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ABSTRACT  

Purpose: Conditional net survival in recurrence-free patients (CNS-RF) provides relevant 

clinical information and has never been assessed yet in a non-selected colon cancer 

population. We aimed to estimate conditional 5-year net survival in recurrence-free patients 

with colon cancer in the population-based Digestive Cancer Registry of Burgundy (France). 

Methods: CNS-RF was estimated in the 3,736 patients resected for cure for primary colon 

cancer between 1976 and 2006, using a flexible parametric model of net survival for every 

additional year survived at diagnosis and from 1 to 5 years thereafter.  

Results: The net probability of surviving 5 more years increased from 72% at diagnosis to 

92% for recurrence-free patients who survived 5 years after diagnosis. CNS-RF was over 90% 

3 years after diagnosis in patients aged 75 and below. CNS-RF was over 95% in patients 

diagnosed after 2000 who were recurrence-free 3, 4 or 5 years after diagnosis. CNS-RF was 

similar between patients with stage I and II disease from 2 years after diagnosis and patients 

with stage III disease from 5 years after diagnosis. The initial differences in net survival 

related to gross features, clinical presentation, number of harvested nodes in stage II, and 

number of involved nodes in stage III disappeared after 2 years. 

Conclusions: CNS-RF is a relevant measure of prognosis in patients who have already 

achieved a period of remission. Providing an updated estimation of prognosis in the years 

following diagnosis may improve the survivors’ quality of life and access to credit or 

insurance. 

Keywords: Colon cancer; Conditional net survival; Recurrence-free; Population-based study; 

Cancer registry  
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INTRODUCTION 

Colon cancer is a major public health problem. Approximately 30,000 new cases occur each 

year in France [1]. Complete surgical resection of the tumor, possibly completed with 

adjuvant treatments, is the reference treatment for colon cancer with curative intent. Although 

35% of patients experience relapse, mostly during the first 5 years after diagnosis [2, 3] , most 

patients undergoing curative resection achieve remission. Survival is generally reported from 

the time of cancer diagnosis. Evaluating the changing risk of death in the successive years 

following the diagnosis provides important information for cancer survivors and clinicians. 

Conditional survival is estimated from the probability of death, conditional on having 

survived until then, and it measures the dynamics of this probability over time. Population-

based cancer registries are ideally suited to provide unbiased and representative estimates of 

survival [4] . Net survival, which corresponds to the survival that would be observed if 

patients could not die from a cause other than the cancer studied, provides useful information, 

especially for geographical or calendar comparisons. Conditional net survival for colon cancer 

based on cancer registry data has already been published [4-6] . However, the population alive 

at a certain time after diagnosis is heterogeneous, as it includes both patients with recurrent 

disease and recurrence-free patients. Determining whether a patient is recurrence-free over 

time after the diagnosis requires the active participation of clinicians, which is difficult to 

achieve for many cancer registries. For this reason, no previous study has assessed CNS-RF in 

a general population with colon cancer. The aim of this study was to measure 5-year net 

survival conditional on being recurrence free (CNS-RF) at varying intervals from 1 to 5 years 

after diagnosis in a nonselected French population of patients with colon cancer. 

 

PATIENTS AND METHODS 
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Patients 

All colon cancers diagnosed in a French administrative area (Côte-d’Or, Burgundy) have been 

recorded since 1976 by a population-based digestive cancer registry. Data were actively 

collected from multiple sources: public and private pathology laboratories, university 

hospitals (including the cancer centers), general hospitals, private specialists 

(gastroenterologists, surgeons, medical oncologists, and radiotherapists), hospital 

administrative databases, the Regional Health Service database and death certificates. Patients 

treated outside the area were identified through the National Health Service database. 

Registration quality and exhaustiveness are certified every four years by an audit performed 

through the Registries Evaluation Committee by the National Cancer Institute (INCa), the 

National Institute for Health and Medical Research (INSERM) and the National Public Health 

Institute (SpF).  

Colon cancers were defined according to the International Classification of Diseases for 

Oncology, 3rd revision (ICD-0-3, C18) [7] . From 1976 to 2006, 4,147 nonmetastatic invasive 

adenocarcinoma colon cancers were registered by the Digestive Cancer Registry of Burgundy. 

Patients with other synchronous cancers at diagnosis (N=129), patients who did not undergo 

curative resection (N=275), and patients with an unknown vital status (n=7) were excluded.  

Information on recurrences (i.e., local recurrence or distant metastasis) over the 5 years 

following diagnosis was obtained from all clinicians involved in the management and follow-

up of the patients. A questionnaire was sent to general practitioners to determine whether 

relapse occurred. In the absence of response (nearly 30% of the questionnaires), the specialists 

(gastroenterologist, surgeon or oncologist) who managed the patient were contacted. 

Information on recurrence was available for 93% of the studied population 5 years after 

diagnosis of the primary tumor.   
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Collected data 

Information on age, sex and stage at diagnosis was routinely collected. The period of 

diagnosis was divided into four periods: 1976-1983, 1984-1991, 1992-1999 and 2000-2006. 

Patients were categorized into three age groups: under 65 years, 65-74 years and over 75 

years. Stage at diagnosis was classified according to the TNM classification [8] : stage I 

(T1/2, N0, M0), stage II (T3/4, N0, M0), and stage III (all T, N1/3, M0). For stage II cases, 

the number of harvested lymph nodes was categorized into two groups: <12 nodes and ≥12 

nodes. For stage III cases, the number of involved nodes was categorized as <4 nodes (N1) 

and ≥4 nodes (N2/N3). Clinical presentation was separated into emergency (obstruction or 

perforation) or scheduled resection. According to macroscopic gross features, tumors were 

classified as fungating or ulcero-infiltrative. 

Statistical analyses 

Net survival is defined as the survival that would be observed if cancer was the only cause of 

death [9, 10] . It can be estimated without knowledge of the cause of death using excess 

mortality rate methodology [11] . For a given patient, the observed mortality rate is defined as 

the sum of the expected mortality rate (in a group of persons from the general population 

sharing the same demographic characteristics with the considered patient) and the excess 

mortality rate. The expected mortality rate is derived from life tables (provided by the INSEE, 

Institut National de la Statistique et des Etudes Economiques) according to sex, age and year 

of death. Five-year net survival was estimated using a flexible parametric model of the 

cumulative excess mortality rate [12, 13] adjusted for sex, age at diagnosis and year of 

diagnosis.  

Five-year net survival conditional on the absence of recurrence (CNS-RF) was defined as the 

(x+5)-year net survival of recurrence-free survivors x years after diagnosis. This expanded 

definition of conditional survival could not be directly calculated from net survival estimates 
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because recurrence was neither considered as an event nor censored in the net survival 

analysis. As proposed by Zamboni et al [14], the condition relied on the “conditioning set of 

patients”, in our study alive and free of recurrence. CNS-RF was estimated six times by 

allowing x to vary from t0=0 to t0=5 years after diagnosis. For each t0, patients who had 

undergone death or recurrence prior to t0 were removed from the dataset. For each t0, the 

follow-up was censored at t0+5 years, 5-year net survival was estimated through a net 

survival model and factors associated with CNS-RF were assessed using a multivariate net 

survival model. The likelihood ratio test was performed to assess the effect of each factor. 

Separate analyses were carried out for TNM stage II and stage III colon cancers because the 

explanatory factors partially differed. 

The analyses were performed using STATA, release 14 (STATA, College Station, TX, USA). 

Significance was defined as a p-value < 0.05. 

 

RESULTS 

In this study, 3736 patients were considered. There was a slight male predominance (ratio 

M/F=1.10). Between the periods 1976-1983 and 2000-2006, the proportion of patients over 

75 years increased from 35% to 43% (p<0.001). The proportions of patients according to 

disease stage for the two periods, respectively, were as follows: stage I, 21% and 24%; stage 

II, 52% and 45%; and stage III, 27% and 31% (NS). The proportions of cancers diagnosed in 

the context of an emergency were 12% and 11% (NS), respectively. 

Table 1 presents the 5-year net survival at diagnosis and CNS-RF at t0 varying from 1 to 5 

years after diagnosis according to sex, age group, TNM stage, gross features, presentation, 

number of harvested nodes in stage II and number of involved nodes in stage III. Overall, the 

net probability of surviving 5 more years increased from 72% at diagnosis (t0=0) to 92% for 

patients who survived 5 years after diagnosis without recurrence (t0=5). No substantial 
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difference in CNS-RF was observed between males and females, regardless of t0. The 5-year 

net survival at diagnosis varied between 73% in patients under 65 years and 64% in those 

aged 75 or more (p<0.001). Patients in different age groups who survived 1 year after 

diagnosis had a similar CNS-RF. The CNS-RF stabilized in patients aged 75 and over, while 

it continued to improve in patients under 75, reaching more than 90% at 3 years after 

diagnosis. Five years after diagnosis, CNS-RF varied between 83% (≥75 years) and 94% (65-

74 years, p=0.015). CNS-RF increased over the periods of diagnosis and reached 95% during 

the period 2000-2006 in survivors who were recurrence-free 3, 4 and 5 years after diagnosis. 

The 5-year net survival at the time of diagnosis was lower in patients diagnosed in the context 

of an emergency than in those who underwent scheduled surgery (53% vs 74%, p<0.001). 

Two years after diagnosis, the gap between the two groups had disappeared. Similarly, 

survival in patients with fungating tumors was initially better than that in patients with ulcero-

infiltrative tumors. After 2 years, the gross features were no longer a prognostic factor. An 

advanced stage at diagnosis significantly worsened net survival (90% for stage I, 76% for 

stage II and 52% for stage III, p<0.001). This gap decreased over time. For patients with stage 

I disease who already had a high survival expectancy at diagnosis, the CNS-RF remained 

stable at approximately 90% regardless of the t0. In stage II patients, CNS-RF became similar 

to that in stage I patients from 2 years after diagnosis onward. Stage III was no longer a factor 

associated with a poor prognosis in patients alive and free of recurrence 5 years after 

diagnosis. 

In stage II patients, the 5-year net survival at diagnosis in those with fewer than 12 harvested 

lymph nodes (35% of the cases) was worse than that in patients with at least 12 harvested 

nodes (Table 1). As time elapsed from diagnosis, CNS-RF improved and the gap between the 

two groups decreased. There was no longer a difference in CNS-RF between the two groups 2 

years after diagnosis. 
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In stage III patients with N2/N3 extension (23% of the cases), the 5-year net survival at 

diagnosis was lower than that in stage III patients with N1 extension (Table 1). The gap 

between the two groups narrowed and was no longer significant 2 years after diagnosis.  

Multivariate analyses were conducted, adjusting for sex, age and period of diagnosis, 

separately for stage II (Table 2) and stage III (Table 3). In stage II patients, the number of 

harvested nodes, gross features and presentation were significant prognostic factors at 

diagnosis. None of these factors were associated with CNS-RF after 2 years. In stage III 

patients, the number of involved nodes and gross features were significant prognostic factors 

at diagnosis, whereas presentation was not. The number of involved nodes remained a factor 

associated with poor prognosis in recurrence-free patients 1 year after diagnosis. None of the 

studied factors were associated with CNS-RF after 2 years.   

 

DISCUSSION 

Our main finding was that in patients with colon cancer, the additional 5-year net survival 

increased markedly as recurrence-free time elapsed. CNS-RF, the survival probability for 

patients who have survived free of recurrence for a certain period of time, provides relevant 

information to physicians and cancer survivors. Initial differences in net survival related to 

age, stage, gross features, clinical presentation, number of harvested nodes in stage II, and 

number of involved nodes in stage III decreased over time after diagnosis in patients in 

remission. In patients aged 75 and over, CNS-RF remained lower than that in younger 

patients up to 5 years after diagnosis. For survivors who had been in remission for at least 3 

years after diagnosis, it increased from 83% in 1976-1983 to 96% in 2000-2006. A probable 

explanation for this increase is the improvement in surveillance techniques and treatment. 

Furthermore, in stage III, CNS-RF was over 90% and became similar to that in stage I only 5 
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years after diagnosis. Our study showed that among all the factors with prognostic value at 

diagnosis, only age and stage remained prognostic factors beyond two years after diagnosis.  

In France, in 2015, the obligation to declare a cancer was rescinded if 10 years had passed 

since the end of treatment, thus suppressing the surtax applied to cancer survivors for 

insurance and credit. This law was a major improvement for society. This time period could, 

however, be shortened for certain cancer sites by using the time to statistical cure, which can 

be estimated by the time at which conditional net survival reaches 95% [15]. Applying this 

definition to CNS-RF, patients diagnosed with colon cancer in the last period who are alive 

and recurrence-free 3 years after diagnosis can be considered statistically cured, as excess 

mortality due to cancer is insignificant. Survival in these patients is thus comparable to that in 

anyone from the general population with similar demographic characteristics. Such survivors 

should therefore be entitled to surtax-free insurance or credit 3 years after diagnosis if no 

recurrence has occurred. Similar analyses must be conducted for other cancer sites. 

To our knowledge, this study is the first population-based study reporting 5-year net survival 

conditional on the absence of recurrence in patients with colon cancer for every additional 

year after diagnosis from 1 to 5 years. Publications related to disease-free survival after 

primary cancer are scarce [16-18]. Only one publication estimated overall survival conditional 

to recurrence.  It concerned colon cancer and relied on data from clinical trials [14]. 

Estimations from hospital databases or clinical trials cannot be regarded as a reference 

because of unavoidable selection bias. Population-based studies provide unbiased indicators, 

but detailed information on cancer recurrence at the population level is rarely available. This 

study demonstrated the feasibility of estimating CNS-RF at the population level. The active 

clinical follow-up, the large size of the cohort and the use of a flexible parametric model of 

net survival strengthened the reliability and widened the scope of our results. There is 



10 

 

increasing interest in cancer registries for this type of information, and, in the future, high-

resolution studies may provide data on recurrence, making CNS-RF comparisons possible. 

There are some limitations of this study. As time elapsed from diagnosis, an increasing 

number of patients developed recurrences or died. Those patients were removed from the 

dataset at each t0, decreasing the size of the iterative datasets. As a consequence, some 

analyses relied on small numbers of individuals. This limitation may have resulted in a failure 

to detect some associations over time. Moreover, extensive and long-standing observational 

population-based studies cannot include detailed data, such as comorbidities and lifestyle 

characteristics, throughout the follow-up of patients. 

In conclusion, this study shows that conditional net survival of recurrence-free patients with 

colon cancer increases dramatically with the time since diagnosis. These results will help 

clinicians to provide potentially reassuring information to cancer survivors. Reporting the 

improvement in CNS-RF over time may reduce survivors’ anxiety and may facilitate access to 

insurance and credit. 
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Table 1: Five-year net survival$ after colon cancer diagnosis, conditional on being alive free of recurrence 1, 2, 3, 4 or 5 years after diagnosis 

N at 

diagnosis 

5-year Net 

Survival 

5-year net survival conditional on being alive free of recurrence five years after t0, [95%CI], p$ 

 
P$ 

 
t0 = 1 year after 

diagnosis  
t0 = 2 years after 

diagnosis  
t0 = 3 years after 

diagnosis  
t0 = 4 years after 

diagnosis  
t0 = 5 years after 

diagnosis 

Overall 3736 72% [70-73] 80% [78-82] 86% [84-88] 90% [87-92] 91% [89-93] 92% [90-94] 

Age at diagnosis 

< 65 years 1061 73% [70-76] 

<0.001 

80% [77-83] 

0.605 

88% [85-90] 

0.189 

91% [88-93] 

0.033 

93% [89-95] 

0.040 

93% [87-96] 

0.015 65-74 years 1103 77% [74-80] 80% [76-83] 87% [83-90] 90% [86-93] 92% [86-95] 94% [91-96] 

≥ 75 years 1572 64% [61-68] 78% [73-82] 83% [77-87] 83% [77-88] 84% [76-89] 83% [74-89] 

Sex 

Male 1958 73% [70-75] 
0.283 

79% [76-82] 
0.734 

86% [83-89] 
0.781 

88% [85-91] 
0.391 

90% [86-92] 
0.090 

91% [87-94] 
0.116 

Female 1778 71% [68-73] 80% [77-83] 86% [83-89] 91% [88-93] 93% [89-95] 94% [90-96] 

Period 

1976-1983 674 61% [57-66] 

<0.001 

73% [68-78] 

<0.001 

81% [76-86] 

<0.001 

83% [77-88] 

<0.001 

86% [78-90] 

0.006 

91% [83-95] 

0.177 
1984-1991 964 64% [60-67] 72% [68-77] 81% [76-85] 88% [82-92] 90% [84-94] 91% [85-94] 

1992-1999 1052 74% [70-77] 81% [77-84] 86% [82-89] 87% [83-91] 90% [85-94] 92% [87-96] 

2000-2006 1046 83% [80-86] 88% [84-91] 93% [90-96] 96% [92-98] 95% [90-97] 95% [89-97] 

Gross features* 

Fungating 2321 77% [74-79] 
<0.001 

72% [69-76] 
<0.001 

84% [80-88] 
0.179 

88% [84-91] 
0.374 

90% [85-94] 
0.544 

93% [90-95] 
0.466 

Ulcero-infiltrative 1344 62% [59-65] 83% [81-85] 87% [84-89] 90% [87-92] 92% [89-94] 91% [86-95] 

Resection* 

Scheduled 3241 74% [72-76] 
<0.001 

81% [79-83] 
<0.001 

87% [84-89] 
0.171 

90% [87-92] 
0.388 

92% [89-94] 
0.147 

93% [91-95] 
0.042 

Emergency 453 53% [47-58] 69% [62-75] 82% [74-88] 86% [77-92] 86% [75-92] 85% [74-92] 

Stage TNM 

I 803 90% [87-93] 

<0.001 

92% [88-95] 

<0.001 

91% [87-94] 

<0.001 

92% [87-95] 

<0.001 

91% [86-94] 

0.009 

91% [86-94] 

0.347 II 1805 76% [73-78] 84% [81-87] 89% [86-92] 93% [89-95] 94% [90-97] 94% [90-96] 

III 1128 52% [49-56] 61% [57-65] 75% [71-80] 82% [76-86] 86% [80-90] 92% [86-95] 

Number of harvested nodes in stage II* 

<12 nodes 1168 71% [67-74] 81% [77-84] 85% [81-89] 90% [84-93] 93% [87-96] 91% [85-95] 

≥12 nodes  623 83% [79-87] <0.001 90% [85-93] 0.001 95% [90-97] 0.007 96% [90-99] 0.052 96% [89-98] 0.214 97% [89-99] 0.123 

Number of involved nodes in stage III* 

<4 nodes 868 56% [52-60] 63% [58-67] 75% [70-80] 81% [75-85] 86% [80-90] 93% [86-96] 

≥4 nodes  256 41% [34-47] <0.001   55% [46-64] 0.027   76% [63-85] 0.913   87% [70-95] 0.325   85% [67-94] 0.931   88% [66-96] 0.962 
$ Net survival was estimated using a flexible parametric model; p-values were calculated using the likelihood ratio test 
*Unknown at diagnosis:  gross features=71 cases, resection=42 cases, number of harvested nodes in stage II=14 cases, number of involved nodes in stage III=4 cases 

 



Table 2: TNM stage II colon cancer: Factors associated with 5-year net survival among patients alive and free of recurrence at t0 

after diagnosis (multivariable analyses§) 

 

 

 

HR [95%CI] 

 

t0 = diagnosis 
 

HR [95%CI] 

t0 = 1 year 

after diagnosis 
 

HR [95%CI] 

t0 = 2 years 

after diagnosis 
 

HR [95%CI] 

t0 = 3 years 

after diagnosis 
 

HR [95%CI] 

t0 = 4 years 

after diagnosis 
 

HR [95%CI] 

t0 = 5 years 

after diagnosis 

            

Number of 

harvested nodes*             

<12 nodes 1 1 1 1 1 1 

≥12 nodes  0.74 [0.56-0.97] 0.59 [0.37-0.94] 0.50 [0.25-1.02] 0.36 [0.11-1.17] 0.55 [0.15-2.06] 0.50 [0.15-1.62] 

p=0.031 p=0.028 p=0.057 p=0.09 p=0.375 p=0.247 

            

Gross feature*  

Fungating   1 1 1 1 1 1 

Ulcero-infiltrative 1.31 [1.04-1.66] 1.20 [0.83-1.74] 0.79 [0.46-1.36] 0.77 [0.39-1.54] 0.89 [0.39-2.06] 1.00 [0.44-2.25] 

p=0.022 p=0.333 p=0.396 p=0.461 p=0.788 p=0.995 

            

Resection* 

Scheduled  1 1 1 1 1 1 

Emergency  2.33 [1.80-3.02] 1.73 [1.11-2.71] 1.68 [0.90-3.11] 1.18 [0.47-2.95] 1.42 [0.45-4.46] 1.43 [0.50-4.05] 

p<0.001 p=0.016 p=0.101 p=0.731 p=0.543 p=0.506 
*Unknown at diagnosis:  harvested nodes=14 cases, gross features=29 cases, resection=20 cases 
§ 

Conditional net survival was modeled separately for each t0 using six multivariate flexible net survival models, each adjusted for the number of harvested nodes,  

gross features, presentation, sex, age at diagnosis and year of diagnosis; p-values were calculated using the likelihood ratio test 

 

 



Table 3: TNM stage III colon cancer: Factors associated with 5-year net survival among patients alive and free of recurrence at t0 

after diagnosis (multivariable analyses§) 

 

 
t0 = diagnosis 

 

t0 = 1 year 

after diagnosis  

t0 = 2 years 

after diagnosis  

t0 = 3 years 

after diagnosis  

t0 = 4 years 

after diagnosis  

t0 = 5 years 

after diagnosis 

 
HR [95%CI] 

P-valueA 

            

Number of 

involved nodes*             

<4 nodes 1 1 1 1 1 1 

≥4 nodes  2.01 [1.62-2.48] 1.70 [1.26-2.31] 1.29 [0.76-2.18] 0.97 [0.42-2.24] 1.12 [0.39-3.22] 1.48 [0.36-6.13] 

p<0.001 p=0.001 p=0.352 p=0.944 p=0.837 p=0.589 

            

Gross features * 
Fungating   1 1 1 1 1 1 

Ulcero-infiltrative 1.23 [1.01-1.50] 1.27 [0.98-1.65] 1.16 [0.77-1.74] 1.23 [0.72-2.11] 1.51 [0.71-3.20] 1.67 [0.54-5.21] 

p=0.037 p=0.075 p=0.486 p=0.446 p=0.289 p=0.374 

            

Resection* 

Scheduled  1 1 1 1 1 1 

Emergency  1.24 [0.96-1.60] 0.91 [0.61-1.36] 0.74 [0.38-1.45] 0.92 [0.42-2.03] 1.05 [0.39-2.87] 1.95 [0.60-6.35] 

p=0.107 p=0.650 p=0.381 p=0.839 p=0.917 p=0.265 

*Unknown at diagnosis:  number of lymph nodes involved=4 cases, gross features=18 cases, resection=10 cases 
§ 

Conditional net survival was modeled separately for each 

t0 using six multivariate flexible net survival models, each adjusted for the number of involved nodes, gross features, presentation, sex, age at diagnosis and year of diagnosis; 

p-values were calculated using the likelihood ratio test 

 

 




