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Screening sigmoidoscopy is associated
with a reduction in both the incidence
and mortality of colorectal cancer.
Although current guidelines recom-
mend sigmoidoscopy screening every
5 years, the duration of risk reduction
is not known. We conducted a popu-
lation-based case—control study to
examine the association between sig-
moidoscopy screening and colorectal
cancer incidence. We collected infor-
mation on screening history and risk
factors from case patients with distal
(n = 1026) and proximal (n = 642)
colorectal cancer and from 1294 con-
trol subjects from October 1998
through February 2002. Screening
sigmoidoscopy was associated with a
statistically significant reduction in
the incidence of distal colorectal
cancer (odds ratio [OR] = 0.24, 95%
confidence interval [CI] = 0.17 to
0.33). These reductions were sus-
tained for up to 16 years with little
attenuation. We also observed strong
inverse associations between cancer
incidence and sigmoidoscopy in
analyses that included subjects with
symptom-related tests. Current rec-
ommendations regarding the fre-
quency of sigmoidoscopy screening
may be unnecessarily aggressive.
[J Natl Cancer Inst 2003;95:622-5]

Sigmoidoscopy screening for colo-
rectal cancer has been shown to be effi-
cacious in reducing the mortality (/-3)
and probably the incidence (3-10) of
this common disease. Risk reductions
for distal disease appear to be as much
as 60%—-80% for mortality and as much
as 50%-70% for incidence. Although
the optimum sigmoidoscopy screening
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interval for individuals at average risk of
colorectal cancer is not known, current
guidelines recommend a 5-year screen-
ing interval (//-13). However, such a
period may be overly aggressive, given
that the duration of the progression from
adenoma to carcinoma may be as long
as 15 years (714,15). Indeed, some have
advocated once-in-a-lifetime sigmoidos-
copy screening (16,17). Here we evalu-
ate the efficacy of sigmoidoscopy in
relation to screening interval in a popu-
lation-based case—control study of colo-
rectal cancer.

We used an institutionally approved
protocol to identify eligible case pa-
tients, which included all male and fe-
male residents of King, Snohomish, and
Pierce counties (WA) who were newly
diagnosed with invasive colorectal ad-
enocarcinoma [International Classifica-
tion of Diseases for Oncology codes
C18.0, C18.2-.9, and C20.0-.9 (I8)]
from October 1998 through February
2002, as identified through the Puget
Sound Surveillance, Epidemiology, and
End Results (SEER) Program' registry,
and who were aged 20-74 years at di-
agnosis. SEER reports include informa-
tion on cancer stage and grade, the pa-
tient’s first course of treatment, and
demographics. All eligible subjects had
a publicly available telephone number.
Of the 2185 eligible case patients iden-
tified, 131 (6%) were deceased, 66 (3%)
had physicians who refused permission
to contact them, 22 (1%) could not be
located, and 240 (11%) refused to par-
ticipate, resulting in a final sample size
of 1726 case patients (overall response
rate of 79%).

Community-based control subjects
were randomly selected according to the
age and sex distribution of the case pa-
tients by using Washington State driv-
er’s license data for individuals aged
20-64 years and Health Care Financing
Administration files for individuals
older than 64 years. Of the 1891 poten-
tial control subjects identified, 38 (2%)
had died, 19 (1%) could not be located,
and 510 (27%) refused to participate.
The final study sample included 1324
control subjects (overall response rate of
70%).

We used a structured 50-minute tele-
phone interview to obtain information
from the study subjects on known or
suspected risk factors for colorectal can-
cer, including their screening histories
prior to 1 year before diagnosis (for case
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patients) or before interview date (for
control subjects). Information on screen-
ing tests (fecal occult blood test, sig-
moidoscopy, and colonoscopy) included
the date of (or subject’s age at) first and
last tests, number of tests, and the reason
for the test; we also collected informa-
tion about the subject’s demographics,
personal medical history, family history
of cancer, medication use, and lifestyle
factors such as level of physical activity,
occupation, alcohol consumption, and
diet.

Subjects were classified as having
undergone colorectal cancer screening
(i.e., screening-only sigmoidoscopy) if
they had sigmoidoscopy without having
had prior symptoms, regardless of their
family history of colorectal cancer. We
considered the associations between
screening-only sigmoidoscopy and colo-
rectal cancer incidence and between any
sigmoidoscopy (including symptom-re-
lated) and colorectal cancer incidence.
To eliminate the possibility of bias that
might arise from the selection of indi-
viduals who were at reduced risk of co-
lorectal cancer because they had had a
previous screen that was negative (19),
subjects who had undergone more than
one test were excluded from the analysis
of the association between single-screen-
only sigmoidoscopy and colorectal can-
cer incidence. It is possible, however,
that some individuals who had multiple
tests may have been at higher than av-
erage risk of disease due to the fact that
they had frequent sigmoidoscopies be-
cause they were previously diagnosed
with polyps, which are a precursor of
colorectal cancer (20). Our analyses in-
cluded only those tests performed more
than 1 year prior to diagnosis or inter-
view date, to avoid the clustering of
screening tests that may have occurred
shortly before diagnosis (27). Odds ra-
tios (ORs) and 95% confidence intervals
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(CIs) for the association between
screening and colorectal cancer inci-
dence were estimated from a logistic re-
gression model. Covariates were age (in
S-year intervals), sex, family history of
colorectal cancer, postmenopausal hor-
mone use (females), level of education,
smoking history, body mass index
(BMI), and the number of previous tests
(for individuals who had more than one
sigmoidoscopy). We excluded case pa-
tients with missing information about
the affected subsite within the colon
(n = 10). We also excluded subjects
with incomplete information on screen-
ing (case patients, n = 48; control sub-
jects, n = 30). All statistical tests were
two-sided.

The mean age was 60.6 years (range
= 20-75 years) for case patients and
62.0 years (range = 20-75 years) for
control subjects. Overall, case patients
were more likely than control subjects to
report having a family history of colo-
rectal cancer (26% versus 15%), to have
a higher BMI (mean BMI, 27.8 kg/m?
versus 26.7 kg/mz), and to be current or
former smokers (62% versus 57%).

Among the women in our study, case
patients were less likely than control
subjects to have used postmenopausal
hormones (45% versus 50%). Among
the case patients, 35% were diagnosed
with localized disease, 50% were diag-
nosed with regional disease, and 15%
were diagnosed with distant metastases.
Among the control subjects, 50% re-
ported ever having a sigmoidoscopy and
27% reported ever having a screening
sigmoidoscopy.

Sigmoidoscopy was associated with
a statistically significant and sustained
reduction in the incidence of distal co-
lorectal cancers. Compared with indi-
viduals who had never had a screening
sigmoidoscopy (“Never any screening
test”), those who had ever had a screen-
ing sigmoidoscopy (“Ever any screening
test”) had an OR for distal colorectal
cancer of 0.24 (95% CI = 0.17 to 0.33)
(Table 1). This OR was similar to the
OR for distal colorectal cancer among
those reporting a single screening sig-
moidoscopy (OR = 0.30, 95% CI =
0.20 to 0.43). This association between
screening sigmoidoscopy (whether

single or multiple) and reduced inci-
dence of distal colorectal cancer was
observed for individuals who reported
having a screening sigmoidoscopy dur-
ing all time intervals examined within
the past 16 years relative to diagnosis or
interview. The OR for distal colorectal
cancer was also statistically significant
when we included individuals with
symptom-related sigmoidoscopies (i.e.,
“any test”) in the analysis (OR = 0.47,
95% CI = 0.37 to 0.60). There was little
evidence that this inverse relative risk
was attenuated with increasing time since
last screening. There was also some evi-
dence that ever having had a sigmoidos-
copy was associated with a modest re-
duction in the risk of proximal lesions
(OR = 0.83,95% CI = 0.66 to 1.04),
although the inverse association was in-
consistent across screening intervals.
Results from studies that have ex-
amined the optimal screening interval
for sigmoidoscopy are generally consis-
tent with a longer screening interval
than the current recommended interval
of 5 years. Selby et al. (2) reported that
mortality from rectosigmoid cancer was

Table 1. Association between colorectal cancer incidence and time since sigmoidoscopy by years before diagnosis*

Any test Any screening test Single screening test
Interval between No. of No. of No. of No. of No. of No. of
sigmoidoscopy and case control OR case control OR case control OR
cancer diagnosis, yT patients  subjects (95% CI) patients  subjects (95% CI)t patients  subjects (95% CI)i
Distal colon cancer
Never]| 462 723 1.00 (referent) 860 979 1.00 (referent) 732 867 1.00 (referent)
Ever|| 125 423 0.47 (0.37 to 0.60) 47 226 0.24 (0.17 t0 0.33) 38 155 0.30 (0.20 to 0.43)
2-3 32 120 0.42 (0.28 to 0.64) 11 83 0.15 (0.08 to 0.29) 7 47 0.19 (0.08 to 0.42)
4-5 15 106 0.24 (0.14 to 0.41) 9 57 0.20 (0.10to 0.41) 7 41 0.23 (0.10 to 0.53)
6-7 13 51 0.39 (0.21 to 0.74) 8 25 0.33 (0.15 t0 0.76) 7 22 0.33 (0.14 t0 0.79)
8-10 17 52 0.53 (0.30 to 0.94) 9 31 0.34 (0.16 t0 0.73) 9 22 0.53(0.24 to 1.17)
11-15 20 35 0.91 (0.52to 1.61) 6 11 0.58 (0.21 to 1.59) 5 7 0.78 (0.24 to 2.51)
16+ 28 59 0.72 (0.45 to 1.16) 4 19 0.21 (0.07 to 0.63) 3 16 0.19 (0.05 to 0.66)
Proximal colon cancer
Never]| 359 723 1.00 (referent) 507 979 1.00 (referent) 449 867 1.00 (referent)
Ever]| 170 423 0.83 (0.66 to 1.04) 99 226 0.89 (0.68 to 1.16) 70 155 0.92 (0.68 to 1.26)
2-3 51 120 0.89 (0.62 to 1.27) 33 83 0.82 (0.54 to 1.25) 23 47 1.02 (0.61 to 1.72)
4-5 29 106 0.56 (0.36 to 0.87) 19 57 0.67 (0.39to 1.14) 14 41 0.69 (0.37 to 1.28)
6-7 18 51 0.73 (0.42 to 1.27) 10 25 0.80 (0.38 to 1.69) 6 22 0.53 (0.21 to 1.34)
8-10 28 52 1.13 (0.70 to 1.83) 12 31 0.85(0.43 to 1.67) 8 22 0.82 (0.36 to 1.87)
11-15 16 35 0.96 (0.52 to 1.75) 11 11 2.08 (0.89 to 4.86) 7 7 2.05 (0.70 to 5.95)
16+ 28 59 0.93 (0.58 to 1.49) 14 19 1.36 (0.67 to 2.75) 12 16 1.39 (0.65 t0 2.99)
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*OR = odds ratios obtained from logistic regression models; CI = confidence interval.

tExcludes subjects who had a sigmoidoscopy less than 0-1 years prior to diagnosis or reference date (for “Any test,” 439 patients with distal colon cancer,
113 patients with proximal colon cancer, and 149 control subjects were excluded). The Year 0—1 category includes a substantial number of individuals for whom
their sigmoidoscopy identified their cancer. The OR for sigmoidoscopy in the “Any test” group was 5.39 (95% CI = 4.12 to 7.06).

+Adjusted for age (5-year intervals), sex, family history of colorectal cancer (present/absent), postmenopausal hormone use (women), level of education (less
than high school, high school, some college, college graduate), body mass index (quartiles), and number of previous tests.

§Adjusted for age (5-year intervals), sex, family history of colorectal cancer (present/absent), postmenopausal hormone use (women), level of education (less
than high school, high school, some college, college graduate), body mass index (quartiles).

|Never = subjects who did not have a sigmoidoscopy test; ever = subjects who had the test more than 2 years before diagnosis or interview. There are fewer
individuals in the “Never” category for the “Any test” analysis compared with the “Any screening test” analysis because the “Never any screening test” category
includes 654 patients (398 case patients, 256 control subjects) who have had a diagnostic test although not a screening test, and thus are included in the “Never
any test” category.
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reduced by 60% among those who had a
screen using a rigid sigmoidoscope for
up to 10 years before they were diag-
nosed with colorectal cancer. The mag-
nitude of the inverse association ap-
peared to be similar for individuals
whether they had a screen 9-10 years
before the diagnosis of the fatal cancer
or in the 2 years before diagnosis (inter-
vals >10 years were not evaluated). In
a large U.S. Department of Veterans
Affairs population study, the incidence
of colon cancer (both distal and proxi-
mal) and rectal cancer was reduced by
approximately 50% among individuals
who had either type of endoscopy for
any reason; those reductions were sus-
tained for 5-6 years (3). In a small ran-
domized controlled sigmoidoscopy trial,
screening was found to reduce the inci-
dence of distal colorectal cancer by 80%
95% CI = 3% to 95%) at 13 years,
although this finding was based on only
10 cases in the control group and two
cases in the screening group (6). Results
of a recent study (4) suggest that a 60%
colorectal cancer risk reduction associ-
ated with sigmoidoscopy screening
might be sustained for at least 10 years,
especially for individuals with more ad-
vanced disease. However, that study
was limited by its small sample size and
by its use of individuals with cancers
other than colorectal cancers as control
subjects. Two studies (/,1/0) have also
shown that sigmoidoscopy screening is
associated with some reduction in the
risks of proximal as well as distal can-
cers. Presumably, all of these risk reduc-
tions are attributable to the identification
of adenomas, which are the precursor
lesions for colorectal cancer (/4), and
their removal at a follow-up colonos-
copy (15). This is difficult to directly
assess in our study, however, because
adenoma removal is associated with
both case patient status (because of their
association with cancer risk) and control
subject status (because their removal
should reduce risk) (27). Our interview
did ascertain the respondent’s polyp his-
tory, including the type of polyp and the
date of the polypectomy, but the validity
of self-reported polyp type is low, and
we cannot be certain that adenomas
were more frequently removed than
other, more indolent lesions, such as hy-
perplastic polyps. Not surprisingly
though, 98% of polypectomies in con-
trol subjects were the result of a preced-
ing sigmoidoscopy.
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Our study had some limitations. First,
we relied on self reports of screening
history. However, several studies (22—
25) have found that, in general, colon
cancer screening procedures are validly
reported by individuals. In one recent
study comparing self reports with medi-
cal records (24), sigmoidoscopy was
found to have a sensitivity of 95% and a
specificity of 92%. Second, the propor-
tion of individuals who used colorectal
cancer screening in our study was
slightly lower than that reported for par-
ticipants in The Centers for Disease
Control and Prevention’s Behavioral Risk
Factors Surveillance System (BRFSS)
survey, a random digit dialing telephone
survey (26). However, because response
rates in the BRFSS were only approxi-
mately 60%, the enrolled comparison
group may be healthier and therefore
more likely to seek screening than the
general population. We believe it likely
that the screening practices of our con-
trol subjects were more representative of
the screening practices of the general
population. Finally, although this was a
large study, the sample size was limited
in some screening duration categories.

Despite the evidence for the efficacy
of screening in reducing colorectal can-
cer incidence and mortality, screening
for this disease is underutilized. Cur-
rently, 34% of U.S. adults older than 50
years have had a sigmoidoscopy or a
colonoscopy within the past 5 years
(26). Although the efficacy of colonos-
copy must be greater than that of sig-
moidoscopy (27), the acceptability (28,
29), cost-effectiveness (30,31), and
more widespread delivery of sigmoidos-
copy argues in favor of this approach for
screening. The findings from our study
support the recommendation of a sig-
moidoscopy (with colonoscopic follow-
up) every 10 years. This approach, if
more widely used, could substantially
reduce the incidence of mortality from
colorectal cancer. If the current propor-
tion of U.S. adults older than 50 years
who have a sigmoidoscopy every 10
years doubled, the incidence of distal
colorectal cancer would be reduced by
approximately 19000 cases annually.

REFERENCES

(1) Newcomb PA, Norfleet RG, Storer BE,
Surawicz TS, Marcus PM. Screening sig-
moidoscopy and colorectal cancer mortality.
J Natl Cancer Inst 1992;84:1572-5.

Journal of the National Cancer Institute, Vol. 95, No. 8, April 16, 2003

(2) Selby JV, Friedman GD, Quesenberry CP Jr,

Weiss NS. A case-control study of screening

sigmoidoscopy and mortality from colorectal

cancer. N Engl J Med 1992;326:653-7.

Muller AD, Sonnenberg A. Prevention of

colorectal cancer by flexible endoscopy

and polypectomy. A case-control study of

32,702 veterans. Ann Intern Med 1995;123:

904-10.

Brenner H, Arndt V, Sturmer T, Stegmaier

C, Ziegler H, Dhom G. Long-lasting reduc-

tion of risk of colorectal cancer following

screening endoscopy. Br J Cancer 2001;85:

972-6.

(5) Kavanagh AM, Giovannucci EL, Fuchs CS,
Colditz GA. Screening endoscopy and risk of
colorectal cancer in United States men. Can-
cer Causes Control 1998;9:455-62.

(6) Thiis-Evensen E, Hoff GS, Sauar J, Lang-
mark F, Majak BM, Vatn MH. Population-
based surveillance by colonoscopy: effect on
the incidence of colorectal cancer. Telemark
Polyp Study I. Scand J Gastroenterol 1999;
34:414-20.

(7) Riff ER, Dehaan K, Garewal GS. The role

of sigmoidoscopy for asymptomatic patients.

Results of three annual screening sigmoidos-

copies, polypectomy, and subsequent surveil-

lance colonoscopy in a primary-care setting.

Cleve Clin J Med 1990;57:131-6.

Brint SL, DiPalma JA, Herrera JL. Colorec-

tal cancer screening: is one-year surveillance

sigmoidoscopy necessary? Am J Gastroen-
terol 1993;88:2019-21.

(9) Rex DK, Johnson DA, Lieberman DA, Burt
RW, Sonnenberg A. Colorectal cancer pre-
vention 2000: screening recommendations of
the American College of Gastroenterology.
Am J Gastroenterol 2000;95:868-77.

(10) Slattery ML, Edwards SL, Ma KN, Friedman
GD. Colon cancer screening, lifestyle, and
risk of colon cancer. Cancer Causes Control
2000;11:555-63.

(11) Smith RA, von Eschenbach AC, Wender R,
Levin B, Byers T, Rothenberger D, et al.
American Cancer Society guidelines for the
early detection of cancer: update of early
detection guidelines for prostate, colorectal,
and endometrial cancers. Also: update
2001-testing for early lung cancer detection.
CA Cancer J Clin 2001;51:38-75.

(12) Winawer SJ, Fletcher RH, Miller L, Godlee
F, Stolar MH, Mulrow CD, et al. Colorectal
cancer screening: clinical guidelines and ra-
tionale. Gastroenterology 1997;112:594—
642.

(13) U.S. Preventive Services Task Force. Screen-
ing for colorectal cancer. In: Woolf SH,
editor. Guide to clinical preventive services,
2" ed. Baltimore (MD): Williams & Wil-
kins; 1996. p. 89-103.

(14) Morson BC. Evolution of cancer of the
colon and rectum. Cancer 1974;34(Suppl):
845-9.

(15) Winawer SJ, Zauber AG, Ho MN, O’Brien
MIJ, Gottlieb LS, Sternberg SS, et al. Preven-
tion of colorectal cancer by colonoscopic
polypectomy. The National Polyp Study
Workgroup. N Engl J Med 1993:329:
1977-81.

(3

~

(4

~

(8

=

¥202 I4dy 01 uo 1senb Aq 60.0252/229/8/G6/2191Me/10ul/Wwoo dnoolwepede//:sdiy woly papeojumoq



(16) Atkin WS, Cuzick J, Northover JM, Whynes
DK. Prevention of colorectal cancer by once-
only sigmoidoscopy. Lancet 1993;341:
736-40.

(17) Single flexible sigmoidoscopy screening to
prevent colorectal cancer: baseline findings
of a UK multicentre randomised trial. Lancet
2002;359:1291-300.

(18) Percy C, Van Holten V, Muir C, editors.
International classification of diseases for
oncology, 2" ed. Geneva (Switzerland):
World Health Organization; 1990.

(19) Cronin KA, Weed DL, Connor RJ, Prorok
PC. Case-control studies of cancer screening:
theory and practice. J Natl Cancer Inst 1998;
90:498-504.

(20) Fearon ER, Vogelstein B. A genetic model of
colorectal tumorigenesis. Cell 1990;61:
759-67.

(21) Weiss NS. Case-control studies of the effi-
cacy of screening tests designed to prevent
the incidence of cancer. Am J Epidemiol
1999;149:1-4.

(22) Gordon NP, Hiatt RA, Lampert DI. Concor-
dance of self-reported data and medical rec-
ord audit for six cancer screening procedures.
J Natl Cancer Inst 1993;85:566-70.

(23) Lipkus IM, Rimer BK, Lyna PR, Pradhan
AA, Conaway M, Woods-Powell CT. Colo-
rectal screening patterns and perceptions of
risk among African-American users of a
community health center. J Community
Health 1996;21:409-27.

(24) Baier M, Calonge N, Cutter G, McClatchey
M, Schoentgen S, Hines S, et al. Validity of
self-reported colorectal cancer screening be-
havior. Cancer Epidemiol Biomarkers Prev
2000;9:229-32.

(25) Hiatt RA, Perez-Stable EJ, Quesenberry C Jr,
Sabogal F, Otero-Sabogal R, McPhee SJ.
Agreement between self-reported early can-
cer detection practices and medical audits
among Hispanic and non-Hispanic white
health plan members in northern California.
Prev Med 1995;24:278-85.

(26) Trends in screening for colorectal cancer—
United States, 1997 and 1999. MMWR Morb
Mortal Wkly Rep 2001;50:162—6.

(27) Lieberman DA, Weiss DG, Bond JH, Ahnen
DJ, Garewal H, Chejfec G. Use of colonos-
copy to screen asymptomatic adults for colo-
rectal cancer. Veterans Affairs Cooperative
Study Group 380. N Engl J Med 2000;343:
162-8.

(28) Pignone M, Bucholtz D, Harris R. Patient
preferences for colon cancer screening. J Gen
Intern Med 1999;14:432-7.

(29) Dominitz JA, Provenzale D. Patient prefer-
ences and quality of life associated with co-
lorectal cancer screening. Am J Gastroenterol
1997;92:2171-8.

(30) Frazier AL, Colditz GA, Fuchs CS, Kuntz
KM. Cost-effectiveness of screening for co-
lorectal cancer in the general population.
JAMA 2000;284:1954-61.

(31) Loeve F, Brown ML, Boer R, van Ballegooi-
jen M, van Oortmarssen GJ, Habbema JD.
Endoscopic colorectal cancer screening:
a cost-saving analysis. J Natl Cancer Inst
2000;92:557-63.

NOTES

'Editors’s note: SEER is a set of geographically
defined, population-based central cancer registries
in the United States, operated by local nonprofit
organizations under contract to the National
Cancer Institute (NCI). Registry data are submit-
ted electronically without personal identifiers to
the NCI on a biannual basis, and the NCI makes
the data available to the public for scientific re-
search.
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