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ABSTRACT

Background and aim: Mortality rates for colorectal cancer have decreased since the mid 1990s. This article provides an
up-to-date report on the trends in incidence and survival of colorectal cancer in Canada. In this study we investigate the long-term
trends in the incidence and relative survival ratio of colorectal cancer in Canada over the period of 1992-2008.
Patients and methods: Patients with primary colorectal cancer were selected from the Canadian Cancer Registry (CCR) dataset.
Patients younger than 18 years of age were excluded. A flexible parametric model was used to estimate two- and five-year relative
survival ratios and excess mortality rate.
Results: In total 159,360 patients with invasive colorectal cancer were identified of which 84,856 (53.2%) were male, 96,495
(60.6%) were diagnosed with colon cancer, and 62,865 (39.4%) with the cancer of rectum. Mean age at diagnosis was 68.2 years
(SD = 12.1) for men and 70.9 years (SD = 13.0) for women. The incidence of colorectal cancer remained almost the same for
men and women in this period. Except for patients with 70 years and older, two- and five-year relative survival ratios slightly
improved over time for both sexes.
Conclusion: The incidence rate of colorectal cancer remained unchanged and the two- and five-year relative survival ratios
steadily increased for men and women over the study period. Although we used data up to 2008, screening programs in Canada
have been implemented since 2010, therefore, incidence rates may change thereafter and advancements in treatment could further
improve the survival of colorectal cancer patients.

Key Words: Relative survival, Cancer incidence, Colorectal cancer

1. INTRODUCTION
Colorectal cancer is recognized as the third most common
cancer worldwide, and the fourth cause of global cancer
deaths.[1, 2] Each year more than 1.2 million new cases are di-
agnosed,[2] along with over 600,000 new deaths[1] worldwide.

Its incidence is associated with a “Western lifestyle”.[3] In
Europe, colorectal cancer is the most common cancer and the
second cause of cancer death.[4] In Canada it is the third most
common cancer, and the second and third leading cause of
death among male and female cancer patients, respectively.[5]
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The incidence of colorectal cancer declined dramatically be-
tween the mid-1980s to mid-1990s, only to increase through
to 2000.[5] The Canadian Cancer Society (CCS) estimated
24,000 Canadians were diagnosed with colorectal cancer in
the year 2014, representing 13% of new cancer diagnoses.[5]

Based on CCS guidelines, adults over the age of 50 and with
an average risk of developing colorectal cancer are recom-
mend a fecal occult blood test (FOBT) every 2 years.[5] As
of the year 2010, screening programs for colorectal cancer
have been implemented across all Canadian provinces, in
accordance with these CCS recommendations.[6]

Mortality rates for colorectal cancer have decreased since
the mid-1990s. The American Cancer Society suggests that
this decline is partly attributable to early finding and removal
of polyps.[7] Colonoscopy rates have increased in Canada
over the last 20 years[8] and it would be important to assess
whether this is associated with any reduction in the incidence
of invasive colorectal cancer, which might suggest that polyp
removal could decrease the rate of invasive colorectal cancer.
Also, an improvement in colorectal cancer survival may be
partly attributable to early diagnosis.

In this article we examine the long-term trends in incidence
and relative survival of patients diagnosed with invasive col-
orectal cancer in Canada between 1992 and 2008. We exam-
ine the trends in relative survival ratio and its associations
with demographic variables such as age of diagnosis, sex,
primary site of malignancy, and year of diagnosis.

2. METHODS

2.1 Data source
We used the colorectal cancer data from the Canadian Can-
cer Registry (CCR) database. The CCR is a database that
includes all Canadian residents from all provinces and terri-
tories who have been diagnosed with cancer since 1992. The
CCR is a collaboration among all Canadian provincial and
territorial cancer registries (PTCRs) and the Health Statistics
Division of Statistics Canada, where the data are maintained.
The CCR records the type and number of primary cancers
diagnosed for each person in Canada. The patient data is
regularly linked to mortality data to optimize the accuracy
of date, cause, and place of death in the CCR and to iden-
tify potential primary cancers not currently registered in the
CCR. For each patient, the CCR records the individual and
the tumour characteristics.[9] Stage and size of tumour were
regularly collected from 2004.

We used the International Statistical Classification of Dis-
eases and Related Health Problems, Tenth Revision (ICD-10)
to identify patients with primary invasive colorectal cancer
in the CCR dataset. The ICD-10 codes include C18.x (ma-

lignant neoplasm of colon), C19.x (malignant neoplasm of
rectosigmoid junction), and C20.x (malignant neoplasm of
rectum). We also used the International Classification of
Diseases for Oncology (ICD-O-2 or ICD-O-3) to exclude
all patients with in situ and non-invasive tumours from the
analysis. In addition, patients were excluded if the diagnosis
was based solely on autopsy or death certificate. The anal-
ysis includes patients who were 18 years of age and older
at diagnosis and age at diagnosis was classified as < 50, 50-
59, 60-69, 70-79, and 80 and over. Data from the province
of Quebec were excluded because CCR could not confirm
death information. We obtained permission from the Social
Sciences and Humanities Research Council of Canada for
analysis and publication.

2.2 Statistical analysis

Using the CCR dataset and the size of the Canadian pop-
ulation for each sex, age group, and year of diagnosis, we
calculated the age-adjusted incidence rate of invasive col-
orectal cancer for the period of 1992-2008. The population
of Canada for each age group in 2005 were used as the stan-
dard population. We also estimated incidence rate per age
group over this period and used a simple linear regression to
estimate the best linear fit between incidence rate and year
of diagnosis for each age group (see Figure 2).

We estimated the relative survival ratio, which is believed
to be the standard and preferred index or survival for cancer
registry datasets.[10–12] It is defined as the ratio of observed
survival rate between cancer patients and the expected sur-
vival rate in the general population. It is interpreted as the
net survival probability in the absence of other causes where
the cancer is the only cause of death.[13–15] We estimated
relative survival ratio (or simply relative survival) for pa-
tients diagnosed with colorectal cancer from 1992 to 2007
with follow-up until the end of 2008. A flexible parametric
model[16, 17] was used to estimate relative survival based on
patients’ sex, age group, and year of diagnosis.

In order to estimate the relative survival ratio, the Canadian
population mortality rate was incorporated into the model.
Canadian population size and mortality rate was retrieved
from the Human Mortality Database.[18] We also retrieved
population size for the province of Quebec from the Statistics
Canada website (www.statcan.gc.ca) in order to adjust the
Canadian population after exclusion of Quebec data.

To estimate the relative survival ratio we fitted a model by
incorporating age group, sex, cancer site (colon or rectum),
year of diagnosis, and the interaction term between each
two variables into a multivariable model using a forward
approach. We used a likelihood ratio test to compare be-
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tween different models. Then, the two- and five-year relative
survival ratio were estimated based on the final model for
each age group, sex, cancer site, and year of diagnosis. The
excess mortality rate[19] was also estimated to illustrate the
additional mortality in colorectal cancer patients compared
to the Canadian general population.

All descriptive measures were calculated by Stata/SE 12.1
program (Stata Corporation, College Station, TX). The flexi-
ble parametric model was also fitted using stpm2 code written
for Stata program by Lambert and Royston.[16]

Table 1. Distribution of age at diagnosis and tumour site in
colorectal cancer based on sex

 

 

 
Male Female Total 

Number (%)      Number (%)      Number (%)      

Age group    
< 50 years 6,199 (7.3)        5,406 (7.3)       11,605 (7.3)       
50 – 59 years 13,067 (15.4)      9,068 (12.2)       22,135 (13.9)      
60 – 69 years 23,131 (27.3)      15,549 (20.9)      38,680 (24.3)  
70 – 79 years 27,510 (32.4)      23,433 (31.5)      50,943 (32.0)      
≥ 80 years 14,949 (17.6)  21,048 (28.3)  35,997 (22.6)  
Tumour site    
Colon 46,402 (54.7)      50,093 (67.2)      96,495 (60.6)      
Rectum 38,454 (45.3)     24,411 (32.8)      62,865 (39.4)      
Total 84,856  74,504  159,360 

 

3. RESULTS
Overall, 159,360 patients with invasive colorectal cancer
were identified from the CCR dataset. Of these patients,
53.2% (n = 84,856) were male and the mean age at diagnosis

was 69.5 (SD = 12.6) years. Mean age at diagnosis for male
and female patients was 68.2 (SD = 12.1) years and 70.9 (SD
= 13.0) years, respectively. Also, 96,495 (60.6%) patients
were diagnosed with colon cancer and 62,865 (39.4%) with
cancer of the rectum (including cancer of the rectosigmoid
junction). The difference between men and women with
regards to type of colorectal cancer was a statistically sig-
nificant: while 51.9% of colon cancer patients were female,
only 38.8% of rectal cancer patients were female. Table 1
presents frequency of each age group and cancer site based
on sex. Approximately 54.6% of patients were older than 70
years at the time of diagnosis.

Figure 1. Age adjusted incidence rate of colorectal cancer
in Canada

Figure 2. Trends in the incidence rate of colorectal cancer based on sex and age group in Canada
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3.1 Incidence of colorectal cancer

Figure 1 shows the trends in age adjusted incidence rate (per
100,000) in the patients over the period of 1992- 2008. Fig-
ure 2 presents the trends in incidence rate for each age group
for the same period. Based on these graphs, the incidence
rate for the oldest age group (80+) decreased over time (P

< .001) and remained unchanged for individuals aged 50-79
years old. However, the incidence rate slightly increased,
although statistically significant, for the youngest age group
(≤ 50 years old). This increase was observed in both men
and women over the period of 1992-2008 (P < .001).

Figure 3. Two-year relative survival ratio for colorectal cancer based on sex, age group, and year of diagnosis

Figure 4. Five-year relative survival ratio for colorectal cancer based on sex, age group, and year of diagnosis
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3.2 Trends on relative survival and excess mortality rate

The final model from fitting a flexible parametric model in-
cluded sex, age group, site of tumour, year of diagnosis, the
interaction between age group and site, and the interaction
term between age group and year of diagnosis. Also based
on the log-likelihood ratio test, sex, age group, and site of
tumour were included as time dependent variables in the
model. We presented the results as the trends in two- and
five-year relative survival ratios based on age group, sex,
tumour site, and year of diagnosis in Figures 3 and 4. Two-
and five-year relative survivals slightly increased over time

for patients younger than 70 years for both tumor sites and
for both males and females. However, it remained almost
constant for all patients with 70 years and older (P < .001).

The trends in excess mortality rate because of invasive colon
and rectal cancers are shown in Figure 5. For both cancers,
the highest excess mortality rate is observed just after diag-
nosis, then decreased over time. However, excess mortality
rate is higher in men and for colon cancer patients. This rate
remains substantially larger in older patients, up to two years
after diagnosis for colon cancer, and three years for rectal
cancer patients.

Figure 5. Five-year trends in excess mortality rate due to colorectal cancer based on sex and age group

4. DISCUSSION
The main findings of this study are: 1) overall incidence
rates for colorectal cancer remained unchanged from 1992
to 2008, although a slight increase was noted in the youngest
age group; 2) incidence and mortality rates were lower in
females; 3) the site distribution of cancer varied between
men and women, with rectal cancer being more common in
men while colon cancer was more common in women; 4)
2- and 5-year relative survival ratios increased for patients
younger than 70 years old between 1992-2007, an effect that
was more pronounced in younger patients; and 5) excess
mortality rate was highest shortly after diagnosis and higher
in men and for colon cancer patients.

The incidence rates of colorectal cancer are 65 and 54 per
100,000 for male and female patients, respectively. However,
it is noteworthy that the direction of the trend in incidence

varies between age groups. Although incidence slightly in-
creased in the youngest age group, it decreased for the oldest
age group. These findings are in contrast to an earlier Cana-
dian study, which reported an overall decreasing trend in
the incidence of colorectal cancer.[20] It is important to note
that the aforementioned study focused on a different time
span (1981-2001), which may account for the observed dif-
ferences. Similarly, a study from the Netherlands reported an
increasing incidence of colorectal cancer for both men and
women.[21] This increased incidence was in agreement with
other European data, and the authors suggest that changes
in risk factors such as diet and lifestyle may account for the
rising incidence.[21]

The lower incidence rate of colorectal cancer and the relative
survival benefit in women has been replicated across numer-
ous other studies.[20–22] Another Canadian study by Gao et
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al.[20] reported that both incidence and mortality rates for
colorectal cancer were considerably higher in men. However,
this trend was not replicated in older age groups, in which
women outnumber men.[20] Similar trends have also been ob-
served in studies from Germany and the Netherlands.[21, 22] It
has been suggested that the decreased risk of colorectal can-
cer in women is attributable to female sex hormones.[22] Both
endogenous and exogenous hormones (including oral contra-
ceptives and hormone replacement therapy) confer protective
effects against colorectal cancer.[22] In addition, hormone
replacement therapy may extend survival in colorectal cancer
patients.[22] It is hypothesized that these effects are due to the
immune-modulating effects of sex hormones. In particular,
testosterone has inhibitory effects on the immune system,
while female sex hormones stimulate immunity.[23]

The site distribution of colorectal cancer between female
and male patients was also a finding of interest. The present
analysis found more cases of rectal cancer among men, while
colon cancer was more prevalent among women. These find-
ings are consistent with the current literature.[20, 22] It has
been suggested that these differences in CRC site should be
considered in the implementation of screening programs, as
sigmoidoscopy may be more appropriate than colonoscopy
in certain populations.[24]

In terms of survival, we found that for patients diagnosed
between 1992 and 2007, the 2- and 5-year relative survival
slightly increased for patients younger than 70 years old, and
the increase was more pronounced in younger patients. The
trend of increasing relative survival for colon cancer has been
documented in numerous other studies from Canada, U.S.,
and Europe.[21, 25–27] An earlier Canadian study reported an
increase in survival rates between 1979-1991, attributing
such improvement to earlier diagnosis and better manage-
ment.[27] This study supports these findings and this may
relate to earlier diagnosis as more colonoscopies are being
conducted in Canada, which may preclude the occurrence
of invasive colorectal cancer. Presumably, this increase in
relative survival has become even more pronounced since
the introduction of screening programs across the country in
2010.

Figure 5 depicts the trends in excess mortality over time. The
magnitude of the excess mortality rate highly depends on the
age of patients and time from diagnosis. Also, its maximum
is at the time of diagnosis and sharply decreases thereafter
for the older age groups (≥ 70 years). This suggests that
older colorectal cancer patients die shortly after diagnosis.
This higher excess mortality rate for the older age groups is
paralleled with a lower relative survival for these age groups.
This phenomenon can be due to age, co-morbidities, or under-

treatment for these age groups.[25, 28] Based on a systematic
review, Bouchardy et al.[29] identified numerous factors po-
tentially resulting in under-treatment. These factors include
physicians’ preferences[30, 31] of less aggressive therapy for
older patients[29] and suboptimal management of the adverse
effects of chemotherapy, pain management, palliative care,
and reconstructive surgery.[29] Finally, excess mortality rate
was found to be higher for colon cancer and male patients. A
European study also found excess mortality to be higher in
colon cancer and older patients, up to three months after the
initial diagnosis.[32]

In this work we used a high quality population-based dataset
for analysis that was collected over the period of 1992-2008
and reported trends in incidence, two- and five-year relative
survival, which provides more insight to the incidence and
survival of patients with colorectal cancer. Also, the use
of a flexible parametric model for analysis allowed for a
more powerful approach compared to the other techniques in
resembling the actual patterns in mortality and survival.[15, 33]

As a limitation, we did not use the tumour stage in this anal-
ysis because the dataset did not include such information.
This, however, merits a thorough examination in itself and
can be the focus of a future article. Another limitation is
that we did not have access to CCR dataset beyond the year
2008. The CCR has not yet released its publicly available
dataset beyond this point; therefore, this analysis provides
the most up-to-date report on the incidence and survival of
colorectal cancer in Canada. Finally, treatment strategies
were not accounted for in this analysis. It is possible that
the improved in survival in younger patients could be due
to more aggressive treatment; however, we are unable to
confirm such a hypothesis. Furthermore, stage of cancer at
diagnosis was not included, and it would be important to
investigate the impact of different treatment modalities based
on stage of disease.

In conclusion, this study found that the overall Canadian
incidence in colorectal cancer remained unchanged between
the years 1992-2008. Female patients appeared to have both
a lower incidence and a longer survival advantage. Further-
more, excess mortality rate was highest shortly after diag-
nosis and 2- and 5-year relative survival ratios showed an
upward trend over time. Although this study captured data
between 1992 and 2008, screening programs in Canada have
been implemented in all provinces as of the year 2010 and the
Canadian Partnership Against Cancer reported a variability
in screening rates across the country, ranging from 28.3% in
Quebec to 59.2% in Manitoba.[34] Therefore, incidence and
survival rates may considerably change after 2010 and ad-
vancements in treatment will hopefully improve the survival
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of colorectal cancer patients in Canada.
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