Articles

Duration of risk reduction in colorectal cancer incidence and
mortality after a complete colonoscopy in Ontario, Canada:

a population-based cohort study
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Summary

Background Colorectal cancer guidelines recommend screening colonoscopy every 10 years after a negative procedure.
If risk reduction extends past 10 years, the recommended interval could be extended, reducing the burden on the
individual and health-care system. We aimed to estimate the duration that patients remain at reduced risk of colorectal
cancer incidence and mortality after a complete colonoscopy.

Methods We did a population-based cohort study of individuals aged 50-65 years between Jan 1, 1994, to Dec 31, 2017.
We excluded individuals with previous exposure to colonoscopy or colorectal surgery, those previously diagnosed with
colorectal cancer, or a history of hereditary or other bowel disorders. We followed up participants until Dec 31, 2018,
and identified all colonoscopies performed in this time period. We used a 9-level time-varying measure of exposure,
capturing time since last complete colonoscopy (no complete colonoscopy, <5 years, >5-10 years, >10-15 years, and
>15 years) and whether an intervention was performed (biopsy or polypectomy). A Cox proportional hazards
regression model adjusting for age, sex, comorbidity, residential income quintile, and immigration status was used to
estimate the association between exposure to a complete colonoscopy and colorectal cancer incidence and mortality.

Findings 5298033 individuals (2609060 [49-2%)] female and 2688973 [50-8%)] male; no data on ethnicity were
available) were included in the cohort, with a median follow-up of 12-56 years (IQR 6-26-20-13).
90532 (1-7%) individuals were diagnosed with colorectal cancer and 44088 (0-8%) died from colorectal cancer.
Compared with those who did not have a colonoscopy, the risk of colorectal cancer in those who had a complete
negative colonoscopy was reduced at all timepoints, including when the procedure occurred more than 15 years
earlier (hazard ratio [HR] 0-62 [95% CI 0-51-0-77] for female individuals and 0-57 [0-46-0-70] for male individuals.
A similar finding was observed for colorectal cancer mortality, with lower risk at all timepoints, including when
the procedure occurred more than 15 years earlier (HR 0-64 [95% CI 0-49-0-83] for female participants and
0-65 [0-50-0-83] for male participants). Those who had a colonoscopy with intervention had a significantly lower
colorectal cancer incidence than those who did not undergo colonoscopy if the procedure occurred within 10 years for
females (HR 0-70 [95% CI 0-63-0-77]) and up to 15 years for males (0-62 [(0-53-0-72]).

Interpretation Compared with those who do not receive colonoscopy, individuals who have a negative colonoscopy
result remain at lower risk for colorectal cancer incidence and mortality more than 15 years after the procedure. The
current recommendation of repeat screening at 10 years in these individuals should be reassessed.
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Introduction

Average-risk screening for colorectal cancer with
colonoscopy is common'™ and recommended by a
number of screening guidelines.®" After a negative
procedure (ie, with no findings of colorectal neoplasia),
it is recommended by screening guidelines that a
follow-up screening occurs after 10 years,"™ although
this recommendation is based on scarce evidence and
modelling studies.®™ Some previously published
literature suggest that this re-screening interval might
be potentially extended beyond 10 years.”* For example,
a recent study of 120298 individuals who received
repeated screening colonoscopy 10 years after a negative

colonoscopy reported a reduced prevalence of advanced
colorectal neoplasia compared with those who received
an initial screening procedure, suggesting that longer
intervals might be warranted.”

In a 2019 systematic review and meta-analysis
examining longer term outcomes for individuals with
negative colonoscopy, only three studies included
intervals of more than 10 years.” The authors concluded
more evidence, including higher quality studies, were
needed for durations of longer than 10 years to further
inform recommended intervals for repeat screening.”

Developing a better understanding of the duration of
the reduction in risk of colorectal cancer incidence and
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Research in context

Evidence before this study

Colorectal cancer guidelines recommend screening colonoscopy
every 10 years after a negative procedure. We searched Ovid
MEDLINE without date or language restrictions for articles
exploring the association between receipt of colonoscopy and
colorectal cancer incidence and related mortality, using terms
such as “colonoscopy”, “colorectal neoplasms”, “colon cancer”,
and “early detection of cancer”. Some studies suggest that
individuals who had a negative colonoscopy are at a lower risk of
colorectal cancer for a duration that potentially extends beyond
the 10-year recommended rescreening interval. However, more
evidence is needed for durations of longer than 10 years,
including from higher quality studies to refine or further inform
recommended intervals for repeat screening.

Added value of this study

In this population-based cohort study based in Ontario, Canada,
the risk of colorectal cancer in those who had a complete and
negative colonoscopy was reduced at all timepoints, including

mortality associated with a complete colonoscopy is
important—if the duration of risk reduction extends past
10 years for patients with a negative colonoscopy, then
the recommended interval for repeat screening colon-
oscopy could be extended, reducing the burden on
individuals and the health-care system. Colonoscopy
could, therefore, have an important role for risk
stratification of individuals. We aimed to estimate the
duration that patients remain at reduced risk of colorectal
cancer incidence and mortality after a complete
colonoscopy.

Methods

Study design and setting

In this population-based retrospective cohort study done
in Ontario, Canada, we used linked health administrative
databases held at ICES (formerly known as the Institute
for Clinical Evaluative Sciences). ICES is an independent,
non-profit research institute whose legal status under
Ontario’s health information privacy law allows it to
collect and analyse health-care data and demographic
data, without consent, for health-care system evaluation
and improvement. The study was approved by the
Research Ethics Board at the University of Toronto and
reporting of the study is consistent with the RECORD
statement.”

Data sources

The Discharge Abstract Database and the National
Ambulatory Care Reporting System contain information
for all hospital and ambulatory services in Canada,
including day surgeries and colonoscopies, outpatient
clinics, and emergency department visits. The Ontario
Health Insurance Plan (OHIP) physician claims database

if the procedure occurred more than 15 years earlier (HR 0-62
[95% Cl 0-51-0-77] for female individuals and 0-57 [0-46-0-70]
for male individuals) compared with those who did not have a
colonoscopy. A similar result was observed for colorectal cancer-
related mortality. This study included a median follow-up time
of 1256 years (IQR 6-26-20-13) with over 69 million person-
years of follow-up. We had the capacity to track multiple
colonoscopies over time in all settings in the province and used
a novel time-varying exposure that could account for multiple
exposures to colonoscopy, whether or not an intervention was
completed, and time since last colonoscopy.

Implications of all the available evidence

Our results showed that reduction in risk after a complete
negative colonoscopy extends beyond 10 years, providing
evidence that the interval for repeat colonoscopy
recommended by various screening guidelines could be
extended.

contains information on all claims billed by physicians
for reimbursement of services in the province since
July 1, 1991. The Ontario Cancer Registry contains
information on all incident cancers diagnosed and cancer
deaths in the province since January 1, 1964. The Office
of the Registrar General-Deaths database contains vital
mortality statistics from Jan 1, 1990, onwards. The
Registered Persons Database contains demographic
information on individuals who are OHIP beneficiaries
from April 1, 1991, onwards and the Immigration,
Refugee and Citizenship Canada database contains
information on all permanent residents in the country
from Jan 1, 1985, onwards. Race and ethnicity data are
not routinely collected in these health administrative
databases and therefore were not available.

The datasets were linked using unique encoded
identifiers and analysed at ICES. Ontario provides
universal insurance coverage for hospital care and
physician services and therefore these databases are
comprehensive in capturing health care delivered in the
province. If individuals moved out of the province, they
would be ineligible for the provincial health insurance
plan.

Study cohort

We identified all individuals aged 50-65 years who were
eligible for OHIP within the study accrual window
(Jan 1, 1994, to Dec 31, 2017). To approximate an average
risk cohort, we excluded those with any previous exposure
to colonoscopy or colorectal surgery, those who had been
previously diagnosed with colorectal cancer, those ever
diagnosed with inflammatory bowel disease, and those
with a history of hereditary or other bowel disorders
(eg, familial adenomatous polyposis; appendix pp 1-2). We
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also excluded those with any previous exposure to stool-
based testing (faecal immunochemical test or faecal occult
blood test) before or on the study entry date. Individuals
were followed up from study entry (ie, study entry was first
date of eligibility) until death, last date of eligibility, or if
they were not eligible for OHIP for two consecutive
quarters during the follow-up period (Jan 1, 1994, to
Dec 31, 2018), whichever occurred first. Follow-up was also
terminated at the occurrence of a colonoscopy with colon
stent, dilatation of stricture, or excision of obstructive
tumour or stricture at colonoscopy, since these occurrences
are likely to be associated conditions that increase risk of
colorectal cancer. These individuals were censored one day
before this procedure and not counted as having had
colorectal cancer. We also censored individuals if they had
an incomplete colonoscopy (ie, one that did not reach the
caecum or terminal ileum) or a flexible sigmoidoscopy.

Covariates

We obtained demographic characteristics for individuals
in our cohort, including age (50-59 years, 60-69 years,
and =70 years) sex (male or female), immigration status
(immigrant vs long-term resident), socio-economic status
based on the median neighbourhood income quintile
(Q1, lowest to Q5, highest for urban areas, and rural),**”
and comorbidities using the Johns Hopkins ACG System
Aggregated Diagnosis Groups (ADGs).” We used major
ADGs from the two previous years and categorised
individuals as having 0, 1, or 2 or more major ADGs.”
Age, neighbourhood income quintile, and comorbidities
were updated annually in our dataset and thus could
change over time. Confounders were identified a priori
using the research literature and clinical judgements, as
well as data availability.

Exposure

The primary exposure was having had a complete
colonoscopy (procedure reaching the caecum or terminal
ileum). A negative colonoscopy was a procedure where
no intervention was performed (biopsy, polypectomy, or
bleeding on the same day of the procedure indicating an
intervention was performed; appendix p 3).

Since we were interested in the risk of colorectal
cancer incidence and mortality over time in the
population where additional colonoscopy might occur
at varying intervals and given that colonoscopies
requiring intervention at the procedure can inform
risk of disease (and thus rescreening interval), we
developed a 9-level time-varying covariate that captured
the time since most recent complete colonoscopy
(no complete colonoscopy recorded, <5 vyears,
>5-10 years, >10-15 years, and >15 years) and whether
any intervention had occurred during that episode of
care. Multiple colonoscopies occurring within 6 months
were considered one episode of care, with the date of
the first procedure considered the exposure date, and
the exposure was classified according to whether an

intervention was done during any colonoscopy. If a
colonoscopy was done more than 6 months after the
date of exposure, this was considered a new procedure.
For individuals who had stool-based testing completed
during the study period, we excluded any colonoscopies
completed 2 years after their faecal testing because
these procedures might be related to diagnostic follow-
up rather than primary screening.

The exposure was updated once an individual had a
colonoscopy and annually for the entire cohort. In this
way, individuals could contribute multiple person-years
to various categories of exposure over time. For
example, an individual who had a colonoscopy could
contribute up to 5 person-years to the first category of
exposure (most recent colonoscopy <5 years with or
without intervention) and then could contribute
another 5 person-years of observation to the second
category of exposure (most recent colonoscopy within
>5-10 years with or without intervention).

Outcomes

The outcomes were incidence of colorectal cancer as
determined through the Ontario Cancer Registry and
colorectal cancer-related mortality as determined through
the Office of the Registrar General-Deaths (appendix p 4).

Statistical analysis

We wused descriptive statistics to summarise the
distributions of the study cohort and calculated crude
rates for colorectal cancer incidence and mortality. Since
we were interested in risk of colorectal cancer incidence
and mortality over time and because individuals might
have multiple colonoscopies, we used time-to-event
analysis using Cox proportional hazards regression
model, with time-varying covariates updated annually to
estimate the association between exposure to a complete
colonoscopy on the hazard ratios (HRs) and 95% CIs of
colorectal cancer incidence and mortality. The
proportional hazards assumption was assessed and
satisfied by examining Schoenfeld residuals. The origin
and start time for analysis included when individuals
were eligible for study entry based on the inclusion
criteria until the occurrence of the outcome, death, or
until censoring, whichever occurred first. If a colo-
rectal cancer diagnosis occurred within 6 months of a
procedure, the individual was considered to have had the
outcome and the episode of care was therefore not
counted because this diagnosis suggested that the
outcome was likely present before the current episode of
care.® We also present the colorectal cancer incidence
per 1000 person-years for each level of our time-varying
covariate stratified by sex. We conducted several
sensitivity analyses, including not excluding colon-
oscopies completed within 2 years of a stool test and an
analysis with death from other causes as a competing
risk for the outcome of colorectal cancer-related mortality.
Significance was determined at the p=0-05 level with
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two-sided tests and all analyses were sex-stratified.
Observations with any missing data were minimal (<1%)
and were excluded from the analysis because these were
unlikely to skew the results given our large sample size.”

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

6598141 individuals aged 50-65 years in study accrual window (Jan 1, 1994,
to Dec 31, 2017) and Ontario Health Insurance Plan eligible

1300108 excluded
704413 previous exposure to colonoscopy, colorectal
surgery, or diagnosis of colorectal cancer
28595 history of inflammatory bowel disease
13125 history of hereditary or other bowel disorders
associated with increased risk of malignancy at
P any point during the study period
180 colon stent, multiple biopsies, dilatation of
stricture, or excision of obstructive tumour or
stricture through colonoscopy before cohort entry
34 incomplete colonoscopy on the date of entry
553761 previous exposure to faecal immunochemical
test or faecal immunochemical test

v
5298033 included in study cohort

Figure 1: Study profile

Male individuals
(n=2688973)

Female individuals
(n=2609060)

Total (N=5298 033)

Age at cohort entry

Mean (SD), years 5242 (4-32) 5226 (4-17) 5234 (4-24)

Years of follow-up

Median (IQR), years 13-02 (6-51-20-72) 1217 (6-04-19-54) 1256 (6-26-20-13)

Comorbidity (major ADGs)

0ADGs 1679107 (64-4%) 1761271 (65:5%) 3440378 (64-9%)
1ADG 633637 (24-3%) 621861 (23-1%) 1255498 (23-7%)
2+ ADGs 296316 (11-4%) 305841 (11-4%) 602157 (11-4%)
Geographical region

Urban 2277201 (87-3%) 2318239 (86-2%) 4595 440 (86.7%)
Rural 327202 (12-5%) 357293 (133%) 684495 (12:9%)
Missing 4657 (0-2%) 13441 (0-5%) 18098 (0-3%)
Resident status

Long-term resident 2202181 (84-4%) 2276589 (84-7%) 4478770 (84-5%)
Immigrant 406879 (15-6%) 412384 (153%) 819263 (15:5%)

Income quintile

Missing 10926 (0-4%) 20965 (0-8%) 31891 (0-6%)
492201 (18-9%) 517607 (19-2%) 1009 808 (19-1%)
2 510122 (19-6%) 522980 (19-4%) 1033102 (19:5%)
3 516315 (19-8%) 528379 (19-6%) 1044694 (19.7%)
4 523555 (20-1%) 537168 (20-0%) 1060723 (20-0%)
5 555941 (21:3%) 561874 (20-9%) 1117815 (21-1%)

ADG=aggregated diagnosis group.

Table 1: Baseline characteristics stratified by sex at study cohort entry

Results

Between Jan 1, 1994, to Dec 31, 2017, 5298 033 individuals
were included in the study cohort (figure 1).
2609060 (49-2%) were female and 2688973 were male,
and the mean age was 52-34 (SD 4-24) years at entry
into the cohort (table 1). Median follow-up was 12-56
(IQR 6-26-20-13) years. Most of the cohort lived in
urban areas (4595440 [86-7%] individuals) and were
long-term residents of Canada (4478770 [84-5%]
individuals). 1392878 (26-3%) individuals had at least
one complete colonoscopy (range 0-17). For the outcome
of colorectal cancer incidence, we had 58995962 person-
years of follow-up for those with no complete
colonoscopy, 6803021 for those who received a
procedure without intervention, and 3921068 for those
who received a procedure with intervention (table 2).
For the outcome of colorectal cancer-related mortality,
we had 6822549 person-years of follow-up for those
who received a procedure without intervention and
3940933 person-years of follow-up for procedures with
intervention. For those who did not receive a complete
colonoscopy, we had an additional 59469946 person-
years of follow-up.

90532 (1-7%) individuals were diagnosed with
colorectal cancer and the crude incidence rate was
13-0 per 10000 person-years for the overall cohort
(15-5 and 10-6 per 10000 person-years for male and
female individuals, respectively). 44088 individuals died
from colorectal cancer, representing 5-9% of all deaths
during the study period (n=743161) with a crude colorectal
cancer-related mortality rate of 6-3 per 10000 person-
years. Crude mortality rate was 5-1 per 10000 person-
years (18200 deaths and 35435789 person-years of
follow-up) for female individuals and 7-4 per 10000
(25888 deaths and 34797642 person-years of follow-up)
for male individuals. The unadjusted colorectal cancer
incidence per 1000 person-years increased with duration
of time since colonoscopy. For female individuals who had
received a complete and negative colonoscopy, it ranged
from 0-47 (last complete colonoscopy <5 years ago) to 1-59
(last complete colonoscopy >15 years ago), and for female
individuals who had a colonoscopy with intervention it
ranged from 0-87 to 2-04 (appendix p 5). Similar trends
were observed for male individuals for whom colorectal
cancer incidence ranged from 0-53 to 2-18 in those who
had received a complete and negative colonoscopy and
1-05 to 3-31in those with a colonoscopy with intervention.
Colorectal cancer incidence per 1000 person-years in those
who had not received a colonoscopy was 1-11 for female
individuals and 1-66 for male individuals (appendix p 5).
690048 (13%) of individuals were censored for reasons
other than study end or death, if they had a flexible
sigmoidoscopy or incomplete colonoscopy, if they lost
health insurance coverage for two consecutive quarters, or
if they had a colonoscopy associated with colon stent,
dilatation of stricture or excision of obstructive tumour, or
stricture at colonoscopy.
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Those who had received a complete and negative
colonoscopy had a lower HR for colorectal cancer
incidence compared with those who had not had a
procedure at all durations; however, HRs were
closer to 1 with longer intervals (figure 2). For example,
HRs for those who had a procedure within 5 years were
0-35 (95% CI 0-33-0-37) for female individuals and
0-24 (0-23-0-26) for male individuals, which increased
to 0-62 (0-51-0-77) and 0-57 (0-46-0-70), respectively,
for those who had a colonoscopy done more than 15 years
previously.

A similar finding was observed for a colonoscopy with
intervention. Female individuals who had received a
colonoscopy with intervention had a lower risk of
colorectal cancer than those who did not undergo
colonoscopy, although only durations from colonoscopy
within 10 years were statistically significant (HR 0-70
[95% CI 0-63-0-77). Male individuals who had a
colonoscopy with intervention were at a lower risk for
longer durations, with statistically significant effects up
to 15 years after colonoscopy (HR 0-62 [95% CI
0-53-0-72]). Overall, the risk reduction from receiving a
complete colonoscopy was more pronounced in male
individuals. The results for colorectal cancer incidence
remained consistent in the sensitivity analysis when
colonoscopy within 2 years of a stool test were included
(data not shown).

A similar finding was observed for colorectal cancer-
related mortality in individuals who had a complete
negative colonoscopy, with lower HRs at all durations for
both female and male individuals and HRs increased
with longer durations (figure 3). For example, female
individuals who received a complete and negative
colonoscopy more than 15 years earlier had a HR of 0- 64
(95% CI 0-49-0-83) and male individuals had a
HR of 0-65 (0-50-0-83) compared with those who did
not undergo a colonoscopy. A similar finding was
observed for colorectal cancer-related mortality after
colonoscopy with intervention for up to 15 years. Similar
findings were observed in the sensitivity analysis for
colorectal cancer-related mortality when colonoscopy
withing 2 years of a stool test were included (data not
shown). These results remained consistent in the
sensitivity analysis when death from other causes was
treated as a competing risk (appendix p 6).

Discussion

The results of our study show that having a complete
negative colonoscopy was associated with a lower risk of
colorectal cancer incidence and colorectal cancer-related
mortality for more than 15 years compared with those
who did not receive a colonoscopy. The risk reduction
changed over time, diminishing with longer duration
since the procedure; however, the risk of colorectal cancer
incidence and colorectal cancer-related mortality in those
who had a complete negative colonoscopy never returned
to the risk in unexposed individuals. For those who

Person-years of Person-years of
follow-up without follow-up with
intervention intervention
Exposure of interest for colorectal cancer incidence
Last complete colonoscopy <5 years ago 4531311 3030356
Last complete colonoscopy >5-10 years ago 1739819 698217
Last complete colonoscopy >10-15 years ago 434202 156 454
Last complete colonoscopy >15 years ago 97689 36041
No complete colonoscopy 58995962 NA
Total 69720052
Exposure of interest for colorectal cancer-related mortality
Last complete colonoscopy <5 years ago 4535050 3036378
Last complete colonoscopy >5-10 years ago 1747989 706370
Last complete colonoscopy >10-15 years ago 439534 160639
Last complete colonoscopy >15 years ago 99976 37546
No complete colonoscopy 59469946 NA
Total 70233431
NA=not applicable.
Table 2: Total person-years of follow-up for colorectal cancer incidence and colorectal cancer-related
mortality by exposure of interest

received a complete colonoscopy with intervention, the
risk reduction was not as great and was of more limited
duration. For both colorectal cancer incidence and
colorectal cancer-related mortality, our findings show
that male individuals have a greater risk reduction
associated with exposure to a complete colonoscopy than
female individuals. The unadjusted colorectal cancer
incidence per 1000 person-years increased with time
since colonoscopy for both sexes. Paradoxically, the risk
in those without colonoscopy was lower than in those
with colonoscopy for some durations since the procedure.
However, this analysis did not adjust for age. The
colonoscopy group, especially those who had gone more
than 15 years after the procedure, would be substantially
older on average than the group who did not have a
colonoscopy, explaining their higher colorectal cancer
incidence.

Although many studies have evaluated the shorter
term risk reduction in colorectal cancer incidence and
colorectal cancer-related mortality associated with colon-
oscopy, our findings are consistent with the small
number of studies that have evaluated exposure occurring
more than 15 years earlier.”*** Pilonis and colleagues
found that, among their cohort of 165887 individuals,
those with a single negative colonoscopy had reduced
colorectal cancer incidence (standardised incidence
ratio 0-34 [95% CI 0-27-0-41]) and mortality (standard-
ised mortality ratio 0-28 [95% CI 0-20-0-37]) compared
with the general population for 10-1 to 17-4 years
after the procedure. In another study that included
1945 patients with colorectal cancer and 2399 controls,”
the risk of colorectal cancer after complete negative
colonoscopy was lower for over 20 years (odd ratio 0-40
[95% CI 0-24-0-66]). However, Nishihari and colleagues®
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Female individuals Male individuals

HR (95% Cl) p value HR (95% Cl) pvalue
Negative complete colonoscopy
(ref: no complete colonoscopy)
Last complete colonoscopy <5 years ago - 0-35(0:33-0-37)  <0-0001 — 0-24(0-23-0-26)  <0-0001
Last complete colonoscopy >5-10 years ago —— 0-51(0-48-0-55)  <0-0001 —— 0-38(0:35-0-41)  <0-0001
Last complete colonoscopy >10-15 years ago — 0-61(0-54-0-68) <0-0001 — 0-40 (0:35-0-45)  <0-0001
Last complete colonoscopy >15 years ago — 0-62 (0-51-0-77)  <0-0001 —_—— 0-57 (0-46-0-70)  <0-0001
Complete colonoscopy with intervention
(ref: no complete colonoscopy)
Last complete colonoscopy <5 years ago - 0-58 (0-55-0-61)  <0-0001 - 0-45 (0-43-0-47)  <0-0001
Last complete colonoscopy >5-10 years ago —— 070 (0-63-0-77)  <0-0001 —— 0-61(0-56-0-65)  <0-0001
Last complete colonoscopy >10-15 years ago —0— 0-86 (0-73-1:01)  0-06 —— 0-62 (0:53-0-72)  <0-0001
Last complete colonoscopy >15 years ago —o—.— 0-81(0-59-110) 018 —o—.— 0-86 (0-67-1-12) 028

0»‘22 0-‘37 O«I61 le 14‘65 O«I22 0«‘37 0-‘61 i 1»‘65
HR of colorectal cancer incidence HR of colorectal cancer incidence
(in log-scale) (in log-scale)
Figure 2: Multivariable analysis of complete colonoscopy exposure associated with incidence of colorectal cancer stratified by sex
Model has been adjusted for age, comorbidities, neighbourhood income quintile, and resident status. HR=hazard ratio.

Female individuals Male individuals

HR (95% Cl) p value HR (95% Cl) p value
Negative complete colonoscopy
(ref: no complete colonoscopy)
Last complete colonoscopy <5 years ago —— 0-41(0-38-0-44) <0-0001 —- 0-37(0:35-0-39)  <0-0001
Last complete colonoscopy >5-10 years ago —— : 0-47 (043-0-52)  <0-0001 —— : 0-39(0:36-0-43)  <0-0001
Last complete colonoscopy >10-15 years ago e 0-52 (0-44-0-60)  <0-0001 e 0-45(0-38-0-52)  <0-0001
Last complete colonoscopy >15 years ago —_— 0-64 (0-49-0-83) <0-001 — 0-65 (0:-50-0-83)  <0-001
Complete colonoscopy with intervention
(ref: no complete colonoscopy)
Last complete colonoscopy <5 years ago o 0-55 (0-51-0-60)  <0-0001 o 0-47 (0-44-0-50)  <0-0001
Last complete colonoscopy >5-10 years ago — 0-64 (0-56-0-72)  <0-0001 —— 0-66 (0-59-0-73)  <0-0001
Last complete colonoscopy >10-15 years ago —o— 0-79 (0-64-0-98)  0-03 — 0-71(0-58-0-85)  <0-001
Last complete colonoscopy >15 years ago —.—o— 120 (0-87-1:65) 026 —.—o— 1-16 (0-87-1-55) 032

04‘37 0-‘61 I1 1vl65 24‘72 0-‘22 04‘37 O~I61 i 1-%5
HR of colorectal cancer-related mortality HR of colorectal cancer-related mortality
(inlog-scale) (in log-scale)

Figure 3: Multivariable analysis of complete colonoscopy exposure associated with colorectal cancer-related mortality stratified by sex
Model has been adjusted for age, comorbidities, neighbourhood income quintile, and resident status. HR=hazard ratio.

did not find that risk of colorectal cancer was lower in
those who received a negative colonoscopy more than

effectiveness of colonoscopy as a primary screening
method for colorectal cancer in their intention-to-screen

15 years earlier, but lower risk of colorectal cancer was
observed for those with a procedure from 10 years to less
than 15 years in their cohort of 88902 participants. A
recent study examined the prevalence of colorectal cancer
after a negative screening colonoscopy in the German
screening colonoscopy registry and found that the
standardised prevalence ratio was lower for both male
and female individuals who had a repeat screening
colonoscopy more than 10 years earlier and up to
16 years earlier in comparison with all screening
colonoscopies done on those aged 65 years and older
(standardised prevalence ratio 0-21[95% CI 0-17-0-26])
for male individuals and 0-35 [0-29-0-41] for female
individuals).® The NordICC trial® found limited

analysis. Although our study findings of a lower risk
reduction for more than 10 years after exposure to a
complete colonoscopy are consistent with the adjusted
per-protocol analyses of the NordICC trial,” we highlight
the role of colonoscopy in risk stratification of indi-
viduals in jurisdictions where primary screening with
colonoscopy in average risk persons is occurring and
suggest that the length of the risk stratification endures
more than 10 years.

Our study extends on earlier work in several ways.
Previous studies have included participants from a small
number of centres” and thus colonoscopies were done
by a select group of endoscopists, which might not reflect
colonoscopy performance and risk reduction in usual
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practice. This explanation might also help to clarify the
difference in the magnitude of risk reduction reported in
other studies compared with ours. Moreover, other
studies compared risk with the general population,”
which would include individuals at increased risk of
disease. Our results also extend prior work as, due to our
large sample size and long follow-up, we were able to
explore risk at both more than 10-15 years and more than
15 years of duration. Estimates reported by Pilonis and
colleagues® for their longest duration (10-1-17-4 years)
are based on a small sample of 86365 individuals
contributing only 197 304 person-years of follow-up. Our
estimates following a negative complete colonoscopy are
based on 434202 person-years of follow-up for the
duration of more than 10-15 years and 97689 person-
years for the duration of more than 15 years for the
outcome of colorectal cancer incidence, with person-
years of follow-up for colorectal cancer-related mortality
being even higher.

Screening and rescreening intervals for colonoscopy
have been largely informed by several cohort and case-
control studies or based on trials of flexible
sigmoidoscopy.”®? Our results, examining one of the
largest population-based cohorts to date, show that those
who receive a complete negative colonoscopy have a
lower risk of colorectal cancer incidence and mortality
that extends beyond 10 years compared with those who
do not have a complete colonoscopy. In addition to the
need to consider more prolonged rescreening intervals,
our results also suggest that risk reduction after a
complete negative colonoscopy was more pronounced in
male individuals than female individuals, which might
suggest different strategies are needed by sex.? Although
our study had no details about the pathology of removed
polyps in those who received a procedure with inter-
vention, our findings still showed a consistent trend in
risk reduction for these persons. Risk was still reduced
for considerable periods of time even for those who are
likely to be at higher risk for colorectal cancer because
of polyps found at their colonoscopy. Failure to find
statistically significant differences for the longer
durations might reflect inadequate power rather than
actual effects.

Our study included a large population-based cohort of
over 5-2 million individuals, which would be general-
isable to usual clinical practice. Our study also includes a
median follow-up time of 12-56 (IQR 6-26-20-13) years
with over 69 million person-years, including over
590656 years in those with a complete colonoscopy more
than 10-15 years earlier and 133730 person-years of
follow-up in those with a procedure completed more than
15 years earlier. We had the capacity to track multiple
colonoscopies over time in all settings in the province and
used a novel time-varying exposure that could account
for multiple exposures to colonoscopy, whether an
intervention was completed or not, and time since last
colonoscopy. However, our study has limitations. The

cause-specific method relies on assumptions, including
intervention and conditional exchangeability of censoring
that might not hold for observational data. We were
unable to identify all those at increased risk of disease and
did not know the indication for colonoscopy. However,
we approximated an average risk cohort by excluding
those with previous exposure to colonoscopy, a previous
diagnosis of colorectal cancer, and those with history of
hereditary or other bowel disorders associated with an
increased risk of malignancy. We also excluded those
diagnosed with colorectal cancer within 6 months of a
colonoscopy as this might be an indication that the
colonoscopy was done to evaluate symptoms, which in
turn would influence the estimated risk reduction. We
also did not have information on pathology findings for
procedures with intervention and therefore were not able
to present estimates for those with low-risk polyps versus
high-risk polyps. We also did not have any information
about other quality parameters of the colonoscopy or
about quality performing indicators of the endoscopists.
Individuals were young at inclusion in our study and thus
results might be different for an older cohort. There also
remains a chance for measurement error in covariates
such as income given that data were available only at the
residential neighbourhood quintile level and the potential
for unmeasured confounders. Lastly, we recognise the
built-in selection bias associated in HR estimates, which
might be partly addressed by presenting HRs for multiple
durations since an individual’s colonoscopy to address
the potential built-in selection bias in average HRs, which
could be potentially time varying.”

Our findings show that, compared with those who do
not receive colonoscopy, individuals who have a negative
complete colonoscopy remain at lower risk for colorectal
cancer incidence and mortality more than 15 years after
the procedure. In conclusion, our findings support
extending the recommended interval to repeat screening
colonoscopy.
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