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Abstract

Background and Aims: We aimed to evaluate trends in Ontario, Canada, 2002 to 2016, in uptake of 
colorectal evaluative procedures, colorectal cancer (CRC) incidence and incidence-based mortality in 
the colorectal screening-age population.
Methods: We defined the screening age-eligible population as persons 51 to 74  years of age with 
≥1 year eligibility for the Ontario Health Insurance Plan, excluding those with a diagnosis of CRC in the 
Ontario Cancer Registry (OCR) prior to age 50 or January 1, 2002. We computed annual up-to-date 
status with colorectal evaluative procedures from billing claims, and CRC incidence from the OCR. In 
order to compute incidence-based CRC mortality, we included persons with a first diagnosis of CRC 
between the ages of 51 and 74, diagnosed between January 1, 1992 and December 31, 2001, still alive 
and <75 years of age on January 1, 2002, based on cause of death from the OCR. Overall, age-stratified 
and sex-stratified trends were evaluated by Cochran–Armitage trend tests.
Results: Persons up to date with colorectal evaluative procedures increased from 628,214/2,782,061 
(22.6%) in 2002 to 2,584,570/4,179,789 (62.2%) in 2016. CRC incidence fell from 129.3/100,000 
in 2002 to 94.54/100,000 in 2016, and incidence-based CRC mortality fell from 40.8/100,000 to 
24.1/100,000. Decreasing trends in overall and stratified incidence and mortality were all significant, 
except among persons 51 to 54 years old.
Conclusions: There was continued increase in persons up-to-date with colorectal evaluative pro-
cedures, and significant decrease in CRC incidence and incidence-based CRC mortality from 2002 
through 2016.
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Background
Statistically significant declines in age-standardized colo-
rectal cancer (CRC) incidence stratified by site and sex have 
been documented in Canada since 1983 for all combinations 
of colorectal subsites and sex, with the exception of right-
sided colon cancer among males, for whom a statistically sig-
nificant annual percent change increase in age-standardized 

incidence occurred between 1983 and 2007. In Ontario, 
overall age-standardized CRC incidence declined on av-
erage 0.8% annually between 1998 and 2007 (0.4% among 
males and 1.0% among females) and age-standardized CRC 
mortality declined on average 1.7% annually between 1997 
and 2006 (1.7% among males and 1.9% among females) 
(Canadian Cancer Statistics 2011) (1).
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Subsequent to a meta-analysis of trials of colorectal screening 
using fecal occult blood testing (FOBT) demonstrating signif-
icant reduction in CRC mortality in 1998 (2), two Canadian 
guidelines recommending biennial FOBT were issued in 
2001(3) and 2002(4). At the time, there was evidence of 
substantial use of colorectal evaluative procedures among 
screening-age persons in Ontario without prior diagnoses 
of bowel diseases (5–7). In 2008, Ontario established 
ColonCancerCheck (CCC, a population-based colorectal 
screening program for persons at average risk for CRC aged 50 
to 74  years recommending biennial FOBT, and screening by 
colonoscopy for those with a first-degree relative affected by 
CRC) (8).

In this paper, we aim to evaluate trends in colorectal evalua-
tive procedures, CRC incidence and incidence-based mortality 
in the screening-age population of Ontario, 2002 to 2016.

METHODS
This work was approved by the Research Ethics Board of 
Sunnybrook Health Sciences Centre, Toronto, Ontario (REB 
396-2017).

Identification of the Cohort of Colorectal 
Screening-Eligible Persons
We identified persons 51 to 74 years of age with ≥1 year eligi-
bility for the Ontario Health Insurance Plan (OHIP) during 
2002 to 2016 based on OHIP’s Registered Persons Database 
(RPDB), excluding those with a diagnosis of CRC in the 
Ontario Cancer Registry (OCR) age <= 50 years or diagnosis 
prior to 2002. Records of FOBT were identified from the OHIP 
billing claims file and CCC’s FOBT database. Flexible sigmoid-
oscopy (FS), CT colonography (CTC, data available since 2011 
only) and colonoscopy were identified from the OHIP physi-
cian billing claims file. The intended indications are unavailable 
in the data. CRC was identified from the OCR. All persons 
were followed until December 31, 2016, their 75th birthday, 
last date of OHIP eligibility, first diagnosis of CRC or date of 
death, whichever came first.

Computation of Up-to-Date Status With Colorectal 
Evaluative Procedures
For each year, 2002 to 2016, we computed the up-to-date status 
of each person with colorectal evaluative procedures. Being 
up-to-date with FOBT was given priority over any other colo-
rectal evaluative procedure performed during the 24  months 
following the date of the FOBT. If a person had a record of 
FOBT ≤24 months prior to the end of the year, but no record of 
colonoscopy within the prior 10 years or any record of CTC or 
FS within the prior 5 years, the person was classified as up-to-
date with FOBT. If not up-to-date with FOBT, but with a record 

of FS ≤60 months prior to the end of the year, with no colonos-
copy within the prior 10 years or CTC within the prior 5 years, 
the person was classified as up-to-date with FS. If not up-to-date 
with either FOBT or FS but with a record of CTC ≤60 months 
prior to the end of the year, with no colonoscopy within the 
prior 10 years, the person was classified as up-to-date with CTC. 
If not up-to-date with FOBT, FS or CTC but with a record of 
colonoscopy ≤10 years prior to the end of the year, the person 
was classified as up-to-date with colonoscopy. Otherwise, the 
person was classified as not up-to-date with any colorectal eval-
uative procedure. For each calendar year, the percent up-to-date 
(overall and stratified by age and by testing modality as above), 
and the percent not up-to-date with any test, was computed and 
plotted. We also computed the percent up-to-date with FOBT 
among a subpopulation of those who were not up-to-date with 
colonoscopy.

Computation of CRC Incidence Among 
Screening-Eligible Persons
We extracted the date of the first diagnosis of CRC and the diag-
nosis code (International Classification of Diseases, version 10 
(ICD10): C18 [colon], C19 [rectosigmoid] or C20 [rectum]). 
For each year, the rate of CRC per screening-eligible 100,000 per-
sons was computed, with 95% confidence intervals (CIs), overall, 
and stratified by age, sex, and by ICD10 code C18 (colon) versus 
ICD10 codes C19 plus C20 (rectosigmoid plus rectum). We 
computed Cochran–Armitage trend tests on incidence from 2002 
to 2016, overall, stratified by sex and stratified by age groups.

Computation of Incidence-Based CRC Mortality
To compute incidence-based CRC mortality (9,10) among 
persons aged 51 to 74 during 2002 to 2016, we identified the 
underlying population at risk for CRC death in the screening 
age-eligible age range by including persons diagnosed with 
CRC in the colorectal screening age range prior to January 
1, 2002, still alive on that date, and still in the age range 51 
to 74  years, followed until December 31, 2016, their 75th 
birthday, last date of OHIP eligibility or date of death, which-
ever came first. Cause of death was identified from the OCR. 
For each year, incidence-based CRC mortality was computed 
with 95% CIs, overall, stratified by age and sex. We computed 
Cochran–Armitage trend tests on incidence-based mortality 
from 2002 to 2016, overall, stratified by age and stratified by 
sex. All analyses were performed using SAS version 9.3.

RESULTS
The Colorectal Screening-Eligible Persons, 2002 
to 2016
Colorectal screening-eligible permanent residents of Ontario 
increased from 2,782,061 (51.3% female) in 2002 to 4,179,789 
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(51.2% female) in 2016. Over 90% had been eligible for OHIP 
≥10 years on the date of initial inclusion in the study popula-
tion. Table  1 describes the characteristics of the screening-
eligible population for several years surrounding 2008, the year 
of CCC implementation, as well as the first and final years of the 
observation period.

Trends in Being Up-to-Date With Colorectal 
Evaluative Procedures in Ontario Among 
Screening-Eligible Persons
Between 2002 and 2007, screening-eligible persons up-to-date 
with any procedure increased from 628,214/2,782,061 (22.6%) 
to 1,351,982/3,197,332(42.4%). In 2008 (the year in which 
CCC was introduced), 1,614,445/3,281,028 (48.4%) screening 
eligibles were up-to-date, increasing to 2,584,570/4,179,789 
(62.2%) in 2016. The absolute increase in the percent of colo-
rectal screening eligibles up-to-date with any colorectal evalu-
ative procedure from 2007 (the year prior to the introduction 
of CCC) to 2016 was 19.8% (from 1,351,982/3,197,332 to 
2,584,570/4,179,789 persons).

Prior to the introduction of CCC, screening eligibles up-to-
date with FOBT testing increased from 205,122/2,782,061 
(7.4%) in 2002 to 537,957/3,197,332 (16.9%) in 2007. Although 
674,601/3,281,028 (20.7%) were up-to-date with FOBT in 
the year CCC was introduced, by 2016 this was true for only 
777,909/4,179,789 (18.7%). If a person had an FOBT followed 
by colonoscopy, the person was counted as up-to-date with FOBT 
for 24 months following the date of the FOBT, and then up-to-date 
with colonoscopy for 8 years (10 years minus the 24 months fol-
lowing the FOBT). Among the subpopulation of those not up-to-
date with colonoscopy, those up-to-date with FOBT increased 
from 205,122/2,387,894 (8.6%) in 2002 to 674,601/2,354,839 
(28.7%) in 2008 to 777,909/2,382,903 (32.7%) in 2016. 
By contrast, those up-to-date with colonoscopy increased 
from 394,167/2,782,061 (14.2%) to 798,459/3,197,332 
(25.1%) in 2007 and from 926,189/3,281,028 (28.4%) to 
1,796,886/4,179,789 (43.2%) after the introduction of CCC.

By 2016, 65% of females (1,378,541/2,131,064) and 60% of 
males (1,206,030/2,024,739) were up-to-date with colorectal eval-
uative procedures. By age group, 52% (576,725/1,107,504) of 51- 
to 54-year olds, 61% (614,174/1,000,534) 55- to 59-year olds, 66% 
(547,952/830,278) of 60- to 64-year olds, 70% (498,027/713,147) 
of 65- to 69-year olds and 69% (347,694/504,340) of 70- to 74-year 
olds were up-to-date. Annual tabulation of the percent up-to-date 
with colorectal evaluative procedures overall and stratified by pro-
cedure type is presented in Table 2.

Trends in CRC Incidence in Ontario Among 
Screening-Eligible Persons
Overall incidence decreased from 3,597 cases/2,782,061 
(129.3 per 100,000, 95% CI 125.1, 133.6) in 2002, to 3,929 

cases/4,155,803 (94.5 per 100,000, 95% CI 91.6, 97.6) in 
2016 (two-sided Cochran–Armitage test for trend P < 0.0001). 
Among screening age-eligible males, CRC declined from 
2,120 cases/1,355,492 or 156.4 per 100,000 (95% CI 149.9, 
163.2) to 2,222 cases/2,038,708 or 114.9 per 100,000 (95% 
CI 110.3, 119.6) (two-sided Cochran–Armitage test for trend 
P  <  0.0001), and among females, CRC declined from 1,477 
cases/1,426,569 or 103.5 per 100,000 (95% CI 98.4, 109.0) to 
1,600 cases/2,141,081 or 75.3 per 100,000 (95% CI 71.7, 79.0) 
(two-sided Cochran–Armitage test for trend P < 0.0001). In all 
age strata excepting age 51 to 54, there was a significant decline 
in incidence. Among those aged 51 to 54 years, overall incidence 
was 369 cases/810,730 or 45.5 per 100,000 (95% CI 41.1, 50.4) 
in 2002 and 517 cases/1,108,258 or 45.0 per 100,000 (95% CI 
41.2, 49.1) in 2016, with a peak at 474 cases/939,021 or 50.5 
per 100,000 (95% CI 46.2, 55.3) in 2008. Among the 5-year age 
strata between age 55 and 74 years, the decrease from 2002 to 
2016 was steadily more profound: from 569 cases/637,926 or 
89.2 per 100,000 (95% CI 82.2, 96.8) to 650 cases/1,003,582 
or 68.1 per 100,000 (95% CI 63.1, 73.4) (P < 0.0001) among 
those aged 55 to 59  years, and from 1,032 cases/392,776 or 
262.7 per 100,000 (95% CI 247.2, 279.3) to 897 cases/511,966 
or 172.9 per 100,000 (95% CI 161.8, 184.8) (P  <  0.0001) 
among those aged 70 to 74 years (Table 3).

The incidence of colon cancer (ICD10 C18) declined signif-
icantly overall from 2,317 cases/2,782,061 or 83.3 per 100,000 
(95% CI 80.0, 86.7) in 2002 to 2,554 cases/4,179,789 or 64.0 
per 100,000 (95% CI 61.6, 66.5) (P < 0.0001) in 2016 among 
the screening age-eligible population. Among males, colon 
cancer declined from 1,276/1,355,492 or 94.1 per 100,000 
(95% CI 89.1, 99.4) to 1,430/2,038,708 or 73.9 (95% CI 70.3, 
77.8) (P < 0.0001), and among females, from 1,041/1,426,569 
or 73.0 per 100,000 (95% CI 68.7, 77.5) to 1,124/2,141,081 or 
54.6 per 100,000 (95% CI 51.5, 57.8) (P < 0.0001). Significant 
declines in colon cancer incidence were observed in the 5-year 
age strata between age 55 and 74 (all P < 0.0001).

The incidence of rectosigmoid plus rectal cancer (ICD10 
C19  + C20) declined from 1,317 cases/2,782,061 or 
47.3 per 100,000 (95% CI 44.9, 50.0) in 2002 to 1,350 
cases/4,179,789 or 33.8 per 100,000 (95% CI 20.9, 24.9) in 
2016 (P < 0.0001), and also significantly by sex. Among males 
rectosigmoid plus rectal cancer incidence declined from 867 
cases/1,355,492 or 64.0 per 100,000 (95% CI 59.8, 68.4) 
to 844 cases/2,038,708 or 45.4 per 100,000 (95% CI 42.6, 
48.4) among males (P  <  0.0001); among females the cor-
responding decrease was from 451 cases/1,426,569 or 31.6 
per 100,000 (95% CI 28.8, 34.7) to 506 cases/2,141,081 or 
22.8 per 100,000 (95% CI 20.9, 24.9) (P < 0.0001). Among 
other age groups other than persons 51 to 54 years old, the 
incidence of rectosigmoid plus rectal cancer declined signifi-
cantly (P = 0.004 to P < 0.0001).
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Trends in Incidence-Based CRC Mortality in Ontario 
in the Colorectal Screening-Age Group
Incidence-based CRC mortality declined from 1,141 CRC 
deaths/2,796,871 at risk for CRC death between ages 51 and 74 
(40.8 per 100,000, 95% CI 38.5, 43.2) in 2002, to 1,009 CRC 
deaths/4,181,545 at risk (24.1 per 100,000, 95% CI 22.7, 25.7) 
in 2016 (P < 0.0001) (Table 4). Among males, incidence-based 
CRC mortality declined from 713 CRC deaths/1,364,099 
at risk or 52.3 per 100,000 (95% CI 48.6, 56.2), to 601 CRC 
deaths/2,080,244 at risk, or 29.5 per 100,000 (95% CI 27.2, 
31.9) (P  <  0.0001), whereas among females, the decline was 
from 428 CRC deaths/1,432,772 at risk, or 29.9 per 100,000 
(95% CI 27.2, 32.8) to 408 CRC deaths/2,186,116 at risk, or 
19.0 per 100,000 (95% CI 17.3, 21.0) (P < 0.0001). Excepting 
the age stratum 51 to 54  years, decreases in incidence-based 
CRC mortality in all other age strata were statistically significant 
by Cochran–Armitage tests for trend (P < 0.0001) (Table 4).

Discussion
Following the introduction of CCC in 2008, the percent of 
screening eligibles up-to-date with colonoscopy continued to 
increase, whereas those up-to-date with FOBT did not increase. 
Among those not up-to-date with colonoscopy, there was a 
modest increase in the percent up-to-date with FOBT from 
674,601/2,354,839 (28.7%) in 2008 to 777,909/2,382,903 
(32.7%) in 2016.

Several factors underlie the lack of increase in the percent 
up-to-date with FOBT. Although there is high-quality evidence 
that mailing FOBT kits to screening eligibles increases partic-
ipation in screening (11), this was not a component of CCC. 
In addition, primary care practitioners in Ontario believe that 
FOBT is inferior to colonoscopy as a screening test, and there-
fore often do not recommend it to their patients (12). In 2016, 
the percent up-to-date with colorectal evaluative procedures 
8 years after the introduction of CCC was similar to the level 
of self-reported colorectal screening status in the 2015 United 
States National Health Interview Survey, which found that 
recent colorectal screening was reported by 63.4% of age-
eligible females (compared to 65% observed to be up-to-date 
in Ontario) and 61.9% of age-eligible males (compared to 60% 
observed to be up-to-date in Ontario) (13). While increases in 
colorectal screening participation in North America are encour-
aging, further improvements in the prevention and early detec-
tion of CRC are required.

An international collaborative group of cancer screening 
researchers has examined barriers to effective screening, es-
pecially factors within screening programs as well as external 
health system factors, using the Barriers to Effective Screening 
Tool (BEST) (14,15). BEST was applied among cancer 
screening organizations, screening researchers and health 

policymakers, as well as by systematic literature review (16). 
Many of the barriers are outside the direct control of cancer 
screening programs, for example, incomplete and/or inaccu-
rate lists of eligibles and their addresses (15), difficulties in 
access to screening (17), insufficient coordination (14,15,17) 
and expenditures on opportunistic screening (14,16). Some 
expenditures on opportunistic screening may add little to the ef-
fectiveness of colorectal screening in Ontario; however, if those 
resources were to be reallocated to programmatic screening, 
the levels of participation and effectiveness of screening might 
be enhanced. We have previously shown that 33.7% of patients 
in the colorectal screening-eligible age range who underwent a 
complete negative outpatient colonoscopy, without prior, new 
or subsequent diagnoses of CRC or inflammatory bowel dis-
ease, went on to have a repeat colonoscopy between 0.5 and 
5.5 years later (18). During that follow-up window, only 0.5% 
received a new diagnosis of CRC or inflammatory bowel dis-
ease, or underwent bowel resection for any reason in the in-
terval (18).

We have found statistically significant decreases in CRC in-
cidence between 2002 and 2016, overall, and stratified by 
anatomic site, sex and age, continuing previously observed 
downward secular trends in CRC incidence in Canada (1983 to 
2007) (1) and the United States (19,20). These decreases began 
earlier than widespread screening and colonoscopy utilization, 
and so should not be ascribed entirely to the impact of wide-
spread colorectal screening on CRC prevention. Nevertheless, 
as in the United States (19), much of the decline in CRC inci-
dence in Ontario is likely due to the increasing prevalence of co-
lonoscopy for screening and other indications. We did not find 
a decrease in CRC incidence among 51- to 54-year-old persons. 
The incidence of rectosigmoid plus rectal carcinoma among 
this age group was higher in 2016 than in 2002. Colonoscopic 
polypectomy performed during the first few years of screening 
age-eligibility would not be expected to decrease incidence of 
CRC among those aged 51 to 54.

We have found statistically significant decreases in 
incidence-based CRC mortality 2002 to 2016, similar to 
long-term declines in CRC mortality documented in the 
Canada (1), United States (21) and Europe (22), which 
occurred in advance of large increases in the uptake of co-
lorectal evaluative procedures and screening and in ad-
vance of the introduction of organized colorectal screening 
programs. The effectiveness of colonoscopic polypectomy in 
preventing CRC likely results in decreased CRC mortality 
more than a decade after the procedure (2,3). The decline 
in CRC incidence associated with the increasing prevalence 
of colonoscopic polypectomy provided in Ontario since 
the decade of the 1990s (7) is the most likely explanation 
for much of the decline in incidence-based CRC mortality 
across the entire time period of observation to 2016 (23). It 
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is possible that some of the decline in incidence-based CRC 
mortality could be attributable the prior secular trends in 
CRC incidence and mortality (1), and also to better access 
to appropriate surgery and chemotherapy for CRC, both 
of which have been given a high priority by Cancer Care 
Ontario.

The strengths of this study include the availability of 
all records of all colorectal evaluative procedures, CRC 
diagnoses and deaths from CRC, which are of good quality 
(24,25). The entire geographically defined target popula-
tion itself is a major strength, whose number increased from 
2,782,061 to 4,179,789 persons between 2002 and 2016, in-
cluding marginalized subpopulations and those who experi-
ence barriers to care. Over 90% of screening-eligible persons 
had residence in Ontario for >10 years, so the possibility of 
misclassification of any person’s history of colorectal eval-
uative procedures or CRC is low. Limitations include the 
absence of information on the indication for colorectal 
evaluative procedures throughout the study period, and the 
inability to examine trends in FOBT positivity before and 
after the introduction of CCC. It is unknown if the fecal 
immunochemical test would have been associated with a 
higher percentage of persons up-to-date with stool testing. 
We emphasize that the decreases in incidence and incidence-
based mortality are confined to the typical screening age-
eligible population, that we did not observe decreases in the 
51- to 54-year-old age group, and that our findings must not 
be extrapolated to those younger or older than the typical 
screening age-eligible population.

Conclusion
The percent of screening age-eligible permanent residents of 
Ontario up-to-date with colonoscopy continued to increase an-
nually during 2002 to 2016, following the previously observed 
increased utilization in 1992 to 2001, which was likely the 
most significant factor in the decline of CRC incidence and 
incidence-based mortality in Ontario from 2002 to 2016, and 
likely more important than other factors such as long-term 
gradual declines in incidence and mortality, or the impact on 
mortality of improved treatment.
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