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Abstract

In developed countries the growing proportion of elderly colorectal cancer patients with comorbidity will probably complicate

clinical management. The aim of this study was to investigate the prevalence of prognostically relevant comorbidity in unselected
colorectal cancer patients diagnosed in the Eindhoven Cancer Registry, according to age, gender and subsite and the association
with stage of disease, treatment and short-term survival. Comorbid conditions were recorded, according to Charlson's index. The

most common concomitant illnesses were cardiovascular diseases, previous cancers and hypertension. The prevalence of comor-
bidity, especially of cardiovascular disease, previous cancer and diabetes, was highest in the ascending colon. It was slightly higher
in patients with Dukes' stage A, probably due to early detection because of regular monitoring for the comorbid condition.

Comorbidity was not associated with the resection rate, but was negatively associated with short-term survival. Elder male colo-
rectal cancer patients particularly su�er from substantial comorbidity, in¯uencing the prognosis. # 2000 Elsevier Science Ltd. All
rights reserved.
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1. Introduction

Colorectal cancer, as in most Western countries is the
third most common cancer in The Netherlands [1]. The
male/female ratio generally increases up to 2-fold with
increased age and from proximal to distal [2±5]. The
proportion of elderly patients (560 years of age) with
colorectal cancer has increased up to 75% in most of
these countries [6], together with the likelihood that
patients also have other chronic disabling conditions [7].
Comorbidity, or the coexistence of various chronic ill-
nesses, has an important impact on the management
and prognosis of cancer patients [8]. Patients with
prognostically relevant comorbidity are usually exclu-
ded from clinical trials, which a�ects external validity.
The presence of comorbidity may also a�ect the pre-
sentation and recognition of symptoms and conse-

quently the time of detection of cancer [8±10]. In this
study, we investigated the prevalence of prognostically
relevant comorbidity in unselected colorectal cancer
patients according to age and gender and explored the
pattern of occurrence according to subsite. In addition,
we studied the association between comorbidity and
time of detection of colorectal cancer and analysed the
association between the presence of comorbidity and the
resection rate, and short-term (<4 months) survival,
according to age and stage of disease.

2. Patients and methods

The analyses are based on data on 3355 patients with
colorectal cancer diagnosed in the period 1993±1995
and registered in the Eindhoven Cancer Registry. This
registry covers a large part of the southeastern Nether-
lands and comprises approximately two million inhabi-
tants since 1988. The registry is noti®ed by six
pathology departments, hospital medical record o�ces
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in 17 community hospitals and two large Radiotherapy
Institutes. When recording the data on newly diagnosed
cancer patients, mostly within 4±6 months after diag-
nosis, registrars also collected data on comorbidity for
all patients diagnosed since 1993 directly from the med-
ical records, using letters of referral from and discharge
to general practitoners (GPs) and other consultants, the
medical history and preoperative reports. The study popu-
lation consisted of 1710 male and 1645 female patients.
Tumour site and morphology had been classi®ed

according to the International Classi®cation of Diseases
for Oncology (ICD-O); tumours of the descending
colon were combined with those of the sigmoid colon,
and tumours of the rectum with those of the recto-
sigmoid area [4]. Only adenocarcinoma was included in
this study. Prognostically relevant concomitant condi-
tions were recorded according to a slightly adapted ver-

sion of the Charlson index [11] (Table 1). This index was
developed in a series of 607 patients consecutively
admitted to a medical service at a single medical centre
and includes prognostic conditions based on relative 1-
year all-cause mortality. It has been validated several
times. During 1996 and 1997, the completeness and
accuracy of extraction of comorbidity from the medical
records by the registry personnel was checked by evalu-
ating the medical records of a series of consecutive
patients with lung (n=125), endometrial (n=200) and
prostate cancer (n=150). Recording of comorbidity was
correct for approximately 80% of patients with lung or
prostate cancer and 90% of those with endometrial
cancer [12±14]. Under-registration by registry personnel
was found mainly for cardiac and other vascular dis-
eases (20%), because isolated terms such as CABG
(coronary artery bypass grafting), bypass and PTCA
(percutaneous transluminal coronary angioplasty) had
sometimes been disregarded. Since this was only cor-
rected in the recording process of patients diagnosed
since January 1997 we increased the prevalence of heart
and vascular diseases recorded in the period 1993±1996
by approximately 20% of the originally recorded pre-
valence. Information on comorbidity was missing in
10% of (mainly younger) patients, most likely signifying
the absence of comorbidity.
Tumour stage was determined according to Dukes'

classi®cation; patients with cancer of unknown stage
who did not undergo surgery were included in Dukes'
stage D. Incidence rates per 100 000 person-years, the
male/female incidence ratio and stage-distribution have
been calculated, according to subsite and age (Table 2).
The prevalence of comorbidity was analysed (for males
and females) according to age (<70 and 5 70 years of
age), subsite of colorectal cancer, and Dukes' stage. The
association between comorbidity and resection rate and
short-term survival was analysed, according to age and
Dukes' stage.

Table 1.

Classi®cation of comorbidity, according to an adapted version of

Charlson and colleagues [11]

Chronic Obstructive Pulmonary Disease (COPD) (medically treated)
Cardiovascular diseases:

Myocardial infarction, cardiac decompensation, angina pectoris
Peripheral arterial disease, intermittent claudication, abdominal
aneurysm

Cerebrovascular diseases (cerebrovascular accident, hemiplegia)
Other malignancies (except basal cell skin carcinoma)
Hypertension (medically treated)a

Diabetes mellitus (medically treated)
Other:
Connective tissue diseases:

Besnier Boeck disease, Wegener's disease, SLE (systemic lupus
erythematosus)

Rheumatoid arthritis (only severe)a

Kidney diseases (chronic glomerulonephritis, chronic pyelonephritis)
Bowel diseases (Crohn's disease, ulcerative colitis)a

Liver diseases (cirrhosis, hepatitis)

Dementia
Chronic infections

a Added to the list of Charlson and colleagues [11].

Table 2.

Incidence rates, sex ratios and stage distribution of colorectal cancer, according to age and subsite (1993±1995)

Subsite Incidencea per

105 person-years

Age

(years)

Male/female

ratio

n Dukes' stage distribution (%) Unknown

Male Female A B C D

Ascending 11.8 10.5 <70 1.1 276 1.4 44 22 25 8

570 1.2 404 2.5 46 21 16 15

Transversum 6.9 5.9 <70 0.9 178 1.7 37 21 33 8

570 1.4 230 2.2 44 17 23 15

Descending+sigmoid 18.4 14.5 <70 1.2 486 11 37 21 18 13

570 1.5 442 11 38 20 17 13

Rectosigmoid+rectum 26.4 14.9 <70 1.6 700 8.9 35 21 15 20

570 2.1 526 7.2 39 14 13 26

Totalb 65.2 47.5 <70 1.2 1702 7.3 37 20 19 16

570 1.5 1653 6.4 41 18 17 19

a Adjustment to European Standard Population.
b Includes data of unknown/overlapping site for 47 male and 36 female patients.
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3. Results

Incidence rates, according to subsite of all patients
diagnosed during 1993±1995 show that the most fre-
quent subsite was the rectum and the rectosigmoid
junction (Table 2). The male/female incidence ratio
increased with age at any subsite and from proximal to
distal. The stage distribution improved from proximal
to distal, being most favourable in the sigmoid, and this
was also the case for the elderly (5 70 years of ages).
Cardiovascular diseases, previously diagnosed cancers

(both in the large bowel and elsewhere) and hyperten-
sion were the most common associated chronic diseases
in both age groups and chronic obstructive pulmonary
disease (COPD) and diabetes to a lesser extent (Fig. 1).
Females had more hypertension than males. Below 70
years of age 51% of males and 59% of females did not
su�er from any serious comorbid condition, whereas
this was true for only 26% and 34%, respectively, in the
group over 70 years of age. Among the previously
diagnosed cancers the most common tumours among
men were those of the urinary tract (20%), colon and
rectum (18%), lung (18%) and prostate (15%). Among
women the most common previously diagnosed
tumours were those of the breast (39%), colon and rec-
tum (18%) and female genital system (13%).
Overall a signi®cant (P=0.006) decrease in prevalence

of comorbidity from proximal to distal cancer occurred

(from 52% for the ascending colon to 44% for the rec-
tum), especially in the younger male group (from 48%
for the ascending colon to 31% for the rectum). The
prevalence of cardiovascular diseases among males <70
years of age declined from proximal to distal colon
cancer from 20 to 11%, the prevalence of previous

Fig. 1. Prevalence of comorbidity in colorectal cancer patients.

COPD, chronic obstructive pulmonary disease.

Table 3

Prevalence (%) of comorbidity, according to subsite

% Ascending % Transverse % Descending+sigmoid % Rectum+rectosigmoid

Age (years) <70 570 <70 570 <70 570 <70 570

Male (n=1652)

Comorbiditya (n=141) (n=167) (n=86) (n=110) (n=249) (n=208) (n=421) (n=270)

None 44 27 47 26 44 27 59 26

Previous cancers 16 22 8.1 32 10 25 7.6 19

Cardiovascular 20 34 20 24 16 25 11 24

Hypertension 11 12 8.1 10 14 16 9.5 9.3

COPD 8.5 17 8.1 11 7.2 14 4.5 18

Diabetes 9.2 10 4.7 6.4 3.6 8.7 3.8 10

Cerebrovascular 2.1 8.4 5.8 2.7 2.0 7.2 1.7 6.7

Other 5.0 9.6 0 16 3.6 6.7 5.2 10

Unknown 8.5 4.2 15 9.1 14 7.2 10 7.8

Female (n=1590)

Comorbiditya (n=135) (n=237) (n=92) (n=120) (n=237) (n=234) (n=279) (n=256)

None 55 38 59 26 59 36 61 32

Previous cancers 8.9 20 11 22 5.5 16 11 13

Cardiovascular 9.7 16 1.3 16 5.5 16 3.8 19

Hypertension 10 17 11 23 13 18 9.7 27

COPD 3.0 3.4 0 7.5 3.8 10 5.0 11

Diabetes 4.4 13 7.6 14 4.2 15 3.2 13

Cerebrovascular 3.0 4.6 0 5.0 0.8 4.3 1.1 5.9

Other 5.9 6.3 5.4 11 1.7 8.5 3.2 7.8

Unknown 9.6 11 7.6 12 12 9.8 8.6 8.2

a Some patients reported more than one co-morbid condition.

COPD, Chronic obstructive pulmonary disease.
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cancers from 16 to 7.6% and the prevalence of diabetes
from 9.2 to 3.8% (Table 3).
In patients with a Dukes' A stage tumour the pre-

valence of comorbidity (especially previously diagnosed
cancer and cardiovascular disease) was slightly higher
for men younger than 70 years and for women over 70
years of age (Table 4).
After adjustment for age and Dukes' stage, comor-

bidity did not a�ect the resection rate, being over 95%
for patients with Dukes' A to C tumours, 64% for
patients younger than 70 years with Dukes' D tumour
and 47% for patients over 70 years with Dukes' D
tumour. Table 5 shows that serious concomitant dis-
eases negatively a�ected short-term survival in patients
with Dukes' A to C tumours, especially in patients over
70 years of age. It had less in¯uence on survival for
patients with Dukes' D tumours.

4. Discussion

We studied the prevalence of prognostically relevant
comorbidity in unselected colorectal cancer patients, for
males and females in two age groups, according to ana-
tomic subsite, and Dukes' stage, and the in¯uence of
comorbidity on resection rate and short-term survival.
Approximately 35% of patients below 70 years of age

and 61% of patients over 70 years of age had serious
comorbidity, these proportions being higher for males
than for females. The most frequent concomitant dis-
eases were cardiovascular diseases, previous cancers
(diagnosed less than 10 years ago) and hypertension.
The under-reporting of comorbidity in the cancer reg-
istry was limited, due to preoperative screening and
the experience of the medical record abstractors. None
the less, the recording process exhibited a learning curve.
Despite obvious biases with respect to detection we

compared our population-based prevalence rates with
those obtained in Dutch general practice. Our pre-
valence rates were approximately the same as the 4-year
prevalence rates of visits in general practices [15], except
for previously detected (and in part possibly cured)
cancer, of which the prevalence in our study of colo-
rectal cancer patients was 50% higher. In contrast with
other studies [16] the prevalence of diabetes mellitus did
not seem much higher than in the general population.
Except for women aged 70 years or older, there was a

clear decrease in the number and types of associated
chronic illnesses (particularly for cardiovascular dis-
eases and diabetes) from the proximal to the distal large
bowel, and this was more striking in males than in
females. Considering the subsite- and gender-speci®c
incidence rates (Table 2), showing higher incidence for
males at more distal locations, and the rising trends in

Table 4

Prevalence (%) of comorbidity in patients with colorectal cancer, according to Dukes' stage and age

Age (years) % Dukes' A % Dukes' B % Dukes' C % Dukes' D

<70 570 <70 570 <70 570 <70 570

Male (n=1492)

No. of diseases (n=65) (n=56) (n=352) (n=314) (n=180) (n=130) (n=205) (n=190)

None 40 25 51 32 55 22 51 24

51 51 66 37 62 32 70 37 68

Unknown 9 9 12 6 13 8 12 8

Female (n=1435)

No. of diseases (n=60) (n=50) (n=272) (n=356) (n=164) (n=160) (n=164) (n=209)

None 57 34 60 33 62 40 54 28

51 32 64 30 59 31 48 31 59

Unknown 12 2 9 8 7 11 15 13

Table 5

Four-month mortality of newly diagnosed patients with colorectal cancer, according to age, number of concomitant diseases and Dukes' stage

n Age <70 years P value n Age 570 years P value

Number of concomitant diseases (%) Number of concomitant diseases (%)

0 51 0 51

Dukes'
A 111 0 4 101 0 4
B 553 2 4 0.08 625 7 12 0.03
C 309 1 6 0.04 262 6 16 0.03
D or unknown 529 12 17 0.14 524 22 30 0.05
All 1502 5 9 0.004 1512 11 19 0.001
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sigmoid cancer in males [17] we would have expected the
reverse. The subsite-speci®c occurrence of cardiovas-
cular diseases, albeit relevant for the testing of lifestyle
related hypotheses on the risk of colon and rectum
cancer, was not reported in other studies [18±20]. If the
presence of certain comorbid conditions like diabetes
and vascular diseases implies common risk factors and/
or pathophysiological pathways (for example dietary
habits and microvascular disease), our ®ndings suggest
di�erent factors to be involved in the development of
cancer at di�erent subsites [21, 22]. Our study showed a
slightly higher prevalence of comorbidity in earlier
stages of colorectal cancer. This has also been observed
in patients with breast cancer [9]. The higher prevalence
of comorbidity in Dukes' A patients can probably be
explained by a detection bias: regular monitoring of
people with a serious concomitant condition can accel-
erate the diagnosis of colorectal cancer [10].
In spite of the high mean age, the resection rate

exceeded 95% in patients with Dukes' A to C cancer
and ranged between 47 and 64% in those with Dukes' D
cancer. The resection rate for this group of patients in
The Netherlands was relatively high within Europe [23].
Because resection is often crucial to prevent bowel
obstruction and anaemia due to chronic blood loss,
comorbidity does not seem to be a ®rm contra-
indication. Although not in¯uencing the resection rate,
comorbidity negatively in¯uenced short-term survival,
especially in patients over 70 years of age. The negative
e�ect of comorbidity, especially high impact heart pro-
blems, COPD, renal failure and thyroid/glandular disease,
on the survival of colon cancer patients was also found
in an American study with National Institute of Aging
(NIA), National Cancer Institute (NCI) and Surveil-
lance Epidemiology and End Results (SEER) data [24].
To conclude, our ®ndings show a high prevalence of

prognostically relevant comorbid conditions, especially in
elderly males. Medical care for these patients must be rea-
sonably complex and tailor-made. The di�ering prevalence
rates according to gender and subsite illustrate variation
in the aetiology of colorectal cancer, with a marked
in¯uence of cardiovascular risk factors for cancers in
the ascending colon. Short-term survival of colorectal
cancer is worse in the presence of comorbid conditions
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