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Abstract

Background: The English national bowel cancer screening program offering a guaiac fecal occult blood test began in July 2006.
In randomized controlled trials of guaiac fecal occult blood test screening, reductions in mortality were accompanied by
reductions in advanced stage colorectal cancer (CRC). We aimed to evaluate the effect of participation in the national bowel
cancer screening program on stage-specific CRC incidence as a likely precursor of a mortality effect. Methods: In this
population-based case-control study, cases were individuals diagnosed with CRC aged 60-79 years between January 1, 2012,
and December 31, 2013. Two controls per case were matched on geographic region, gender, date of birth, and year of first
screening invitation. Screening histories were extracted from the screening database. Conditional logistic regression with cor-
rection for self-selection bias was used to estimate odds ratios (odds ratios corrected for self-selection bias [cOR]) and 95%
confidence intervals (CIs) by Duke stage, sex, and age. Results: 14 636 individuals with CRC and 29 036 without were eligible
for analysis. The odds of CRC (any stage) were increased within 30 days of a screening test and decreased thereafter. No
reduction in CRC (any stage) among screened individuals compared with those not screened was observed (cOR = 1.00, 95%
CI = 0.89 to 1.15). However, screened individuals had lower odds of Duke stage D CRC (cOR = 0.68, 95% CI = 0.50 to 0.93). We
estimate 435 fewer Duke D CRC by age 80 years in 100 000 people screened biennially between ages 60 and 74 years compared
with an unscreened cohort. Conclusion: The impact of colorectal screening on advanced CRC incidence suggests that the

program will meet its aim of reducing mortality.

In the United Kingdom, approximately 42000 colorectal cancer
(CRC) cases are diagnosed annually (1). Between 2005-2007 and
2015-2017, CRC incidence rates decreased by 4% and death rates
by 14% (2).

Randomized controlled trials (RCTs) have demonstrated the
efficacy of biennial screening with guaiac fecal occult blood test
(gFOBT) for reducing CRC mortality (3). To date, only 1 trial (4)
has demonstrated any statistically significant reduction in CRC
incidence, and in that trial, a high proportion of subjects in the
intervention arms underwent colonoscopy. In all trials, the re-
duction in mortality was accompanied by a reduction in ad-
vanced stage CRC (5-9).

In England, a national bowel cancer screening program
(NHSBCSP) offering a gFOBT test was rolled out between 2006
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and 2010. Initially, it offered screening to individuals between
the ages of 60 and 69 years, but from 2010, it was extended up to
age 74 years. People older than 74 years can self-refer (10).
Individuals with abnormal test results are offered colonoscopy.
In 2013, the NHSBCSP began offering flexible sigmoidoscopy at
age 55 years. However, it was never fully rolled out (11), and it
was recently discontinued (12). In June 2019, the program
changed the test from gFOBT to fecal immunochemical testing.

The NHSBCSP aims to reduce mortality from colorectal cancer
by 16% in those invited for screening (13), but it is too early to as-
sess its impact on mortality. The aim of this study is to evaluate
the effect of participation in the NHSBCSP on the risk of diagnosis
of primary CRC, using changes in advanced stage CRC incidence
as early indicators of the likely future impact on mortality.
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Methods

Study Population and Data

Cases were individuals with primary CRC (International
Classification of Diseases-10 C18, C19 or C20) diagnosed at age
60-79 years between January 1, 2012, and December 31, 2013.
Both first and subsequent registrations were included. Controls
were individuals with no diagnosis of colorectal cancer prior to
the date of diagnosis of their matched case.

Cases were identified by the National Cancer Registration
and Analysis Service. The National Health Application and
Infrastructure Services system was used to identify 2 matched
population controls per case. Controls were individual matched
to their case on gender, geography (to 1 of 82 regions of
England), date of birth (within 1month), year of first NHSBCSP
invitation (to ensure equal opportunity for screening), and being
alive when the case was diagnosed. Individuals who objected to
their records being used for research were excluded. Full details
have been published previously (14).

Demographics, staging, and cause of death data were re-
trieved from National Cancer Registration and Analysis Service.
Screening histories were extracted from the Bowel Cancer
Screening System, which only includes tests taken in response
to an invitation for screening. During the period covered by this
study, individuals were screened using gFOBT and would not
have been offered flexible sigmoidoscopy at age 55 years.

Controls were assigned the date of diagnosis of their
matched case as a pseudodiagnosis reference date. Age was the
age at diagnosis.

Individuals not invited for screening prior to (pseudo)diag-
nosis, controls with a prior diagnosis of colorectal cancer, cases
diagnosed at younger than 60 years, and death certificate-only
cases were excluded from analysis.

Duke staging data were 74.4% complete. To increase the pro-
portion of cases with staging, time between diagnosis and death
was considered. Given the poor survival (15) following a diagno-
sis of Duke D, patients with tumors with missing stage who
died within 1 year of diagnosis were classified as suspected
Duke D. Those dying between at least 1 year and less than
3years were classified as Duke B or worse, not otherwise speci-
fied (B+ NOS). The remaining tumors with missing stage were
checked against tumor-node-metastasis stage data and nodal
status data. Any tumor coded as T2-4, N1-3, or M1 and all node-
positive tumors were classified as Duke B+ NOS. If no conclu-
sive data were available, tumors were classified as unknown
stage. We also carried out 2 sensitivity analyses. First, we de-
rived results including only cases and their matched controls
with known stage (ie, assuming stage is missing completely at
random). Second, we used inverse probability weighting, esti-
mating probabilities of stage being nonmissing by age, gender,
and survival time to deal with missing stage (16).

For the main analysis, we considered 1) all stages—includes
all eligible cases; 2) Duke stage B or worse—including stage B+
NOS; 3) Duke stage C or worse—cases with stages C1, C2, D, or
suspected D; and 4) Duke stage D—including those with sus-
pected Duke D.

Classification of Screening Exposure

Reflecting the maximum time between screening rollout and di-
agnosis in this study, exposure to screening was assessed dur-
ing a 7-year look-back window. Screens taken at younger than
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60 years were excluded. Tests within 7 days of diagnosis were
excluded under the assumption that screening could not lead to
diagnosis that quickly.

The effectiveness of gFOBT screening was explored using 2
measures of screening exposure. “Ever screened” was defined
as having at least 1 test at age 60 years or older and not within
7days of diagnosis and/or pseudodiagnosis. “Time since last
test” was defined as the time from the most recent test prior to
diagnosis/pseudodiagnosis up to the date of the latter.

Statistical Analysis

Conditional logistic regression was used to estimate odds ratios
(OR) and 95% confidence intervals (CI). The study was designed
to have at least 90% power to detect an odds ratio of 0.80 as sta-
tistically significant at 5% level with 2-sided testing (17).

To correct for the fact that individuals who accept the invita-
tion to screening may have a priori better health status com-
pared with individuals who do not (ie, self-selection bias), we
used the formula (18)

peD:

COR:il—(l—p)Dr’

where cOR is the odds ratio corrected for self-selection bias, p is
the proportion of individuals participating in screening (as-
sumed 0.6 in this study, to approximate participation [59.9%] in
the national program) (19), ¢ is the uncorrected odds ratio, and
D, is the risk ratio of CRC in unscreened invited over unscreened
not invited. We used data from long-term follow-up of the
Nottingham trial (7) to estimate D, risk ratios by Duke stage by
dividing the incidence of cancers diagnosed among individuals
offered screening but who chose not to be screened by the cor-
responding incidence in the control population (Supplementary
Table 1, available online).

Time since last test was coded in 2 ways to show the effect of
screening over time. We first used overlapping time intervals.
From O to less than 3months, intervals were 30days wide with a
15-day shift from one interval to the next. From 3months to less
than 1year, intervals were 60days wide and shifted by 28days.
From 1 to 4years, intervals were 180days wide and shifted by
60days. The lower band of the last interval estimated was 4 years.
Overlapping odds ratios and 95% confidence intervals were plotted
at the lower band of the time since last test interval. Second, we
used time categorized into exclusive intervals: less than 30 days,
30 to less than 60 days, 60 to less than 90 days, 90 to less than 180
days, 180 to less than 365 days, 365 to less than 730 days, 2 years,
and 3 or more years. This analysis was corrected for self-selection
bias.

We estimated the cumulative risk per 100000 in a hypotheti-
cal cohort of individuals aged 60-79 years in the general popula-
tion and among individuals screened every 2 years from their
60th birthday until age 74 years, using gender-specific nation-
ally reported rates of CRC (for 2015-2017) in 5-year age groups
(20). See the Supplementary Methods (available online).

Ethical approval was given to receive anonymized routinely
collected data by the National Research Ethics Service (NRES)
Committee London—City & East, reference14/L0/0826 and HRA
CAG reference14/CAG/1020.

Results

After exclusions, 14 636 individuals with CRC and 29 036 without
were eligible for analysis (Figure 1). Most cases excluded were
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23842 individuals with bowel cancer

| | 47 684 individuals without bowel cancer

9206 Excluded:
4271 younger than 60 years
1 death certificate only
4925 not invited to screen
9 had no eligible controls after
exclusions

DI

v Vv

—>

18 648 Excluded:
8542 younger than 60 years
2 case death certificate only
977 not invited to screen
334 diagnosed with bowel cancer

Included in analysis
14636 individuals with bowel cancer
29036 controls

Figure 1. Flowchart detailing total study population, exclusions, and total included in the analysis.

Table 1. Descriptive characteristics of individuals eligible for analysis

Age at diagnosis, y?

60-64 65-69 70-74 75-79° Total
Characteristics Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls
Total No. 4263 8477 4785 9504 4639 9179 949 1876 14636 29036
Stage at diagnosis, %
Stage A 15.9 14.2 14.2 12.4 14.6
Stage B 20.9 23.7 24.1 229 22.9
Stage C 27.5 25.0 234 23.2 25.1
Stage D 13.0 13.0 11.6 10.9 12.4
Missing stage, %
Suspected Duke D¢ 7.1 9.7 13.0 16.3 7.3
Stage B or worse NOS? 7.0 7.1 7.2 9.7 10.4
Stage unknown 8.6 7.3 6.5 4.6 7.3
Gender, %
Male 58.9 56.8 56.2 51.3 56.9
Female 41.1 43.2 43.8 48.7 43.1
Screening exposure, %
Invited but not 40.3 459 38.4 36.2 40.5 39.3 49.5 40.2 40.3 40.3
screened®
Screened 59.7 54.1 61.6 63.8 59.5 60.7 50.5 59.8 59.7 59.7
Time since last screen, %
<ly 40.3 28.4 34.8 28.3 27.7 21.7 1.7 3.8 32.0 24.7
>lyto2y 14.4 18.7 18.2 24.4 11.6 15.1 19.5 259 15.1 19.9
>2yto3y 3.7 5.7 5.2 7.0 7.1 8.9 16.2 17.4 6.1 7.8
>3ytody 11 11 2.1 2.3 6.8 7.2 5.7 6.6 3.5 3.8
>4y 0.2 0.5 1.3 1.9 6.3 7.8 7.4 6.1 3.0 3.6

“Note that prior to excluding cases who were not invited for screening, 47.5% of all cancers were diagnosed at ages 60-69 years. A larger proportion of cases were ex-
cluded at ages 70-79 years because they had not been invited prior to diagnosis. B+ NOS = Duke B or worse not otherwise specified.

>Three controls opted into screening.

All individuals died within 1 year of diagnosis and hence are suspected to be Duke D.

dSurvival and other tumor characteristics suggest stage B+ NOS.

“Excludes those whose only test was within 7 days of diagnosis or who only had tests at younger than 60 years.

younger than 60 years at diagnosis (n =4271) or had not been in-
vited for screening prior to diagnosis (n =4925).

More than half (57%) of eligible CRC cases were male, and
62% were aged 60-69 years at diagnosis (Table 1). The most com-
mon Duke stages were C (25%) and B (23%). Stage was missing
for 25% of cases, and other details allowed 1069 (29.2% of those
with stage missing) to be classified as Duke stage B+ NOS and
1525 (41.7%) as suspected Duke D.

Of the individuals, 60% were screened at least once (Table 1).
The mean time since last test was 1.26 (range = 0.02-7.1) years.

Individuals invited more than once were more likely to have
been screened than were those invited just once
(Supplementary Table 2, available online).

In the main analysis, the odds of being diagnosed with CRC
were increased within 60 days of a screening test (Figure 2) and
were particularly high within 30 days (cOR all stages = 9.66, 95%
CI = 8.17 to 11.43; Supplementary Table 3, available online), sug-
gesting substantial numbers of screen-detected cancers. The
magnitude of the effect decreased with increasing stage at diag-
nosis (Figure 2). After the initial increase in odds ratios, there
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Figure 2. Effect of screening on the odds ratio of colorectal cancer by time since last test. A) All stages, B) Duke B or worse, C) Duke C or worse, D) Duke D. CI = confi-

dence interval; OR = odds ratio.

was a decrease up to 1 year (cOR all stages = 0.53, 95% CI = 0.46
to 0.62) after which the odds ratio began to increase again
(Supplementary Table 3, available online).

Figure 3 illustrates the cumulative relative risk of CRC over
time corrected for self-selection bias. For screened individuals,
time zero is the time of the last test. Screened individuals were
more likely to have CRC (all stages combined) diagnosed after
testing than unscreened individuals, but the risk converges by
about 3years. For stage B or worse, the excess risk disappears by
2 years. For stage C or worse, the cumulative risks cross at about
15months and are less at 3years in screened than in
unscreened individuals. The excess risk of stage D CRC disap-
pears within 6 months of screening, and the cumulative risk at
3years is substantially less in screened than in unscreened
individuals.

Impact of Ever Having a gFOBT Screen

Overall, no reduction in odds of CRC among screened individu-
als compared with those who had been invited but not screened
was observed (cOR = 1.00, 95% CI = 0.89 to 1.15). However,
screened individuals had a 32% lower odds of Duke stage D CRC
(cOR = 0.68, 95% CI = 0.50 to 0.93; Table 2). Results for stage B+
and stage C+ were intermediary. Excluding those missing
stages yielded higher relative risks associated with screening
for all cancers combined but showed a similar impact of screen-
ing on stage D CRC among screened individuals (OR = 0.66, 95%

CI = 0.58 to 0.74) which became statistically nonsignificant once
corrected for self-selection (cOR = 0.92, 95% CI = 0.66 to 1.27;
Table 2). Inverse probability weighting generally gave similar
results to the main analysis.

Results by age and gender revealed 7% lower odds of all
stage CRC following screening in females (OR = 0. 93, 95% CI =
0.87 to 0.99), a 9% decrease in those aged 65-69 years (OR = 0.91,
95% CI = 084 to 0.98), and a 33% decrease in those aged 70-79
years (OR = 0.67, 95% CI = 0.57 to 0.79). However, there was an
increased risk in males and in those aged 60-64 years following
screening (Supplementary Figures 1 and 2, available online).
The difference in odds ratio by gender disappeared when results
were restricted to Duke stage B+. Point estimates mirrored
those of the pooled analysis. Lower odds of CRC were observed
at ages 70-79 years compared with ages 60-69 years for all stages
except Duke D where no difference was seen.

Cumulative risk of CRC from age 60 to 79 years in a hypo-
thetical cohort of individuals screened once every 2 years from
age 60 to 74 years compared with general population risk is
shown in Figure 4. Screening increases the odds of being diag-
nosed with CRC during the screening years, but screened indi-
viduals have a lower risk of CRC in the years following
screening so that by age 79 years, the cumulative rates are al-
most identical to those in the general population (ie, there is
neither overdiagnosis nor prevention of CRC). However, the dif-
ference in rates of Duke D CRC between screened individuals
and the general population increases with age so that by age 79
years, there were 435 per 100000 fewer CRC in those screened.
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Duke C or worse

0

Cumulative relative risk
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Duke B or worse
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Figure 3. Cumulative relative risk of colorectal cancer by time since last test and stage in unscreened individuals compared with those screened. Corrected for self-se-

lection bias. A) All stages, B) Duke B or worse, C) Duke C or worse, D) Duke D.

The cumulative rate in the general population was 1337 per
100000.

Discussion

Results suggest that screened individuals are 32% less likely to
be diagnosed with advanced stage CRC, defined as Duke stage
D, compared with individuals invited for screening but who do
not attend. Results did not differ by gender. The observed differ-
ential in risk with age probably results from a substantially
higher harvest of screen-detected cancers on the prevalent
screen than on an incident screen.

The odds ratio (Supplementary Table 4, available online) of a
Duke D CRC within 30days (OR range = 1.44-2.21 depending on
age) and 30-60days (OR range = 1.06-1.72) indicate an excess of
about 1-2 months’ worth of cancers being diagnosed within
2months of a screen (ie, if the cOR is 2.21 that corresponds to an
extra 2.21-1 months’ worth of cancer). This is consistent with
there being a small number of screen-detected Duke D cancers.
The increased odds for all stage cancer within 30 days (OR range
= 9.14-12.31) and 30-60days (OR range = 2.25-3.59) indicate an
excess of 8-11 months’ worth of cancer in the first month and 1-
2.5 in the second month. Hence, overall, about 1 years’ worth of
cancer is found by screening. The odds ratios are greater at age
60-62 years, the age of first invitation for screening (an excess of
about 14 months of cancer), than at older ages (incident screens)
when the excess is similar to the incidence over 10 months.

The results of the sensitivity analysis including only known
stage are more conservative than our main analysis (although

less so for Duke D in particular). The fact that screen-detected
cancers are more likely to have stage recorded (21) confers a
conservative bias, increasing the relative risk associated with
screening. The results of the sensitivity analysis using inverse
probability weighting were similar but not identical to those of
our main analysis. The assumption that survival following a
diagnosis of CRC would be a good indicator of stage at diagno-
sis (15) seems reasonable because the stage distribution with
this assumption agrees with national reported statistics for
England (22).

Individuals who accept the invitation to screening (partici-
pants) may have a priori better health compared with individu-
als who do not (nonparticipants). In the case of CRC screening,
gFOBT kit return has been shown to be lower for postcode sec-
tors with poor health (23). Therefore, even without any benefit
of screening, those who would participate in screening may be
less likely to be diagnosed with CRC and particularly with ad-
vanced CRC compared with the general population (ie, self-
selection bias) (24). For this reason, we corrected for self-
selection bias as described above.

The lower impact of prevalent cancer in Duke D CRC sug-
gests most of these cancers are diagnosed symptomatically (25).
This correlates with the observation that self-selection bias is
strongest among this subgroup. After 20years of follow-up in
the Nottingham RCT (7), the rate of Duke D CRC among individ-
uals invited for screening but who did not take up the offer was
7.5 per 1000 compared with 6.2 per 1000 among those not in-
vited (unscreened). The differences in diagnosis rates were
smaller and statistically non-significant for other stages
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Table 2. Crude and adjusted odds ratios of being diagnosed with colorectal cancer by screening status and Duke stage

Sensitivity analysis 2- inverse probability

Main analysis?® Sensitivity analysis 1-known stage only® weighting
Invitational status—
screening status Controls® Cases OR (95%CI) cOR?(95% CI)  Controls® Cases OR (95% CI)  cORY(95% CI) Controls® Cases OR (95% CI)  cORY (95% CI)
All stages, No. 29036 14636 21779 10979 29 036 14636
Invited— 40.3% 40.3% 1.00 (Referent) 1.00 (Referent) 40.4% 38.0% 1.00 (Referent) 1.00 (Referent) 40.3% 40.3% 1.00 (Referent) 1.00 (Referent)
unscreened
Invited—screened 59.7% 59.7% 1.00 (0.96 to 1.00 (0.89 to 59.6% 62.0% 1.11 (1.06 to 1.12 (0.98 to 59.7% 59.7% 1.00 (0.96 to 1.00 (0.89 to
1.04) 1.15) 1.17) 1.28) 1.04) 1.15)
Stage Duke B or 22702 11441 17 557 8847 12 356 6231
worse, No.®
Invited— 40.0% 44.2% 1.00 (Referent) 1.00 (Referent) 40.3% 40.7% 1.00 (Referent) 1.00 (Referent) 41.0% 50.3% 1.00 (Referent) 1.00 (Referent)
unscreened
Invited—screened 60.0% 55.8% 0.83(0.80 to 0.89 (0.76 to 59.7% 59.3% 0.98 (0.93 to 1.05 (0.90 to 59.0% 49.7% 0.68 (0.63 to 0.73 (0.62 to
0.88) 1.03) 1.04) 1.22) 0.74) 0.85)
Duke C or worse, No. 13909 7014 10 884 5489 10023 5059
Invited— 40.4% 47.0% 1.00 (Referent) 1.00 (Referent) 41.0% 42.2% 1.00 (Referent) 1.00 (Referent) 41.2% 50.2% 1.00 (Referent) 1.00 (Referent)
unscreened
Invited—screened 59.6% 53.0% 0.76 (0.72 to 0.81(0.70 to 59.0% 57.8% 0.95 (0.89 to 1.01 (0.87 to 58.8% 49.8% 0.69 (0.63 to 0.74 (0.62 to
0.81) 0.94) 1.02) 1.19) 0.75) 0.87)
Duke D, No. 6622 3340 3597 1815 5448 2750
Invited— 40.4% 57.7% 1.00 (Referent) 1.00 (Referent) 41.8% 52.0% 1.00 (Referent) 1.00 (Referent) 41.3% 54.2% 1.00 (Referent) 1.00 (Referent)
unscreened
Invited—screened 59.6% 42.3% 0.49 (0.45 to 0.68 (0.50 to 58.22% 47.99% 0.66 (0.58to  0.92(0.66to  58.7% 45.8% 0.59 (0.52to  0.82(0.59 to
0.53) 0.93) 0.74) 1.27) 0.66) 1.13)

fIndividuals with suspected Duke D are assumed to be Duke D. B+ NOS = Duke B or worse not otherwise specified; CI = confidence interval; OR = odds ratio.
This analysis equates to assuming stage is missing completely at random.

“Percentages of disease-free controls matched to cases of the relevant stage.

dCorrected for self-selection: 1.00 for all stages, 1.04 up to Duke C or worse, and 1.20 for Duke D.
€Duke B or worse always includes those with stage recorded as Duke B+ NOS, but Duke C or worse always excludes them.
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Figure 4. Cumulative rate of colorectal cancer per 100000 in a hypothetical cohort of individuals aged 60 to 79 years among screened individuals and the general popu-

lation. Corrected for self-selection bias. A) All stages and B) for Duke stage D.

(Supplementary Table 1, available online). Given that self-
selection (not to be screened) is likely to be stronger among indi-
viduals at greatest risk of presenting with advanced CRC, our
correction factor was greater with increasing stage at
diagnosed.

The case-control design has previously been used to great
effect in evaluation of the NHS cervical screening program
(26). Nevertheless, it is prone to biases (27). The use of central-
ized national databases to obtain screening history and colo-
rectal cancer diagnoses will have eliminated recall and
ascertainment bias. Screening opportunity bias was addressed
by giving the controls a pseudodiagnosis date that is the same
as that of their matched case and screening history is only
considered up to that date (28). However, individuals who
were invited more than once were more likely to have been
screened, suggesting that some opportunity bias may remain
unaccounted for.

When estimating the cumulative rate per 100000 individu-
als, it is possible that the absolute risk in the population is inac-
curate because it will reflect a mixture of screened and
unscreened individuals, and these proportions are changing
over time. However, we are confident that the relative risk be-
tween the population and those screened is unbiased. Changes
in adherence to screening at a population level would have little
impact on odds ratios reported here because they report on the
effect of being screened.

Traditional case-control evaluation of CRC screening takes
individuals who have died from primary cancer as cases, and
individuals known to be alive at the time of death of the cases
as controls (29,30). One such study of opportunistic gFOBT
screening in England (31) found that cases were less likely than
controls to have ever been screened, although the effect was
not statistically significant (OR=0.64, 95% CI = 0.34 to 1.15).
This study was carried out in the context of high-risk surveil-
lance, prior to the national program.

In 2 case series in the Australian immunochemical testing
program, Cole et al. (32) found a similar reduction in Duke D
cases, and Ananda et al. (33) found an increase in survival in
cancers detected by the program compared with symptomatic
cancers. In the first round of the program in England, Ellul et al.
(34) found a shift toward more favorable stage compared with
cancers diagnosed prior to the program.

Two case-control studies that assess the impact of fecal im-
munochemical testing screening on CRC incidence in Japan
(17,35) indicated reductions in incidence of advanced stage dis-
ease or of interval cancers. Neither study corrected for self-
selection.

RCTs of gFOBT screening have found differing results with
regard to CRC incidence (36,37). The Nottingham trial found a
higher yield of Duke A cancers in the intervention arm (9) but
no long-term reduction in incidence between groups (7). The
trial did find a 13% reduction in CRC mortality. The Minnesota
Colon Cancer Control Study found a reduction in incidence (4)
and in mortality (6) from CRC after a similar follow-up time as
the Nottingham trial. Rehydration of gFOBT in the Minnesota
trial led to very high levels of positivity and colonoscopy, which
may have contributed to more adenomas being removed in the
screening group, explaining the impact on incidence.

The change to immunochemical testing is likely to improve
sensitivity to early stage cancer and adenomas compared with
gFOBT (3). Therefore, the benefits in terms of prevention of late-
stage disease and mortality are likely to be larger in the future.

Surveillance of the impact of bowel screening programs on
mortality is possible using intermediate surrogate endpoints.
Results suggest no evidence of cancer prevention (or of overdi-
agnosis) in the NHSBSP. Combination of the 32% reduction in
Duke D cancers and the 19% reduction in Duke C or worse with
national stage distribution and stage-specific 5-year survival
(20) suggests that the program is on course to reduce CRC mor-
tality by 16% in those who participate.
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