progress in oncological research into 

clinical practice and has been explained elsewhere.18,19 In this population-based study on 

Stages II and III colon cancer patients, we aimed to assess (1) variations in the 

administration of ACT across countries and over time, (2) the association of ACT 

administration with patient and tumor characteristics and (3) with overall survival.
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Material and Methods

Study population

Population-based data were obtained from quality registries in three European countries, 

visually the Netherlands Cancer Registry (2009–2014), the Belgian Cancer Registry (2009–

2013) and the Swedish ColoRectal Cancer Registry (2009–2014). Stage of the colon cancer 

(ICD-10: C18–C19) was defined according to the seventh edition of the pathological TNM 

classification.20 The analysis included cases with a first diagnosis of colon cancer at Stage II 

(pT3–4,N0,M0) or Stage III (pTany,N+,M0) who were surgically resected. Stage II patients 

were classified according to the presence of poor prognostic features which were defined by 

either of the following: poorly differentiated histology, histopathological T4, vascular/neural 

invasion (information available in Sweden only), and suboptimal lymph node sampling 

(information available in The Netherlands and Sweden). Suboptimal lymph node sampling 

was in Sweden defined as below 12 lymph nodes and in The Netherlands below 10 lymph 

nodes. We followed the national definitions for classification.21

Statistical methods

The distribution of basic patient and tumor characteristics across the three countries is 

presented. The annual age-standardized proportion of patients receiving ACT in each 

country was computed using the age distribution from The Netherlands as standard. The 

associations between the administration of ACT and gender, age group (<65, 65–69, 70–79, 

80+), tumor location (right/left side, where the left side refers to location from distal to the 

splenic flexure), and type of surgery (open resection vs laparoscopy) were investigated by 

odds ratios (OR) using multiple logistic regression models, adjusting for the mentioned 

factors, and stratified by tumor stage (Stage II, low-/high-risk Stage II and Stage III).

The association between administration of ACT compared to surgery only with overall 

survival was investigated by hazard ratios (HR) using Cox regression models adjusted for 

gender, age group, tumor location, type of surgery, tumor size and lymph node counts. As 

patients receiving ACT must have survived until the start of ACT, no accounting for the 

immortal time of these patients in the Cox model might result in immortal time bias. While 

considering ACT as time-dependent covariate according to the Mantel–Byar method is the 

gold standard approach to reduce immortal time bias,22 it requires information on the date of 

ACT, which was not available in the Netherlands. To account at least partly for a potential 

immortal time bias without using information on date of ACT, the start of the follow-up was 

set to the date of surgery + 49 days (the median time from surgery to ACT in Sweden) for all 

patients. Moreover, as sensitivity analysis, we repeated the analysis for Belgium and Sweden 

using the Mantel–Byar method by estimating survival after surgery but counting patients as 

“untreated” before the start of ACT and “treated” afterward.

In further sensitivity analyses to evaluate the possible influence of classification differences 

of low- and high-risk Stage II groups in estimates of HRs between countries, the analyses 

were replicated by classifying low- and high-risk Stage II based on poorly differentiated 

histology and histopathological T4 only, the two factors available in all three countries. The 

overall survival was assessed up to five years after starting follow-up.
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Patients with missing data in factors included in modelling were excluded from analyses 

(4% in The Netherlands, 5% in Belgium and 0.7% in Sweden). Statistical significance was 

defined by a two-sided p < 0.05 without correction for multiple testing.

Results

A total of 60244 surgically resected primary colon cancer patients with pathological Stage II 

(31200 patients) and Stage III (29044 patients) from the three European countries were 

included in this study (Table 1). Basic characteristics of patients and treatment details are 

summarized in Table 2. Distribution of patients by sex, age group and tumor location are 

similar between stages and across the three countries. Laparoscopic surgery was less applied 

in Sweden (11% in Stage II and 10% in Stage III) than in The Netherlands (44% in Stage II 

and 43% in Stage III). The curative surgical resection without ACT was applied to 76–91% 

of Stage II colon cancer patients. The highest frequency of ACT administration for Stage II 

colon cancer patients was observed in Belgium (24%), followed by Sweden (12%) and The 

Netherlands (9%). Within Stage II colon cancer, women were slightly more often classified 

in high-risk Stage II than men. Compared to left-sided tumors, right-sided tumors were 

associated with higher tumor grades, and hence right side tumors were more often observed 

in the high-risk Stage II group. In all countries, the high-risk Stage II patients received ACT 

(Netherlands, 17%; Belgium, 38%; Sweden, 18%) more frequently than low-risk patients 

(Netherlands and Sweden: 4% and Belgium: 19%). The frequencies of ACT administration 

for Stage III patients were 68% in Belgium, 61% in The Netherlands and 55% in Sweden. 

Higher frequency of ACT administration was observed in Belgium in all age subgroups of 

low-/high-risk Stage II, and in patients older than 70 years with Stage III disease compared 

to the other countries (Supporting Information, Fig. 1). Information about the time interval 

between surgery and ACT administration was available in Sweden and Belgium, and most of 

the patients received chemotherapy within eight weeks after surgery in these countries.

Figure 1 shows the age-standardized frequencies of ACT administration for patients in each 

country during the study period. For the low-risk Stage II and Stage III patients, the 

proportion of patients receiving ACT was stable over time in all countries. For high-risk 

Stage II, the proportion of patients who received ACT slightly increased initially in The 

Netherlands (between 2009 and 2012) and Sweden (between 2009 and 2011) but was stable 

afterward. For Belgium, no trend change was observed.

Table 3 shows the odds ratios for the association of gender, age group, tumor location and 

type of surgery with ACT administration after mutual adjustment for each of these factors. 

The frequency of ACT administration decreased strongly with age, at all stages and stage 

subgroups, and in all countries. In Sweden, women with Stages II and III disease received 

ACT significantly more often than men (OR; 95%CI for Stage II: 1.20; 1.03–1.40, for Stage 

III: 1.16; 1.02–1.32). In Belgium, for patients with Stage III disease, ACT was less often 

used for women compared to men (0.87; 0.77–0.99).

Administration of ACT was significantly more frequent in patients with left-sided tumors in 

Stage II disease (in total and in low-/high-risk subgroups) in all countries. For Stage III 

patients, a significant association of ACT with left-sided tumors was observed in Belgium 
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(OR; 95%CI: 1.15; 1.01–1.31) only. Utilization of laparoscopy was associated with a 

significantly lower frequency of ACT administration in low- and high-risk Stage II disease, 

but with a significantly higher frequency of ACT administration in Stage III disease in the 

Netherlands and Sweden (Belgium had no information on the type of surgery).

Survival of patients

Median follow-up time was 34, 59 and 51 months for patients in The Netherlands, Belgium 

and Sweden, respectively. The HR for death after adjustment for prognostic factors (Table 4) 

showed a significant association between ACT and better survival of Stage II colon cancer 

patients in Sweden (HR; 95% CI: 0.62; 0.49–0.79). Administration of ACT was significantly 

associated with better overall survival in high-risk Stage II patients in all countries (HR 

(95%CI) in The Netherlands: 0.82 (0.67–0.99), Belgium: 0.73 (0.59–0.90) and Sweden: 0.58 

(0.44–0.75)). In The Netherlands administration of ACT was significantly associated with 

higher mortality in low-risk Stage II patients overall, and particularly in patients with left-

sided tumors, and patients undergoing laparoscopic surgery. Significantly higher survival 

was observed in Stage III colon cancer patients treated with ACT compared with those who 

underwent surgery only, in all countries. This finding was also observed in all subgroups of 

Stage III colon cancer patients defined by gender, age, tumor location and type of surgery. 

Adjusted survival curves are shown in Figure 2. The unadjusted 1-, 3- and 5-year 

probabilities of survival estimates stratified by stage and treatment type in each country are 

shown in Supporting Information, Table 1.

No substantial changes in the overall hazard ratios for death were observed when ACT was 

added as a time-varying factor in the survival Cox models in Belgium and Sweden 

(Supporting Information, Table 2). Results were also consistent when Stage II patients were 

classified into low- and high-risk based on two factors of tumor size and histological grade, 

in the overall and subgroup analyses. Adjusted survival curves are displayed in Supporting 

Information, Figure 2.

Discussion

In this population-based retrospective cohort study, we investigated the administration of 

ACT for Stages II and III colon cancer patients in three different European countries. This 

study showed that a small proportion (varying from 9% to 24%) of Stage II and over half of 

Stage III (varying from 55% to 68%) colon cancer patients received ACT in the studied 

countries. ACT was more commonly used in all stage and age subgroups of patients in 

Belgium compared with The Netherlands and Sweden. Application of ACT compared to 

surgery only was associated with significantly higher survival in high-risk Stage II and Stage 

III, but not in low-risk Stage II colon cancer patients. The advantage in survival in Stage III 

patients receiving ACT was observed in all age subgroups of patients, though older patients 

were significantly less likely to receive ACT compared to their younger counterparts. We 

observed a similar inverse association between ACT administration and age of patients with 

Stage II (in total and low-/high-risk subgroups) colon cancer across studied countries.

Our finding of considerable differences across studied populations in the proportion of Stage 

II colon cancer patients who received ACT is consistent with the results of a European 
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comparison pertaining to earlier years (between 2007 and 2009), showing the highest 

proportion of ACT administration in Belgium among other countries.23 The observed higher 

ACT utilization in Belgium also in this study is likely related to country-specific risk 

interpretation and considerations of starting treatment.24 It has been suggested that many of 

the European countries produce their own risk assessment rules which are adapted to their 

domestic resources and reimbursement system, availability of therapy facilities and 

interpretation of the present knowledge.25 For example, the ESMO recommends ACT 

administration for Stage II colon cancer patients with less than twelve examined nodes as a 

high-risk group.7 This recommendation is followed in most other countries except the 

Netherlands where cases with <10 examined nodes are classified in the poor prognostic 

group.21 In this study, we cannot explain the reason for higher ACT administration in 

Belgium. Further studies on selection criteria of colon cancer patients for ACT 

administration in European countries are needed to explore the reasons underlying major 

differences of care and their implications on patient outcomes. There are increasing efforts 

towards more personalized selection of patients for ACT in routine practice, such as 

detecting mutations of oncogenes (e.g., KRAS, BRAF and PIK3CA) and assessing DNA 

microsatellite instability.26,27

Several investigators have reported potential underutilization of ACT in Stage III colon 

cancer patients, despite the unequivocal recommendation of guidelines for ACT 

administration.8,9 For obvious reasons, all guidelines are based upon results from 

randomized clinical trials (RCTs), revealing gains from ACT. However, the RCTs reporting 

gains were conducted decades ago, and development in staging, surgery and pathology has 

decreased the risks of recurrence.2 The extent of this risk decrease is not clearly known,6 but 

the benefit of adjuvant therapy has in absolute terms decreased in recent years.2 Our finding 

that more than one-third of the studied Stage III patients (range 32–45%) did not receive 

ACT is consistent with results of a recent study from the US.9 In both the US study and this 

study, administration of ACT was inversely associated with age of patients. Elderly patients 

less often receive reference treatments and are underrepresented in the adjuvant RCTs, 

mainly because of their greater numbers of comorbidities, intolerance to the treatment-

related toxicity, shorter natural life expectancies and reluctance for treatment.27–29

Compared to Stage III colon cancer, the survival differences according to the use of ACT 

were less pronounced for Stage II patients. Most RCTs on ACT addressed a mixed group of 

Stages II and III colon cancer patients and evidence regarding the Stage II patients therefore 

mostly come from post hoc subgroup analyses which were often unpowered to show a 

potential survival benefit.30,31 A recent Cochrane meta-analysis of 25 adjuvant RCTs in 

Stage II colon cancer patients demonstrated a modest but statistically significant 

enhancement of survival for patients receiving ACT compared to surgery only.32 However, a 

large observational study from the US did not show survival advantages of Stage II patients 

regardless of good or poor prognostic features.13 Similar results were reported in a study 

from Ontario, Canada,33 while another study showed improved survival associated with 

ACT regardless of high-risk features.34 Moreover, a recent large cohort study from England 

reported an increased risk of colorectal cancer death and no significant risk of death from 

other causes for Stage II patients receiving ACT.35 We observed ACT administration to be 

associated with higher survival in total Stage II patients in Sweden, and in high-risk Stage II 
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patients in all countries. These patterns may support suggestions that the association of ACT 

with higher survival of high-risk Stage II patients seen in observational studies are primarily 

related to patient selection rather than reflect the direct benefit from ACT.16 For instance, the 

observed overall survival benefit of ACT in elderly patients in this study might be related to 

the selection of patients who were medically more fit for treatment.

In contrast to the observations in high-risk Stage II patients, we did not observe an 

association between survival and ACT in low-risk Stage II patients in Belgium and Sweden, 

and low-risk Stage II patients receiving ACT in The Netherlands showed lower survival 

compared with patients who did not receive ACT. This observation might possibly be 

explained by side effects of chemotherapy exceeding beneficial effects in the low-risk group.
16 However, patient selection is also a reasonable explanation. Our findings support 

suggestions that the ACT administration for patients with Stage II colon cancer could often 

be spared with proper risk stratification based on clinicopathologic and molecular markers.27

A limitation of this study is that not all factors for classification of Stage II patients in low- 

and high-risk were available in all countries. Thus, some high-risk patients might have been 

wrongly classified as low-risk patients and the proportion of misclassification might be 

different across countries, depending on the availability of information on the risk factors. 

This may partly explain observed differences across countries. However, classification of 

Stage II patients was based only on the factors that were available in all countries, pT 

category and tumor grade did not materially change the results. Moreover, pT4 stage is also 

the most powerful factor for recurrence in many studies.16,36 Another limitation is the lack 

of data on patients’ comorbidities, which has been shown to be associated with poorer 

prognosis37,38 and has, therefore, strong influence on decisions to apply ACT. The lack of 

data on chemotherapy regimen administered to patients, which has shown to influence 

survival for Stage III39 but not for Stage II,34 further limits our study. As details of 

recurrence of the tumor and cause of death were no available, we could not perform 

recurrence-free survival analysis. A major strength of the study includes the presence of 

most recent, high-quality, long-term population-based data with large sample size and very 

good completeness of follow-up information. Another strength is the full spectrum of age 

distribution including elderly patients who are often excluded from RCTs. Therefore, this 

study may help fill a knowledge gap left by RCTs and provide real-world results regarding 

ACT use and associated outcomes in different healthcare systems.

Summing up, we observed large differences in the proportion of Stages II and III colon 

cancer patients receiving ACT between Belgium and the other studied populations (Sweden 

and The Netherlands). The reason for the large variation in the administration of ACT for 

Stages II and III colon cancer patients across studied populations needs further investigation. 

The results of this study are consistent with an overall survival advantage of ACT for Stage 

III and high-risk Stage II but not for low-risk Stage II colon cancer patients. Further 

investigations are needed to elucidate the reasons for the differences in selection of Stages II 

and III colon cancer patients for ACT and their implications for prognosis in different 

European countries.
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What’s new?

Adjuvant chemotherapy (ACT) is recommended for Stage III and high-risk Stage II colon 

cancer, to eliminate any microscopic residual disease. However, it is not clear how much 

benefit ACT actually provides. One reason is that there are wide variations in whether 

these patients receive ACT or not. In this European study, the authors found that ACT 

was consistently associated with improved overall survival. The reasons for differences in 

administration of ACT and their implications for prognosis should therefore be 

investigated.
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Figure 1. 
Age-standardized trend of administration of adjuvant chemotherapy in low-/high-risk Stage 

II and Stage III patients resected between 2009 and 2014.
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Figure 2. 
Adjusted survival curves stratified by total Stage II (a), low-risk Stage II (b), high-risk Stage 

II (c) and Stage III (d), for patients receiving postsurgical adjuvant chemotherapy (ACT) and 

surgery only. Classification of low- and high-risk Stage II was done according to available 

high-risk prognostic factors for each country shown in Table 1. The survival estimates were 

obtained from Cox regression models with adjustment for gender, age group, tumor location, 

tumor size, type of surgery and lymph node count (the two latter factors were not available 

in Belgium).
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