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Background: Current guidelines recommend a 10-year interval
between screening colonoscopies, but evidence is limited.

Objective: To assess the long-term risk for colorectal cancer
(CRC) and death from CRC after a high- and low-quality single
negative screening colonoscopy.

Design: Observational study.

Setting: Polish Colonoscopy Screening Program.

Participants: Average-risk individuals aged 50 to 66 years who
had a single negative colonoscopy (no neoplastic findings).

Measurements: Standardized incidence ratios (SIRs) and stan-
dardized mortality ratios (SMRs) of CRC after high- and low-
quality single negative screening colonoscopy. High-quality
colonoscopy included a complete examination, with adequate
bowel preparation, performed by endoscopists with an ade-
noma detection rate of 20% or greater.

Results: Among 165 887 individuals followed for up to 17.4
years, CRC incidence (0.28 [95% CI, 0.25 to 0.30]) and mortality
(0.19 [CI, 0.16 to 0.21]) were 72% and 81% lower, respectively,
than in the general population. High-quality examination re-

sulted in 2-fold lower CRC incidence (SIR, 0.16 [CI, 0.13 to 0.20])
and mortality (SMR, 0.10 [CI, 0.06 to 0.14]) than low-quality ex-
amination (SIR, 0.32 [CI, 0.29 to 0.35]; SMR, 0.22 [CI, 0.18 to
0.25]). In multivariable analysis, the hazard ratios for CRC inci-
dence after high-quality versus low-quality colonoscopy were
0.55 (CI, 0.35 to 0.86) for 0 to 5 years, 0.54 (CI, 0.38 to 0.77) for
5.1 to 10 years, and 0.46 (CI, 0.25 to 0.86) for 10 to 17.4 years.
Only after high-quality colonoscopy did the SIR and SMR for 10.1
to 17.4 years of follow-up not differ compared with earlier obser-
vation periods.

Limitation: The general population was used as comparison
group.

Conclusion: A single negative screening colonoscopy was as-
sociated with reduced CRC incidence and mortality for up to
17.4 years. Only high-quality colonoscopy yielded profound and
stable reductions in CRC incidence and mortality throughout the
entire follow-up.

Primary Funding Source: Polish Ministry of Health.
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In the average-risk population, current clinical practice
guidelines recommend screening colonoscopies at

10-year intervals when results are negative (1–3). In
1997, this 10-year interval was endorsed based on in-
direct evidence, including the biological plausibility of
the adenoma–carcinoma sequence and extrapolations
from studies assessing colonoscopy sensitivity (4). How-
ever, the optimal screening interval after normal
colonoscopy remains uncertain owing to the paucity of
long-term data on the efficacy of colonoscopy.

The results of 3 studies indicate that the predictive
benefit of a single negative colonoscopy may exceed
10 years (5–7); however, none was performed in a
screening population. One study analyzed the efficacy
of negative screening colonoscopy beyond 12 years of
follow-up (8), but it was limited by the small number of
individuals observed longer than 10 years and a high
rate of repeat colonoscopy. Moreover, these studies
did not assess baseline colonoscopy quality, and high-
quality examination is a prerequisite for the recom-
mended interval (9, 10).

The putative long-term efficacy of colonoscopy in
the distal colorectum has been extrapolated from ran-
domized trials of single flexible sigmoidoscopy, show-
ing sustained reductions of colorectal cancer (CRC) in-
cidence and mortality lasting at least 17 years (11–13).
However, available data indicate that colonoscopy has

little or no effect on the incidence of or mortality from
cancer in the proximal colon (14, 15). One possible rea-
son is the effect of baseline colonoscopy quality—in
terms of adequate bowel preparation, cecal intubation,
and adenoma detection rate (ADR)—which is more dif-
ficult to achieve in the proximal colon. No study has
examined the effect of examination quality on long-
term incidence and mortality of CRC in the proximal
colon.

To address these evidence gaps, we performed a
large cohort study to analyze long-term CRC incidence
and mortality after a single high-quality or low-quality
screening colonoscopy with negative results.

METHODS
Study Design and Oversight

We analyzed long-term CRC incidence and mortal-
ity in a cohort of average-risk individuals (no family his-
tory of CRC) who had a single negative screening
colonoscopy in the Polish Colonoscopy Screening Pro-
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gram (16). The cohort was followed by using linkage
with the National Cancer Registry and population reg-
istries. Written informed consent was obtained from all
screened individuals. The research proposal was re-
viewed by the local ethics committee and deemed ex-
empt from oversight.

Polish Colonoscopy Screening Program and
Study Population

In October 2000, a national CRC screening pro-
gram was launched in Poland. Since then, primary
screening colonoscopy has been offered to asymptom-
atic average-risk individuals aged 50 to 66 years, either
in the opportunistic setting every 10 years or once in
the individual's lifetime in a postal invitation–based
program (introduced in 2014).

Our study cohort comprised individuals who had a
single negative screening colonoscopy in the Polish
Colonoscopy Screening Program between October
2000 and December 2011. All individuals had oppor-
tunistic screening colonoscopy—that is, participation
was advised by general or family practitioners. After
screening in the opportunistic setting, they were ex-
cluded from the invitation-based screening program
and thus could not receive a second screening colono-
scopy through the invitation-based program. Only par-
ticipants who were still in the screening age range after
10 years could receive a second screening colonos-
copy in the opportunistic setting.

To assess our cohort's exposure to further screen-
ing in the opportunistic setting, we analyzed the data-
base and found that 2.4% had undergone a second
screening colonoscopy. The screening program is en-
tirely financed by the Polish Ministry of Health, inde-
pendent of the general health care system, and screen-
ing colonoscopy outside of the screening program is
not reimbursed by the public health sector. Analysis of
medical registry records showed that private screening
colonoscopies comprise less than 5% of screening
colonoscopies in Poland. Overall, it is estimated that
8% of the Polish population undergoes screening
colonoscopy.

“Negative colonoscopy” was defined as an exami-
nation not revealing any neoplastic lesion. Our analysis
excluded individuals with a family history of CRC (at
least 1 first-degree relative with CRC), hereditary CRC
syndrome, screening in the past 10 years, screen-
detected CRC, or CRC diagnosis within 6 months after
index colonoscopy. To evaluate baseline colonoscopy
quality, our analysis included only individuals examined
by an endoscopist who performed 30 or more screen-
ing colonoscopies annually.

Assessment of Colonoscopy Quality
The Polish Colonoscopy Screening Program data-

base includes integrated colonoscopy and histopathol-
ogy results, with mandatory reporting of the following
quality indicators: cecal intubation, bowel preparation
adequacy, and the endoscopist's annual ADR. The re-
cords are verified annually for completeness by exter-
nal auditors.

Cecal intubation was defined as passage of the
colonoscope tip to a point proximal to the ileocecal
valve and complete visualization of the whole cecum
and its landmarks (17). Bowel preparation adequacy
was reported by using the Aronchick Scale (18). The
endoscopist's annual ADR was defined as the propor-
tion of screening colonoscopies with adenoma detec-
tion (19). Colonoscopies were categorized as high-
quality if they met all of the following criteria: cecal
intubation, adequate bowel preparation (very good,
good, or sufficient), and endoscopist ADR of 20% or
greater calculated on a yearly basis (the suggested
quality threshold at the time of examination) (19).

Follow-up for CRC Incidence and Mortality
The study cohort was followed for CRC incidence

and death by using the Polish Colonoscopy Screening
Program database, the National Cancer Registry, and
the Population Registry, which are interlinked by
unique personal identification numbers. The Polish
Colonoscopy Screening Program database is estimated
as virtually 100% complete because reporting is man-
datory for reimbursement. All cancers diagnosed in Po-
land must be reported to the National Cancer Registry,
which is estimated as 94% complete (20). The date of
cancer diagnosis and the date and cause of death were
ascertained by using International Classification of Dis-
eases, 10th edition (ICD-10), codes. The site of CRC
was determined according to ICD-10 codes and was
categorized as proximal (C18.0 to 18.5) or distal (C18.6,
C18.7, C19, C20). Cases of unknown location (C18.9)
were excluded from site-specific analysis.

Statistical Analysis
The study cohort was followed for CRC incidence

and mortality after the date of index screening colono-
scopy. For CRC incidence analysis, observation was
completed at CRC diagnosis or censored at the time of
death or end of follow-up (31 December 2017), which-
ever occurred first (Supplement Table 1, available at
Annals.org). For CRC mortality analysis, observation
was completed at CRC death, or censored at the time
of non–CRC-related death or end of follow-up. For
proximal CRC incidence and mortality, follow-up was
additionally censored at time of distal CRC diagnosis.
Individuals were stratified by sex for separate analysis
of CRC risk and death in men and women. Person-years
of follow-up were calculated for the total follow-up pe-
riod and for 3 periods: 5 years or less, 5.1 to 10 years,
and 10.1 or more years since colonoscopy. For analysis
of the periods of 5.1 to 10 years and 10.1 or more
years, we excluded all individuals with follow-up
shorter than 5 and 10 years, respectively.

We calculated standardized incidence ratios (SIRs)
and standardized mortality ratios (SMRs) as the number
of observed CRCs and CRC deaths, respectively, in the
cohort divided by the expected number of CRCs and
CRC deaths that would occur in the general population,
matched by sex, 5-year age group, and calendar year
of follow-up (National Cancer Registry data) (Supple-
ment Table 2, available at Annals.org). We calculated
95% CIs for SIRs and SMRs, assuming that event occur-
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rence followed a Poisson distribution (21). If the ob-
served number of events was less than 5, an exact
method was used to calculate the CI; otherwise, a nor-
mal approximation was used. Between-subgroup dif-
ferences in SIRs and SMRs were considered statistically
significant if the 95% CIs did not overlap (22).

In sensitivity analysis, we compared the low-quality
and high-quality groups by using Cox proportional haz-
ard models adjusted for patient sex, age (<55, 55 to 59,
or 60 to 66 years), type of health care facility (university
hospital, public hospital, or private practice), endosco-
pist's specialty (gastroenterologist, surgeon, or internal
medicine specialist), and average monthly gross salary
in the region where screening colonoscopy was per-
formed. Average monthly gross salary was calculated
for each region (powiat) of Poland and year as a relative
ratio to the national average and was divided into 3
groups (<95%, 95% to 104.9%, or ≥105%) (23). No vari-
able selection algorithm was applied.

Cumulative incidence and mortality were estimated
by using competing risks regression, following the
model of Fine and Gray. The cumulative incidence
rates were assessed by using values from the cumula-
tive incidence estimate. Covariate values incorporated
in the cumulative incidence curves were set to the av-
erage population. A failure event was defined as devel-
opment of CRC for incidence or death from CRC for
mortality, and a competing event was defined as death
from another cause. The model estimates were ad-
justed for patient sex, age group (<40, 40 to 54, 55 to
59, or ≥60 years), health care facility, the endoscopist's
specialty, and average monthly gross salary in the re-
gion where the screening colonoscopy was performed.
We accounted for within-physician clustering by using
clustered sandwich estimator of variance for both the
Cox and the Fine and Gray models. We assumed an
exchangeable correlation: That is, the SEs allow for in-
tragroup correlation.

P values less than 0.05 were considered statistically
significant. All analyses were performed by using Stata
software, version 15.1, and R statistical software, ver-
sion 3.4.1.

Role of Funding Source
The study was supported by the Polish Ministry of

Health, the Medical Center for Postgraduate Education
in Warsaw (grant 5011091217/18), and the Polish
Foundation of Gastroenterology. The funding sources
had no role in the design, conduct, or reporting of the
study.

RESULTS
Study Population

Among 276 372 individuals screened over the
study period, 110 485 (40.0%) were excluded owing to
nonnegative colonoscopy (48 533 [17.6%]), lack of his-
topathology results or incomplete polyp removal (1743
[0.6%]), suspicion or diagnosis of hereditary cancer syn-
drome (95 [<0.1%]), age outside of the screening age

range (742 [0.3%]), incorrect personal identification
number (9923 [3.6%]), examination by an endoscopist
who performed fewer than 30 screening colonoscopies
per year (8632 [3.1%]), or family history of CRC (40 798
[14.8%]). We also excluded 19 individuals who were
diagnosed with CRC within 6 months after screening
colonoscopy (Figure 1), of whom 12 were suspected to
have CRC at baseline examination.

Table 1 shows the characteristics of the 165 887
individuals in the study cohort, overall and according to
examination quality. Screening colonoscopies in the
analyzed cohort were performed by 505 different en-
doscopists. The number of procedures performed per
endoscopist and the ADR distribution are shown in
Supplement Figures 1 and 2 (available at Annals.org).
In the cohort, 113 513 individuals had low-quality
colonoscopy and 52 374 had high-quality colonoscopy.

CRC Incidence and Mortality Rates
The study cohort was followed up to 17.4 years

(median, 10.1 years). The distribution of follow-up time
after low-quality and high-quality colonoscopy is shown
in Supplement Figure 3 (available at Annals.org). Over
1 680 765 person-years of follow-up, CRC was diag-
nosed in 489 individuals (cumulative incidence rate,
29.09 cases per 100 000 person-years [95% CI, 26.57 to
31.79]). Over 1 682 359 person-years of follow-up, 169
CRC-related deaths were identified (mortality rate,
10.05 deaths per 100 000 person-years [CI, 8.59 to
11.68]). Table 2 shows CRC incidence and mortality
rates after high-quality and low-quality single negative
screening colonoscopy across the follow-up time. Cu-

Figure 1. Study flow diagram.

Excluded (n = 61 933)
   Suspicion or diagnosis of hereditary
      syndrome: 95
   No histopathology results or incomplete
      polyp removal: 1743
   Incorrect personal identification
      number: 9923
   Examination performed by an endoscopist
      with <30 colonoscopies in a given
      year: 8632
   Age outside the screening age range: 742
   Family history of CRC: 40 798

Excluded (n = 48 552)
   Nonnegative colonoscopy result: 48 533
   CRC diagnosed within 6 months from
      colonoscopy: 19

Analyzed cohort (n = 165 887)

Screened individuals assessed for
eligibility (n = 276 372)

Calculation of the endoscopist's
ADR (n = 214 439)

ADR = adenoma detection rate; CRC = colorectal cancer.
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mulative incidence and mortality curves are presented
in Supplement Figure 4 (available at Annals.org).

Standardized CRC Incidence and Mortality Rates
During Follow-up

Compared with the general population, in our co-
hort, CRC incidence was lower by 72% (SIR, 0.28 [CI,
0.25 to 0.30]) and CRC mortality by 81% (SMR, 0.19 [CI,
0.16 to 0.21]). Beyond 10 years of follow-up, the SIR
was 0.31 (CI, 0.24 to 0.37) and the SMR was 0.27 (CI,
0.19 to 0.34), showing reductions of CRC incidence and
mortality similar to those observed for the period of 5.1

to 10 years (SIR, 0.30 [CI, 0.26 to 0.34] and SMR, 0.21
[CI, 0.17 to 0.26]).

Colonoscopy Quality and CRC Incidence
and Mortality

Figure 2 shows the SIRs and SMRs of CRC after
high- and low-quality single negative screening colono-
scopy across follow-up. Overall, CRC incidence and
mortality were significantly lower after high-quality
colonoscopy than after low-quality examination. Nota-
bly, the reduced CRC incidence after high-quality
colonoscopy remained stable throughout all study in-

Table 2. Incidence of and Mortality Rates From CRC per 100 000 Person-Years After High-Quality and Low-Quality Single
Negative Screening Colonoscopy Across Follow-up

End Point Time After Single Negative Screening Colonoscopy, by Colonoscopy Quality

0–5.0 Years 5.1–10.0 Years

Overall Low-Quality High-Quality Overall Low-Quality High-Quality

CRC incidence
Individuals, n 165 887 113 513 52 374 163 476 111 861 51 615
Person-years at risk 824 499 564 238 260 261 658 962 470 232 188 731
Cases of CRC, n 163 131 32 232 193 39
Expected cases of CRC, n 679 464 215 780 559 221
Incidence rate (95% CI) 19.77 (16.73–22.80) 23.22 (19.24–27.19) 12.30 (8.04–16.56) 35.21 (30.68–39.74) 41.04 (35.25–46.83) 20.66 (14.18–27.15)
SIR (95% CI) 0.24 (0.20–0.28) 0.28 (0.23–0.33) 0.15 (0.10–0.20) 0.30 (0.26–0.34) 0.35 (0.30–0.39) 0.18 (0.12–0.23)

CRC mortality
Individuals, n 165 887 113513 52374 163 601 111 961 51 640
Person-years at risk 824 771 564 465 260 306 197 805 161 974 35 832
Cases of CRC, n 35 28 7 87 74 13
Expected cases of CRC, n 325 222 103 406 291 114
Mortality rate (95% CI) 4.24 (2.84–5.65) 4.96 (3.12–6.80) 2.69 (0.70–4.68) 13.19 (10.42–15.96) 15.71 (12.13–19.29) 6.88 (3.14–10.62)
SMR (95% CI) 0.11 (0.07–0.14) 0.13 (0.08–0.17) 0.07 (0.02–0.12) 0.21 (0.17–0.26) 0.25 (0.20–0.31) 0.11 (0.05–0.18)

CRC = colorectal cancer; SIR = standardized incidence ratio; SMR = standardized mortality ratio.

Table 1. Characteristics of the Negative Screening Colonoscopy Cohort*

Characteristic Overall
(N � 165 887)

Low-Quality Colonoscopy
(n � 113 513)

High-Quality Colonoscopy
(n � 52 374)

Age, y
Range 40–66 40–66 40–66
Mean (SD) 56.6 (4.6) 56.6 (4.7) 56.8 (4.4)

Age group, n (%)
40–49 y 4466 (2.7) 3626 (3.2) 840 (1.6)
50–54 y 53 814 (32.4) 36 956 (32.6) 16 858 (32.2)
55–59 y 59 100 (35.6) 40 029 (35.3) 19 071 (36.4)
60–66 y 48 507 (29.2) 32 902 (29.0) 15 605 (29.8)

Sex, n (%)
Male 57 489 (34.7) 39 763 (35.0) 17 726 (33.9)
Female 108 398 (65.3) 73 750 (65.0) 34 648 (66.2)

Cecal intubation, n (%)
Yes 157 572 (95.0) 105 198 (92.7) 52 374 (100)
No 8315 (5.0) 8915 (7.3) 0

Bowel preparation, n (%)
Very good, good, or sufficient 157 972 (94.6) 104 598 (92.2) 52 374 (100)
Poor or very poor 8915 (5.4) 8315 (7.9) 0

Endoscopist ADR, n (%)
≥20% 57 899 (34.9) 5525 (4.9) 52 374 (100)
<20% 107 988 (65.1) 107 988 (95.1) 0

ADR = adenoma detection rate.
* Because of rounding, percentages may not total 100.
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tervals (≤5 years, 5.1 to 10 years, and >10 years after
index colonoscopy). Mortality from CRC after high-
quality colonoscopy was significantly lower 5.1 to 10
years after examination. The cumulative incidence rates
of CRC after 15 years were 0.30% and 0.56% after a
single high- and low-quality negative screening colono-
scopy, respectively. In addition, in multivariate analysis,
the risk for CRC was significantly lower among individ-
uals who had high-quality colonoscopy than those who
had low-quality colonoscopy. Hazard ratios for CRC af-
ter high-quality colonoscopy remained stable through-
out the entire follow-up (Table 3).

We also assessed how ADR cutoff points of 15%,
25%, and 30% influence CRC incidence and mortality.
Overall, there was no substantial difference in the ob-
tained SIRs and SMRs compared with the 20% ADR ref-
erence used in our study (Supplement Table 3, avail-
able at Annals.org).

Incidence of and Mortality From CRC According
to Sex

The incidence of and mortality rates from CRC per
100 000 person-years were 30.9 cases (CI, 26.53 to
35.79 cases) and 9.88 deaths (CI, 7.49 to 12.81 cases)
in men and 28.15 cases (CI, 25.11 to 31.46 cases) and
10.13 deaths (CI, 8.34 to 12.19 cases) in women. Table
4 shows the numbers of CRC cases and deaths and the
SIRs and SMRs of CRC in women and men, according to
examination quality and time from colonoscopy. Over-
all, SIRs and SMRs significantly differed between men
and women, but this difference was not observed after
high-quality examination. In both men and women, the
reduced CRC incidence after colonoscopy remained
stable for all studied intervals (≤5 years, 5.1 to 10 years,
and >10 years after index colonoscopy). For CRC mor-
tality, stable reduction was observed only for men,
whereas in women this was observed only after high-
quality examination.

Proximal CRC Incidence and Mortality
Table 5 shows the number of proximal and distal

CRC cases and SIRs and SMRs of proximal and distal
CRC according to examination quality and time from
colonoscopy. Proximal CRC incidence was reduced by
73% after high-quality screening (SIR, 0.27 [CI, 0.17 to
0.36]), whereas this reduction was significantly lower
after low-quality screening (SIR, 0.55 [CI, 0.47 to 0.64]).
Notably, proximal SMR was significantly reduced after
high-quality colonoscopy (SMR, 0.50 [CI, 0.19 to 0.81])
but not after low-quality examination (SMR, 0.92 [CI,
0.67 to 1.18]).

DISCUSSION
The results of this large population-based study

demonstrated that persons with a single screening
colonoscopy with a negative result had significantly re-
duced CRC incidence and mortality over the following
17.4 years. The reduction rates for the period beyond
the currently recommended 10-year interval (10 to 17.4
years) did not significantly differ from those in the ear-
lier observation periods. This was mainly driven by
long-lasting reductions in CRC incidence and mortality
(by 84% and 90%, respectively) after high-quality
screening colonoscopies. High quality was key for the
profound long-term efficacy of screening colonoscopy
in the proximal colon, and among women. These find-
ings are of paramount importance, because previous
reports have questioned the efficacy of colonoscopy in
the proximal colon (6, 7, 15, 24) and of screening sig-
moidoscopy in women (25).

The currently recommended 10-year screening
colonoscopy intervals were selected on the basis of lim-
ited evidence regarding the durability of its effectiveness
(4). Recent reports have suggested that colonoscopy ef-
fectiveness may extend beyond the recommended 10
years, although they have been limited by short follow-up

Table 2—Continued

Time After Single Negative Screening Colonoscopy, by Colonoscopy Quality

10.1–17.4 Years Entire Follow–up Period

Overall Low-Quality High-Quality Overall Low-Quality High-Quality

86 365 67 525 18 840 165 887 113 513 52 374
197 304 161 526 35 778 1 680 765 1 195 996 484 770

94 86 8 489 410 79
308 253 55 1766 1276 491

47.64 (38.01–57.27) 53.24 (41.99–64.49) 22.36 (6.87–37.85) 29.09 (26.52–31.67) 34.28 (30.96–37.60) 16.30 (12.70–19.89)
0.31 (0.24–0.37) 0.34 (0.27–0.41) 0.15 (0.04–0.25) 0.28 (0.25–0.30) 0.32 (0.29–0.35) 0.16 (0.13–0.20)

86 536 67 671 18 865 165 887 113 513 52 374
659 783 470 905 188 878 1 682 359 1 197 344 485 015

47 41 6 169 143 26
176 144 32 906 657 249

23.76 (16.97–30.55) 25.31 (17.56–33.06) 16.74 (3.35–30.14) 10.05 (8.53–11.56) 11.94 (9.99–13.90) 5.36 (3.30–7.42)
0.27 (0.19–0.34) 0.28 (0.20–0.37) 0.19 (0.04–0.35) 0.19 (0.16–0.21) 0.22 (0.18–0.25) 0.10 (0.06–0.14)
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(6, 8), small screening cohorts (7, 8), mixed or non-
screening populations (6, 7, 15), case–control design
(15, 24), high rates of repeated colonoscopies (7, 8),
and lack of information on baseline examination quality
(6–8, 15, 24). In a cohort of patients after adenoma
removal, the reduction in CRC mortality was similar dur-
ing the first 10 years of follow-up and afterward (26).
Subsequent case–control and cohort studies have also
demonstrated low yields of large polyps (27) or ad-
vanced neoplasia (28) within the 10-year surveillance
periods after negative screening colonoscopy, and low
additional benefit of repeated colonoscopy at 10 years
(29). Our present results are in line with these previous
studies and extend the evidence to the screening pop-
ulation, far beyond the recommended 10-year interval,
and using relevant end points of CRC incidence and
mortality. Recent analyses suggest that 20-year or 15-

year intervals between screening colonoscopies may
have the same cost-effectiveness as the 10-year interval
(30, 31). Moreover, the cumulative incidence rates of
CRC in the study cohort after 15 years were 0.30% and
0.56% for an individual after single high- and low-
quality negative screening colonoscopy, respectively.
This 15-year CRC risk is substantially lower than the 3%
threshold used to recommend screening in the recent
guidelines (32).

To our knowledge, ours is the first study to include
baseline examination quality in the analysis of long-term
risk for CRC and mortality after negative colonoscopy.
Our analyses are key for understanding the effect of ex-
amination quality on CRC risk beyond 10 years, colonos-
copy effectiveness in the proximal colon, and the differ-
ence in risk between women and men. The SIRs and
SMRs at more than 10 years after high-quality colonos-
copy were not significantly different from those in earlier
observation periods. In contrast, with low-quality exami-
nation, SMRs became significantly higher after the first 5
years of observation. The SIRs were 2-fold higher after
low-quality examinations than after high-quality examina-
tions in each of the 3 observation periods. These findings
suggest that up to 17.4 years after negative colonoscopy,
many cases of CRC arise from lesions missed at baseline
examination rather than from newly developed lesions.
Similarly, previous results suggest that more than 50% of
postcolonoscopy cases of CRC arise from missed lesions
(33). Although zero risk cannot be proven, it seems that
subsequent screening at 10 years would add little to the
more than 80% reduction in CRC risk, and the very low
15-year CRC risk of 0.24%, after high-quality baseline ex-
amination. Each component of high-quality examination—
cecal intubation, adequate bowel preparation, and ADR
of 20% or greater—contributed to the observed colonos-
copy efficacy, with ADR (34, 35) being most important
(Supplement Table 4, available at Annals.org). Of note,
use of ADR cutoffs of 15% to 30% did not substantially
change our main findings.

Compared with low-quality negative screening
colonoscopy, high-quality examination was associated
with a 2-fold greater reduction in the risk for proximal co-
lon cancer throughout the 17.4-year follow-up. Further-
more, only high-quality negative screening colonoscopy
yielded a significant reduction in proximal CRC mortality.
These findings may explain previous results showing that
risk reduction did not extend beyond 7 years after base-
line examination of unspecified quality (6). Moreover,
other reports demonstrate that colonoscopies performed
before the quality assurance era had little or no effect on
proximal CRC incidence and death (7, 15, 24). Colonos-
copy quality indicators—cecal intubation rate, adequate
bowel preparation, and the endoscopist's ADR (9, 36)—
are particularly important for efficacy in the proximal co-
lon. Naturally, if the cecum is not reached, proximal colon
assessment is incomplete. Moreover, an inadequate

Figure 2. Standardized incidence ratios and standardized
mortality ratios during follow-up after a single negative
high-quality or low-quality screening colonoscopy.
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preparation is more likely in the proximal colon, poten-
tially hampering its visualization. Proximal colon lesions
are flatter and are often located on the proximal side of
folds, requiring a skilled endoscopist to detect them (37).
Finally, some proximal precursor lesions (for example,
sessile serrated polyps) are very subtle and indistinct,
such that endoscopists require specific knowledge to rec-
ognize and differentiate them from surrounding healthy
mucosa (38). In our study cohort, we cannot prove that
high-quality colonoscopy was associated with better de-
tection of sessile serrated polyps, but other studies have
shown that high ADR is correlated with detection of ses-
sile serrated polyps (39). Our results suggest that high-
quality colonoscopy provides long-lasting reductions in
distal and proximal CRC incidence and mortality, but the
magnitude of effect may still be lower for the proximal
colon.

Examination quality particularly affected CRC inci-
dence and mortality in women. After high-quality colono-
scopy, the incidence and mortality reduction rates in
women were similar to those in men and were stable
across the entire follow-up. After low-quality colonoscopy,
incidence rates in women were significantly higher than
the rates observed in men throughout the follow-up. This
was also seen for mortality rates during 5.1 to 10 years
after examination. This indicates that high-quality exami-
nation is crucial for ensuring the higher effectiveness of

screening colonoscopy over sigmoidoscopy, because the
latter reportedly has little or no effect on CRC incidence
and mortality in women (25) and for proximal colon
cancer (40).

Our study has limitations. First, comparison of CRC
incidence and mortality between our cohort and the gen-
eral population was limited by the inability to adjust for
differences in risk factors other than age and sex. Further-
more, this comparison allowed quantification of the pre-
dictive but not protective effects of screening, because
negative screening colonoscopy does not include thera-
peutic intervention; rather, it ascertains that an individual
is free of neoplasia at that time. However, our aims were
to analyze CRC incidence and mortality within and be-
yond the currently recommended 10-year interval, and
their relation with baseline examination quality. For this
purpose, comparison of our cohort with the general pop-
ulation seems sufficient. To assess the roles of other po-
tential confounders, we performed multivariable analyses
with the calculated risks for CRC and death adjusted for
age, sex, examination quality, annual income (to approxi-
mate socioeconomic status), facility type, and endosco-
pist's training level. Participant income played a signifi-
cant confounding role and was probably associated with
other unmeasured but well-established CRC risk factors,
such as diet, body mass index, and physical activity. Al-

Table 3. Hazard Ratios for CRC and Death From CRC*

Variable CRC Incidence CRC Mortality

Hazard Ratio (95% CI) P Value Hazard Ratio (95% CI) P Value

High- vs. low-quality
0–5 y of follow-up 0.55 (0.35–0.86) 0.009 0.55 (0.22–1.37) >0.2
5–10 y of follow-up 0.54 (0.38–0.77) 0.001 0.47 (0.25–0.88) 0.018
>10 y of follow-up 0.46 (0.25–0.86) 0.016 0.74 (0.33–1.63) >0.2

Individual’s sex
Female (reference) 1 1
Male 1.08 (0.90–1.29) >0.2 0.95 (0.69–1.32) >0.2

Individual’s age
<55 y (reference) 1 1
55–59 y 1.31 (1.02–1.70) 0.035 1.11 (0.69–1.79) >0.2
60–66 y 2.39 (1.88–3.03) <0.001 3.29 (2.27–4.77) <0.001

Type of health care facility
University hospital (reference) 1 1
Public hospital 1.24 (0.95–1.62) 0.116 1.17 (0.77–1.79) >0.2
Private practice 1.19 (0.92–1.56) 0.189 1.42 (0.94–2.15) 0.097

Endoscopist’s specialty
Gastroenterologist (reference) 1 1
Surgeon 1.14 (0.95–1.38) 0.159 1.24 (0.92–1.67) 0.153
Internal medicine specialist 0.97 (0.68–1.39) >0.2 0.83 (0.43–1.59) >0.2

Average monthly gross salary†
<95% (reference) 1 1
95%–104.9% 0.71 (0.58–0.88) 0.002 0.60 (0.40–0.89) 0.011
≥105% 0.70 (0.55–0.90) 0.005 0.61 (0.42–0.90) 0.011

CRC = colorectal cancer.
* Multivariable Cox model.
† With respect to the national average (Poland = 100%).
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though these risk factors could have resulted in a lower
overall risk for CRC incidence and death (healthy volun-
teer bias), they should have a limited effect on the stability
of the protective effect of colonoscopy, which was the
main focus of this study. In addition, our comparison with
the general population, of which some proportion (~10%)
was actually exposed to screening, indicates that the re-
sults are not biased in favor of screening colonoscopy.

Second, the data on CRC diagnoses and deaths
were derived from the National Cancer Registry,
which is 90% complete (20). Registration complete-
ness remained relatively stable over the follow-up,
and it is assumed not to influence our study results.
In addition, the follow-up time was slightly shorter for
persons who had high-quality colonoscopy than
those who had low-quality colonoscopy. This is a nat-

Table 4. SIRs and SMRs of CRC, Stratified by Sex*

End Point Time After Single Negative Screening Colonoscopy, by Colonoscopy Quality

0–5.0 Years 5.1–10.0 Years

Overall Low-Quality High-Quality Overall Low-Quality High-Quality

Women
CRC cases

Observed, n 107 87 20 143 120 23
Expected, n 357 242 115 398 283 116
SIR (95% CI) 0.30 (0.24–0.36) 0.36 (0.28–0.44) 0.17 (0.10–0.25) 0.36 (0.30–0.42) 0.42 (0.35–0.50) 0.20 (0.12–0.28)

CRC deaths
Observed, n 21 17 4 61 53 8
Expected, n 163 111 53 198 140 57
SMR (95% CI) 0.13 (0.07–0.18) 0.15 (0.08–0.23) 0.08 (0.02–0.19) 0.31 (0.23–0.39) 0.38 (0.28–0.48) 0.14 (0.04–0.24)

Men
CRC cases

Observed, n 56 44 12 89 73 16
Expected, n 321 222 99 382 276 105
SIR (95% CI) 0.17 (0.13–0.22) 0.20 (0.14–0.26) 0.12 (0.05–0.19) 0.23 (0.18–0.28) 0.26 (0.20–0.33) 0.15 (0.08–0.23)

CRC deaths
Observed, n 14 11 3 26 21 5
Expected, n 161 111 50 208 151 57
SMR (95% CI) 0.09 (0.04–0.13) 0.10 (0.04–0.16) 0.06 (0.01–0.18) 0.12 (0.08–0.17) 0.14 (0.08–0.20) 0.09 (0.01–0.16)

CRC = colorectal cancer; SIR = standardized incidence ratio; SMR = standardized mortality ratio.
* All SIRs and SMRs with nonoverlapping 95% CIs are considered significantly different.

Table 5. SIRs and SMRs of CRC, Stratified by Tumor Site*

End Point Time After Single Negative Screening Colonoscopy, by Colonoscopy Quality

0–5.0 Years 5.1–10.0 Years

Overall Low-Quality High-Quality Overall Low-Quality High-Quality

Proximal CRC cases
Observed, n 51 43 8 107 88 19
Expected, n 140 95 45 183 130 53
SIR (95% CI) 0.36 (0.26–0.46) 0.45 (0.32–0.59) 0.18 (0.05–0.30) 0.58 (0.47–0.70) 0.68 (0.54–0.82) 0.36 (0.20–0.52)

Distal CRC cases
Observed, n 91 70 21 93 78 15
Expected, n 459 314 145 514 369 146
SIR (95% CI) 0.20 (0.16–0.24) 0.22 (0.17–0.28) 0.14 (0.08–0.21) 0.18 (0.14–0.22) 0.21 (0.16–0.26) 0.10 (0.05–0.15)

Deaths from proximal CRC
Observed, n 12 11 1 32 26 6
Expected, n 23 15 8 34 24 10
SMR (95% CI) 0.52 (0.23–0.82) 0.73 (0.30–1.17) 0.12 (0.00–0.70) 0.94 (0.62–1.27) 1.08 (0.67–1.50) 0.60 (0.12–1.08)

Deaths from distal CRC
Observed, n 10 6 4 37 34 3
Expected, n 171 114 56 246 175 71
SMR (95% CI) 0.06 (0.02–0.09) 0.05 (0.01–0.09) 0.07 (0.02–0.18) 0.15 (0.10–0.20) 0.19 (0.13–0.26) 0.04 (0.01–0.12)

CRC = colorectal cancer; SIR = standardized incidence ratio; SMR = standardized mortality ratio.
* The analysis excluded 86 CRCs (14.3%) coded without a specified tumor site. All SIRs and SMRs with nonoverlapping 95% CIs are considered
significantly different.
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ural consequence of improving colonoscopy quality
over the study inclusion period (41).

Finally, we could not assess whether the study indi-
viduals had repeat examination outside of the Polish
Colonoscopy Screening Program. We estimate that this
rate is low, because screening colonoscopy is not reim-
bursed in the public health care system outside of the
Polish Colonoscopy Screening Program, and screening
colonoscopy through the private health care system is un-
common. There is no reason to believe that this intro-

duced bias, because the analyzed groups should not dif-
fer in National Cancer Registry completeness or access to
private health services.

In summary, we found that a single negative
screening colonoscopy was associated with reduced
CRC incidence and mortality over up to 17.4 years of
follow-up. Only high-quality colonoscopy provided a
profound and stable reduction in both CRC incidence
and mortality throughout follow-up. These results sug-
gest that the currently recommended 10-year interval

Table 4—Continued

Time After Single Negative Screening Colonoscopy, by Colonoscopy Quality

10.1–17.4 Years Entire Follow-up

Overall Low-Quality High-Quality Overall Low-Quality High-Quality

61 56 5 311 263 48
156 126 30 912 651 261
0.39 (0.29–0.49) 0.44 (0.33–0.56) 0.17 (0.02–0.31) 0.34 (0.30–0.38) 0.40 (0.36–0.45) 0.18 (0.13–0.24)

30 26 4 112 96 16
85 69 16 446 319 126

0.35 (0.23–0.48) 0.38 (0.23–0.58) 0.25 (0.07–0.64) 0.25 (0.20–0.30) 0.30 (0.24–0.36) 0.13 (0.06–0.19)

33 30 3 178 147 31
152 127 25 855 625 230
0.22 (0.14–0.29) 0.24 (0.15–0.32) 0.12 (0.02–0.35) 0.21 (0.18–0.24) 0.24 (0.20–0.27) 0.13 (0.09–0.18)

17 15 2 57 47 10
90 76 15 460 338 122

0.19 (0.10–0.28) 0.20 (0.10–0.30) 0.13 (0.02–0.48) 0.12 (0.09–0.16) 0.14 (0.10–0.18) 0.08 (0.03–0.13)

Table 5—Continued

Time After Single Negative Screening Colonoscopy, by Colonoscopy Quality

10.1–17.4 Years Entire Follow-up

Overall Low-Quality High-Quality Overall Low-Quality High-Quality

33 30 3 191 161 30
80 66 15 403 291 112

0.41 (0.27–0.55) 0.45 (0.29–0.62) 0.20 (0.04–0.58) 0.47 (0.41–0.54) 0.55 (0.47–0.64) 0.27 (0.17–0.36)

47 42 5 231 190 41
198 163 35 1171 845 326
0.24 (0.17–0.31) 0.26 (0.18–0.34) 0.14 (0.02–0.27) 0.20 (0.17–0.22) 0.22 (0.19–0.26) 0.13 (0.09–0.16)

15 12 3 59 49 10
16 14 3 74 53 20

0.94 (0.46–1.41) 0.86 (0.37–1.34) 1.00 (0.21–2.92) 0.80 (0.59–1.00) 0.92 (0.67–1.18) 0.50 (0.19–0.81)

24 21 3 71 61 10
111 91 20 527 380 147
0.22 (0.13–0.30) 0.23 (0.13–0.33) 0.15 (0.03–0.44) 0.13 (0.10–0.17) 0.16 (0.12–0.20) 0.07 (0.03–0.11)
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for screening colonoscopy is safe and could potentially
be extended, provided that quality metrics are univer-
sally assessed and the baseline examination meets rec-
ommended standards.
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