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ABSTRACT

Background Colorectal cancer (CRC) is a disease of the older population. The current demographic
ageing leads to more elderly patients and is expected to further increase the number of patients
with CRC. The objective of the present paper is to outline incidence, mortality and prevalence from
1980 to 2012 and survival data from 1968 to 2012 in Danish CRC patients focusing on the impact of
ageing.

Material and methods Data were derived from the NORDCAN database with comparable data on
cancer incidence, mortality, prevalence and relative survival in the Nordic countries, where the
Danish data are delivered from the Danish Cancer Registry and the Danish Cause of Death Registry
with follow-up for death or emigration until the end of 2013. This study focuses on the elderly
population categorized in six age groups.

Results The incidence of CRC has increased over the past three decades. Incidence rate has
increased in patients with colon cancer, but showed a decreasing trend in the oldest patients with
rectal and anal cancer. Mortality has diminished in younger patients with colon cancer, but
increased with increasing age. However, mortality did not increase proportionally to incidence. In
rectal and anal cancer mortality has decreased, except among the oldest patients. This correlates to
a decreasing incidence rate. Prevalence is widely increasing mainly because of increased incidence
and longer survival, which is reflected in the increasing one- and five-year age-specific relative
survival after a diagnosis of colon, rectal and anal cancer.

Conclusion The incidence of CRC is increasing, especially in older citizens, and mortality increases
with older age. There is limited knowledge on how to optimize treatment in older CRC patients and
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future focus must be how to select and tailor the treatment for older CRC patients.

Colorectal cancer (CRC) constitutes nearly 13% of all malig-
nancies in both males and females and with 447 000 new cases
in Europe; CRC is the second most frequent cancer [1]. The
development of CRC is multifactorial, combining genetic
susceptibility with environmental and dietary factors. Increased
BMI, red meat intake, cigarette smoking, low physical activity,
low vegetable consumption, and low fruit consumption are all
associated with increased risk of CRC [2]. Over the past two
decades the survival of patients with CRC has increased
constantly, not only due to a more aggressive attitude to
treatment and better surgical techniques, but also due to an
increased use of effective chemotherapy in the adjuvant and the
metastatic situation. The median overall survival (mOS) for fit
patients with metastatic CRC (mCRC) included in clinical trials
has increased from six months to more than 24 months [3].
CRC is a disease of the older age. There is limited knowledge
about the treatment in older cancer patients, as they are
under-represented in clinical trials [4]. The mOS of patients
included in clinical trials is longer than for patients who were
not included in trials, even though they were offered similar
systemic therapy [5]. Older patients included in clinical trials are

selected on basis of appropriate performance status and
sufficient organ functions and these patients are therefore not
representative of the majority of older patients who are treated
in every day practice.

The present paper evaluates CRC in Denmark up to 2012
focusing on trends in incidence, mortality and prevalence
among older patients.

Material and methods

Cancer of the colon was defined as ICD-10 code C18.9, rectal
cancer as C20.9 and anal cancer as C21.0. A more detailed
description of the materials and methods appear elsewhere [6].
In brief, data were derived from the NORDCAN database with
comparable data on cancer incidence, mortality, prevalence
and relative survival in the Nordic countries, where the Danish
data are delivered from the Danish Cancer Registry and the
Danish Cause of Death Registry with follow-up for death or
emigration until the end of 2013. This study focuses on the
elderly population with age categorized as 0-69, 70-79, 80-89
and 90 + years.
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Table IA. Average annual number of new cases of colon cancer in Denmark.
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For incidence and mortality, age group specific numbers
and rates per 100 000 person years are shown in tables and
graphs with calendar periods for time of diagnosis 1978-1982,
1988-1992, 1998-2002, 2003-2007, 2010, 2011 and 2012.
Prevalence is defined as the number of cancer patients
(including cured patients as well) with that specific diagnosis
still alive and is shown in tables by the end of 1980, 1990, 2000,
2005, 2010, 2011 and 2012.

Sex- and age-specific one- and five-year relative survival
proportion ratios were calculated for each of the diagnostic
groups for the age groups 0-69, 70-79, 80-89 and 90 + years
and for the five-year periods of diagnosis 1968-1972,
1973-1977, ..., 2003-2007 and 2008-2012.

Relative survival for a group of cancer patients is calculated as
the observed survival (where all causes of death are considered
events) divided by the expected survival for a group from the
Danish population with the same age and year of birth
composition. Actuarial method is used for observed survival
and Ederer Il method for expected survival [7]. Relative survival
can be interpreted as the survival if the cancer was the only
cause of death. For the most recent period, 2008-2012, not all
patients can be followed up for death in five years and we used
hybrid methods where we supplement with survival experience
from cancer patients diagnosed earlier years. Survival was not
calculated for cancer groups with less than five patients
[indicated by (-) in tables and blank in the graphs]. If all patients
die in the follow-up period resulting in zero survival this is
indicated as 0 (-) and if calculation for a cell results in a relative
survival higher than 100% the result is shown in tables, but
restricted to 100% in graphs.

Results
Incidence

The incidence of colon cancer has increased by 62.7% from 1770
annual new cases in 1980 to 2880 new cases in 2012 (Table IA).
The increase was highest for males with almost a doubling from
766 to 1386 cases, but the disease is still more frequent in
women with a total 1494 of new cases in females in 2012.
Between 1980 and 2012, the proportion of patients diagnosed
with colon cancer after the age of 70 years remained stable at
about 56% in men and 60% in women. Figure 1A and B show
that the incidence rates are considerably higher in men and
women aged more than 70 years compared with those aged less
than 70 years. The rates have increased constantly over
the period and the fluctuations seen for persons aged
90 years or more are likely to be due to a small number of
patients (Table IA).

The incidence of cancer of the rectum and anus has
increased by 28% from on average 1282 annual new cases in
1980 to 1642 in 2012 (Table IB). The proportion of patients
diagnosed after the age of 70 years has decreased with time
from about 54% in 1980 to 48% in 2012. While the incidence
rates of cancer of the rectum and anus are still much higher in
persons aged 70 years or more than in younger persons
(Figure 2A and B), there seem to be a trend of decreasing rates
with time among the elderly.
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Figure 1. Incidence rates of colon cancer in Denmark, 1980-2012, by age group. A. Males, B. Females.

Mortality

The average annual number of deaths from colon cancer
increased by 9% from 1228 in 1980 to 1337 in 2012 (Table IIA)
and 67-72% of these deaths occurred in patients aged 70 years
or more. In patients older than 70 years the mortality has
increased 14.5%. For females the mortality has decreased in all
age groups among 0-84 vyears, but increased among
85-90 + years. The mortality of males has increased in all age
groups except for 70-74 years.

The rectal and anal cancer mortality has decreased from 755
average annual numbers of deaths in 1980 to 561 in 2012, a
decrease of 25.7% (Table 1IB). This decrease is almost equally
distributed among the two genders with 25.4% in males and
26.7% in females. Among females the decrease is larger in
patients younger than 70 years, whereas the decrease is
comparable in males younger and older than 70 years. In
patients aged 90 + the mortality has increased in both genders.

The mortality rates of colon, rectal and anal cancer have
decreased in all age groups and both genders (Figures 3 and 4).
In colon cancer there is an overall decrease of 16.7% with the
largest decrease seen in females in all age groups except for
age group 70-74 years.

In rectal and anal cancer the decrease fluctuates throughout
all age groups, but is almost equal among genders with 45.8%
in males and 43.5% in females (Figure 4A and B).

Survival

The one-year age-specific relative survival after a diagnosis of
colon, rectal and anal cancer has increased in both genders and
all age groups from 1968 to 2012 (Figures 5 and 6). In colon
cancer it has increased mostly in males, with an average of 29%
versus 24.5% in females. The increase is highest in both males
and females aged 80-89.

In rectal and anal cancer the increase is similar in males
(28%) and females (27.8%) with the highest increase in age
group 90 +years in both genders.

The five-year age-specific relative survival after colon,
rectal and anal cancer has also increased for both genders
and in all age groups except for 90 + years female patients with

colon cancer (Figures 5 and 6). In colon cancer the increase is
higher in males (26%) than females (15%). In rectal and anal
cancer the increase is higher in females (28.5%) than males
(14.8%).

In the most recent period 2008-2012 both one- and five-
year age-specific relative survival after colon, rectal and anal
cancer is decreasing with increased age.

Prevalence

Prevalence of colon cancer has more than doubled from 7242
annual number of persons alive in Denmark by 31 December in
1980 to 18 400 persons in 2012 (Table IlIA). Today, 64% of men
and 70% of women surviving colon cancer are over the age of
70 years and 4-9% are 90 years or older. Rectal and anal cancer
prevalence has increased by 117% from 5565 persons alive in
Denmark in 1980 to 12 071 persons in 2012 (Table lIB) of
whom 58% were older than 70 years.

Discussion

The incidence of CRC has increased over the past decades, in
both patients younger and older than 70 years. Incidence rate
has increased in patients with colon cancer, but in patients
with rectal and anal cancer a decreasing trend is found in the
oldest age group. Sporadically screening 10-20 years ago may
have eliminated pre-malignity resulting in a decreasing
incidence rate among the oldest.

Mortality has diminished in younger patients with colon
cancer, but has increased in patients>70 years and increased
with increasing age. However, mortality has increased to a
lesser extent than incidence. In rectal and anal cancer mortality
has also decreased, except among the oldest patients. This
correlates to a decreasing incidence rate. The one- and five-
year age-specific relative survival after a diagnosis of colon,
rectal or anal cancer has increased for both genders and in all
age groups, but the survival is decreasing with increased age.

Data from the oldest age groups are influenced by large
fluctuations in both genders probably due to the small amount
of patients, which should be taken into account when
analyzing the data. Furthermore, the analyzed data describes
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Table IB. Average annual number of new cases of cancer of the rectum and anus in Denmark.
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one large group regardless of stage. Thus, it is not possible to
draw detailed conclusions about incidence, mortality and
survival in the each stage, but only in CRC as a whole, focusing
on gender and age.

Data on rectal and anal cancer is merged in the present
material. Only adenocarcinoma will be discussed in the
following.

Prolonged survival in patients with mCRC from 1980 to 2008
has been shown in a recent population-based study founded
on the Nordic Cancer Registries [8]. It showed both improved
median- and long-term survival in the general population of
patients with synchronous mCRC, however, most pronounced
in patients younger than 60 years. These findings of increased
incidence and survival may be due to an earlier diagnosis and
improved surgery, pre- and postoperative oncological treat-
ment and regularly checkups. Earlier diagnosis may involve
stage migration which occurs when more intensive staging at
initial cancer diagnosis may lead to a falsely increased survival
as patients with occult metastatic disease are diagnosed
earlier. For instance, clinically benign tumors of the rectum are
now subjected to transanal ultrasound at advanced local en-
block resection methods, which may lead to a higher number
of early diagnosed rectal cancers.

The surgical techniques in the treatment of CRC have
improved. In 1996, total mesorectal excision (TME) was
implemented in Denmark as standard treatment in patients
with rectal cancer, leading to an improved outcome primarily
due to reduced local recurrence rate [9]. Additionally self-
expanding stents for treatment of cancer-related acute colo-
rectal obstructions have been introduced, giving the opportu-
nity to convert acute surgery into planned procedures, which is
associated with prolonged survival [10]. Furthermore, laparo-
scopic surgery is gaining ground and is found to reduce
traumas significant and improve and accelerate the rehabilita-
tion of patients after surgery. In addition, perioperative care
has also improved and the access to better anesthesiology and
intensive care has changed attitude of surgeons to be more
aggressive especially in the older. Additionally, the hospital
admissions are shortened, readmissions are fewer and the
30-day mortality after elective surgery has been reduced
significantly in Denmark from 7.3% in 2001-2002 to 2.8% in
2011 [11].

The evolution of chemotherapy and targeted therapy has
also lead to increased survival. The backbone of medical
treatment of mCRC is still 5-flourourcacil (FU), but in 2000
irinotecan and oxaliplatin were introduced in the standard
therapy leading to increased efficacy with mOS approaching 24
months in selected patients included in clinical trials [12]. Five
years later, targeted agents with the anti-EGFR antibodies,
cetuximab and panitumumab, and the anti-angiogenic agent
bevacizumab were launched with further improvement in mOS
[12,13].

Furthermore, increased use of chemotherapy may account
for the increase in survival. The use of palliative chemotherapy
has increased from approximately 20% to more than 60% from
1989 to 2006 in patients with mCRC aged <75 years old [14,15].
In the same period the use increased from 2% to 40% and from
2% to 25% in patients>75 years diagnosed with metastatic
colon and rectal cancer respectively [14,15].
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Figure 2. Incidence rates of cancer of the rectum and anus for male and female in Denmark, 1980-2012, by age group. A. Males, B. Females.

Finally, establishment of multidisciplinary teams, with
participation of surgeons, pathologists, oncologists and radio-
logist which evaluate all patients with CRC has contributed to a
better outcome [16].

Prevalence is widely increased both because of the
increased incidence and the better survival, which is reflected
in the increasing one- and five-year age-specific relative
survival. More patients will thus survive or live longer with a
diagnosis of CRC, but with potentially late toxicities after multi-
modality therapy [17]. This raises an increased need of
knowledge on late toxicities after surgery, radiotherapy and
chemotherapy and for rehabilitation, which in Denmark is part
of the recommendations in the third Danish Cancer Control
plan from 2010 aiming to offer all patients focused
rehabilitation.

Older patients with CRC

In most developed countries life expectancy has increased
almost linear [18] leading to a growing older population. This
may explain the increasing incidence among older people
shown in the present data.

Mortality among patients with colon cancer aged 0-74 years
has decreased, whereas the mortality in patients >74 years has
risen and continues to increase with advanced age.

Adjuvant combination chemotherapy with 5-FU and oxali-
platin after radical resection of colon cancer increases cure rate.
Nevertheless, older patients are less likely to receive adjuvant
chemotherapy. In a study from the Netherlands it was
demonstrated that 79% of patients with colon cancer<75
years received chemotherapy in an adjuvant setting compared
to only 19% of patients>75 years [15]. However, efficacy of
adjuvant chemotherapy in older patients is though disputed,
as a recent study has shown that patients >70 years seemed to
have a reduced benefit from oxaliplatin-based combination
chemotherapy, but still retain efficiency when treated with oral
fluoropyrimidines as monotherapy [19].

The standard chemotherapy for younger fit mCRC patients
includes doublet or triplet chemotherapy with or without
targeted therapy [20] resulting in an increase of survival.
Among older patients this increase in survival has been

delayed, properly due to a gradually and delayed introduction
in older patients [8]. Older fit patients included in clinical trials
were found to tolerate combination chemotherapy and have
the same benefit as younger patients [21]. Targeted agents are
used in the older population [12] and it has been shown, that
there was no significant difference in relative risk (RR) and
safety profile between patients older or younger than 65 years
for patients treated with cetuximab and irinotecan [22].
Additionally, a randomized study, AVEX [23], in older fit
patients showed that addition of bevacizumab improved the
efficacy of single agent capecitabine.

Nevertheless, a recent large community-based study [24],
demonstrated that older patients (>65 years) were less likely to
receive first-line doublet chemotherapy and also less likely to
receive irinotecan, oxaliplatin, and bevacizumab during the
entire course of the disease. In this unselected group of
patients, older patients had a shorter mOS (19.1 months vs.
24.5 months) and more toxicity-related hospitalizations (21%
vs. 11%) than younger patients. Furthermore, a Scandinavian
population-based study showed that 86% of younger patients
(<66 years) with mCRC received palliative chemotherapy, while
it was only the case in 40% of patients older than >75 years [5].
In Sorbye et al.'s study, the mOS was only 10.7 months, even
though the mOS in the subgroup of patients treated with
combination chemotherapy in clinical trials was 21.3 months.
The short mOS was primarily due to a very short survival in
patients above 75 years of age and in patients not given any
chemotherapy [5].

It is also likely that the older patients will benefit more from
the development in local resections of rectal cancers because
mortality related to major surgery in the older patients is high.

Older cancer patients are under-represented in clinical trials
[4]. In clinical trials of patients with mCRC during the period
2001-2005 the median age was only 62 years, while the median
age at diagnosis according to cancer registers was 71-74 years
[8]. Furthermore, older patients included in clinical trials are
selected on basis of appropriate performance status and
sufficient organ functions by means of strict exclusion criteria
in the clinical trials. These patients are thus not representative of
the majority of older patients who are treated in clinics every day
and there is therefore limited knowledge on how to treat the
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Figure 3. Mortality rates of colon cancer in Denmark, 1980-2012, by age group. A. Males, B. Females.
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Figure 4. Mortality rates of cancer of the rectum and anus in Denmark, 1980-2012, by age group. A. Males, B. Females.
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Figure 5. Age-specific relative survival after colon cancer in Denmark.
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Trend for 1 and 5 years relative survival: Rectum and anus
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Figure 6. Age-specific relative survival after cancer of the rectum and anus in Denmark.

older CRC patients. The discrepancy between the results from
subgroup analyzes in randomized clinical trials and community-
based studies is probably due to a higher proportion of patients
with co-morbidities and poorer performance status in the
unselected community-based study than in the randomized
clinical trials.

Ageing causes a range of challenges due to age-related loss
of function in several important organs (liver, kidney, lung,
heart, bone marrow), more comorbidity, polypharmacy as well
as mental and social support. These circumstances are
individual from one older patient to another. Side effects will
cause a different pattern than known from younger patients
when treated with chemotherapy and targeted therapy. Thus
older patients represent a complex heterogeneous group of
patients who challenges the principles of optimal oncological
and surgical procedures and the decision making ahead of
surgery and the prescription of systemic therapy.

As patients with CRC often develop metastatic disease,
management of mCRC in older patients is relevant. The benefit
of the treatment given in a palliative setting must be compared

to risk of adverse events due to toxicity and decreased quality
of life [25]. Thus focus is currently on how to individualize
treatment strategies to older cancer patients, both through
more clinical studies including frail older patients and finding
the best marker/method to select older patients for che-
motherapy and to predict efficacy and toxicity [25].

Conclusion

The incidence of CRC has increased during the past 30 years,
but mortality has decreased primarily in patients younger than
70 years. In patients older than 70 years the mortality has
increased, but not equally to incidence. In both younger and
older patients the relative survival has increased and thus
prevalence has widely increased, leading to new challenges, i.e.
rehabilitation and late toxicities.

The overall increase in survival is multifactorial and reflects
earlier diagnosis, improved surgical techniques, pre- and
postoperative oncological treatment and regularly checkups.
The current demographic ageing leads to a rising amount of
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older patients. There is limited knowledge on how to treat
unselected older CRC patients and future studies must
explore how to select and tailor the treatment for older CRC
patients.
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