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Background A single flexible sigmoidoscopy at around the age of 60 years has been proposed as an effective strategy for

colorectal cancer (CRC) screening.

Methods We conducted a randomized controlled trial to evaluate the effect of flexible sigmoidoscopy screening on CRC
incidence and mortality. A questionnaire to assess the eligibility and interest in screening was mailed to 236568
men and women, aged 55-64 years, who were randomly selected from six trial centers in Italy. Of the 56532
respondents, interested and eligible subjects were randomly assigned to the intervention group (invitation for
flexible sigmoidoscopy; n = 17 148) or the control group (no further contact; n = 17 144), between June 14, 1995,
and May 10, 1999. Flexible sigmoidoscopy was performed on 9911 subjects. Intention-to-treat and per-protocol
analyses were performed to compare the CRC incidence and mortality rates in the intervention and control

groups. Per-protocol analysis was adjusted for noncompliance.

Results A total of 34272 subjects (17136 in each group) were included in the follow-up analysis. The median follow-up
period was 10.5 years for incidence and 11.4 years for mortality; 251 subjects were diagnosed with CRC in the
intervention group and 306 in the control group. Overall incidence rates in the intervention and control groups
were 144.11 and 176.43, respectively, per 100000 person-years. CRC-related death was noted in 65 subjects in
the intervention group and 83 subjects in the control group. Mortality rates in the intervention and control
groups were 34.66 and 44.45, respectively, per 100000 person-years. In the intention-to-treat analysis, the rate
of CRC incidence was statistically significantly reduced in the intervention group by 18% (rate ratio [RR] = 0.82,
95% confidence interval [CI] = 0.69 to 0.96), and the mortality rate was non-statistically significantly reduced by
22% (RR = 0.78; 95% Cl = 0.56 to 1.08) compared with the control group. In the per-protocol analysis, both
CRC incidence and mortality rates were statistically significantly reduced among the screened subjects;
CRC incidence was reduced by 31% (RR = 0.69; 95% Cl = 0.56 to 0.86) and mortality was reduced by 38%
(RR = 0.62; 95% CIl = 0.40 to 0.96) compared with the control group.

Conclusion A single flexible sigmoidoscopy screening between ages 55 and 64 years was associated with a substantial re-

duction of CRC incidence and mortality.

J Natl Cancer Inst 2011;103:1310-1322

Several randomized controlled trials have shown that fecal occult  protection against development of distal CRC (3,4). Based on obser-

blood testing (FOBT) in colorectal cancer (CRC) screening can
reduce mortality from CRC (1). CRC incidence was also reduced
in one of the trials (2), which may have resulted from endoscopic
polypectomy of neoplasms in people detected with a positive test.
Observational studies have shown a substantial reduction in incidence
and mortality for cancer in the rectum and sigmoid colon (distal
CRC) among people who had undergone endoscopy (3-6). The
reduction in incidence was maintained over time suggesting that
removal of adenomas at screening can indeed provide a long-term
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vational data indicating that two-thirds of CRCs arise in the rectum
and sigmoid colon (7), which can be examined by flexible sigmoidos-
copy, and that the prevalence of distal adenomas eventually reaches a
plateau at around 60 years of age (8), a single flexible sigmoidoscopy
screen offered between 55 and 64 years of age has been proposed as
a suitable method for CRC screening (8). Several studies have already
shown that flexible sigmoidoscopy is safe and well accepted among
patients (9-12), and currently four ongoing trials are aimed at assess-

ing the efficacy of this screening modality (9,13-15).
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Results of the first 7 years of follow-up in the Norwegian trial
showed a statistically significant (P = .011) reduction of CRC mor-
tality by 59% among subjects who were screened but no reduction of
CRC incidence and a non-statistically significant (P = .16) reduction
in CRC mortality in the intention-to-treat analysis (14).

A statistically significant and long-lasting reduction of both inci-
dence (P < .0001) and mortality (P < .0001) from CRC has been
reported from the UKtrial after 11 years of follow-up (13).

We conducted a multicenter, randomized controlled trial in Italy
to assess efficacy of flexible sigmoidoscopy screening offered once in
life at 55-64 years of age (“once-only” sigmoidoscopy screening or
Screening for COlon REctum [SCORE] trial), based on the UK trial
protocol. We previously reported the baseline findings from the trial
recruitment (9) and now report the 10-year follow-up results.

Subjects and Methods

Study Population and Recruitment
The SCORE trial (registration number ISRCTN27814061) was
conducted by six trial organizing centers: Turin (with two gastroen-
terology units involved), Biella (one gastroenterology unit), Genoa
(one gastroenterology unit), Arezzo (one gastroenterology unit),
Rimini (one gastroenterology unit), and Milan (four gastroenterology
units in province of Milan and two gastroenterology units in province
of Como) in Italy (see “Appendix”). Approval for the study was
granted by the local ethics review committees in each center. The
design of the trial has been described elsewhere (9). In Arezzo,
Rimini, and Thurin, all patients enrolled in the rosters of a random
sample of National Health Service general practitioners (GPs) were
targeted for recruitment. In Milan, all patients of the GPs who volun-
teered to cooperate in the trial were included in the population tar-
geted for enrollment. In Genoa and Biella, a random sample of
individuals in the target age range was drawn from the National
Health Service register. A total of 236568 men and women (47.7%
men and 52.3% women), aged 55-64 years, included in these samples
were mailed an interest-in-screening questionnaire designed to assess
eligibility for and interest in screening, of whom 56532 (23.9%)
responded (Figure 1). We have previously described the study proto-
col and reported the baseline findings of the recruitment phase of the
SCORE trial (9). Responders were excluded if they reported a per-
sonal history of CRC, colorectal adenomas, or inflammatory bowel
disease; having had a colorectal endoscopy within the previous 2
years; having two or more first-degree relatives with CRC; and having
a medical condition that would preclude a benefit from screening.
As described in the article reporting the baseline results (9), of the
43010 (18.2%, range 14.8%-24.8%) respondents in the six trial
centers who said that they certainly or probably would attend the
screening if offered to them, 4838 (11.2%) were found to be ineli-
gible. We also excluded 3880 eligible responders in Genoa from
random assignment, who mentioned that they would probably be
available for CRC screening, as the attendance rate was too low in
that subgroup of responders (Figure 1).

Random Assignment and Invitation for Flexible
Sigmoidoscopy Screening

Eligible respondents who indicated that they would “certainly” or
“probably” undergo flexible sigmoidoscopy screening, if it was
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CONTEXT AND CAVEATS

Prior knowledge

After 11 years of follow-up, the UK Flexible Sigmoidoscopy
Screening Trial reported long-lasting reduction of colorectal cancer
(CRC) incidence and mortality by 33% and 43% respectively from
CRC among screened people. A single flexible sigmoidoscopy
screen offered between 55 and 64 years of age has been proposed
as a suitable method for CRC screening.

Study design

A 10-year follow-up study of a multicenter randomized controlled
trial conducted in Italy to assess whether flexible sigmoidoscopy
screening offered once at age 55-64 years could reduce CRC inci-
dence and mortality. The baseline findings of the trial recruitment
were reported previously. Intention-to-treat and per-protocol
analyses were performed to compare incidence and mortality rates
in the intervention and control groups.

Contribution

The median follow-up period was 10.5 years for CRC incidence and
11.4 years for mortality (all-cause and CRC-specific mortality). In
the intention-to-treat analysis, CRC incidence and mortality were
reduced by 18% and 22%, respectively. The reduction in mortality
was not statistically significant. However, in a per-protocol analysis,
adjusted for noncompliance, CRC incidence and mortality were
both statistically significantly reduced by 31% and 38%, respec-
tively. Moreover, in the intervention group the incidence of
advanced CRCs (UICC stage 3 or 4) was reduced by 27%.

Implication
Flexible sigmoidoscopy offered once at age 55-64 years is a safe
and effective method for CRC screening.

Limitation

Because of a self-selection bias in trial recruitment, a longer follow-up
of at least 14 years may be needed to see a 25% statistically significant
reduction in mortality in the intervention group compared with the
control group.

From the Editors

offered to them, were randomly allocated to intervention or control
groups in the ratio 1:1. Random assignment was performed in each
center by the local coordinating unit using a computer-generated
allocation algorithm. In Biella, Genoa, and Milan, subjects were
randomly assigned on an individual basis; in Arezzo, Rimini, and
Turin a cluster randomization was adopted (the GP was the unit of
randomization). GPs were stratified in classes of response rate
according to the proportion of eligible respondents among their
patients and then randomized in the intervention and control groups
in the ratio 1:1 within each class, based on a computer-generated
random numbers sequence. A total of 34292 people were randomly
assigned to the intervention (N = 17148) and control (N = 17 144)
groups. Cluster randomization (ie, by physician) used in three cen-
ters contributed 17602 subjects from the rosters of 507 physicians;
the remaining 16690 subjects were randomly assigned individually.
Subjects assigned to the control group were not contacted fur-
ther. Subjects assigned to the intervention group were sent a personal
invitation letter signed by their physician, with a prescheduled
appointment for a flexible sigmoidoscopy screening. A leaflet
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Questionnaires mailed

1999
Not traced
56532
Responses
43010
Interested certainly or probably 13522
Not interested
4838
Not eligible 1244
38172 Not eligible
Eligible interested responders
3880
Not randomized*
34292
Randomized
17 148 17 144
Intervention group Control group
1 death
7 CRC diagnoses
4 deaths before randomization
8 CRC diagnoses
before randomization 17 136 17136
Followed-up Followed-up
7138
Did not attend
87 9911
Attenders not screenedf Screened

Figure 1. Flow diagram of subjects in the Screening for Colon
Rectum (SCORE) trial. Asterisk indicates that based on the low
response rate observed in Genoa among people responding that
they would probably have the test if invited, these subjects where
no longer randomized in that center, starting from December, 1996.
containing a brief description of the procedure and mentioning its
possible side effects was included. A reminder letter was mailed to all
nonattenders. Recruitment began on June 14, 1995, and was com-
pleted by May 10, 1999.

Flexible Sigmoidoscopy Screening Procedure

Screening was undertaken by gastroenterology specialists in hospital
endoscopy units. Bowel preparation was limited to a single enema,
self-administered at home 2 hours before the test. No dietary restric-
tion was recommended (16). All patients gave written consent for the
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Dagger indicates one subject who refused to repeat flexible sig-
moidoscopy following inadequate bowel preparation; this subject
was diagnosed with colorectal cancer before the random assignment
and was excluded from the follow-up analysis. CRC = colorectal
cancer.

screening procedure. A 140 cm colonoscope was used in all centers
except Genoa, where a 60 cm sigmoidoscope was used. The aim of
the examination was to advance the endoscope beyond the sigmoid-
descending colon junction. No sedation was offered. If the exam
could not be performed because of inadequate bowel preparation,
the subject was invited to repeat the test at a later date.

Diminutive polyps (<5 mm) were removed during flexible sig-
moidoscopy using the cold snare technique (17,18). Subjects found
to have larger distal polyps (>5 mm), those with inadequate bowel
preparation harboring at least one polyp, and those found to have
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invasive CRC cancer were referred for total colonoscopy. Total
colonoscopy was also indicated, as determined by histological exam-
ination, for subjects with three or more adenomas, for subjects with
one adenoma with villous component greater than 20%, or for sub-
jects with high-grade dysplasia.

All patients detected with “high-risk” adenomas (ie, one adenoma
>10 mm, or high-grade dysplasia, or villous component >20%), or
with three or more adenomas of any type or with five or more hyper-
plastic polyps located proximal to the rectum were referred for total
colonoscopy surveillance. Subjects with negative flexible sigmoidos-
copy or with other types of polyps were discharged and offered no
further follow-up.

Classification of CRC

According to the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) (19), distal CRCs were those coded
as 153.2 (descending colon), 153.3 (sigmoid colon), 154.0 (rectosig-
moid junction), 154.1 (rectum), and 154.2 (anal canal); proximal
CRGs included codes 153.0 (hepatic flexure), 153.1 (transverse
colon), and 153.4-153.8 (cecum, appendix, ascending colon, splenic
flexure, other specified sites of the large intestine), whereas site un-
specified CRCs were those coded as 153.9.

Invasive adenocarcinomas (ICD-02 codes) were included in the
analysis, and squamous cell carcinomas, neuroendocrine tumors,
and colorectal localizations of other primary malignancies were ex-
cluded. Cancers were classified according to the World Health
Organization criteria (20) as the invasion of malignant cells beyond
the muscularis mucosa. Lesions with histological evidence of in situ
and/or intramucosal carcinoma were classified as high-grade dys-
plasia adenomas. Cancer was classified as advanced if the Union for
International Cancer Control (UICC) stage was III or IV (21).
Staging was derived based on information contained in the medical
record and reports from histology and imaging examinations. The
results of a chest x-ray and of upper abdominal ultrasound and/or
computed tomography performed at the time of CRC diagnosis
were considered as the minimum requirement for assigning a stage
in these CRCs.

Synchronous CRCs were classified based on the code of the
more distal lesion. As already stated in the screening protocol
(9), we also classified cancers located in the descending colon,
which were often examined at screening, as distal neoplasms. We
ran an analysis using the restricted definition of distal colon
adopted in the other published trials, which included the rectum
and sigmoid colon only, to allow for direct comparison of the
results.

Follow-up of Subjects for CRC Incidence and Mortality

During the follow-up period, we performed a search every 2 years
based on an automatic record linkage of the trial database with the
regional hospital discharge records and the pathology department
files in all geographic areas covered by our study. The record linkage
was based on two independent identifiers as follows: social security
number and an algorithm derived from name and birth date. For
hospital discharge records, we selected ICD-9-CM diagnosis codes
related to colorectal malignancy or codes for surgical, diagnostic, or
medical procedures possibly related to CRC (Supplementary Table 1,
available online). Specific software was developed for use in all
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centers to ensure standardization of the search procedures for the
targeted /CD-9-CM codes.

A link was classified as positive if the social security number or the
name and birthdate algorithm of a person with a discharge diagnosis
of colorectal malignancy or codes of surgical or diagnostic medical
procedures that were possibly related to CRC (Supplementary Table
1, available online) were matched with those of a subject recruited in
the trial.

The information concerning histology, surgery, and staging,
including imaging examinations, were recorded on a standard elec-
tronic form by a research assistant. Experts from the local cancer
registries used this information for assessing the diagnoses of all
candidate cases of CRC and then classified primary CRCs accord-
ing to the standard cancer registration rules (22). Population cancer
registries cover the geographic areas of five of the six participating
centers (Arezzo, Biella, Genoa, Rimini, and Turin). In Milan, where
the recruitment area of the trial extended beyond the city bound-
aries (23), experts from the city cancer registry (24), which is active
since 2002, classified all CRCs identified in the recruitment area.
Experts assessing CRC cases were blinded to the allocation of the
subjects to the intervention or control group at randomization.

The vital status at the end of follow-up period was ascertained for
all trial subjects through an automated record linkage with the
regional mortality registries, which also record the causes of death.
We retrieved the death certificates of all patients who had been diag-
nosed with CRC during the follow-up. An independent panel of
experts from the population cancer registries covering the trial cen-
ters, who were blinded to random assignment of subjects to trial
groups, reviewed these certificates and reassigned the underlying
cause of death. Death certificates were supplemented by clinical in-
formation, when available. The follow-up for CRC incidence ended
in all centers on December 31, 2007.

Mortality follow-up was completed on December 31, 2008, in
five centers (Turin, Biella, Milan, Rimini, and Arezzo), whereas in
the remaining center (Genoa) it was completed on December 31,
2007, because of a delay in the updating of the mortality registry
at this center.

Statistical Analysis

As mentioned earlier (9), we planned to enroll 40000 eligible respon-
dents and to achieve an attendance rate of about 70% in the screening
group. Based on the age-specific incidence rates for the period
1988-1992, as reported in the local cancer registries (24), and
assuming a weighted average lead time of screen-detected CRC of
3.5 years (25), the planned sample size and attendance rate provided
80% power to detect a statistically significant (at 5% level) reduction
of 21% after 6 years of follow-up (one-sided test), or 18% after
10 years of follow-up (two-sided test), in the incidence of CRC in
the intervention group. Based on the same assumptions, a statistically
significant reduction in mortality was expected to be detected after
11 years of follow-up.

The primary outcomes of the analysis were CRC incidence and
CRC-specific mortality. Secondary outcomes were incidence of
distal and proximal CRC, incidence of advanced (UICC stages III
and IV) CRC, all-cause mortality, and mortality not related to
CRC. Subjects who moved outside the geographic areas covered
by the regional archives used for the mortality and incidence
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follow-up were classified as “emigrated” in our analysis. The fol-
low-up time of people who emigrated, were diagnosed with CRC,
or died was censored at the date of the event.

We computed the average incidence rates per 100000 person-
years and the rate ratios (RRs) with 95% confidence intervals (CIs),
in intention-to-treat and in per-protocol analyses. The rate ratios
adjusted for noncompliance were estimated in the per-protocol
analysis, using the method proposed by Cuzick et al. (26), which
allows obtaining an unbiased estimate of the magnitude of the treat-
ment effect among compliers, accounting for randomization. Rate
ratios were also calculated separately for sex and age at randomiza-
tion (two categories: 55-59and 60-64 years). We analyzed time to
CRC and time to death by estimating the Nelson—Aalen cumulative
hazard function and computed the cumulative hazard ratios (HR)
for estimating the risk of cancer among screened subjects who
were negative at screening. All statistical tests were two-sided and
P values less than .05 were considered to be statistically significant.

Results

Compliance and Management of Trial Subjects

We reported earlier (9) that of the 17 148 subjects randomly assigned
to the intervention group in the SCORE trial, 9999 (58.3 %) subjects
attended the screening and 9911 subjects were examined by flexible
sigmoidoscopy. The remaining 88 subjects, who were referred for
a second examination because of inadequate bowel preparation, did
not return to be screened. Of the 9911 subjects screened, 9387
(94.71%) subjects were discharged, 55 (0.55%) subjects were
referred for surgery (43 CRCs, 10 large adenomas, and two perfora-
tions: one during flexible sigmoidoscopy and one during total
colonoscopy), 395 (4.0%) subjects were referred for a subsequent
surveillance colonoscopy, whereas the remaining 74 (0.74%) subjects
did not comply with the recommended total colonoscopy assess-
ment. The detection rate for CRC was 5.4 per 1000 subjects;
54 subjects were detected with 57 CRCs (44 in the rectum and sig-
moid colon, four in the descending colon, and nine in the proximal
colon). Treatment was limited to endoscopic excision in 11 of the
29 subjects detected with UICC stage I CRC.

Because the study cohort database was linked with the regional
archives, we could check incidence and vital status of the subjects.
We found that five subjects (four in the intervention group, one in
the control group) had died, and 15 subjects were diagnosed with
CRC (eight in the intervention group, seven in the control group)
before the date of random assignment (Figure 1). These subjects
were excluded from the follow-up analysis. Of the 12 subjects
excluded in the intervention group, one subject had attended
screening but refused to return for a second examination because of
inadequate bowel preparation. Therefore, the final analysis cohort
consisted of 34272 subjects: 17 136 subjects randomly assigned to the
intervention group, who were invited for flexible sigmoidoscopy
screening, and 17,136 subjects randomly assigned to the control
group who were not contacted further. Of the 17136 subjects in the
intervention group, 9911 were screened (as already reported) and
7225 (7138 nonattenders and 87 attenders who were not examined)
were not screened. There were 50.0% men in the intervention group
and 50.5% in the control group, and the mean ages were 59.7
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(95%CI =55.5 to 64.3) years and 59.6 (95% CI = 55.5 to 64.4) years,
respectively. The demographic characteristics of the randomized
groups have been described previously (9).

Follow-up of CRC Incidence and Mortality in the SCORE
Trial Subjects

During follow-up, 280 (1.6%) subjects in the intervention group and
324 (1.9%) subjects in the control group could not be traced. The
median follow-up time to death, emigration, or end of follow-up
was 10.5 years (interquartile range = 9.9-11.3) for incidence and
11.4 years (interquartile range = 10.8-11.9) for mortality.

A total of 609 study subjects were diagnosed with invasive CRCs,
which included CRC detected by flexible sigmoidoscopy screening.
After excluding 29 subjects with in situ CRCs (reclassified as ade-
nomas with high-grade dysplasia), 14 subjects with squamous cell
carcinomas, five subjects with carcinoid tumors, three subjects with
metastatic cancers, and one subject with sarcoma, 557 subjects with
invasive large bowel malignancies were included in the incidence
analysis. Of the 557 subjects, 251 subjects were in the intervention
group (135 subjects with CRC in rectum and sigmoid colon, 44
subjects with CRC detected at screening, 17 subjects with CRC in
the descending colon, four subjects with CRC detected at screening)
and 306 subjects were in the control group (176 in the rectum and
sigmoid colon and 22 in the descending colon). The histology report
was available for 554 subjects; two subjects with CRC were clinically
diagnosed and one subject with CRC was ascertained through the
death certificate only.

Of the 251 subjects with CRC in the intervention group, 126
were screened, and 54 (42.8%) of these screened subjects were iden-
tified at the flexible sigmoidoscopy screening and this proportion,
among screened subjects, increased to 67.6% (48 of 71 subjects),
when considering the subjects with distal colon (rectum, sigmoid,
and descending colon) cancers.

Opverall incidence rates in the intervention and control groups
were 144.11 and 176.43, respectively, per 100000 person-years. In
the intention-to-treat analysis (Table 1), the overall incidence rate of
CRC in the intervention group was reduced by 18% (RR = 0.82,
95% CI = 0.69 to 0.96) compared with the control group. The CRC
incidence rate in the distal colon was reduced by 24% (RR = 0.76,
95% CI = 0.62 to 0.94), whereas the incidence rate in the proximal
colon reduced by 9% (RR = 0.91, 95% CI = 0.69 to 1.20). We
observed a more favorable stage distribution for subjects diagnosed
with CRC in the intervention group, and incidence rate of advanced
CRC:s (UICC stage IIT or more advanced) showed a 27% reduction
(RR =0.73, 95% CI = 0.58 to 0.94). In the adjusted per-protocol
analysis (Table 2), CRC incidence rate was reduced by 31% (RR =
0.69, 95% CI = 0.56 to 0.86) among screening attenders, the reduc-
tion being greater in the distal colon (RR = 0.60, 95% CI = 0.46 to
0.80) than in the proximal colon (RR = 0.85,95% CI = 0.61 to 1.19).

These estimates did not change substantially when a stricter
definition of distal lesions (ie, rectum and sigmoid colon only) was
used for analysis. In the intention-to-treat and per-protocol
analyses, the rate of CRC incidence in the distal colon was reduced
by 24% (RR = 0.76, 95% CI = 0.61 to 0.96) and 39% (RR = 0.61,
95% CI =0.45 to 0.81), and in the proximal colon by 11% (RR = 0.89,
95% CI = 0.69 to 1.14) and 21% (RR = 0.79, 95% CI = 0.56 to
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Table 1. CRC incidence and mortality among the SCORE trial subjects by intention-to-treat analysis*

Control groupt

Intervention group# Intervention vs

173437 person-years$§

174177 person-years$ control group

No. of subjects Rate per 100000

No. of subjects Rate per 100000

CRC incidence with CRC person-years (95% Cl) with CRC person-years (95% Cl) RR (95% CI)
All sites 306 176.43 (157.73 to 197.35) 251 144.11 (127.34 to 163.08) 0.82 (0.69 to 0.96)
Distal || 198 114.16 (99.32 to 131.22) 152 87.27 (74.44 t0 102.30) 0.76 (0.62 to 0.94)
Proximal] 108 62.27 (51.57 to 75.19) 99 56.84 (46.68 to 69.21) 0.91 (0.69 to 1.20)

Advanced CRC#

All sites 152 87.64 (74.76 to 102.74) 112 64.30 (53.43 to 77.38) 0.73 (0.57 to 0.94)
Distal || 90 51.89 (42.21 to 63.80) 69 39.61 (31.29 to 50.16) 0.76 (0.56 to 1.04)
Proximalf] 62 35.75 (27.87 to 45.85) 43 24.69 (18.31 to 33.29) 0.69 (0.47 to 1.02)

Control groupt

Intervention group* Intervention vs

186745 person-years**

187532 person-years** control group

Rate per 100000

CRC mortality No. of deaths person-years (95% Cl)

Rate per 100000

No. of deaths person-years (95% Cl) RR (95% ClI)

All deaths among subjects diagnosed with CRCt1

Al sites 94 50.34 (41.12 to 61.61)

Distal | 55 29.45 (22.61 to 38.36)

Proximal 39 20.88 (15.26 to 28.58)
CRC deaths

All sites 83 44.45 (35.84 to 55.11)

Distal | 48 25.70 (19.37 to 34.11)

Proximal 35 18.74 (13.46 t0 26.10)
Non-CRC deathst#

1150 615.81 (581.23 to 652.45)

71 37.86 (30.00 to 47.77) 0.75 (0.55 to 1.02)
40 21.33 (15.65 to0 29.08) 0.72 (0.48 to 1.09)
31 16.53 (11.62 to 23.50) 0.79 (0.49 to0 1.27)
65 34.66 (27.18 to 44.20) 0.78 (0.56 to 1.08)
35 18.66 (13.40 to 25.99) 0.73 (0.47 to 1.12)
30 16.00 (11.18 to 22.88) 0.85 (0.52 to 1.39)
1137 606.30 (572.06 to 642.58) 0.98 (0.91 to 1.07)

Screening for Colon Rectum.

CRC incidence and mortality were analyzed by all sites, distal, and proximal cancers. Cl = confidence interval; CRC = colorectal cancer; RR = rate ratio; SCORE =

T Control group includes 17136 subjects who were not invited for flexible sigmoidoscopy screening.

¥ Intervention group includes 17 136 invited for flexible signmoidoscopy screening.

8 Person-years at December 31, 2007, or at the date of the event for subjects who were diagnosed with CRC, or emigrated, or died.

|| Distal CRC were those coded as 153.2 (descending colon), 153.3 (sigmoid colon), 154.0 (rectosigmoid junction), 154.1 (rectum), 154.2 (anal canal).

9 Proximal CRCs included codes 153.0 (hepatic flexure), 163.1(transverse colon), and 153.4-153.8 (cecum, appendix, ascending colon, splenic flexure, other speci-

fied sites of the large intestine).

# Cancer was classified as advanced if the Union for International Cancer Control stage was Il or IV (21).

** Person-years at December 31, 2008 (Turin, Biella, Milan, Rimini, Arezzo), or December 31, 2007 (Genoa), or at the date of the event for subjects who died or

emigrated.
11 All deaths, related or unrelated to CRC, among subjects diagnosed with CRC.
1 Non-CRC-related deaths.

1.12), respectively (data not shown). In both intention-to-treat and
per-protocol analyses, the incidence reduction was numerically
larger among women and subjects older than 60 years of age,
although the 95% confidence intervals overlapped to a large extent
in the two analyses (Table 3).

The cumulative incidence remained higher in the intervention
than in the control group for about 5 years (Figure 2, A) as well as
among screened subjects compared with the control group (Figure 2,
B) as a result of detection of prevalent CRCs at screening in the
intervention group. After that time the curves started to diverge, with
a lower cumulative incidence in the intervention group compared
with the control group, and the trend was still maintained after
10 years of follow-up (Figure 2, A). The cumulative incidence trend
was similar among subjects in the control group and among those
who were not screened (Figure 2, B). These same trends can be
observed for distal and advanced CRC incidence (Figure 3, A, B, E,
and F) but not yet for proximal CRC (Figure 3, C and D).
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Among subjects with negative screening examination results
(Table 4), the rate of CRC incidence (interval cancers) remained
lower than in the control group over the entire follow-up period.
Even at 10 years follow-up, the cumulative incidence rate in this
group was still 59% lower than expected (Nelson—-Aalen cumula-
tive HR = 0.41, 95% CI = 0.32 to 0.54) compared with the control
group. The reduction was even larger when considering only
distal CRCs in the screening group (Nelson-Aalen cumulative
HR = 0.21; 95% CI = 0.13 to 0.32) compared with the control
group.

There were 2435 deaths in the study cohort during the follow-up
period (1233 in the control and 1202 in the intervention group); the
cumulative all-cause mortality at the end of the 11.4 years of
follow-up was 660.26 per 100000 person-years in the control and
640.96 per 100000 person-years in the intervention group. CRC was
assigned as the underlying cause of death in 148 subjects (65 in the
intervention group and 83 in the control group); CRC mortality

JNCI | Articles 1315



"SU189P PelejeI-DYI-UON §§
"“DYD O} pelejeiun 1o paiejel syieep |\

‘palelBiws 10 palp oym $109[gNs 10} JUBAS B} JO 81ep Byl e IO ‘(BOUSD) /00Z ‘L€ Joquueda 10 ‘(0zzaly ‘luwly ‘UBIA ‘B|lolg ‘ulinl) 800Z ‘L€ Jequueda( ik sieaA-uosiod L1

"(1Z) Al 10 ||| sem oBe1S [043U0D) J8OUR)) [BUOIIBUISIU| 104 UOIUM BY} JI POOUBADE SB POIJISSE|O SBM JOOURD) 4

‘(aunsaiul ob.e| 8y} J0 Seus palyoads Jaylo ‘ainxal} dlus|ds ‘Uoj0d Bulpusdse ‘Xipuadde ‘WNJ8d) 8'EG -1 'EGL PUB ‘(UOJOD 8SIBASURIY) L EG| ‘(8InXal} O1leday) 0°€G | SOPOO Papn|oul SOYD [BWIXOld  #

“wN30eYy Uo0|0) 104 Bulueeiog = JYODS ‘0llel 81kl = Yy 'JO0URD [B109I0[00 = DY) {[BAISIUI S0UBPIIUOD = |)) "SI9oUED [ewix0ld pue ‘[e1sip ‘selis ||e Aq pozAjeue a1em Aljeriow pue 8ouspioul DY)

‘(|leued [eue) Z'HGL (WN0BI) |G| “(uoioun plowbisolosl) 0 vGL ‘(U0jod piowbis) £°EGL (U0jod BuIpuedSep) Z'EG| Se PepPOod 8soyl alem DY) [elsia |

'(92) poylew ‘[e 18 yo1zn)

"paIp 10 ‘paleIbiwe 10 DY YHM pasouBbelp 81em Oym S109[gNs J0) JUSAS BU1 JO 81ep 8y} 18 10 ‘Z00Z ‘LE Joquieoa( 18 SIeeA-uosiod §

'$108[qNS pauLaIdS | BB PUR PaUL8IdSs 10U GZz/ :Buluesios Adoosoplowbis o|qixa|) 104 paliAulI 9| /| sepnjoul dnoib uonusAIeu| +

‘Buiuesios AdoosoplowBis 8|qixal} 10} POLIAUL JOU S308[gNs 9E| /| sepn|oul dnoib [0J1u0) L

(6071 01G8°0) L6'0 (¥G'€€G 01 62°05Y) G106 €S (16°0€8 01 2€°'804) LE°L9L €09 (G259 01 €2°189) 18619 0GlL1L
§§SY1E9p DYO-UON
(GE'L 01 G¥'0) 8£°0 (cz9z 01 LY'0lL) 269l 8l (68'9Z 01 £9°8) LT'GL cl (0L'9z 01 6¥°€l) v2'8L Ge #EWIXOId
(¥6°0 01 ¥2°0) 870 (6E'6L 01G2°9) LO'LL ¢l (E0vY 01 G¥'6l) LT6C €¢ (LL'¥€ 01 LE'6L) 0L°GC 8v lbleisig
(96°0 01 0%7°0) 290 (8€'6€ 01 GZ61) ¥S'LC 0€ (c0'29 01 £67LE) ¥S VY GE (L1'GG 01 ¥8'GE) ¥ v €8 Salls ||V
Syiesp 04d
(L1 016E°0) 990 (eLcorzL L) vyLL 6l (889 01 £9'Q) LT'GL ¢l (868 01 97°G1) 88'0C 6€ #BWIXOld
(¥6°0 01 92°0) 050 (0L'1z 01 19/)88¢Cl 7l (8G'8¥ 01 2G'Z¢C) 80°€E 9¢ (9€'8€ 01 19'27) G¥'6¢C qg lbieisia
(£L8°0 01 8€0) 850 (19°Z¥ 01 €9°17) 6Z°0E €e (r¥'99 01 81°GE) GE'8Y 8¢ (L9'1901ZL LY) ¥E0G 6 SalIs IV
+1DYD YlM pasouberp s3oalgns Buouwle syiesp ||
dnoab (19 %G6) sieaA-uosiad syjeap (19 %G6) sieaA-uosiad syjeap (19 %G6) sieaA-uosisad syjeap Ayjeyno
]0J1U02 SA PaudaIdg 000001 49d sajey Jo 'oN 000001 19d sajey Jo 'ON 000001 49d sajey Jo 'O\
__ paisnipe (44s1eah-uosiad 9$6801L) (14s1eaA-uositad 9868/) (41s1eaA-uosiad G/ 981
(1D %S6) onel a1ey pauaalog pauaauds JoN 1jo13u0)
fuonuaniau|
(£8°0 01 9€°0) 950 (LG'9€ 01 £9°91) L9VC 14 (EC°6E 01 LG'GL) LLYVC 8l (G8'G¥ 01 £8°/C) GL'GE 29 #EWIXOId
(98'0 01 LE0) 250 (GL¥€0180°Gl) 0L¢CC €¢ (cev8 01 LELY) 91°€9 or (08'€9 01 LZ°CY) 68°LS 06 bleisig
(94°0 01 6€°0) ¥5°0 (98'29 01 69°GE) 9E' LY 8y (LT'TL1 0y8/°89) L8'L8 79 (#£'C0L ©Y9Lv/) ¥9'L8 sl |
*x0HD PSOUBADY
(6L°1 01 19°0) G680 (69°0L 01 L9'LY) LT VS qg (81180196t L¥'09 144 (61°GL 01 £G°LG) LT'T9 801 #BWIXOId
(08°0 01 9%°0) 09°0 (0¥'88 01 £G'GS) 90°0L LL (LT'8EL 01 GY'68) LT LLL 18 (cz'LeL o1 zeee) 9L vLL 861 lbieisia
(98°0 01 95°0) 69°0 (G087l 01 L' ¥0L) EEVCL 9cl (LG0T 01 €0 VP L) €97 LLL acl (GE'/61 01 €L°/GL) V' 9LL 90¢ SaNs IV
dnoib (19 %G6) sieaA-uosiad U yum (19 %G6) sieaA-uosiad 24D Yyum (19 %G6) sieaA-uosiad 24D yum aouapIdu|
|043U0D SA paudaIIg 000001 49d sajey sjoalgns 000001 19d sajey syo3lgns 000001 419d sajey sjo3lqgns
Jo ‘oN Jo 'O\ Jo 'O\

| peasnipe
(19 %S6) ones ayey

(gsaeaA-uosiad GpELOL

gsieaA-uosiad gggzL

pauaalog

pauaalos J0N

gsieaA-uosiad e e/l

$UOIIUaAIRLU|

1]043u09

«SIsAjeue j0o0104d-18d Aq s108[qns |ell JYODS 2yl Buowe Ajjeliow pue asuspioul JHJ “Z djgel

Vol. 103, Issue 17 | September 7, 2011

1316 Articles | JNCI
Downl oaded from https://academn c. oup. con jnci/article-abstract/103/17/1310/ 2516586

by guest

on 21 February 2018



(92) ‘|e 1 o1zn) Ag pesodoid poyiew syl Buisn aouelduioduou Jo} paisnipe aiom sonel aley [,

‘uopeziwopuel e ey ||

‘paIp 10 paleIBiwS 10 DY YHMm pasoulelp aiem oym s108(qns o} JUsAS 8y} JO 8ep 8yl 18 10 /007 'LE 1equieos( 1. sieaA-uosiad §

‘PoUSBIOS BIoM S108[gNS | | BE PUB PAUSSIOS JOU 819M $109[gns Gzz/ ‘Buluesios AdoosoplowBis 8|qixs|} 10} palAUL $199[gNs 9g | /| Sepnjoul dnoB uoiusAIsiu| +

‘Bulusaios AdoosopliowBis a|gixal) Joj paliAuUl 10U S108lgNs 9g | /L Sepnjoul dnotb [o1uo) |+

‘ol}el 8181 = YY 'J80Uued [B10810]00 = DY) !|BAISIUI DOUSPIIUOD = | 'SBUS ||B AQ 8oUSPIOUI DHD

(68°0018%7°0)G9°0 (81641 C1Z0O'80OL) €L'6EL  9CLEY 09 (L9°€€T 01 L80FL) €V L8L LLOEE 09 (cev€z 01 96'691) 99'661L  ¥99VL 617l 09<
(660 01 #5°0) €270 (0EvylL 0190°68) LEELL  8LZ8S 99 (9¥'80Z C1 61°8ZL) L'E€IL C9L6¢ 99 (98'G81 01 €6'GEL) G6'8GL  €4/86 LGL 66-99
| A ‘eBy
(90'L 01 09°0) 6£°0 (86861 O1 6E0OEL) LO'LOL  ZBEES 98 (99'66C 01 GZ'Z6L) CO'0OVC  L6YCE 8L (G1°09Z 01 G6°/8L) €8'9LC  €0/98 881 UsSIN
(££°0 01 6£°0) G50 (crell orelL’L9) Zves €96LY ov (60°GG1 01 GG'/8) ¢G9LL GEEOT Ly (G6'C91 01 9E°ELL) GO'9EL  ¥EL98 8Ll USWOAA
PEIS
119 %56) (19 %S56) gsieah QYD yum (19 %S56) gsieak QYD yum (1D %S6) s1eaA-uosiad gsieak QYD yum
HY paisnipy sieaA-uosiad -uosiad  sjo9lqns sieaA-uosiad -uosiad sjo9lqns 000001 4ad ayey -uosidd  syodlgns
00000L Jad a1ey jo 'oN 00000L Jad ey jo ‘'oN jo ‘oN
dnoub jos3uod pauaaldg pauaauds 10\ 1dnoab jonuon
SA pausaldg +dnoab uonuanialu)|
sisAjeue |090304d-194
(0071 01 29°0) 6£°0 (r€'88L 01 69°LEL) 6Y°LGL L6l 9L ocl (cevec 01 96'691) 99'661L  ¥99VL 6vl 09<
(90°L 01 £9°0) ¥8'0 (£9'8G1 01 99°CLL) 0OL°€EEL 086 L6 LEL (98'G81 01 €6'GEL) 96'8GL  €4/86 LSL 69-G9
| A “eBy
(6071 01 1£°0) 880 (cG'zcc 01 68°¢91l) v6°061 688 98 79l (G1°09Z 01 G6'£8L) €89l €0/98 88l UsIN
(960 01 G5°0) 2£°0 (8G°LZL 01 /8'6L) ¥5'86 88¢ 88 L8 (G6'Z91L 01 9g°€Ll) G0'9EL  1EL98 8Ll UBSWOAA
PEIS
(12 %S6) 4y (19 %856) steah-uosiad gsieak QYD yum (19 %S6) gsieak QYD yum
000001 1ad ayey -uosiad  s1odlgns sieaA-uosiad -uosiad syoalgns
jo 'oN 000001 19d a1ey jo 'oN

dnoub jos3uod

SA UOIJUdAIBLU|

1dnoab uoiuanialul

1dnoab jonnuon

sisAjeue jeai}-o3-uonuajuj

«SIsAjeue |000101d-18d pue 1e811-01-UOIIUBIUI AQ UOIIEZIWIOPUERI e 8Bk pue xas Ag sduapioul DY) '€ a|qel

JNCI | Articles 1317

jnci.oxfordjournals.org

Downl oaded from https://academn c. oup. con jnci/article-abstract/103/17/1310/ 2516586

by guest
on 21 February 2018



>

2.00+

Control
Intervention

1.50

1.00

Cumulative Incidence, %

0.50+

Time from randomization (years)

C 0.50+

Control
Intervention

0.37+

0.25+

Cumulative Mortality, %

0.12+

T T T T T T T T T

T
1 2 3 4 5 6 7 8 9 10 11

Time from randomization (years)

Figure 2. Nelson-Aalen cumulative incidence of colorectal cancer
(CRC) and mortality by time from randomization. A) In the intention-
to-treat analysis, cumulative incidence of CRC at all sites is shown for
the control and intervention groups. B) In the per-protocol analysis,
cumulative incidence of CRC at all sites is shown for the control,
screened, and not screened groups. C) In the intention-to-treat

rates in the intervention and control groups were 34.66 and 44.45,
respectively, per 100000 person-years.

In the intervention group as a whole, total CRC mortality was
reduced by 22% (RR = 0.78, 95% CI = 0.56 to 1.08) and distal CRC
mortality was reduced by 27% (RR = 0.73, 95% CI = 0.47 to 1.12)
compared with the control group (Table 1). All-cause mortality
(combining CRC and non-CRC-related deaths) tended to be lower
among subjects diagnosed with CRC in the intervention group
(RR =0.75, 95% CI = 0.55 to 1.02) compared with CRCs in the
control group (Table 1, and Figure 2, C). After adjusting for
noncompliance (26) in the per-protocol analysis, total mortality
and mortality from distal CRC among the screened subjects were
reduced by 38% (RR =0.62, 95% CI = 0.40 to 0.96) and 52% (RR =
0.48,95% CI = 0.24 to 0.94), respectively, compared with the control
group (Table 2, and Figure 2, D).

Discussion

This follow-up study confirmed in the SCORE trial participants
that a single sigmoidoscopy screening between the ages 55 and 64
years can confer a substantial and long-lasting protective effect.
Opverall, in the per-protocol analysis, CRC incidence was reduced
by 31% among those who underwent screening and by 40% when
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analysis, cumulative mortality of CRC at all sites is shown for the
control and intervention groups. D) In the per-protocol analysis,
cumulative mortality of CRC at all sites is shown for the control,
screened, and not screened groups. The cumulative incidence and
mortality were estimated with the Nelson-Aalen cumulative hazard
function.

considering incidence in the distal colon only (rectum, sigmoid,
and descending colon). The incidence reduction was larger for
advanced CRC cases, which was reduced by 46% among screened
subjects compared with the control group. In per-protocol analysis,
10 years after the screening examination, the cumulative incidence
of CRC following a negative flexible sigmoidoscopy remained
59% lower than in the control group. The observed effects of
screening on CRC incidence were statistically significant also in
the intention-to-treat analysis. In per-protocol analysis, CRC
mortality was statistically significantly reduced by 38% among
screened subjects compared with the control group, although a
statistically significant reduction in CRC mortality was not yet
observed in the intention-to-treat analysis.

Non-CRC-related mortality in the intervention group showed a
slight (2%) although not statistically significant reduction in the
intention-to-treat analysis, whereas mortality was statistically signifi-
cantly reduced among screen subjects diagnosed with CRC compared
with CRC subjects in the control group, in the per-protocol analysis.
These findings indicate that flexible sigmoidoscopy screening is not
associated with serious side effects.

Our findings are consistent with the observed reduction of total
CRC incidence by 33% and distal CRC incidence by 50% among
people screened in the UK Flexible Sigmoidoscopy Screening Trial

Vol. 103, Issue 17 | September 7, 2011

Downl oaded from https://academn c. oup. con jnci/article-abstract/103/17/1310/ 2516586

by guest

on 21 February 2018



Downl oaded from https://academn c. oup. con jnci/article-abstract/103/17/1310/ 2516586

by guest

A 1.204
Control
————— Intervention
ES r-
o 0.904 e
° "
[}
°
o
£
° 0.604
2
k&
=}
£
3 0.304
T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 0 M
Time from randomization (years)
C o.80
Control
————— Intervention
X 0604
[0}
o
c
[}
°
o
< 0.404
[
=
K
=)
g
3 0.20+
T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 1
Time from randomization (years)
E 1.00
Control
————— Intervention
°
S 0.75
(0]
o
C
[
°
o
< 050
[
=
s
=)
IS
3 0.25-

T T T T T T T T T T T

1 2 3 4 5 6 7 8 9 10 1"

Time from randomization (years)

Figure 3. Nelson—-Aalen cumulative incidence of colorectal cancer (CRC)
by time from randomization. A) In the intention-to-treat analysis, cumu-
lative incidence of distal CRC is shown for the control and intervention
groups. B) In the per-protocol analysis, cumulative incidence of distal
CRC is shown for the control, screened, and not screened groups. C) In
the intention-to-treat analysis, cumulative incidence of proximal CRC is
shown for the control and intervention groups. D) In the per-protocol

(13). The lower participation rate (58% vs 71%) and the shorter dura-
tion of the incidence follow-up (10.5 vs 11.2 years) largely explain the
observed differences in the estimates of screening effect in the inten-
tion-to-treat analysis, with a lower reduction of overall (18% vs 23%)
and distal (24% vs 36%) CRC incidence in the SCORE trial vs the
UK trial (13). Similar to the UK trial, the difference in the cumulative
incidence between intervention and control groups in the SCORE
trial shows a trend toward an increase with time, which is still apparent
at the end of the 10.5 years follow-up period. This suggests that the
overall effect of screening is not yet fully observed after 10 years.
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analysis, cumulative incidence of proximal CRC is shown for the con-
trol, screened, and not screened groups. E) In the intention-to-treat
analysis, cumulative incidence of advanced CRC is shown for the con-
trol and intervention groups. F) In the per-protocol analysis, cumulative
incidence of advanced CRC is shown for the control, screened, and not
screened groups. The cumulative incidence was estimated with the
Nelson-Aalen cumulative hazard function.

As in other published trials (13,14), CRC incidence in our
study is much higher in the intervention group in the initial
period of follow-up because of detection of a high number of
prevalent CRCs at screening. The higher detection rate (0.54%)
at screening in our trial compared with the UK trial (0.35%)
may explain, in part, why the incidence reduction started to
become apparent slightly later in the SCORE trial, where the
cumulative incidence curves of the intervention and control
groups crossed approximately 12 months later. The observed
reduction of CRC mortality among screened subjects was just

JNCI | Articles 1319



Table 4. Nelson-Aalen cumulative hazard ratios for interval cancers in screened subjects after randomization*

Interval cancers at all sites

Interval cancers at distal colont

Years from Screened vs control

Not screened vs control

Screened vs control Not screened vs control

randomizationt HR (95%Cl)

HR (95%Cl)

HR (95%Cl) HR (95% Cl)

0.14 (0.04 to 0.44
0.13 (0.05 to 0.31
0.12 (0.06 to 0.25
0.16 (0.10 t0 0.28
0.21(0.13 to 0.32)

)
)
)
)

0.15 (0.04 to 0.65)
0.17 (0.06 to 0.47)
0.16 (0.08 to 0.36)
0.21 (0.11 t0 0.38)
0.21(0.12 to 0.35)

0.11 (0.01 to 0.84
0.06 (0.01 to 0.48

0.06 (0.01 to 0.24

0.68 (0.35 to 1.34)
1.00 (0.64 to 1.55)
1.05 (0.75 to 1.47)
1.03 (0.77 to 1.38)
0.96 (0.73 to 1.25)

0.69 (0.28 to 1.71)
1.44 (0.86 to 2.41)
1.27 (0.85 to 1.91)
1.28 (0.91 to 1.82)
1.21 (0.88 to 1.67)

0.72 (0.26 to 1.99
0.48 (0.20 to 1.17

0.75(0.44 t0 1.26
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All subjects$
2 0.26 (0.13 t0 0.52) 0.71 (0.42 to 1.21)
4 0.31 (0.19 to 0.50) 0.94 (0.65 to 1.34)
6 0.32 (0.22 t0 0.47) 0.98 (0.74 to 1.30)
8 0.39 (0.28 t0 0.52) 1.01 (0.79 to 1.28)
10 0.41 (0.32 to 0.54) 0.97 (0.78 to 1.20)
Men||
2 0.26 (0.11 t0 0.62) 0.60 (0.28 to 1.28)
4 0.32 (0.17 to 0.58) 1.21(0.77 t0 1.88)
6 0.30 (0.18 to 0.49) 1.11 (0.78 to 1.59)
8 0.41 (0.28 to 0.59) 1.21 (0.90 to 1.63)
10 0.39 (0.28 to 0.55) 1.06 (0.81 to 1.40)
Women(
2 0.24 (0.07 to 0.80) 0.90 (0.43 to 1.87)
4 0.30 (0.13 t0 0.67) 0.66 (0.35 to 1.23)
6 0.35 (0.19 to 0.64) 0.87 (0.55 to 1.38)
8 0.33 (0.19 to 0.56) 0.82 (0.55 to 1.22)
10 0.44 (0.29 to 0.67) 0.90 (0.64 to 1.26)

) )
) )
0.04 (0.01 to 0.31) 0.79 (0.43 to 1.45)
) )
) )

0.20 (0.09 to 0.44, 0.65 (0.40 to 1.07

T Years of follow-up from randomization for all subjects, men, and women.

Interval cancers were analyzed for all sites and distal colorectal cancers. Cl = confidence interval; HR = Nelson-Aalen cumulative hazard ratio.

+ Distal colorectal cancers were those coded as 153.2 (descending colon), 153.3 (sigmoid colon), 154.0 (rectosigmoid junction), 154.1 (rectum), 154.2 (anal canal).

§8 34272 subjects (17 136 subjects in the control group; 7225 not screened and 9911 screened subjects).

|| 17221 men (8654 men in the control group; 3298 not screened and 5269 screened men).

I 17051 women (8482 women in the control group; 3927 not screened and 4642 screened women).

slightly lower in the SCORE trial (38%) than in the UK trial
43%) (13).

The protocol adopted in our study was similar to the protocol
(27) adopted in the UK trial. The main difference in the two trials
was the criteria for colonoscopy referral. Whereas in the UK trial,
only subjects with large distal polyps (=10 mm) or with smaller
advanced adenomas (<10 mm) were referred for total colonoscopy, in
the SCORE trial, total colonoscopy referral was indicated for sub-
jects with small advanced adenomas (<5 mm) and for all subjects with
any distal polyp larger than 5 mm to increase the sensitivity of
screening for advanced proximal neoplasia. If the same criteria for
high-risk distal lesions had been adopted in Italy as in the United
Kingdom, only 4.9% of people screened would have been referred
for colonoscopy, instead of 8.4%. It is possible that the higher colo-
noscopy rate was responsible for the larger reduction of proximal
CRC incidence in the SCORE trial (15%) compared with the
UK trial (3%). However, consistent with other studies (28-30), an
analysis conducted in the context of our trial showed that the preva-
lence of advanced proximal lesions was 1.9% among people har-
boring only 6-9 mm distal polyps as compared with 9.9% among
patients with high-risk distal polyps according to the criteria adopted
in the UK trial (31). Therefore, lower referral threshold is not effi-
cient in identifying subjects at high risk for proximal neoplasia.

The participation rate for total colonoscopy assessment was 93 %
in the SCORE trial (775 of the 832 subjects referred to total colonos-
copy), and the average completion rate of total colonoscopy was 76%
(587 of 775 subjects). A complete examination of the colon could be
achieved in 87% of people undergoing total colonoscopy, because
of the 188 subjects with incomplete colonoscopy, 76 subjects
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underwent a double-contrast barium enema and 14 subjects had a
complete examination when they repeated the colonoscopy. No
additional neoplasia was detected in these subjects. However, we
cannot exclude the fact that advanced adenomas may have been
missed in the proximal colonic segments, thus reducing the potential
for a preventive effect.

In the SCORE trial, we used a broader definition of distal colon
than in the other published trials (13,14) by including the descending
colon together with the rectum and sigmoid. Indeed, about 8% of all
advanced neoplasms (including 4 of 48 CRCs) detected by the flex-
ible sigmoidoscopy screening were located in the descending colon,
probably as a result of the use of 140 c¢m flexible scope in five of the
six centers. Because we observed a similar reduction of CRC inci-
dence in the descending colon as in the rectum and sigmoid, the
screening effect on proximal incidence would be amplified when
including the descending among the proximal colonic segments.

One of the limitations of our trial is related to the self-selection
of recruited subjects as a result of low proportion of questionnaire
responders (23.9%), because volunteers may show a different risk
profile compared with the source population. Indeed, a 46% lower
CRC mortality rate was observed among the control subjects com-
pared with the source population (data not shown). This lower mor-
tality rate in the control subjects reduced the power of our study.
Given the self-selection of the recruited subjects, a statistically signif-
icant difference in mortality of 25% between the control and inter-
vention groups will not be detectable before 14 years of follow-up.
The self-selection was confirmed by comparing the source popula-
tion in Turin and Genoa with subjects recruited in the trial. The
proportion of people with high school or university degree was 50%
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higher among subjects enrolled in these two centers (20228 subjects)
than in the target population sample (154374 subjects who were
mailed the interest-in-screening questionnaire), with a parallel 35%
decrease in the proportion of those with primary school degree only
(data not shown). Previous studies (32) already showed that CRC
mortality is lower among the better educated, likely as a result of a
reduced diagnostic delay and of a more favorable stage distribution
of CRCs. Another limitation of the trial is related to the two-stage
recruitment procedure aiming to increase the power of the study in
assessing screening efficacy. The self-selection process associated
with the low response rate to the interest-in-screening questionnaire
would reduce the generalizability of results. Nevertheless, it was not
as important with respect to CRC risk as it was for mortality. The
cumulative CRC incidence in the control group was approximately
the same as expected (306 CRCs observed vs 316 CRCs expected),
based on age-, sex-, and calendar period-specific incidence rates.
This would suggest that the observed effect of screening on CRC
incidence might be generalizable to the source population. An addi-
tional limitation of the study is the implementation of population-
based screening programs for CRC using immunochemical FOBT
(33) in the areas covered by five of the six study centers between 2004
and 2006, whereas no program was ongoing in Genoa as of
December 31, 2008. The implementation of the FOBT screening
programs was generally gradual, and people recruited in this trial
were invited in the late roll-out period, not earlier than 2006. We
could link the study database with the regional screening database in
four of those five centers: 12 (nine UICC stage I or II) of the 331
CRCs diagnosed among people recruited in the trial in these four
centers were detected at screening (four CRCs in the intervention
group and eight CRCs in the control group). Excluding these CRCs
from the analysis, assuming that they may not have been diagnosed
in the absence of screening did not change our results. Assuming a
similar coverage in the remaining center as in the other four, we
could expect that three to four of the 98 CRCs diagnosed in that
center may have been detected at screening. In our analysis, we used
the underlying causes of deaths assigned by the regional mortality
registers covering the study areas. According to the results of the
independent verification of the death certificates of people diagnosed
with an incident CRC during the follow-up, one further death was
attributed to CRC, whereas two other deaths should not have been
attributed to CRC. These findings suggest that the classification of
the CRC deaths was accurate and consistent across the different
mortality registers. As a consequence, the results would not be
changed when using the causes reclassified by the independent panel
in the mortality analysis.

According to a previous report (34), up to 65% of advanced neo-
plasms would be missed among women who showed a higher pro-
portion of advanced proximal lesions compared with men, if they
were screened with flexible sigmoidoscopy alone. Our findings do
not support such hypothesis showing that the protective effect of a
single flexible sigmoidoscopy screening is similar in men and women,
at least in the age range of 55-64 years. We did not observe any
difference in the protective effect of screening according to age when
considering two age groups (55-59 and 60-64 years). Pooled analyses
of the UK and SCORE trials may be necessary to assess the hypo-
thesis suggesting that the optimal age for screening may be at around
the age of 60 years (8).

jnci.oxfordjournals.org
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Existing screening guidelines (35) recommend a 5-year interval
for flexible sigmoidoscopy. The long-lasting reduction of the CRC
risk among people with a negative flexible sigmoidoscopy, consistent
with results of previous observational studies (4), would indicate that
no substantal increase in the protective effect of screening can be
expected by repeating flexible sigmoidoscopy before 10 years. In fact,
the substantial risk reduction lasting over 12 years observed in the
UK trial together with the observed trend toward an increase of the
difference in the cumulative incidence between intervention and
control group would suggest that flexible sigmoidoscopy screening
may not need to be repeated.

In conclusion, our results confirm that flexible sigmoidoscopy
screening offered just once represents a safe and effective method for
CRC screening and ensures a long-lasting reduction of CRC risk. A
longer follow-up is needed to fully assess the impact on mortality and
to estimate the duration of the protective effect.

APPENDIX

The six contributing centers and members of the SCORE Working Group are the
following:

Arezzo: A. Carnevali, Pathology Unit, San Donato Hospital, Azienda Unita
Sanitaria Locale 8 Arezzo; A. Agnolucci and P. Ceccatelli, Endoscopy Unit, San
Donato Hospital, Azienda Unita Sanitaria Locale 8 Arezzo; F. Mirri, Screening
Unit, Valdarno Hospital.

Biella: A. Azzoni, Gastroenterology Unit, Infermi Hospital, Azienda Sanitaria
Locale Biella; M. Giudici, Pathology Unit, Infermi Hospital, Azienda Sanitaria
Locale Biella; G. Genta and A. Marutti, Edo Tempia Foundation.

Genoa: A. Guelfi, Screening Unit, National Cancer Institute, Genoa; B.
Gatteschi, Unit of Pathology, National Cancer Institute, Genoa.

Milan: C. Zocchetti, Regional Health Authority, Regione Lombardia; M.
Autelitano, Epidemiology Unit, Azienda Sanitaria Locale Citta di Milano; G.
Fiori, Endoscopy Unit, European Institutre of Oncology.

Rimini: G. Fabbretti, Pathology Unit, Infermi Hospital, Azienda Unita
Sanitaria Locale Rimini; S. Gasperoni, Gastroenterology Unit, Santa Maria delle
Croci Hospital, Ravenna.

Turin: A. Bertone, M. Pennazio and M. Spandre, Gastroenterology Unit, San
Giovanni Antica Sede Hospital, Azienda Ospedaliera Universitaria San Giovanni
Battista; S. Patriarca and S. Rosso, Piedmont Cancer Registry and CPO Piemonte;
D. Brunetti, CPO Piemonte; M. Demaria, Agenzia Regionale Protezione
Ambientale Piemonte.
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