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Introduction

Colorectal cancer is the third most occurring malignancy 
in the Netherlands with over 13,000 new cases in 2012. 
Seventy percent of these patients are above the age of 
65 years, and 21% is even older than 80 years of age (1). 
Despite the high prevalence of colorectal cancer in the 
elderly population, the inclusion of this cohort in clinical 
trials is disproportionately low. In addition, inclusion 
is limited to patients with little comorbidity and a high 
performance score (2-4). Hence, it is questionable whether 
the evidence for treatment of colorectal cancer is valid in 
a large percentage of patients. As such, Dutch guidelines 
recommend individualised treatment and emphasize shared 
decision making in elderly patients with comorbidity (5).

A number of studies have been performed analysing 

the influence of age and comorbidity on outcomes as well 
as decisions by clinicians whether to treat patients with 
chemotherapy in adjuvant or palliative setting. A number of 
observational studies show survival benefit of chemotherapy 
treatment in elderly patients (6-9). Survival and the survival 
benefit of treatment are reduced with increasing age and 
comorbidity (10,11). Also, the percentage of patients treated 
with chemotherapy is inversely correlated with age and 
comorbidity (12).

Due to their retrospective nature, and the fact that 
standard treatment is withheld in a large portion of elderly 
patients based on their comorbidity and performance score, 
studies examining the relation between comorbidity and 
treatment efficacy suffer from selection bias. The present 
cross-sectional single centre study examines the effect of age 
and comorbidity on survival. In addition, cause of death was 
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evaluated as colorectal cancer patients do not die exclusively 
because of cancer.

Methods

All consecutive patients diagnosed and treated for colorectal 
cancer within a specific timeframe [2002-2008] in the 
Zaans Medisch Centrum, the community hospital of the 
Zaanstreek region in the Netherlands, were included. An 
extensive chart review was performed for all these patients. 
Via detailed patient information transparency was increased, 
and bias in the assessment of the effect of comorbidity on 
outcomes could be minimised.

Evaluation was done on 1-1-2014. The review consisted 
of an examination of patient charts with medical history, 
pathology, radiology, and endoscopy reports as well as data 
from the department of pharmacy (13).

The well-known Charlson comorbidity score was used to 
estimate comorbidity. The diagnosis of colorectal cancer was 
excluded in the calculation of the Charlson index (14-16).

Overall survival was measured from date of diagnosis till 
date of death. The TNM7 classification was used to assess 
disease stage (17). A detailed description of all variables and 
exclusions are noted in the appendices.

Kaplan Meier curves for overall survival were calculated, 
separate for both age, categorized into four equally sized 
groups, and Charlson index, divided into three categories:  
0 [1], 1-2 [2], and 3+ [3]. Uni- and multivariate cox regression 
analysis was used to assess hazard ratios (HR) of survival for 
age, comorbidity score and tumour characteristics. Poisson 
regression was used to determine the risk ratio (RR) of 
dying due to tumour progression relative to death from 
other causes. Separate analyses were performed for patients 
with rectal and colon cancer.

Statistical analyses were performed using IBM SPSS 
statistics software version 20.0 and Microsoft Office Excel 
2010.

The study was approved by the ethical committee of the 
Zaans Medisch Centrum.

Results

Six hundred twenty-one patients were diagnosed with 
colorectal cancer between 1-1-2002 and 31-12-2008. 
Eighty-six patients were excluded for various reasons. 
See Tables S1 and S2 for detailed descriptions of these 
exclusions. These patients were referred to a nearby 
University Hospital for treatment on their own requests. 
Follow-up data of all patients were present for a minimum 

of 5 years and a maximum of 13 years, depending on the 
year of inclusion, or until death.

Colon

Three hundred ninety-two patients were diagnosed with 
colon cancer. Median follow-up was 5.13 years, interquartile 
range (IQR) 1.17-7.42. One hundred sixty-five patients 
(42.1%) were alive at the end of follow-up. One hundred 
thirty-one patients (33.4%) died from tumour progression, 
23 patients (5.9%) experienced treatment related adverse 
events with fatal outcome and 51 patients (13.0%) died 
from other causes. Median age at diagnosis was 71.6 years, 
IQR 63.3-79.5. Mean Charlson index was 0.82, range 0-7 
(Tables 1,2).

Age at the time of diagnosis and Charlson comorbidity 
index were significant predictors of survival in uni- and 
multivariate cox regression analysis (P<0.05). Hazard ratio 
(HR) of death in multivariate analysis for age was 1.019 per 
year increase. For comorbidity the HR was 1.218 per point 
increase on Charlson score (Table 3, Figures 2,3).

Age and comorbidity index were also significant 
predictors of death from causes other than tumour 
progression in multivariate analysis. RR for death from 
other causes was 1.041 per year of age. The RR increased 
1.162 per point increase in Charlson score (Tables 4,5).

Rectum

One hundred forty-three patients were diagnosed with rectal 
cancer. Median follow-up was 4.51 years, IQR 1.67-7.26.  
Forty-nine patients (34.3%) were alive at the end of 
follow-up. Fifty-one patients (35.7%) died from tumour 
progression, 12 patients (8.4%) experienced treatment 
related adverse events with a fatal outcome, and 20 patients 
(14.0%) died from other causes. Median age at diagnosis 
was 68.0, IQR 61.3-78.1. Mean Charlson index was 0.79, 
range 0-8 (Tables 4,5).

There was a trend towards increased risk of death per 
point increase in comorbidity score, HR 1.108 (95% CI, 
0.967-1.270). HR’s determined for age at diagnosis was not 
valid as the proportional hazards assumption was not met. 
This is most likely due to a small effect size (Figures 1,4, 
Table 3).

Age at diagnosis was a significant predictor of cause of 
death in multivariate analysis with a RR of 1.012 per year of 
age to die from causes other than tumour progression. The 
comorbidity index was not a significant predictor of cause of 
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Table 1 Influence of Charlson score on survival and cause of death in colon cancer

Charlson score 0 1-2 3+ Total

Total 217 139 36 392

Gender

Male 102 (47.00%) 78 (56.10%) 26 (72.20%) 206 (52.60%)

Female 115 (53.00%) 61 (43.90%) 10 (27.80%) 186 (47.40%)

Median survival (IQR) 5.67 (1.54-7.76) 4.17 (0.67-6.84) 2.33 (0.71-5.76) 5.13 (1.17-7.42)

1-year survival 174 (80.20%) 101 (72.70%) 26 (72.20%) 301 (76.80%)

5-year survival 131 (60.40%) 63 (45.30%) 11 (30.60%) 205 (52.30%)

Cause of death

Tumor progression 74 (34.10%) 45 (32.40%) 12 (33.30%) 131 (33.40%)

Tx 9 (4.10%) 11 (7.90%) 3 (8.30%) 23 (5.90%)

Other 17 (7.80%) 23 (16.50%) 11 (30.60%) 51 (13.00%)

Unknown 8 (3.70%) 11 (7.90%) 3 (8.30%) 22 (5.60%)

Alive 109 (50.20%) 49 (35.30%) 7 (19.40%) 165 (42.10%)

Other + Tx/(other + Tx + tumor progression) 26/100 (26.00%) 34/79 (43.00%) 14/26 (53.80%) 74/205 (36.10%)

Median age (IQR) 67.0 (59.8-76.9) 75.1 (69.0-80.4) 75.9 (69.2-83.3) 71.6 (63.3-79.5)

TNM stage

0-1 24 (11.20%) 22 (15.90%) 5 (14.70%) 51 (13.20%)

2 79 (36.90%) 55 (39.90%) 14 (41.20%) 148 (38.30%)

3 56 (26.20%) 31 (22.50%) 8 (23.50%) 95 (24.60%)

4 55 (25.70%) 30 (21.70%) 7 (20.60%) 92 (23.80%)

IQR, interquartile range.

Table 2 Influence of age on survival and cause of death in colon cancer

Age <63.26 63.26-71.61 71.61-79.49 >79.49 Total

Total 98 97 99 98 392

Gender

Male 54 (55.10%) 61 (62.90%) 53 (53.50%) 38 (38.80%) 206 (52.60%)

Female 44 (44.90%) 36 (37.10%) 46 (46.50%) 60 (61.20%) 186 (47.40%)

Median survival (IQR) 5.67 (1.50-7.78) 5.51 (1.58-8.13) 5.09 (1.33-7.34) 3.42 (0.42-6.51) 5.13 (1.17-7.42)

1-year survival 82 (83.70%) 75 (77.30%) 79 (79.80%) 65 (66.30%) 301 (76.80%)

5-year survival 57 (58.20%) 57 (58.80%) 51 (51.50%) 40 (40.80%) 205 (52.30%)

Cause of death

Tumor progression 39 (39.80%) 31 (32.00%) 31 (31.30%) 30 (30.60%) 131 (33.40%)

Tx 2 (2%) 7 (7.20%) 3 (3%) 11 (11.20%) 23 (5.90%)

Other 4 (4.10%) 7 (7.20%) 23 (23.20%) 17 (17.30%) 51 (13.00%)

Unknown 4 (4.10%) 3 (3.10%) 4 (4.00%) 11 (11.20%) 22 (5.60%)

Alive 49 (50.00%) 49 (50.50%) 38 (38.40%) 29 (29.60%) 165 (42.10%)

Other + Tx/(other + Tx + 

tumor progression) 6/45 (13.30%) 14/45 (31.10%) 26/57 (45.60%) 28/58 (48.30%) 74/205 (36.10%)

Mean Charlson score 0.42 0.69 1.05 1.12 0.82

TNM stage

0-1 8 (8.20%) 15 (15.60%) 14 (14.10%) 14 (14.90%) 51 (13.20%)

2 34 (35.10%) 29 (30.20%) 40 (40.40%) 45 (47.90%) 148 (38.30%)

3 28 (28.90%) 25 (26.00%) 26 (26.30%) 16 (17.00%) 95 (24.60%)

4 27 (27.80%) 27 (28.10%) 19 (19.20%) 19 (20.20%) 92 (23.80%)

IQR, interquartile range.
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Figure 2 KM plot of colon cancer survival based on age category.
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death (Table 6).

Discussion

This study deals with the impact of age and comorbidity 
on overall survival and cause of death in patients diagnosed 
with colorectal cancer in normal daily practice.

Eighteen patients were referred to a tertiary centre for 
treatment mostly at their own request. A possible limitation 
of the present study is the relatively small sample size 
when comparing it to others in its field using large patient 
registries. However, the strength of the present study is the 
introduction of cause of death in the analysis.

This study has a long follow-up period, with (near) 

perfect follow-up for the first 5 years. In addition, since all 
consecutive patients were included, this study accurately 
represents the population of colorectal cancer patients in a 
developed country in normal daily practice. Furthermore, 
patient and tumour characteristics are extensively 
documented. To our knowledge this is the first study 
to include causes of death, tumour characteristics and a 
comorbidity measure in a study of colorectal cancer survival.

In colon cancer patients, age and comorbidity are 
predictors of survival. This solidifies the notion that despite 
the morbidity and mortality associated with a colon cancer 
diagnosis; baseline patient characteristics still largely predict 
a patient’s primary outcome. This underlines the need to 
treat patients holistically.

Table 3 Cox regression analysis for overall survival

Colon Rectum

Univariate Multivariate Univariate Multivariate

HR for death 95% CI HR for death 95% CI HR for death 95% CI HR for death 95% CI

Age at  d iagnos is 

(continuous)

1.023 1.010-1.037 1.019 1.005-1.033 ***

Cormorbidity index 

(continuous)

1.254 1.140-1.381 1.218 1.102-1.346 1.109 0.968-1.271 1.108 0.967-1.270

***, failed proportional hazards assumption, see Figure 1 for KM plot; still included in multivariate analysis. HR, hazard ratios. 

Figure 1 KM plot of rectum cancer survival based on age category.

0 1 2 3 4 5 6 7 8 9 10

1 36 32 27 24 17 17 13 8 2 1 0

2 35 30 25 21 19 18 16 12 7 2 1

3 36 30 26 23 21 16 12 10 9 3 1

4 36 28 22 20 19 19 17 14 9 5 2

C
um

 s
ur

vi
va

l

Survival functions

Overall survival
0        2        4       6       8      10      12

1.0

0.8

0.6

0.4

0.2

0.0

0-61
61-67
67-78
78+



609Journal of Gastrointestinal Oncology Vol 6, No 6 December 2015

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2015;6(6):605-612www.thejgo.org

Table 4 Influence of Charlson score on survival and cause of death in rectal cancer

Charlson score 0 1-2 3+ Total

Total 85 47 11 143

Gender

Male 46 (54.10%) 31 (66.00%) 7 (63.60%) 84 (58.70%)

Female 39 (45.90%) 16 (34.00%) 4 (36.40%) 59 (41.30%)

Median survival (IQR) 5.91 (2.71-7.84) 3.17 (1.00-6.50) 1.75 (1.34-6.26) 4.67 (1.67-7.34)

1-year survival 74 (87.10%) 36 (76.60%) 10 (90.90%) 120 (83.90%)

5-year survival 46 (54.10%) 20 (42.60%) 4 (36.40%) 70 (49.00%)

Cause of death

Tumor progression 30 (35.30%) 18 (38.30%) 3 (27.30%) 51 (35.70%)

Tx 6 (7.10%) 5 (10.60%) 1 (9.10%) 12 (8.40%)

Other 12 (14.10%) 5 (10.60%) 3 (27.30%) 20 (14.00%)

Unknown 6 (7.10%) 4 (8.50%) 1 (9.10%) 11 (7.70%)

Alive 31 (36.50%) 15 (31.90%) 3 (27.30%) 49 (34.30%)

Other + Tx/(other + Tx + tumor progression) 18/48 (37.50%) 10/28 (35.70%) 4/7 (57%) 32/83 (38.60%)

Median age (IQR) 65.7 (59.5-76.6) 72.6 (66.5-81.5) 64.3 (60.6-75.7) 68.0 (61.3-78.1)

TNM stage

0-1 14 (17.50%) 5 (11.60%) 0 (0.00%) 19 (14.30%)

2 27 (33.80%) 12 (27.90%) 6 (60.00%) 45 (33.80%)

3 22 (27.50%) 14 (32.60%) 2 (20.00%) 38 (28.60%)

4 17 (21.20%) 12 (27.90%) 2 (20.00%) 31 (23.30%)

IQR, interquartile range.

0 1 2 3 4 5 6 7 8 9 10

1 217 174 156 142 135 131 105 77 48 33 14

2 139 101 86 79 72 63 47 34 25 16 8

3 36 26 20 17 13 11 7 4 3 1 1

Figure 3 KM plot of colon cancer survival based on Charlson 
index category.
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Age is also significantly associated with cause of death, 
with a difference of 35% (48% vs. 13%) in ratio between 
death from tumour progression and other causes. This 
is primarily caused by an increase in death from other 
causes as the percentage of patients dying due to tumour 
progression remains constant. However, one should take 
into account that with increasing age, overall survival, and 
thus follow-up, decreases, as does the intensity of cancer 
treatment (18,19). This has also been observed for adjuvant 
therapy in this cohort (13).

The observation that cancer related mortality does not 
decrease with increasing age exemplifies the idea that, 
although elderly patients have a shorter life expectancy 
based on their age and pre-existent conditions, they do 
still benefit from cancer treatment. However, this survival 
benefit is hard to quantify. The present study does not 
take associated morbidity and quality of life into account. 
Therefore a shared decision making model when treating 
elderly patients with colon cancer is advocated.

In this study, rectal cancer patients’ age and comorbidity 
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0 1 2 3 4 5 6 7 8 9 10

1 85 74 67 59 50 46 40 33 20 7 3

2 47 36 28 24 21 20 14 9 6 3 1

3 11 10 5 5 5 4 4 2 1 1 0

Table 5 Influence of age on survival and cause of death in rectal cancer

Age <61.27 61.27-67.98 67.98-78.06 78.06- Total

Total 36 35 36 36 143

Gender

Male 23 (63.90%) 22 (62.90%) 23 (63.90%) 16 (44.40%) 84 (58.70%)

Female 13 (36.10%) 13 (37.10%) 13 (36.10%) 20 (55.60%) 59 (41.30%)

Median survival (IQR) 3.79 (1.96-6.61) 5.09 (1.75-7.51) 4.54 (1.63-7.99) 5.55 (1.04-7.90) 4.67 (1.67-7.34)

1-year survival 32 (88.90%) 30 (85.70%) 30 (83.30%) 28 (77.80%) 120 (83.90%)

5-year survival 17 (47.20%) 18 (51.40%) 16 (44.40%) 19 (52.80%) 70 (49.00%)

Cause of death

Tumor progression 16 (44.40%) 14 (40.00%) 14 (38.90%) 7 (19.40%) 51 (35.70%)

Tx 2 (5.60%) 4 (11.40%) 3 (8.30%) 3 (8.30%) 12 (8.40%)

Other 1 (2.80%) 2 (5.70%) 3 (8.30%) 14 (38.90%) 20 (14.00%)

Unknown 4 (11.10%) 2 (5.70%) 4 (11.10%) 1 (2.80%) 11 (7.70%)

Alive 13 (36.10%) 13 (37.10%) 12 (33.20%) 11 (30.60%) 49 (34.30%)

Other + Tx/(other + Tx + tumor 

progression)

3/19 (15.80%) 6/18 (33.30%) 6/20 (30.00%) 17/24 (70.80%) 32/83 (38.60%)

Mean Charlson score 0.64 0.63 1.00 0.89 0.79

TNM stage

0-1 4 (11.80%) 4 (11.80%) 4 (11.40%) 7 (23.30%) 19 (14.30%)

2 12 (35.30%) 13 (38.20%) 9 (25.70%) 11 (36.70%) 45 (33.80%)

3 6 (17.60%) 7 (20.60%) 16 (45.70%) 9 (30.00%) 38 (28.60%)

4 12 (35.30%) 10 (29.40%) 6 (17.10%) 3 (10.00%) 31 (23.30%)

IQR, interquartile range.

Figure 4 KM plot of rectum cancer survival based on Charlson 
index category.
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did not significantly influence survival or the cause of 
death. The explanation could be that cancer related 
mortality in this cohort was very high, implicating that all 
patients should be treated according to standard guidelines 
irrespective of age or pre-existent conditions.

However, the validity of these findings is questionable. 
First off, the findings do not correspond with previous large 
cohort studies that did find an inverse relationship between 
age and comorbidity, and survival (20,21). The tumour 
related mortality in our rectal cancer is almost identical to 
that of colon cancer in our cohort [33.4% (colon) vs. 35.7% 
(rectum)]. The median survival of 4.67 years of rectum 
cancer patients is also similar to that of the colon cancer 
patients in this cohort and corresponds with the 5 years 
survival rate of approximately 50% observed in the study by 
Ostenfeld et al. in the same time period (11).

Thus, one could conclude that the non-significant effect 
of the Charlson score on survival likely represents a small 
sample size and a type 2 error as the Charlson score has 
been validated to predict overall survival in many much 
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larger cohorts (22,23), and, as just established, it is unlikely 
that the effect of comorbidity is negated by a higher cancer 
related mortality in this cohort.

In conclusion, age and comorbidity are significant 
predictors of overall survival, reflecting the importance of 
optimizing patients beyond their cancer treatment, and 
cause of death. This represents possible treatment bias 
and a reduced survival benefit of treatment with increasing 
age. In rectal cancer patients neither comorbidity nor age 
was a predictor of overall survival. This could be explained 
if rectal cancer was the prognosis defining illness in the 
majority of cases, however this is contradicted by the 
observed median survival and the percentage of cancer 
related deaths. As such, the validity of these outcomes can 
be questioned.

We recommend further study of the benefit of cancer 
treatment in the elderly, and advocate inclusion of this 
patient group in clinical trials.
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Table S1 Appendix A: reason for excluding patients
Reason for excluding Number (N=86)

Benign pathology 16

Referred for treatment in other hospital 18

Missing data 20

Patient with incorrect information 5

Endoscopically removed carcinoma in situ 4

Recurrence of earlier colon cancer 10

Non adenocarcinoma of the colon 13

Urothelial cell carcinoma 3

Rhabdomyosarcoma 1

Lung cancer 1

Non-Hodgkin lymphoma 1

Ovarial cancer 1

Pancreatic cancer 1

Breast cancer 1

Anal cancer 1

Carcinoid of the colon 2

Neuro-endocrine tumor of the colon 1

Table S2 Characteristics of all patients referred to another hospital for treatment of their colorectal cancer
Case# Stage 4 (y/n) Date diagnosis Age at diagnosis Charlson index Location

1 1 28-9-2006 50 2 Rectum

2 Unknown 1-3-2006 54 0 Colon

3 Unknown 4-9-2006 54 0 Rectum

4 1 6-8-2002 54 0 Rectum

5 1 30-5-2007 60 0 Rectum

6 0 11-4-2002 61 0 Colon

7 0 17-7-2008 62 0 Colon

8 1 22-12-2004 62 0 Rectum

9 0 7-10-2004 62 0 Colon

10 1 8-4-2004 64 0 Colon

11 0 14-4-2008 65 2 Colon

12 1 11-2-2004 65 5 Rectum

13 1 6-3-2006 66 0 Rectum

14 1 12-1-2006 67 0 Rectum

15 0 16-6-2006 76 0 Rectum

16 0 11-11-2004 78 3 Colon

17 Unknown 26-9-2008 79 0 Colon

18 0 10-6-2008 87 1 Colon
#, the number of patients with stage 4 disease is 8, the number of patients with colon cancer is 9, the number of patients with 

rectal cancer is 8, median age at diagnosis is 63, mean Charlson index is 0.72.


