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C olorectal cancer (CRC) remains a major clinical and
public health challenge, with 148,810 new cases and
49,960 deaths expected in the United States in 2008.' The
field of CRC research is dynamic and expanding in several
directions, encompassing areas of clinical and outcomes
research, epidemiology, public health, and molecular sci-
ences. In this review, we summarize important develop-
ments in CRC screening and surveillance over the past

several years and discuss the present state of the art of
this field.

Risk Factors for Colorectal Neoplasia
Metabolic Syndrome

According to the National Cholesterol Education
Program’s Adult Treatment panel III, metabolic syn-
drome is the presence of 3 or more of the following
factors: hypertension (blood pressure of 130/85 mm Hg
or greater), central adiposity (waist circumference greater
than 102 cm in men or greater than 88 ¢cm in women or
a body mass index [BMI] greater than 27 [kg/m?]), low
high-density lipoprotein (HDL) cholesterol (HDL <40
mg/dL in men or <50 mg/dL in women), hypertriglyc-
eridemia (150 mg/dL or greater), and impaired glucose
tolerance (fasting serum glucose of 110 mg/dL or great-
er).2 Colorectal neoplasia has been associated with mark-
ers of glucose and insulin control; insulin resistance,
which is the cornerstone of the metabolic syndrome, may
be the mechanism by which several risk factors (obesity,
diabetes mellitus, [lack of] fitness) affect colorectal carci-
nogenesis.>*

Four of the most recent studies of metabolic syndrome
and CRC are summarized in Table 1.5-8 These studies
comprise different study populations and different study
designs but use the same or comparable definitions of
metabolic syndrome, similar methods of analysis, and
either adenoma or cancer as outcomes. The study find-
ings are quite consistent: either the metabolic syndrome
or its components increase the risk for colorectal neopla-
sia (both adenomas and cancer) by approximately 50%.
The effect of metabolic syndrome on neoplasia risk ap-

pears to be greater in men than in women. The relation-
ship between metabolic syndrome and large bowel loca-
tion of neoplasia reported by Chiu et al® is interesting
and requires validation in analyses of other populations.

Cigarette Smoking

The epidemiologic evidence that cigarette smok-
ing increases the risk of CRC was elegantly reviewed by
Giovannucci in 2001.° An association between colorectal
neoplasia and cigarette smoking is supported by several
studies, with the association more consistently estab-
lished for smoking and adenomas, including large ade-
nomas, than for cancer.”-2* Recently, the bulk of the
evidence supports an association with CRC as well. With
men having begun smoking several decades earlier than
women, the temporal pattern of the studies supports an
induction period of 3-4 decades between exposure and
the diagnosis of CRC.? Despite the volume of studies,
several questions remain unanswered: What is the rela-
tionship between dose and duration and risk of neopla-
sia? Which persons are most susceptible to the effects of
cigarette smoking? Is smoking associated to specific sub-
groups of cancer, perhaps having one or more prevalent
mutations? By how much and how quickly does risk drop
after quitting smoking?

Table 2 summarizes recent selected endoscopic and
population-based studies on smoking and risk for colo-
rectal neoplasia.?5-2° The 5 studies use different study
designs: cohort, case-control, and cross-sectional, with
sample sizes ranging from 1154 to 146,877 individuals.
All 5 use multivariable analysis, which provides the inde-

Abbreviations used in this paper: CAD, coronary artery disease;
CCSA, colon cancer-specific antigen; CTC, computed tomographic
colonography; FDR, first-degree relative; gFOBT, guaiac-based fecal
occult blood testing; HNPCC, hereditary nonpolyposis CRC; iFOBTSs,
immunochemical fecal occult blood tests; MMR, mismatch repair;
MSI, microsatellite instability.
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Table 1. Summary of Selected Studies on Metabolic Syndrome and Risk of Colorectal Neoplasia

First author, Study Criteria for metabolic
year (ref) Study population design syndrome Outcomes Type of risk model Main findings
Ahmed, 14,109 subjects from the Cohort ATP I Colorectal cancer Multiple logistic model, MS associated with increased risk
2006 (5) Atherosclerosis Risk in adjusted for age, gender, of CRC (age and gender
Communities (ARIC) family history of CRC, adjusted RR, 1.49; 95% ClI:
multicenter study) physical activity, NSAID 1.0-2.4), which attenuated
use, aspirin use, after multivariate adjustment
smoking, alcohol use, (RR, 1.39; 95% Cl: 0.9-2.2).
hormone replacement Adjusted risk was increased in
use men (RR, 1.78; 95% Cl: 1.02—
3.6) but not in women (RR,
1.16; 95% Cl: 0.6-2.2)
Sturmer, 22,071 healthy male Cohort BMI of =27 kg/m?2, total Colorectal cancer Multiple logistic model, BMI >27 kg/m?2 (RR, 1.4; 95% Cl:
2006 (8) physicians initially ages cholesterol of =240 adjusted for age, 1.1-1.7) and diabetes (RR, 1.5;
40-84 years mg/dL or use of lipid- smoking, exercise, 95% Cl: 1.1-2.0) were
lowering drugs, blood alcohol use, multivitamin associated with CRC;
pressure of =130/85 use, and consumption of hypertension and
mm Hg or use of fruits and vegetables hypercholesterolemia were not.
antihypertensives, and
a diagnosis of
diabetes mellitus
Kim, 3584 consecutive subjects Cross- Modified ATP Il criteria Colorectal adenoma Multiple logistic model, 17% of subjects with adenomas
2007 (7) undergoing screening sectional adjusted for age, gender, and 11% of those without
colonoscopy smoking, alcohol use adenomas had MS. MS
associated with increased risk
of adenoma: OR, 1.51; 95% CI:
1.19-1.93. Waist circumference
was an independent risk factor
for adenoma: OR, 1.39; 95% Cl:
1.15-1.68
Chiu, 4277 consecutive ethnic Cross- Modified ATP Il criteria, Colorectal neoplasia, Multiple logistic model, MS associated with increased risk
2007 (6) Chinese who had sectional modified Asian criteria anatomic location adjusted for age, gender, of any neoplasia (OR, 1.35;

screening or surveillance
colonoscopy as part of a
medical health checkup

(HDL cholesterol of
<40 mg/dL, waist
circumference =90

BMI, smoking, alcohol
use, previous adenoma,
family history of CRC

95% Cl: 1.05-1.73), proximal
neoplasia (OR, 1.62; 95% Cl:
1.14-2.30), synchronous

cm for men, =80 cm
for women)

lesions (OR, 2.15; 95% Cl:
1.40-3.31), and synchronous
lesions both proximal and distal
(OR, 2.30; 95% Cl: 1.42-3.72).

MS, metabolic syndrome.

pendent effect of smoking after adjustment for covariates
such as age, sex, BMI, and others.

The study by Lieberman et al, a colonoscopy-based study,
examined the effect of several candidate risk factors on the
risk of advanced neoplasia in a cohort of 3121 asymptom-
atic patients aged 50-75 years from 13 Veterans Affairs
medical centers.?” Using a multivariate model that included
family history of CRC, BMI, physical activity, smoking,
alcohol use, and several dietary components, the investiga-
tors found that the effect of smoking on advanced neopla-
sia (odds ration [OR], 1.85; 95% confidence interval [CI]:
1.33-2.58) was comparable with having a first-degree rela-
tive (EDR) with CRC (OR, 1.66; 95% CI: 1.16-2.35). In a
retrospective, cross-sectional analysis of 1988 persons un-
dergoing screening colonoscopy, Anderson et al found that
cigarette smoking increased the risk for any colorectal neo-
plasia (OR, 1.89; 95% CIL: 1.42-2.51) and for significant
neoplasia (OR, 2.26; 95% CI: 1.56-3.27) that was predomi-
nantly left-sided.?

Results of recent population-based studies have shown
somewhat inconsistent results. The findings of the case-
control study by Verla-Tebit et al are consistent with
those of several earlier epidemiologic studies that sup-
port the 30-35 year induction period between exposure
to cigarette smoking and CRC.2° The results also suggest

that risk reduction requires at least 20 years and increases
with increasing duration of smoking cessation. In addi-
tion to the findings described in Table 2, the study by
Akhter et al, which studied only men, found that longer
smoking duration, age of 18 or younger at onset of
smoking, and consumption of 20 or more cigarettes per
day significantly increased the risk of CRC, with risk
ratios ranging from 1.46 to 1.86.2°

In the study from the Women’s Health Initiative,?
which is a pooled analysis of participants in the observa-
tional study and 3 clinical trials, the risk of rectal cancer
was increased with longer smoking duration and its con-
founder, older age at smoking cessation; however, the
risk of colon cancer was not increased. This study has
limitations, including self-reported smoking exposure
that did not allow for changes in smoking behavior after
initial reporting and a rate of cigarette smoking that was
lower than US women of similar ages.

In summary, the majority of evidence indicates that
CRC is a tobacco-associated malignancy. In the United
States, it has been estimated that as many as 1 in S
CRCs is attributable to cigarette smoking.11-13.14.20 The
magnitude of the increase in risk for CRC and large
adenoma appears to be the same as having an FDR
with CRC. It would be useful to have a way to estimate
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Table 2. Summary of Selected Studies on Cigarette Smoking and Risk of Colorectal Neoplasia

GASTROENTEROLOGY Vol. 135, No. 2

First author,

year (ref) Study population Study design Outcomes Type of risk model Main findings
Lieberman, 3121 asymptomatic patients Cross-sectional Advanced neoplasia Multiple logistic regression that adjusted Current smoking was a risk factor for
2003 (27) aged 50-75 years from 13 (CRC or advanced for age, family history, BMI, physical advanced neoplasia (OR, 1.85; 95% Cl:
Veterans Affairs medical polyps) activity, alcohol use, NSAID use, 1.33-2.85) and was of comparable
centers certain dietary features maghnitude to having an FDR with CRC
(OR, 1.66; 95% ClI: 1.16-2.35).
Anderson, 1988 persons aged 40 and Cross-sectional Significant neoplasia Multiple logistic regression that adjusted Current smokers were more likely to have
2003 (26) older undergoing screening (CRC, advanced for age, alcohol consumption, any neoplasia (OR, 1.89; 95% Cl,
colonoscopy polyps, or >2 exercise, BMI, ethnicity, education, 1.42-2.51) and significant neoplasia
adenomas of any and consumption of fruits and (OR, 2.26; 95% Cl: 1.56-3.27). Risk of
size) vegetables significant neoplasia was greater for
smokers than for those with a family
history of CRC.
Verla-Tebit, 540 patients with incident Case-control CRC Multiple logistic model that adjusted for Compared with nonsmokers, smokers for
2006 (29) CRC and 614 population- age, sex, history of CRC in first-degree =40 years had increased risk (OR,
based, matched to cases relatives, BMI, alcohol use, physical 1.92; 95% CI: 1.13-3.28). Among
by 5-year age group, sex, activity, fruit and vegetable intake, red smokers =30 years, risk was greater
county of residence meat consumption, NSAID use, among women (OR, 3.5; 95% Cl: 1.29-
previous endoscopy of the large bowel, 9.52) than men (OR, 1.15; 95% Cl:
education level, and use of hormone 0.69-1.91). Risk reduction observed
replacement therapy after =20 years of quitting smoking
and was significant for =40 years (OR,
0.46; 95% Cl: 0.21-0.98).
Akhter, 25,279 Japanese men Cohort (7 years CRC Proportional hazards model that adjusted Compared with never smokers, the risk of
2007 (25) recruited when aged 40-64 of follow-up) for age, family history of CRC, CRC was increased for past smokers
years education, BMI, alcohol use, time (RR, 1.73; 95% Cl: 1.04-2.87) and
spent walking per day, and current smokers (RR, 1.47; 95% Cl:
consumption frequency of fruits, green- 0.93-2.34). Among current smokers, a
yellow vegetables, and red meat greater number of cigarettes smoked
per day and an earlier age of smoking
onset were associated with a
significant linear increase in CRC risk.
Paskett, 146,877 women’s Health Cohort (mean CRC Proportional hazards model that adjusted Current smokers had increased risk for
2007 (28) Initiative participants of 7.8 years for age, ethnicity, study type rectal cancer (HR, 1.95; 95% CI: 1.10-
of follow-up) (observational or clinical trial) study 3.47) but not colon cancer (HR, 1.03;

arm, family history of CRC, total

95% Cl: 0.77-1.38).

physical activity metabolic equivalents,
alcohol use, NSAID use, hormone
therapy use, colonoscopy, diabetes,
waist circumference, certain dietary
features

the incremental effect of smoking on risk of advanced
neoplasia that considers sex; age of smoking onset;
degree and duration of cigarette consumption; and, for
former smokers, time since smoking cessation. Greater
consideration should be given to cigarette smoking
when considering whether, when, and how best to
screen patients.

Coronary Artery Disease

In a study from Hong Kong, Chan et al com-
pared the prevalence of colorectal neoplasia in 206
subjects with angiographically proven coronary artery
disease (CAD), 208 subjects whose angiogram did not
show CAD, and an age- and sex-matched control group
of 207 subjects who were asymptomatic (other than
having functional dyspepsia with a normal upper en-
doscopy) but who did not have angiography.3©
Colonoscopy was scheduled within 8 weeks after eligi-
bility was determined or after revascularization. En-
doscopists were blinded to CAD status.

The prevalence of advanced neoplasia in the CAD-
positive, CAD-negative, and control groups was 18.4%,
8.7%, and 5.8%, respectively (P < .001), whereas the prev-
alence of cancer was 4.4%, 0.5%, and 1.4%, respectively (P

= .02). After adjustment for age and sex, CAD remained
associated with advanced neoplasia (OR, 2.51; 95% CI:
1.43-4.35). Of interest, both metabolic syndrome and
cigarette smoking were strong independent predictive
factors for the positive association between CAD and
advanced neoplasia, meaning that persons who were
smokers and/or had the metabolic syndrome were much
more likely to develop both conditions.

Although it is not clear that the CAD-positive group
was free of symptoms of signs of early CRC, this study
links CAD with advanced neoplasia and is consistent
with previously published studies.3!32 It is unclear
whether and to what extent the association would
remain after further adjustment for other confounding
factors. Nevertheless, most likely because of a common
set of risk factors that includes cigarette smoking,
waist circumference, diabetes, and others, CAD ap-
pears to be a marker for colorectal neoplasia. Although
the prevalence of advanced neoplasia in persons with
CAD suggests the need for earlier or more aggressive
CRC screening, the extent to which CAD as a comorbid
condition may reduce the benefits of screening re-
quires careful consideration.
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Diabetes Mellitus

Previous studies have shown that the risk of CRC
is higher among persons with diabetes, although this
finding is not consistent among studies nor is the con-
tribution of confounding factors to the increased risk
well established. In a population-based cohort study,
Limburg et al identified incident cases of CRC among
1975 type 2 diabetic individuals and compared them with
what was expected from the general population.3? Overall
risk of CRC was increased among diabetic individuals
(standardized incidence ratio= 1.39; 95% CIL: 1.03-1.82).
However, the increased risk was present among men only,
both overall (SIR, 1.67; 95% CIL: 1.16-2.33) and proxi-
mally (SIR, 1.96; 95% CI: 1.16-3.10). Furthermore, cur-
rent and former cigarette smokers were at higher risk for
CRC than diabetic individuals who never smoked.

In addition to increasing baseline risk for colorectal
neoplasia, insulin resistance also increases the risk for
recurrent neoplasia. In an analysis from the Polyp Pre-
vention Trial, Flood et al compared fasting insulin and
glucose levels in 375 subjects with and 375 subjects
without recurrent adenoma.3* After adjustment for age,
sex, BMI, and intervention group, risk for recurrent ad-
enoma was higher for subjects in the highest quartile
compared with the lowest quartile: OR, 1.56; 95% CI:
1.00-2.43 for insulin; OR, 1.49; 95% CI: 0.95-2.31 for
glucose. The highest quartile of glucose was associated
with advanced adenoma as well: OR, 2.43; 95% CI: 1.23-
4.79. The strength of the associations between high fast-
ing glucose and risk of recurrent adenoma increased
when the analysis was restricted to subjects with no
family history of CRC.

These studies support other research in which diabetes
has been associated with increased risk for CRC and are
consistent with a larger body of literature that links
insulin resistance, metabolic syndrome, and coronary ar-
tery disease with colorectal neoplasia. Understanding
both the mechanisms leading to neoplasia and the inde-
pendent contribution of each of these factors to ad-
vanced adenoma and CRC risks requires further study.

Although the literature is replete with data on risk
factors for CRC and adenoma, most established risk
factors are not incorporated into current screening guide-
lines. Current guidelines stratify risk with age and family
history alone. Age is used only as a threshold factor,
although CRC incidence increases with age in an approx-
imately linear fashion. The risk of CRC in average-risk
persons doubles by 10 years—approximately the same
increase in risk as having an FDR with CRC.3> We need a
way to integrate all risk factors (age, sex, family history,
cigarette smoking, metabolic syndrome, and others)
quantitatively to estimate absolute risk for CRC and
advanced adenoma. One study has integrated age, sex,
and BMI to estimate the risk of advanced neoplasia
anywhere in the large intestine.3® Another study used age,

REVIEW OF RECENT STUDIES OF PREVENTION OF CRC 383

sex, and most advanced distal finding to estimate the risk
of advanced proximal neoplasia.3” Both systems require
validation and further development before they can be
applied to clinical practice. Furthermore, the effect of
more extensive risk stratification on screening remains to
be determined. On the one hand, providing risk-specific
information to patients and providers has the potential
to improve screening rates and screening efficiency. On
the other hand, if risk stratification is perceived as mak-
ing CRC screening too complicated, there is the potential
to adversely affect further uptake of screening. Whether
incorporating several factors with modest relative risks
would add significantly to using age, sex, and family
history alone is also important to determine.

Screening Colonoscopy

Several recent studies have described the findings
of screening colonoscopy in an asymptomatic average-
risk population.3®-43 Table 3 summarizes the study char-
acteristics of this body of literature. Although the study
objectives, settings, and designs vary, the variation does
not necessarily preclude comparing the findings.

Descriptively, the studies are from Japan, Poland, Is-
rael, Korea, and the United States. The number of per-
sons analyzed varies from 994 to 43,042. The mean age
ranges from 48.2 years in a study in which 57% of sub-
jects were younger than 50 years old, to 62.2 years. The
proportion of men ranges from 0% in a screening study
of military women to 72% in a Japanese study of asymp-
tomatic adults who participated in a comprehensive
health examination.

The endoscopic findings, expressed as the proportion
of persons according to the most advanced histology, are
shown in Table 4. Despite differences in the study pop-
ulations, the fraction of persons with no colorectal neo-
plasia is consistent, ranging from 75% to 83%. Ranges of
persons with nonadvanced adenoma, advanced adenoma,
and cancer are 8.9%-16.5%, 3%-6.3%, and 0%-1.3%, re-
spectively, with the variation largely because of age and
sex.

The prevalence of findings in these recent studies is
comparable with previously published screening stud-
ies,26:3744-47 with the possible exception of VA Coopera-
tive Study No. 380, in which rates of neoplasia were
numerically greater, reflecting the high-risk features of
the study population, particularly the high predomi-
nance of men.46

These studies are a reminder that the majority of
screening colonoscopies will show no adenomas. They
highlight the need to identify a way to estimate absolute
risk for individual persons so that screening colonoscopy
may be more efficiently targeted to those with advanced
neoplasia. Considering these more recent studies in the
aggregate, the number of persons required to undergo
screening colonoscopy on average is approximately 9 to
detect 1 person with 1 or more nonadvanced adenoma,
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Table 3. Description of Screening Colonoscopy Studies

GASTROENTEROLOGY Vol. 135, No. 2

First author

(ref) Year Study objective Study population Study design Study setting Recruitment period Study findings

Schoenfeld 2005 To determine prevalence Consecutive, average risk, Prospective, 4 Military medical centers 7/1999-12/2002 Advanced neoplasia was

(40) and location of advanced asymptomatic women cross- distal in 1.7% (n = 25)
neoplasia referred for screening? sectional and proximal in 3.2% (n
= 47). Sigmoidoscopy
would have detected
only 35.2% of advanced
neoplasia.
Morikawa 2005 To determine the test Asymptomatic adults who Retrospective, A general hospital and its 4/1983-3/2002 Sensitivity and specificity
(43) characteristics of an participated in a Cross- affiliated clinic of 1-time iFOBT were
immunochemical FOBT comprehensive health sectional 65.8% and 94.6%,
examination respectively, for cancer
and 27.1% and 95.1%,
respectively, for
advanced neoplasia.

Lin (38) 2006 To compare estimated life- Consecutive asymptomatic Prospective, Tertiary referral single 1/2002-1/2005 Despite higher prevalence
years saved with adults undergoing Cross- medical center of neoplasia in elderly
screening colonoscopy in screening colonoscopy in sectional patients, mean
very elderly vs younger age categories 50-54 extension in life
persons years (n = 1034), 75— expectancy was much

79 years (n = 147), and lower in persons aged

>80 years (n = 63) 80 years or older than
in the 50-54-year-old
groups (0.13 vs 0.85
years, respectively).

Regula 2006 To derive and validate a Consecutive, asymptomatic Retrospective, Database from a national 10/2000-2004 Advanced neoplasia and

(39) model for detection of adults age 50-66 years Cross- colonoscopy-based to quantify was more
advanced neoplasia. To in good general health; sectional screening program prevalent in men in all
quantify the number of and those age 40-49 age groups, with lower
persons needed to years with a family numbers needed to
screen to detect 1 history of cancer of any screen in men (range,
advanced neoplasm type 10-23) than in women

(range, 18-36).

Strul (41) 2006 To evaluate the prevalence Consecutive average risk Retrospective, Databases of procedures 1/1996-2/2001 Prevalence of neoplasia
and anatomic location of adults who were Cross- from 1 of 6 outpatient increased with older
adenoma and carcinoma asymptomatic regarding sectional gastroenterology clinics age. Among persons

cancer-related symptoms of a health maintenance with neoplasia, 21%—
or alarm signs organization in Tel-Aviv, 43% had isolated
Israel proximal neoplasia
(beyond the
sigmoidoscope).
Kim (42) 2007 To evaluate the usefulness Consecutive adults who Retrospective, Database of a company- 1/2003-9/2005 Adenomatous polyps were

of colonoscopy to detect
polyps

voluntarily underwent
colonoscopy as part of a
health examination
program

Cross-
sectional

based screening
colonoscopy program

present in 17.9%,
advanced adenomas in
3.4%. Adenomas were
more prevalent in men
(23.6%) than in women
(11.5%) and increased
with age in both groups.

4ncludes only persons aged 50 years and older.

23 to detect an advanced adenoma, 20 for advanced
neoplasia, and 143 for cancer. One goal of outcomes
research in this area should be to identify a cluster of
factors that define a subgroup at such low risk for ad-
vanced neoplasia that screening may be either deferred or
performed confidently with noninvasive testing. Another
goal is to identify a high-risk subgroup among “average-
risk” persons for which colonoscopy is preferred over
other screening tests.

Emerging Screening Modalities
Fecal DNA

The rationale for detecting mutated genes in
feces of patients with CRC arose from studies pub-
lished during the 1990s that established the following:
(1) alterations in DNA were fairly neoplasm-specific,
(2) colorectal neoplasms shed cells and released DNA

continuously, and (3) polymerase chain reaction tech-
nology could identify altered DNA in feces. Between
2000 and 2004, several teams of investigators exam-
ined a variety of fecal-based genetic markers for colo-
rectal neoplasia.*®-52 Most of these studies were case-
control studies that involved an advanced spectrum of
CRC. A subgroup of these studies used a 21-compo-
nent DNA panel where sensitivity for cancer ranged
from 62% to 91% and from 27% to 82% for adenomas
with a specificity ranging from 93% to 96%.4853-55
These studies begged the question of how this panel
would perform in the screening setting.

A multicenter study published in 2004 compared the
21-component DNA panel with Hemoccult II among
4404 asymptomatic average-risk subjects.** A subgroup
of 2507 subjects was analyzed, including all those with
CRC and advanced adenomatous polyps plus a random

Geneoscopy Exhibit 1051, Page 5



August 2008

Table 4. Endoscopic Findings of Recent Screening Studies

REVIEW OF RECENT STUDIES OF PREVENTION OF CRC 385

Gender No neoplasia, Nonadvanced Advanced Advanced Adenocarcinoma,

First author (ref) Year Study No. Mean age, yr (% men) n (%) adenoma, n (%) adenoma, n (%) neoplasia, n (%) n (%)

Schoenfeld (40) 2005 1463 59 0 1164 (79.6) 227 (15.5) 71(4.9) 72(4.9) 1(0.1)
Morikawa (43) 2005 21,805 48.2 72 17,480 (80 3544 (16) 648 (3) 727 (3.3) 79 (0.4)
Lin (38) 2006 1244 56.2 a7 1038 (83, 151 (12.1) 52(4.2) 55 (4.4) 3(0.2)
Regula (39) 2006 43,0422 Not available 35.7 32,389 (75, 3843(8.9) 2168 (5.0) 2553 (5.9) 385 (0.9)
Strul (41) 2006 9942 62.2 47 766 (77 156 (15.6) 59 (5.9) 72(7.2) 13(1.3)
Kim (42) 2007 4491 48.4 53 3534 (79, 804 (17.9) 153 (3.4) 153 (3.4) 0(0)

4ncludes only persons aged 50 years and older.

sample of subjects with no polyps or with small tubular
adenomas. The fecal DNA panel detected 16 of 31 can-
cers as compared with 4 of 31 for Hemoccult IT (51.6% vs
12.9%, respectively, P = .003). Among 418 subjects with
advanced neoplasia, the panel was positive in 76 (18.2%)
vs 45 (10.8%) for Hemoccult IT (P = .001). Among sub-
jects with no polyps, specificity was 94% for the fecal
DNA panel and 95% for Hemoccult IL

The results of this multicenter study were disappoint-
ing because the sensitivity of the panel was lower than
anticipated based on previous studies. The reason for the
lower sensitivity was the nearly complete nonfunction of
one of the most important components of the panel, the
DNA integrity assay. The poor performance of the DNA
integrity assay was due to DNA degradation of the long
apoptotic DNA shed from neoplastic cells by fecal bac-
terial endonucleases during overnight delivery of the
specimens to the laboratory.

In a subsequent study supported by the same manu-
facturer, the prototype assay, along with markers of
methylation, were tested in 40 subjects with CRC and 122
subjects with a normal colonoscopy.’® Two improve-
ments were made to the prototype assay: (1) use of a
gel-based DNA capture approach, rather than the initial
bead-based technology, which enhanced the extraction of
DNA from feces; and (2) addition of a DNA-stabilizing
buffer to the defecated specimen, which prevented DNA
degradation. In addition, a new marker, methylation of
the vimentin gene, was tested. Together, these improve-
ments constituted the version 2 assay.

The original panel of markers (version 1) had a sensi-
tivity of 72.5% and specificity of 86.9%, with the DNA
integrity assay alone having a sensitivity of 65% and
specificity of 93%. The combination of the DNA integrity
assay and vimentin gene methylation was considered to
be the optimal combination, with a sensitivity of 87.5%
and specificity of 82%. This combination of markers
maintained its sensitivity across the disease spectrum:
stage I (n = 8), 75%; stage II (n = 10), 90%; stage III (n =
17), 94%; and stage IV (n = 5), 80%. Importantly, older
age was associated with a higher false-positive rate of
vimentin methylation.

The improved sensitivity and lower cost of the assay
have improved the overall value of fecal DNA to the point
that it may be considered a screening option for persons

who are not high-risk and who would otherwise remain
unscreened. However, despite the cost reduction of fecal
DNA, it remains much more expensive than immuno-
chemical fecal occult blood tests (iIFOBTs). In addition,
uncertainties regarding fecal DNA include determining
an optimal screening interval, estimating its program-
matic test characteristics, and determining sensitivity for
advanced adenomas. In particular, the programmatic per-
formance of iFOBT may be equal to or superior to fecal
DNA with much lower costs.

iFOBT

Guaiac-based fecal occult blood testing (gFOBT)
has been an evidence-based mainstay of CRC screening
for well over a decade.’”-5° However, it has several limi-
tations including low sensitivity for cancer (and even
lower for advanced polyps) and need for periodic testing;
gFOBT reacts with nonhuman heme in food as well as
blood from the upper gastrointestinal tract. iIFOBTSs were
developed to improve specificity and eliminate the need
for dietary restriction because they use one or more
monoclonal or polyclonal antibodies to detect human
hemoglobin.® Over the last few years, several studies
indicate that iFOBT is more sensitive than gFOBT for
advanced colorectal neoplasia with no difference in spec-
ificity.

Morikawa et al published a retrospective analysis of
data collected between 1983 and 2002 involving 21,805
asymptomatic adults (mean age, 48 years; 72% men) who
underwent one-time iFOBT with the Magstream 1000/
Hem SP iFOBT system (Fujirebio, Tokyo, Japan) within 2
days prior to colonoscopy.*? iFOBT detected 65.8% of all
cancers and 27% of all advanced neoplasia, with respec-
tive specificities of 94.6% and 95.1%. Sensitivity by Dukes’
stage was 50% for Dukes’ stage A, 70% for Dukes’ stage B,
and 78.3% for Dukes’ stage C or D. Of interest, the
sensitivity of iFOBT was greater for advanced distal neo-
plasia than for advanced proximal neoplasia (30.7% vs
16.3%, respectively, P < .001).

This study is one of the few to have compared a FOBT
with the reference standard of colonoscopy.** Although
iFOBT missed one third of the cancers, only one speci-
men was collected at a single point in time. Both collec-
tion of more than one specimen and programmatic (ie,
sequential) testing would very likely improve sensitivity
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with a small, if any, decline in specificity. The overall test
characteristics for iFOBT are better than those for
gFOBT as determined from other studies. However, this
study did not directly compare gFOBT and iFOBT, so the
true difference in test characteristics cannot be properly
determined.

Subsequent work by Guittet et al compared the per-
formance of gFOBT and iFOBT among 10,673 average-
risk persons aged 50-74 years.®! As opposed to the study
by Morikawa et al,** in which colonoscopy was per-
formed irrespective of iFOBT results, subjects were of-
fered colonoscopy only if either FOBT was positive.
Therefore, this study®' could provide information on
relative, not absolute, test characteristics. gFOBT was
collected in the usual fashion; iFOBT collection (Immu-
dia/RHPA; Fujirebio) required 2 samples obtained on 2
different days and used an automated reading process
(Magstream 1000; Fujirebio). The threshold for a positive
iFOBT was varied from the usual value of 20 ng/mL up
to 75 ng/mL. Of 886 (8.3%) persons with at least one
positive FOBT, 711 (80%) underwent colonoscopy, with
results available for 644 persons (91%), of whom 21 had
cancer and 149 had high-risk adenomas. At the 20-ng/mL
threshold, iIFOBT detected 1.5 times as many cancers and
nearly 2.6 times as many high-risk adenomas; however, it
also increased the relative false-positive rates. The num-
ber of false-positive results associated with the detection
of one extra advanced neoplasm (cancer or adenomas
=10 mm or high-grade dysplasia) was 2.17. At a thresh-
old of 50 ng/mL, iFOBT detected 2.33 times as much
advanced neoplasia without a decrement in specificity
(false-positive ratio of 0.99). At 75 ng/mL, iFOBT de-
tected 90% more advanced neoplasms with a 33% de-
crease in the false-positive risk.

This study shows that iFOBT has better relative test
characteristics than gFOBT and provides a greater advan-
tage for detection of advanced adenomas than for cancer.
It also nicely demonstrates the trade-off involved in vary-
ing the threshold for a positive test. A low threshold
detected more advanced neoplasia (and relatively more
advanced adenomas than cancers) but was associated
with more false-positive tests: the ratio of false-positive to
true-positive tests was 47.4 for cancer and 2.17 for ad-
vanced neoplasia. Increasing the threshold lowers the
relative sensitivity for both cancer and advanced adeno-
mas but reduced the number of false-positive tests. This
study supports the superior performance of iFOBT and
suggests that the gain in sensitivity will be important for
enhancing the detection of advanced adenomas more so
than for cancers. It also demonstrates the ability to vary
the test threshold to optimize the balance between sen-
sitivity and specificity.

In another study involving quantitative iFOBT,®? Levi
et al evaluated 1000 ambulatory subjects who either had
symptoms or a history of adenomatous polyps and who
were scheduled for an elective colonoscopy. Each subject
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provided 3 iFOBT samples, the highest value of which
was compared with colonoscopy findings. Specimens
were processed by the OC-MICRO instrument (Eiken
Chemical Co., Tokyo, Japan). The threshold for a positive
test was varied from 50 to 150 ng/mL in 25 ng/mL
increments. Ninety-one subjects had clinically significant
neoplasia: 17 had cancer (of which 16 were early stage),
and 74 had advanced adenomas. Mean fecal hemoglobin
level increased with nonoverlapping confidence limits as
the most advanced finding proceeded from normal colon
to nonadvanced adenoma to advanced adenoma to can-
cer. At the usual threshold of 100 ng/mL, test sensitivity
and specificity for cancer were 88% and 90%, respectively,
whereas those for advanced neoplasia were 62% and 93%,
respectively. Lowering the threshold to 75 ng/mL in-
creased sensitivity for cancer to 94% and to 67% for
advanced neoplasia; however, it also slightly reduced
specificity. Cancer sensitivity was 100% when 3 samples
were used at a threshold of 50 ng/mL, although at the
cost of a specificity of 84%.

Although this was not an asymptomatic, average-risk
study population, the early and curable spectrum of
disease and disease prevalence comparable with the
screening setting make the findings generalizable to the
screening setting. This study,5? as well as the previous
one,°! suggests the potential for quantitative iFOBT,
where the threshold may be adjusted to fit the clinical
and/or economic setting. The study by Levi et al,%? in
addition, may be used to communicate patient-specific
information about risk for advanced neoplasia, where the
risks for cancer and advanced neoplasia can be quantified
for patients.

Two other studies suggest that the performance of
iFOBT is better than high-sensitivity gFOBT because of
the latter’s lower specificity.6364 Wong et al compared
Hemoccult SENSA (HOS) with FlexSure OBT in 135
consecutive patients who were referred for colonoscopy.
All patients submitted 3 samples for each test without
dietary restriction. The sensitivity, specificity, and posi-
tive predictive value for significant colorectal neoplasia
(adenomas = 1.0 cm and cancer) were 91% (6 of 7), 70%,
and 18%, respectively, for Hemoccult SENSA, and were
82% (5 of 7), 94%, and 47% for FlexSure OBT.®* A similar
study, by Levi et al, compared HOS with OC-MICRO, an
iFOBT in 151 patients referred for colonoscopy either
because of a positive HOS or because they were above
average-risk. Patients prepared 3 cards for both FOBTs
and were asked to follow instructions about diet and
medications before and during preparing the specimens.
Sensitivity, specificity, and positive predictive value for
significant colorectal neoplasia were 75%, 34%, and 12%,
respectively, for HOS, and were 75%, 94%, and 60% for
OC-MICRO.%* For a positive gFOBT, 4 times more
colonoscopies were needed to identify a significant neo-
plasm as compared with iIFOBT and at more than 4 times
greater costs. Although the number of patients in these 2
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studies is small, the low specificity of the high-sensitivity
gFOBT suggests that it is less efficient for screening than
iFOBT. The new CRC screening and surveillance guide-
lines recommend either annual gFOBT with high sensi-
tivity for cancer or annual iFOBT with high sensitivity for
cancer.% In our opinion, the studies discussed here sug-
gest that iFOBT is superior to gFOBT and should replace
gFOBT wherever FOBT is a component of a recom-
mended screening strategy. Although high-sensitivity
gFOBT will detect more clinically significant neoplasia
than gFOBT (ie, Hemoccult II), the lower specificity will
make a gFOBT screening strategy more costly than will
an iFOBT strategy. iFOBT should be included in CRC
screening models of cost-effectiveness to determine fac-
tors such as optimal test threshold (for the quantitative
version), screening interval, and number of samples re-

quired.

Blood-Based Assays

Perhaps the ultimate test for CRC screening—the
Holy Grail—is a blood test that identifies people who
have either current advanced neoplasia or increased life-
time risk for it. A myriad of studies has attempted to
identify such a test, although no reliable serum biomar-
kers for advanced colorectal neoplasia have heretofore
been described. Most of these studies have involved pro-
teomics, which is the study of protein expression in
biologic samples. Using proteomics for cancer detection
involves identifying biomarkers—either individual pro-
teins or proteomic patterns (also known as “expression
signatures”)—that discriminate between persons with and
without cancer or advanced colorectal neoplasia. As with
the literature on fecal DNA, most of the studies involving
serum biomarkers are case-control studies, which usually
do not sample the entire spectrum of diseased or non-
diseased subjects. Furthermore, case-control studies are
prone to bias and chance and, particularly when the
number of candidate markers exceeds the number of
study subjects, require independent validation in a sepa-
rate sample of subjects. Two recent studies depict the
current status of this area.

Habermann et al® used surface-enhanced laser desorp-
tion/ionization time-of-flight mass spectrometry and en-
zyme-linked immunosorbent assay techniques to identify
proteins with differential expression in the sera of 58
patients with CRC (19 of whom were early stage) and 32
healthy controls.®¢ Candidate markers were subject to
validation in an independent sample of 38 patients with
CRC (9 early stage) and 21 controls. In addition, there
were 36 other patients who had polyps of various types.

The marker with the greatest difference in expression
between cases and controls was a member of the com-
plement system, the stable form of C3a anaphylotoxin.
Based on thresholds derived from both sets of specimens,
C3a anaphylotoxin had a sensitivity of 92%-97% for can-
cer, a sensitivity of 92%-94% for polyps, and a specificity
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of 90%-96%. Several specimens from both sets had inde-
terminate values and were not included in analysis.

Despite the apparent promise of this study,’¢ it has
several limitations. First, the spectrum of cancer cases
included several with advanced disease, which limits the
clinical utility of any screening test. Second, the spectrum
of controls was limited to young, healthy subjects, and
not all polyps were adenomas; these limitations has the
potential to overestimate specificity. Third, both sets of
specimens were used to determine thresholds for assess-
ing test characteristics. As a result, further independent
validation of these threshold values is required. Finally,
C3a anaphylotoxin is overexpressed in breast cancer and,
therefore, may not be neoplasm specific.

A more recent study examined the test characteristics
of 2 nuclear structural proteins: colon cancer-specific
antigen (CCSA)-3 and CCSA-4.97 This study was based on
previous work showing that changes in nuclear matrix
proteins may be a signature of (ie, highly specific for)
cancer cells. Such alterations in nuclear matrix proteins
have been identified in other cancers, including breast,
prostate, and bladder.®® More topic-specific previous
studies have identified CCSAs 2-5 from colorectal neo-
plasia by 2-dimensional gel electrophoresis; CCSA-3 and
CCSA-4 were found to be expressed early. Using thresh-
olds established from previous samples, the investigators
collected serum preoperatively and prior to colonoscopy
in 28 persons with CRC, 30 with a normal colonoscopy,
23 with only hyperplastic polyps, 36 with nonadvanced
adenoma, 18 with advanced adenoma, and 125 with
benign disease or other types of cancer.

At a cutoff of 2 ug/mL for CCSA-3 and 3 pg/mL for
CCSA-4, both markers had a cancer sensitivity of 100%.
For the combined end point of cancer and advanced
adenomatous polyps, sensitivity for CCSA-3 was 89.1%,
and sensitivity for CCSA-4 was 84.8%. For either marker
being positive, sensitivity was 91.3%. Specificity values in
subjects with normal colons, hyperplastic polyps, or non-
advanced adenomas were 82.0% for CCSA-3, 91.0% for
CCSA-4, and 78.7% for the combination. Discrimination,
as measured by receiver operating characteristics curve
analysis, was 0.94 for both markers, indicating excellent
discrimination. Although these results suggest that
CCSA-3 and CCSA-4 show potential for serum markers
of advanced neoplasia, further study is required, includ-
ing assessing test characteristics in an unselected asymp-
tomatic population and determining the protein se-
quence and identification of the genes that encode these
proteins.

There are numerous methodologic challenges to mo-
lecular marker research that have been well described.®®
In general, successful biomarker discovery requires a well-
characterized study population with appropriate spectra
of cases and controls; high-quality samples that are ac-
quired and processed in a uniform fashion; a reliable
analytic mass spectrometry platform; and independent
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validation, preferably by independent groups of investi-
gators. Future biomarker researchers and consumers of
this body of literature will have to consider carefully
these requirements when designing and evaluating sub-
sequent studies.

Computed Tomographic Colonography

Patients who have undergone computed tomo-
graphic colonography (CTC) and colonoscopy on the
same day often prefer the experience of CTC7°-7¢ and
clearly prefer the experience of CTC over that of double
contrast barium enema.”* American studies have re-
mained focused on CTC with thorough bowel prepara-
tion,”3747778 although surveys indicate that bowel prep-
aration is the single largest deterrent to adherence with
CRC screening.”-8! No major step toward CTC without
preparation has been made in the United States. To our
knowledge, evidence that CTC would improve adherence
to screening is yet to be published.8?

The performance characteristics of CTC are superior to
that of double contrast barium enema.”’* Meta-analysis
found that the overall sensitivity of CTC for large polyps
was 85% (range, 48%-100%) when compared with the
reference standard, which was conventional colonoscopy,
optimized colonoscopy (videotape review), or colonos-
copy with CTC-assisted segmental unblinding.#3 One”> of
3737477 major US multicenter trials obtained results for
CTC comparable with colonoscopy, and some believe
that methodologic differences between the performance
of CT colonography in this trial and others account for
the wide discrepancies in results.

A nonrandomized single center trial compared the
yield of CTC with conventional colonoscopy in 6283
patients.”® Among 3120 patients in the primary CTC
group, 246 (7.9%) were referred for colonoscopy. There
were 2434 polyps resected in the primary conventional
colonoscopy, compared with 561 in the primary CTC
arm. There were more perforations in the conventional
colonoscopy arm (7 vs 0, respectively), but there was no
difference in the prevalence of advanced adenomas (3.2%
with primary CTC vs 3.4% with primary colonoscopy)
between the study arms. The results appeared to heavily
favor CTC, but there was an unexplained higher preva-
lence of cancer and flat adenomas in the CTC arm (sug-
gesting 2 distinct study populations) as well as a higher
than expected perforation rate in the conventional
colonoscopy arm (1 in 452 colonoscopies). The overall
adenoma detection rate in the colonoscopy arm was not
reported, preventing assessment of the quality of muco-
sal inspection during colonoscopy.

At this writing, the results of the US multicenter trial
(The American College of Radiology Imaging Network
trial) are still unpublished. A preliminary announcement
of the principle findings reported a sensitivity of 90% for
polyps =1 cm in size, with a specificity of 86% for polyps
=1 cm in size and positive predictive values of approxi-
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mately 25% for all sizes of polyps.8* These results indicate
that the sensitivity for large polyps is acceptable for CTC
and almost certainly much better than double contrast
barium enema.?5 The specificity and positive predictive
value in this trial are considerably lower than that
achieved in the studies in which CTC performed the
best.73:83

Several studies have reported that nonradiologists can
read CTC studies as accurately as radiologists.®¢ The
American Gastroenterological Association published
guidelines on training and performance of CTC by gas-
troenterologists.?”

Controversy prevails regarding the reporting and man-
agement recommendations for polyps <1 cm in size,
visualized on CTC studies. The American College of Ra-
diology recommended that polyps =5 mm on CTC stud-
ies not be reported and that patients with 1 or 2 polyps
6-9 mm in size can be offered “CTC surveillance” as an
alternative to prompt colonoscopy and polypectomy.88
The CTC surveillance consists of a repeat CTC in 3 years.
The American College of Gastroenterology®® and Ameri-
can Gastroenterological Association®” both
mended that patients with any polyp =6 mm in size and
patients with 3 or more polyps =5 mm in size read with
high confidence be referred for colonoscopy and polypec-
tomy.

The policy of CTC surveillance for 6- to 9-mm polyps
has been called the “watch and wait” policy. A decision
analysis utilized a Markov model to compare the “watch
and wait” strategy to prompt colonoscopy and polypec-
tomy for 6- to 9-mm polyps detected at CTC.°° The
prompt polypectomy strategy resulted in 14 total deaths
and 39 incident cancers per 100,000 patients, compared
with 79 total deaths and 773 incident cancers with the
“watch and wait” policy. Sensitivity analyses found that
the results were robust except at extreme parameter val-
ues. However, a decision analysis performed by radiolo-
gists supported the “watch and wait” strategy.®!

Two large studies from outside the United States
found a higher risk of perforation (1 in 1313 and 1 in
1696, respectively) from CTC than anticipated.®>3 How-
ever, not all perforations were symptomatic, and most
occurred in patients with symptoms or hernias.®>3 The
risk of perforation from CTC in screening patients is
probably lower than for conventional colonoscopy in
many settings.

The radiation risk associated with CTC is also contro-
versial. Radiation risks have recently received increased
attention with regard to the risk of lung and breast
cancer after coronary angiography scanning®* and with
solid tumor development after CT scanning in general.®s
However, an analysis from the Health Physics Society
concluded that the health risks of low-dose exposures
below 5-10 mrem (which includes a single CTC study)
are “either too small to be observed or are nonexistent.”®¢
On the other hand, a white paper from the American

recom-
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College of Radiology made recommendations to numer-
ous parties regarding radiation risk reduction, stating
that “the current annual collective dose from medical
exposure in the United States has been calculated as
roughly equivalent to the total worldwide collective dose
generated by the [nuclear]| disaster at Chernobyl ... and

. may likely result in an increase in the incidence of
imaging-related cancer in the US population in the not-
too-distant future.”®” In an analysis specific to CTC,
Brenner and Georgsson used a linear nonthreshold
model to estimate the risk of solid tumor development
from a single CTC at age 50 years at 1 in 714.°¢ However,
the authors acknowledged that their methods may not
apply to low-dose exposures. Others have argued that any
risk of cancer induced by radiation in this range associ-
ated with radiation in asymptomatic people is compara-
ble with the risk of perforation from colonoscopy and,
therefore, warrants discussion with patients.88

Current procedural terminology may receive a category
1 CPT code for screening in early 2010. As its use for
screening develops, it will be important to monitor its
impact on relevant outcomes, including adherence to
CRC screening, complications of colonoscopy, polypec-
tomy rates, and prevention of CRC, and whether detec-
tion of extracolonic findings has a positive risk-to-benefit
ratio.

Postpolypectomy Surveillance

In 2006, the Multisociety Task Force on Colorec-
tal Cancer and the American Cancer Society issued joint
recommendations for postpolypectomy surveillance.®®
The 2 groups had previously issued separate and differ-
ing guidelines,0%1°1 and merging recommendations was
done partly to improve adherence by physicians through
uniformity in guideline presentation. Increased emphasis
is placed on high-quality baseline clearing examinations
and expanded intervals in low-risk patients with adeno-
mas. Polyp and patient characteristics at baseline
colonoscopy have been identified in a number of studies
and were considered to potentially stratify patients ac-
cording to their risk of an advanced adenoma at a sub-
sequent colonoscopy. Factors considered to be consis-
tently or frequently represented across studies as
predictors of advanced adenomas were =3 adenomas vs 1
or 2, greater than 25% villous elements in any adenoma,
any adenoma with high-grade dysplasia, and any ade-
noma =1 cm in size.”® A report of patients in the VA
Cooperative Screening Colonoscopy Study and followed
up after 5 years confirmed each of these factors as pre-
dictors of advanced adenomas.!°2 Factors identified in
the literature review as predictors of advanced adenomas
but not yet included as risk stratifiers in the guidelines
include increasing age, a family history of CRC in a
parent, and proximal colon location of baseline adeno-
mas.”?

REVIEW OF RECENT STUDIES OF PREVENTION OF CRC 389

Serrated polyps, including hyperplastic polyps, sessile
serrated polyps (or sessile serrated adenomas), and ser-
rated adenomas, are considered of increasing importance.
Hyperplastic polyps may become serrated adenomas, par-
ticularly in the proximal colon and in older women.103.104
This process involves gene promoter hypermethylation,
particularly of the hMLH1 gene; BRAF mutations; and,
frequently, microsatellite instability. Current opinion is
that small hyperplastic polyps in the distal colon are less
likely to bear worrisome molecular profiles, whereas
larger serrated lesions in the proximal colon are of greater
importance. In a colonoscopic study, sessile serrated ad-
enomas constituted 9% of all polyps and 22% of all
serrated polyps.1°4 Serrated polyps may be endoscopically
subtle because they are typically pale, have less distinct
edges compared with adenomas, and may be covered with
mucus.!%5 Serrated polyps in the proximal colon should
be carefully searched for and fully resected during
colonoscopy.

The Multisociety Task Force/American Cancer Society
panel concluded that there was insufficient evidence to
structure recommendations for surveillance intervals af-
ter resection of serrated lesions, other than small distal
colon hyperplastic polyps.?® It is probably reasonable to
treat serrated adenomas and sessile serrated polyps as
adenomas with regard to surveillance.”® Patients with
resected large or numerous hyperplastic polyps in the
proximal colon should have their intervals between ex-
aminations shortened, although to what extent is un-
clear.

The World Health Organization established criteria for
a hyperplastic polyposis syndrome, including 30 or more
hyperplastic polyps anywhere in the colon, =5 hyperplas-
tic polyps proximal to the sigmoid-descending colon
junction, or hyperplastic polyp in the proximal colon in
a patient with family history of hyperplastic polyposis.1°¢
Patients with the syndrome appear to be at increased risk
of CRC, but the optimal management and surveillance of
these patients remain uncertain, as is any genetic basis
for the syndrome.10”

Recent surveys report that some gastroenterologists
and many general surgeons perform colonoscopy at in-
tervals that are shorter than are currently recommended
in any guideline.’®® When asked about various polyp
scenarios, primary care physicians also frequently recom-
mended colonoscopy at shorter intervals between exam-
inations than those in guidelines.'®® The reasons why
some physicians do not follow the guidelines, and for
variation between specialties, remain unclear.

Post-CRC Resection Surveillance

The fundamental aim of surveillance after CRC
resection is to detect tumor recurrence and metachro-
nous neoplasms at an early stage to allow curative re-
resection, or at least reasonable palliation. In clinical
practice, a wide array of modalities is used in conjunction
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with clinical assessment by history and physical exami-
nation.!'? Certain tests such as complete blood counts,
liver tests, fecal occult blood tests, and chest x-ray are not
routinely recommended for surveillance in the absence of
symptoms.!11-112 However, laboratory tests such as carci-
noembryonic antigen and endoscopy are an integral part
of surveillance. To date, 8 randomized controlled trials
have assessed the effectiveness of surveillance strategies
after curative resection for CRC,'13-120 and these studies
have recently been analyzed in a Cochrane systematic
review.!2! Meta-analysis of 6 of the trials!!3-11® showed
significantly improved S5-year survival for the intensive
follow-up strategy (OR, 0.73; 95% CIL: 0.59-0.91). The
mean difference for time to recurrence was reduced by
the intensive approach (OR, —6.75 months; 95% CI:
—11.06 to —2.44), and the performance of more tests was
associated with a reduction in mortality (OR, 0.64; 95%
CIL: 0.49-0.85). Additionally, liver imaging (vs no liver
imaging) was associated with mortality reduction (OR,
0.64,95% CI: 0.49-0.85), in contrast to carcinoembryonic
antigen measurement (OR, 0.57; 95% CI: 0.26-1.29).
These findings show that there is a survival benefit to
intensive surveillance after curative CRC resection; how-
ever, the wide variation in follow-up strategies does not
allow definitive conclusions about the optimal combina-
tion and frequency of tests.

Generally, patients with stage I, II, or III, and selected
patients with stage IV CRC, are candidates for postoper-
ative surveillance colonoscopy.!?? Patients with CRC may
harbor synchronous cancers and precancerous polyps,
mandating complete colonoscopic clearing (visualization
and resection of polyps) at the time of the diagnosis of
the index primary tumor. After surgery, patients remain
at increased lifelong risk for developing recurrent colonic
neoplasms (local recurrences, second primary tumors,
and adenomatous polyps); thus, colonoscopy is a key
component of follow-up. Colonoscopy is generally not
recommended for the purpose of detection of intralumi-
nal anastomotic recurrences because of low yield outside
the rectum (estimated to range from 2% to 4%) and
because most anastomotic recurrences are usually her-
alded by symptoms and are accompanied by locally ad-
vanced or metastatic disease making curative re-resection
possible in only a minority of patients.'?? Rather, the
main roles of colonoscopy after CRC resection are the
detection of metachronous CRCs at a curable stage and
the detection and removal of precursor adenomatous
polyps. In the past, clinical practice guidelines generally
recommended surveillance colonoscopy 3 and 5 years
after surgery based on extrapolations from the National
Polyp Study.101.111.112.123 However, recent studies have
shown an alarmingly elevated incidence of “early meta-
chronous” CRCs, or cancers that are detected within the
first few years after surgery, despite apparently thorough
perioperative clearing.'24 These observations have led the
United States Multisociety Task Force on Colorectal Can-
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cer and the American Cancer Society to develop unified
guidelines in 2006 recommending a colonoscopy at 1
year after surgery (or after the perioperative clearing
colonoscopy), in addition to high-quality perioperative
clearing to exclude synchronous neoplasia.’?? Studies
published subsequent to the updated guidelines have
provided additional support for follow-up colonoscopy 1
year after resection. In a study conducted within a large
health maintenance organization in Washington State,
1002 patients who had undergone curative resection for
CRC were evaluated for surveillance colonoscopy find-
ings and survival.!?s Twenty patients (3.1%) were diag-
nosed with a second primary CRC, including 9 cancers
that were detected within 18 months of the initial cancer
diagnosis. Additionally, patients who underwent
colonoscopy within 18 months were less likely to have
advanced neoplasia on subsequent surveillance than pa-
tients whose follow-up occurred between 30 and 60
months after surgery (6.9% vs 15.5%, respectively, P =
.02).125 The 5-year follow-up findings of VA Cooperative
Study No. 380 were comparable:'92 In this prospective
study, 3121 asymptomatic subjects ages 50-75 years un-
derwent screening colonoscopy in the Department of
Veterans Affairs between 1994 and 1997. Cohorts were
defined according to baseline findings with neoplasia-free
patients serving as controls, and relative risks for ad-
vanced neoplasia within 5.5 years were calculated. The
relative risk (RR) in patients with baseline adenoma with
high-grade dysplasia was 6.87 (95% CI: 2.61-18.07, P <
.001) and 13.56 (95% CI: 5.54-33.18, P < .001) in pa-
tients with baseline cancer. Fifteen of 21 (71%) interval
cancers or adenomas with high-grade dysplasia were
found in the first 36 months after baseline colonoscopy,
and 4 were discovered within 12 months. Five cancers
recurred in patients who had CRC at baseline, and 4 of 5
were detected within 18 months.'02

Quality Issues in the Performance of
Colonoscopy

Widely held assumptions that colonoscopy and
polypectomy prevent nearly all CRCs, based largely on
the National Polyp Study'?¢ but supported by several
other studies, 27130 have been recently challenged. A pop-
ulation-based study of 35,975 symptomatic patients who
had a negative colonoscopy in Manitoba in the 1990s
demonstrated that, for each of the first 5 years after the
negative colonoscopy, the protection against CRC inci-
dence was less than 50%.13' Similarly, adenoma cohorts
followed after clearing colonoscopy in a fashion similar
to the National Polyp Study have demonstrated substan-
tially lower levels of protection than observed in the
National Polyp Study.'32-134 In particular, 3 chemopre-
vention trials in which patients had undergone clearing
colonoscopy incurred a rate of 1.74 cancers per 1000
patient-years of observation, approximately 3 times that
of the National Polyp Study. No protective effect against
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CRC was observed because the cancer incidence was no
different than expected based on Surveillance Epidemi-
ology and End Results program (standardized incidence
ratio, 0.98; 95% CI: 0.63-1.54).133

Indirect evidence suggests that suboptimal quality of
mucosal inspection by some examiners is an important
contributor to failures of colonoscopy to prevent CRC.
Barclay et al'3% performed a prospective study of 2000
screening colonoscopies performed by 12 experienced
colonoscopists in private practice working in an open
access ambulatory surgery center. The range of adenoma
detection per colonoscopy extended from 1.05 to 0.1.
There was a strong correlation with increased adenoma
detection and longer withdrawal time. Among endosco-
pists with a mean withdrawal time greater than 6 min-
utes, the prevalence of adenomas =1 cm in size was 6.4%
vs 2.6% in colonoscopies performed by endoscopists with
average withdrawal time in normal colonoscopies less
than 6 minutes (P = .005).135 A study of 9 endoscopists
at a university hospital identified a range of prevalence of
adenomas detected in persons age 50 years and older of
40% to 16%.13¢ The highest level adenoma detector de-
tected 11 times more patients with 3 or more adenomas
and 3 times more patients with adenomas =1 c¢m in size
compared with the lowest level adenoma detector. In
both studies,'35.136 there was a strong correlation between
overall adenoma detection and detection of large adeno-
mas. A single center study of 43 endoscopists performing
10,955 colonoscopies found that polyp detection was
strongly correlated with withdrawal time (» = 0.76; P <
.0001) and that a median level of polyp detection oc-
curred at a withdrawal time of 6.7 minutes. These studies
support recommendations initially made by the US Mul-
tisociety Task Force in 2002,'37 and subsequently by a
joint task force of the American College of Gastroenter-
ology/American Society for Gastrointestinal Endoscopy
in 2006,'38 that individual endoscopists should measure
their adenoma detection rates in patients undergoing
screening colonoscopy who are age 50 years and older
and that adenomas should be detected in at least 25% of
men and 15% of women. As a secondary measure of the
quality of mucosal inspection, the average time spent
examining the colon in normal colons in which no biop-
sies or polypectomies were performed should average at
least 6 minutes.!3® The optimal time for withdrawal has
not yet been determined, but these studies!35136.139 sup-
port the current recommendation of at least 6 minutes.

Bowel preparation has also emerged as an important
contributor to failed detection of both small polyps!4©
and large polyps.140-141 Prospective studies have identified
bowel preparation as a predictor of adenoma preva-
lence'#? and that, for both polyethylene glycol-based
preparations and sodium phosphate-based preparations,
the administration of half of the preparation on the day
of the colonoscopy (often called “split” dosing) substan-
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tially improves the quality of preparation, particularly in
the right colon.142-144

Two recent studies have suggested that ineffective
polypectomy contributes to 27%-31% of interval colon
cancers, although the methodology cannot differentiate
ineffective polypectomy from missed lesions with confi-
dence.'#5146 Unfortunately, prospective studies demon-
strating optimal polypectomy technique to achieve a bal-
ance of effective resection and safety have not been
performed.

Performance of colonoscopy by primary care physi-
cians and in office practice was shown to predict an
increased risk of interval cancers in a study from Ontar-
i0.1%7 An earlier study also found that performance of
colonoscopy by primary care physicians was a risk factor
for development of interval cancers.'#® These results em-
phasize the need for adequate training of colonoscopists
and incorporation of continuous quality improvement
programs into colonoscopy delivery by all specialties.

The single greatest downside of colonoscopy as a
screening test is perforation. Perforation rates have been
reported to range from 1 in 450 in a single center screen-
ing study”® to an estimate of 1 in 1000 overall in the
United States for screening colonoscopies in the Medi-
care population,'* 1 in 1000 in a large health mainte-
nance organization in the United States,'s° to 1 in 10,000
in screening colonoscopy in Poland.'$! Quality guidelines
have recommended that perforation rates should be less
than 1 in 500 overall and less than 1 in 2000 in screening
populations.

CRC Screening and Surveillance in

Special Populations

Family History of CRC

FDRs of patients with CRC are at higher risk of
developing CRC and are advised to undergo screening
colonoscopy at an earlier age and/or more frequently
than average-risk patients. The data regarding FDRs of
patients with adenomas have been less consistent. In
particular, it was unclear whether and to what extent
family history of a large or advanced adenoma affected
risk of CRC. The risk of developing colorectal neoplasia
among FDRs of individuals with large adenomas was
recently quantified in a case-control study conducted in
France.!3 A colonoscopy was offered to FDRs of 306
index cases with adenomas =10 mm, and 168 were en-
rolled; underwent colonoscopy; and were matched for
age, sex, and geographical area with 2 controls (n = 307)
who had no family history of CRC or adenomas and who
had undergone colonoscopy for minor symptoms. The
prevalence of large adenomas and cancers was 8.4% and
4.2%, in relatives and controls, respectively. ORs associ-
ated with a history of large adenomas in relatives were
2.27 (95% CI: 1.01-5.09) for cancers or large adenomas,
1.21 (95% CL 0.68-2.15) for small adenomas, and 1.56
(95% CI: 0.96-2.53) for all colorectal neoplasia. The risk
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of large adenomas and cancers was higher in relatives of
index cases younger than 60 years (OR, 3.82; 95% CI:
0.92-15.87) and when the index case had large distal
adenomas (OR, 3.14; 95% CI: 1.27-7.73). Despite the
small sample size, this study suggests that FDRs of pa-
tients with large adenomas have a 2-fold increased risk of
CRC and large adenomas and should be specifically tar-
geted for screening colonoscopy.'3 An important unan-
swered question is whether this applies to FDRs of pa-
tients with 1 or 2 small (<10 mm) adenomas. Current
guidelines recommend screening FDRs of patients with
adenomas of any size with the same intensity as FDRs of
patients with CRC;'°! however, this study suggests that
this approach may be unnecessarily aggressive. The prin-
ciple of risk stratification applied for screening and post-
polypectomy surveillance can and should be extended to
screening of FDRs of patients with adenomas, but awaits
further well-conducted studies, especially in patients with
small adenomas.

Hereditary Nonpolyposis CRC

Hereditary nonpolyposis CRC (HNPCC; also
known as Lynch syndrome) accounts for 2%-3% of all
cases of CRC in the United States and is due to germ-line
mutations in mismatch repair (MMR) genes such as
MSH2, MSH6, MLH1, and PMS2.154155 Current screen-
ing strategies rely on the identification of at-risk patients
via clinical criteria (Amsterdam I and II, Bethesda and
revised Bethesda criteria) and testing for microsatellite
instability (MSI) with germ-line testing in patients with
MSI-high tumors.'¢ Recent studies have shown that this
approach may be inadequate because it misses a signifi-
cant proportion of patients with Lynch syndrome who do
not meet clinical criteria. Hampel et al screened 1066
patients with CRC for MSI and searched for germ-line
mutations in the MLH1, MSH2, MSHG6, and PMS2 genes
in patients with positive MSI.155 They found 208 patients
with MSI, 23 of whom had a mutation in one of the
MMR genes (2.2%). Ten of 23 patients were older than 50
years, and 5 met neither the Amsterdam nor the Bethesda
guidelines for the diagnosis of HNPCC. Testing of family
members of the patients with MMR gene mutations
yielded an additional 52 persons with HNPCC muta-
tions.’35 Although this study shows that the Amsterdam
and Bethesda guidelines may miss a significant propor-
tion of patients with HNPCC, we are still not at a point
where molecular screening of all sporadic CRCs can be
advocated because there are still important cost-effective-
ness, practical and logistical, and ethical issues that need
to be addressed. Additionally, the Amsterdam and Be-
thesda guidelines remain important to identify high-risk
patients, even in instances in which no MMR mutation is
identified. For example, patients who meet Amsterdam I
criteria but have no evidence of MMR mutations have
been shown to have a lower risk of CRC than patients
who meet the criteria and have an MMR mutation,!>”
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and patients with an autosomal dominant family history
of CRC but no MSI do not require colonoscopic surveil-
lance with the same intensity as patients with HNPCC.158
“Familial CRC type X” has been proposed to describe
instances in which there is familial aggregation of CRC
cases sufficient to meet Amsterdam criteria but no mo-
lecular evidence of HNPCC.157

Chemoprevention of CRC

The considerable morbidity and mortality attrib-
utable to CRC, and the relatively low rates of screening in
the United States, have led to the development of ancil-
lary preventive strategies such as chemoprevention. In
principle, chemoprevention aims to protect against the
development of CRC by interfering with the progression
of adenomas to invasive cancers. Definitive chemopreven-
tion trials that use CRC incidence or mortality as the
primary outcome have not been conducted and are un-
likely to be conducted because of the large sample size
and long follow-up; thus, most studies have used ade-
noma development as a surrogate outcome. Several
agents have been studied in various settings, including
primary prevention in average-risk individuals, and sec-
ondary prevention after resection of adenomas, and after
curative therapy for CRC.'%® Among all chemopreventive
agents, aspirin and calcium appear to be the front-run-
ners; however, no chemopreventive agent is a substitute
for adequate screening and surveillance.

Aspirin and Nonaspirin Nonsteroidal

Antiinflammatory Drugs

The mechanism by which aspirin and other non-
steroidal antiinflammatory drugs (NSAIDs) interfere
with the development of adenomas and CRC is not well
understood. Its effect is partly mediated by the inhibition
of cyclooxygenase-2 (COX-2), an enzyme that is overex-
pressed in nearly 90% of CRCs.16° Sulindac'®! and cele-
coxib!62 have been shown in randomized trials to de-
crease the adenoma burden in patients with familial
adenomatous polyposis; however, this does not replace
prophylactic colectomy as the standard of care for famil-
ial adenomatous polyposis nor is the requirement for
frequent endoscopic surveillance diminished. Evidence
for the efficacy of NSAIDs in familial adenomatous pol-
yposis has spurred studies in patients without genetic
syndromes. Two trials published in 2003 showed that
aspirin reduces the risk of recurrent adenomas in pa-
tients with a history of CRC or adenomas.!63164 In one
study, 1121 patients with a history of adenomas were
randomized to aspirin 81 mg daily, aspirin 325 mg daily,
or placebo, and follow-up colonoscopy was performed at
least 1 year after randomization. The incidence of one or
more adenomas was 47% in the placebo group, 38% in the
81-mg group, and 45% in the 325-mg group (P = .04).163
In the study by Sandler et al,'6* 517 patients with a
history of CRC were randomized to aspirin 325 mg daily
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or placebo and underwent at least one colonoscopy ex-
amination after a median of 13 months. One or more
adenomas were found in 17% of patients in the aspirin
group and 27% of patients in the placebo group (P =
.004), leading to early termination of the trial. The ad-
justed RR of any recurrent adenoma in the aspirin group,
as compared with the placebo group, was 0.65 (95% CI:
0.46-0.91). The time to the detection of a first adenoma
was longer in the aspirin group than in the placebo group
(indicating that aspirin delayed the development of ade-
nomas); however, the mean size of adenomas and the
proportion of patients with advanced adenomas were not
significantly different between the 2 groups.'¢* Although
these 2 trials provided proof of concept that aspirin can
reduce the risk of recurrent adenomas in the short-term,
important questions remained regarding dose, duration
of use, long-term effects, ability to prevent CRC, and
whether aspirin should be used for primary chemopre-
vention in average-risk situations.

Considerable light was shed on these issues with the
recent publication of an update to the Nurses’ Health
Study.'s In this prospective cohort of 82,911 women
who provided data on medication use biennially since
1980 and followed up until 2000, 962 cases of CRC were
documented. Among women who regularly used aspirin
(=2 [325 mg] tablets per week), the adjusted RR for CRC
was 0.77 (95% CI: 0.67-0.88) compared with nonregular
users. Significant risk reduction was not observed until
more than 10 years of use (P = .001 for trend). The
benefit appeared related to dose: compared with women
who reported no use, the adjusted RRs for cancer were
1.10 (95% CI: 0.92-1.31) for women who used 0.5 to 1.5
325-mg aspirin tablets per week, 0.89 (95% CI: 0.73-1.10)
for 2 to 5 aspirin per week, 0.78 (95% CI: 0.62-0.97) for
6 to 14 aspirin per week, and 0.68 (95% CI: 0.49-0.95) for
more than 14 aspirin per week (P < .001 for trend).
Women who used more than 14 aspirin per week for
longer than 10 years had an adjusted RR for cancer of
0.47 (95% CI: 0.31-0.71). A similar dose-response rela-
tionship was found for nonaspirin NSAIDs (P = .007 for
trend). The incidence of reported major gastrointestinal
bleeding events was also dose related.'®s In contrast, the
Women’s Health Study found no reduction in risk of
CRC after an average of 10 years of aspirin use; however,
the dose used was low (100 mg every other day).1¢¢

The recently published results of a secondary analysis
of the British Doctors Aspirin Trial and UK-TIA trial
provide additional evidence that the chemopreventive
effect of aspirin depends largely on dose and duration of
use;'%”7 in this study, aspirin reduced the incidence of
CRC (hazard ratio [HR] 0.74, 95% CI: 0.56-0.97, P = .02);
however, this effect was only seen after a latency of 10
years (years 0-9, HR, 0.92; 95% CIL: 0.56-1.49; P = .73;
years 10-19, HR, 0.60; 95% CI: 0.42-0.87; P = .007), was
dependent on duration of scheduled trial treatment and
compliance, and was greatest 10-14 years after random-
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ization in patients who had treatment for 5 years or more
(RR, 0.37; 95% CI: 0.20-0.70; P = .002).1%7 In a separate
systematic review involving 20,815 subjects in 19 case-
control studies, and 1,136,110 subjects in 11 cohort stud-
ies, the same authors found that regular use of aspirin or
NSAIDs was consistently associated with a reduced risk
of CRC, especially after use for 10 years or more and at
aspirin doses of at least 300 mg per day.!6”

The US Preventive Services Task Force recently pub-
lished exhaustive systematic reviews of the literature to
examine the evidence on the effectiveness and harms of
aspirin and nonaspirin NSAIDs for chemoprevention of
colorectal adenomas and CRC.168.1¢° Regular use of aspi-
rin reduced the incidence of colonic adenomas in ran-
domized controlled trials (RR, 0.82; 95% CI: 0.7-0.95),
case-control studies (RR, 0.87; 95% CIL: 0.77-0.98), and
cohort studies (RR, 0.72; 95% CI: 0.61-0.85). In cohort
studies, regular use of aspirin was associated with RR
reductions of 22% for CRC incidence. The benefits from
chemoprevention were more evident when aspirin was
used at a high dose and for periods longer than 10 years;
however, aspirin use was associated with a dose-related
increase in incidence of gastrointestinal complications.'¢®
The data regarding nonaspirin NSAIDs were comparable:!¢°
CRC incidence was reduced with nonaspirin NSAIDs in
cohort studies (RR, 0.61; 95% CIL: 0.48-0.77) and case-
control studies (RR, 0.70; 95% CI: 0.63-0.78). Colorectal
adenoma incidence was reduced with nonaspirin NSAID
use in cohort studies (RR, 0.64; 95% CI: 0.48-0.85) and
case-control studies (RR, 0.54; 95% CI: 0.4-0.74) and by
COX-2 inhibitors in randomized controlled trials (RR,
0.72; 95% CI: 0.68-0.77). The ulcer complication rate
associated with nonaspirin NSAIDs was 1.5% per year.
COX-2 inhibitors reduce this risk but have a higher ulcer
complication rate than placebo and, along with non-
naproxen NSAIDs, increase the risk for serious cardio-
vascular events (RR, 1.86; 95% CI: 1.33-2.59 for COX-2
inhibitors vs placebo). These findings have led the US
Preventive Services Task Force to conclude that the bal-
ance of benefits to risk does not favor the use of aspirin
and other NSAIDs chemoprevention in asymptomatic
average-risk individuals.17® Although aspirin and other
NSAIDs may have benefit in the prevention of CRC in
specific clinical settings (after CRC resection or after
resection of adenomas), these agents are not a substitute
for screening and surveillance, and determination of their
role must take into account potential harms and whether
there is an impact on the intensity of screening and
surveillance.17!

Folic Acid

It has long been thought that folate plays a pro-
tective role against colorectal neoplasia. This is based on
epidemiologic evidence suggesting that low-folate diets
(particularly in alcoholics) are associated with a higher
risk of colorectal neoplasia, and, from the Nurses’ Health
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Study, which found that females consuming >400 ug
per day, compared to those using <200 ug per day, had
a lower risk of CRC (RR, 0.69; 95% CI: 0.54-0.93) and a
lower risk of adenomas (RR, 0.66; 95% CI: 0.46-0.95).172
The potential benefits of folate supplementation have
been challenged by the findings of the Aspirin-Folate
Prevention Study:'7? In this trial, 1021 subjects with a
recent history of colorectal adenomas were randomized
to receive 1 mg per day of folic acid or placebo and
separately randomized to receive aspirin (81 mg or 325
mg per day) or placebo. Subjects underwent colonoscopy
at 3 years and then at 3 to 5 years later. During the first
3 years, there was no significant difference in the inci-
dence of colorectal adenomas (RR, 1.04; 95% CIL: 0.90-
1.20, P = .58) or advanced adenomas (RR, 1.32; 95% CL
0.90-1.92, P = .15) between the folate group and the
placebo group. At the second colonoscopy, the corre-
sponding RRs were 1.13 (95% CI: 0.93-1.37, P = .23) and
1.67 (95% CI: 1.00-2.80, P = .03). Folic acid was associ-
ated with a higher risk of having 3 or more adenomas,
and this persisted after adjustment for sex, age, smoking,
alcohol use, BMI, baseline plasma folate, and aspirin
allocation. However, subjects were enrolled in this trial at
a time when folate fortification of the food supply be-
came routine, and plasma folate levels increased (while
plasma homocysteine levels decreased) over time in the
placebo group, indicating that the population was rela-
tively folate replete.!”®> This “floor effect” may have al-
tered the impact of the intervention and contributed to

the null findings.

Calcium and Vitamin D

A similar issue may have contributed to the null
findings of the Women’s Health Initiative trial (WHI).17#
In this randomized, double-blind, placebo-controlled
trial, 18,176 postmenopausal women received 1000 mg of
elemental calcium and 400 IU of vitamin D3, and 18,106
received placebo for an average of 7 years. The incidence
of CRC did not differ significantly between the 2 groups
(HR, 1.08; 95% CI: 0.86-1.34; P = .51). This is in contrast
to an analysis of 10 cohort studies, which reported a
pooled RR for CRC of 0.78 (95% CI: 0.69-0.88; P < .001)
for the highest vs lowest quintile of total calcium intake
(combining dietary and supplemental sources).!”> There
are several possible reasons for the differences between
this analysis and the WHI. First, the WHI trial had 3
overlapping components (calcium and vitamin D, dietary
modification, and hormone therapy), which may have
resulted in confounding from cointerventions that both
affected the risk for CRC and enhanced calcium absorp-
tion. Second, the participants were relatively healthy and
at lower risk for CRC, such that calcium and vitamin D
would have had less of a chance to demonstrate a pro-
tective effect. Third, the intervention itself—the dose
and/or duration—was not adequate to detect differences
in CRC incidence (in particular, the dose of vitamin D

GASTROENTEROLOGY Vol. 135, No. 2

was much lower than currently recommended).'”¢ A re-
cent update of the Calcium Follow-Up Study reported
that the protective effect of calcium supplementation on
adenoma recurrence extends for up to 5 years after ces-
sation of active treatment.!””

Hormone Replacement Therapy

The WHI randomized trial provided strong evi-
dence that hormone replacement therapy (HRT) signifi-
cantly reduced the risk of CRC.178 The HR for CRC was
0.63 (95% CI: 0.43-0.92) in postmenopausal females who
received estrogen and progestin compared with place-
bo.178 A subsequent analysis of the WHI data showed
that subjects who received estrogen alone did not expe-
rience any reduction in CRC incidence.!” In a large
case-control study based on Surveillance Epidemiology
and End Results data, Newcomb et al found that use of
any HRT was associated with a 20% reduction in CRC
risk (95% CI: 0.6-0.9).180 The risk reduction was observed
in women who had taken estrogen plus progestin prep-
arations (OR, 0.6; 95% CIL: 0.5-0.9) but not in those on
estrogen alone (OR, 0.9; 95% CI: 0.7-1.1). These findings
suggest that progestin plays an important role in CRC
prevention among HRT users and challenge the previ-
ously held belief that estrogen alone was responsible for
this beneficial effect. Despite these findings, HRT cannot
be recommended for CRC chemoprevention because of
an unfavorable risk:benefit profile; the WHI was stopped
in 2002 after a mean of 5 years of follow-up when the
data showed an increased risk of breast cancer and car-
diovascular adverse events among subjects who received
HRT.178

Statins

There was considerable initial enthusiasm for the
use of statins for chemoprevention of CRC after the
publication of Poynter et al’s study in 2005.'8! In this
population-based, case-control study conducted in Israel,
use of statins for at least 5 years was associated with a
47% RR reduction for CRC after adjustment for aspirin
or other NSAID use, physical activity, hypercholesterol-
emia, family history of CRC, ethnic group, and level of
vegetable consumption.'8! Subsequent studies have
found no association between statins and CRC risk. In a
case-control study involving 1809 CRC case patients and
1809 matched controls (drawn from Massachusetts hos-
pitals and the Massachusetts Cancer Registry), regular
use of statins was not associated with risk of CRC (OR,
0.92; 95% CI: 0.78-1.09), and there was no consistent
trend across dose or duration of use.!'82 Another large
population-based, case-control study from the United
Kingdom reported that prolonged use of NSAIDs and
COX-2 inhibitors was associated with a reduced CRC
risk, but prolonged statin use was not.'83 A recent meta-
analysis of 18 studies involving more than 1.5 million
patients reported no association between statin use and
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risk of CRC either among randomized controlled trials
(RR, 0.95; 95% CI. 0.80-1.13; n = 6) or among cohort
studies (RR, 0.96; 95% CI: 0.84-1.11; n = 3). However,
statin use was associated with a modest reduction in the
risk of CRC among case-control studies (RR, 0.91; 95%
CL: 0.87-0.96; n = 9).18¢ Thus, recent studies do not
support the hypothesis that statin use is protective
against CRC.

Conclusion

In this review, we have described the findings of
the recent literature in the areas of primary and second-
ary prevention of CRC that we believe are most relevant
for clinical practice. As the field moves forward, we expect
further research on the refinement and diffusion of
newer screening tests (CTC, fecal DNA, and iFOBT) and
their effects on clinically relevant outcomes, as well as
continued intense investigation for a blood-based assay
for CRC/advanced neoplasia. We await further studies
that quantify and attempt to improve the quality of
colonoscopy and polypectomy. Perhaps central to ad-
vancing the field is the need for better risk stratification
for both CRC screening and surveillance. In the short-
term, risk stratification will involve deciding how to in-
corporate risk factors other than age and family history
into decisions about when and how to screen. Although
incorporating additional risk factors may make screening
and surveillance more complicated, it will also make both
more cost-effective and may further increase adherence.

References

1. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2008. CA
Cancer J Clin 2008;58:71-96.

2. Cheng AY, Leiter LA. Implications of recent clinical trials for the
National Cholesterol Education Program Adult Treatment Panel
Il guidelines. Curr Opin Cardiol 2006;21:400-404.

3. Kaaks R, Toniolo P, Akhmedkhanov A, et al. Serum C-peptide,
insulin-like growth factor (IGF)-l, IGF-binding proteins, and colo-
rectal cancer risk in women. J Natl Cancer Inst 2000;92:1592—-
1600.

4. Saydah SH, Platz EA, Rifai N, et al. Association of markers of
insulin and glucose control with subsequent colorectal cancer
risk. Cancer Epidemiol Biomarkers Prev 2003;12:412-418.

5. Ahmed RL, Schmitz KH, Anderson KE, et al. The metabolic
syndrome and risk of incident colorectal cancer. Cancer Epide-
miol Biomarkers Prev 2006;107:28-36.

6. Chiu H-M, Lin J-T, Shun C-T, et al. Association of metabolic
syndrome with proximal and synchronous colorectal neoplasm.
Clin Gastroenterol Hepatol 2007;5:221-229.

7. Kim JH, Lim YJ, Kim Y-H, et al. Is metabolic syndrome a risk
factor for colorectal adenoma? Cancer Epidemiol Biomarkers
Prev 2007;16:1563-1566.

8. Sturmer T, Buring JE, Lee I-M, et al. Metabolic abnormalities and
risk for colorectal cancer in the Physicians’ Health Study. Cancer
Epidemiol Biomarkers Prev 2006;15:2391-2397.

9. Giovannucci E. An updated review of the epidemiological evi-
dence that cigarette smoking increases risk of colorectal can-
cer. Cancer Epidemiol Biomarkers Prev 2001;10:725-731.

10. Boutron MC, Faivre J, Dop MC, et al. Tobacco, alcohol, and
colorectal tumors: a multistep process. Am J Epidemiol 1995;
141:1038-1046.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

REVIEW OF RECENT STUDIES OF PREVENTION OF CRC 395

Chao A, Thun MJ, Jacobs EJ, et al. Cigarette smoking and
colorectal cancer mortality in the cancer prevention study II.
J Natl Cancer Inst 2000;92:1888-1896.

Giovannucci E, Colditz GA, Stampfer MJ, et al. A prospective
study of cigarette smoking and risk of colorectal adenoma and
colorectal cancer in US women. J Natl Cancer Inst 1994;86:
192-199.

Giovannucci E, Rimm EB, Stampfer MJ, et al. A prospective
study of cigarette smoking and risk of colorectal adenoma and
colorectal cancer in US men. J Natl Cancer Inst 1994;86:183—-
191.

Heineman EF, Zahm SH, McLaughlin JK, et al. Increased risk of
colorectal cancer among smokers: results of a 26-year follow-up
of US veterans and a review. Int J Cancer 1994;59:728-738.
Honjo S, Kono S, Shinchi K, et al. Cigarette smoking, alcohol
use and adenomatous polyps of the sigmoid colon. Jpn J Cancer
Res 1992;83:806-811.

Jacobson JS, Neugut Al, Murray T, et al. Cigarette smoking and
other behavioral risk factors for recurrence of colorectal adeno-
matous polyps (New York City, NY). Cancer Causes Control
1994;5:215-220.

Lee WC, Neugut Al, Garbowski GC, et al. Cigarettes, alcohol,
coffee, and caffeine as risk factors for colorectal adenomatous
polyps. Ann Epidemiol 1993;3:239-244.

Longnecker MP, Paganini-Hill A, Ross RK. Lifetime alcohol con-
sumption and breast cancer risk among postmenopausal
women in Los Angeles. Cancer Epidemiol Biomarkers Prev
1995;4:721-725.

Nagata C, Shimizu H, Kametani M, et al. Cigarette smoking,
alcohol use, and colorectal adenoma in Japanese men and
women. Dis Colon Rectum 1999;42:337-342.

Newcomb PA, Storer BE, Marcus PM. Cigarette smoking in
relation to risk of large bowel cancer in women. Cancer Res
1995;55:4906-49009.

Potter JD, Bigler J, Fosdick L, et al. Colorectal adenomatous and
hyperplastic polyps: smoking and N-acetyltransferase 2 poly-
morphisms. Cancer Epidemiol Biomarkers Prev 1999;8:69-75.
Sturmer T, Glynn RJ, Lee IM, et al. Lifetime cigarette smoking
and colorectal cancer incidence in the Physicians’ Health Study
I. J Natl Cancer Inst 2000;92:1178-1181.

Terry MB, Neugut Al. Cigarette smoking and the colorectal ade-
noma-carcinoma sequence: a hypothesis to explain the para-
dox. Am J Epidemiol 1998;147:903-910.

Zahm SH, Cocco P, Blair A. Tobacco smoking as a risk factor for
colon polyps. Am J Public Health 1991;81:846-849.

Akhter M, Nishino Y, Nakaya N, et al. Cigarette smoking and the
risk of colorectal cancer among men: a prospective study in
Japan. Eur J Cancer Prev 2007;16:102-107.

Anderson JC, Attam R, Alpern Z, et al. Prevalence of colorectal
neoplasia in smokers. Am J Gastroenterol 2003;98:2777-2783.
Lieberman DA, Prindiville S, Weiss DG, et al. Risk factors for
advanced colonic neoplasia and hyperplastic polyps in asymp-
tomatic individuals. JAMA 2003;290:2959-2967.

Paskett ED, Reeves KW, Rohan TE, et al. Association between
cigarette smoking and colorectal cancer in the Women’s Health
Initiative. J Natl Cancer Inst 2007;99:1729-1735.

Verla-Tebit E, Carmen L, Hoffmeister M, et al. Cigarette smoking
and colorectal cancer risk in Germany: a population-based case-
control study. Int J Cancer 2006;119:630-635.

Chan AO, Jim MH, Lam KF, et al. Prevalence of colorectal
neoplasm among patients with newly diagnosed coronary artery
disease. JAMA 2007;298:1412-1419.

Colangelo LA, Gapstur SM, Gann PH, et al. Colorectal cancer
mortality and factors related to the insulin resistance syndrome.
Cancer Epidemiol Biomarkers Prev 2002;11:385-391.

Geneoscopy Exhibit 1051, Page 16

REVIEWS IN
BASIC AND CLINICAL

>
(L]
o
-l
o
[
]
=
4
[T
o
[
=
(]
<
(L]




TVIINIT1D ANV DISvd

()
>
(7]
-
~
(o]
m
r4
m
bod
(o]
-
(o]
@
=<

NI SMIIATY

396

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

KAHI, REX, AND IMPERIALE

Trevisan M, Liu J, Muti P, et al. Markers of insulin resistance
and colorectal cancer mortality. Cancer Epidemiol Biomarkers
Prev 2001;10:937-941.

Limburg PJ, Vierkant RA, Fredericksen ZS, et al. Clinically con-
firmed type 2 diabetes mellitus and colorectal cancer risk: a
population-based, retrospective cohort study. Am J Gastroen-
terol 2006;101:1872-1879.

Flood A, Mai V, Pfeiffer R, et al. Elevated serum concentrations
of insulin and glucose increase risk of recurrent colorectal ad-
enomas. Gastroenterology 2007;133:1423-1429.

Fletcher RH. Screening colonoscop: option or preference? Gas-
trointest Endosc 2000;51:624-627.

Betes M, Munoz-Navas MA, Duque JM, et al. Use of colonos-
copy as a primary screening test for colorectal cancer in average
risk people. Am J Gastroenterol 2003;98:2648-2654.
Imperiale TF, Wagner DR, Lin CY, et al. Using risk for advanced
proximal colonic neoplasia to tailor endoscopic screening for
colorectal cancer. Ann Intern Med 2003;139:949-965.

Lin OS, Kozarek RA, Schembre DB, et al. Screening colonoscopy
in very elderly patients: prevalence of neoplasia and estimated
impact on life expectancy. J Am Med Assoc 2006;295:2357—
2365.

Regula J, Rupinski M, Kraszewska E, et al. Colonoscopy in
colorectal-cancer screening for detection of advanced neopla-
sia. N Engl J Med 2006;355:1863-1872.

Schoenfeld P, Cash B, Flood A, et al. Colonoscopic screening of
average-risk women for colorectal neoplasia. N Engl J Med
2005;352:2061-2068.

Strul H, Kariv R, Leshno M, et al. The prevalence rate and
anatomic location of colorectal adenoma and cancer detected
by colonoscopy in average-risk individuals aged 40-80 years.
Am J Gastroenterol 2006;201:255-262.

Kim DH, Lee SY, Choi KS, et al. The usefulness of colonoscopy
as a screening test for detecting colorectal polyps. Hepatogas-
troenterology 2007;54:2240-2242.

Morikawa T, Kato J, Yamaji Y, et al. A comparison of the immuno-
chemical fecal occult blood test and total colonoscopy in the
asymptomatic population. Gastroenterology 2005;129:422-428.
Imperiale TF, Ransohoff DF, ltzkowitz SH, et al. Fecal DNA
versus fecal occult blood for colorectal-cancer screening in an
average-risk population. N Engl J Med 2004;351:2704-2714.
Imperiale TF, Wagner DR, Lin CY, et al. Risk of advanced prox-
imal neoplasms in asymptomatic adults according to the distal
colorectal findings. N Engl J Med 2000;343:169-174.
Lieberman DA, Weiss DG, Bond JH, et al. Use of colonoscopy to
screen asymptomatic adults for colorectal cancer. N Engl J Med
2000;343:162-168.

Rex DK, Lehman GA, Hawes RH, et al. Screening colonoscopy in
asymptomatic average-risk persons with negative fecal occult
blood tests. Gastroenterology 1991;100:64-67.

Callistri D, Rengucci C, Bocchini R, et al. Fecal multiple molec-
ular tests to detect colorectal cancer in stool. Clin Gastroenterol
Hepatol 2003;1:377-383.

Dong SM, Traverso G, Johnson C, et al. Detecting colorectal
cancer in stool with the use of multiple genetic targets. Natl
Cancer Inst 2001;93:858-865.

Muller HM, Oberwalder M, Fiegl H, et al. Methylation changes in
faecal DNA: a marker for colorectal cancer screening? Lancet
2004;363:1283-1385.

Traverso G, Shuber A, Levin B, et al. Detection of APC mutations
in fecal DNA from patients with colorectal tumors. N Engl J Med
2002;346:311-320.

Traverso G, Shuber A, Olsson L, et al. Detection of proximal
colorectal cancers through analysis of faecal DNA. Lancet
2002;359:403-404.

Ahlquist DA, Skoletsky JE, Boynton KA, et al. Colorectal
cancer screening by detection of altered human DNA in stool:

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

GASTROENTEROLOGY Vol. 135, No. 2

feasibility of a multitarget assay panel. Gastroenterology
2000;119:1219-1227.

Brand RE, Ross ME, Shuber AP. Reproducibility of a multitarget
stool-based DNA assay for colorectal cancer detection. Am J
Gastroenterol 2004;99:1338-1341.

Syngal S, Stoffel E, Chung D, et al. Detection of stool DNA
mutations before and after treatment of colorectal neoplasia.
Cancer 2006;106:277-283.

ltzkowitz SH, Jandorf L, Brand R, et al. Improved fecal DNA test
for colorectal cancer screening. Clin Gastroenterol Hepatol
2007;1:111-117.

Hardcastle JD, Chamberlain JO, Robinson MH, et al. Random-
ised controlled trial of faecal-occult-blood screening for colorec-
tal cancer. Lancet 1996;348:1472-1477.

Kronborg O, Fenger C, Olsen J, et al. Randomised study of
screening for colorectal cancer with faecal-occult-blood test.
Lancet 1996;348:1467-1471.

Mandel JS, Bond JH, Church TR, et al. Reducing mortality from
colorectal cancer by screening for fecal occult blood. Minnesota
Colon Cancer Control Study. N Engl J Med 1993;328:1365-
1371.

Allison JE. Colon cancer screening guidelines 2005: the fecal
occult blood test option has become a better fit. Gastroenterol-
ogy 2005;129:745-747.

Guittet L, Bouvier V, Mariotte N, et al. Comparison of a guaiac
based and an immunochemical faecal occult blood test in
screening for colorectal cancer in a general average risk popu-
lation. Gut 2007;56:210-214.

Levi Z, Rozen P, Hazazi R, et al. A quantitative immunochemical
fecal occult blood test for colorectal neoplasia. Ann Intern Med
2007;146:244-255.

Levi Z, Hazazi R, Rozen P, et al. A quantitative immunochemical
faecal occult blood test is more efficient for detecting significant
colorectal neoplasia than a sensitive guaiac test. Aliment Phar-
macol Ther 2006;23:1359-1364.

Wong BC, Wong WM, Cheung KL, et al. A sensitive guaiac faecal
occult blood test is less useful than an immunochemical test for
colorectal cancer screening in a Chinese population. Aliment
Pharmacol Ther 2003;18:941-946.

Levin B, Lieberman DA, McFarland B, et al. Screening and
surveillance for the early detection of colorectal cancer and
adenomatous polyps, 2008: a Joint Guideline From the Ameri-
can Cancer Society, the US Multi-Society Task Force on Colo-
rectal Cancer, and the American College of Radiology. Gastro-
enterology 2008.

Habermann JK, Roblick UJ, Luke BT, et al. Increased serum
levels of complement C3a anaphylatoxin indicate the presence
of colorectal tumors. Gastroenterology 2006;131:1020-1029.
Leman ES, Schoen RE, Weissfeld JL, et al. Initial analyses of
colon cancer-specific antigen (CCSA)-3 and CCSA-4 as colorec-
tal cancer-associated serum markers. Cancer Res 2007;67:
5600-5605.

Konety BR, Getzenberg RH. Nuclear structural proteins as bi-
omarkers of cancer. J Cell Biochem 1999;32(Suppl):183-191.
Ransohoff DF. Bias as a threat to the validity of cancer molec-
ular-marker research. Nat Rev Cancer 2005;5:142-149.
Akerkar GA, Yee J, Hung R, et al. Patient experience and pref-
erences toward colon cancer screening: a comparison of virtual
colonoscopy and conventional colonoscopy. Gastrointest En-
dosc 2001;54:310-315.

Angtuaco TL, Banaad-Omiotek GD, Howden CW. Differing atti-
tudes toward virtual and conventional colonoscopy for colorectal
cancer screening: surveys among primary care physicians and
potential patients. Am J Gastroenterol 2001;96:887-893.
Gluecker TM, Johnson CD, Harmsen WS, et al. Colorectal can-
cer screening with CT colonography, colonoscopy, and double-
contrast barium enema examination: prospective assessment

Geneoscopy Exhibit 1051, Page 17



August 2008

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

of patient perceptions and preferences. Radiology 2003;227:
378-384.

Pickhardt PJ, Choi JR, Hwang I, et al. Computed tomographic
virtual colonoscopy to screen for colorectal neoplasia in asymp-
tomatic adults. N Engl J Med 2003;349:2191-2200.

Rockey DC, Paulson E, Niedzwiecki D, et al. Analysis of air
contrast barium enema, computed tomographic colonography,
and colonoscopy: prospective comparison. Lancet 2005;365:
305-311.

Svensson MH, Svensson E, Lasson A, et al. Patient acceptance
of CT colonography and conventional colonoscopy: prospective
comparative study in patients with or suspected of having colo-
rectal disease. Radiology 2002;222:337-345.

Thomeer M, Bielen D, Vanbeckevoort D, et al. Patient accep-
tance for CT colonography: what is the real issue? Eur Radiol
2002;12:1410-1415.

Cotton PB, Durkalski VL, Pineau BC, et al. Computed tomo-
graphic colonography (virtual colonoscopy): a multicenter com-
parison with standard colonoscopy for detection of colorectal
neoplasia. JAMA 2004;291:1713-1719.

Kim DH, Pickhardt PJ, Taylor AJ, et al. CT colonography versus
colonoscopy for the detection of advanced neoplasia. N Engl
J Med 2007;357:1403-1412.

Beebe TJ, Johnson CD, Stoner SM, et al. Assessing attitudes
toward laxative preparation in colorectal cancer screening and
effects on future testing: potential receptivity to computed to-
mographic colonography. Mayo Clin Proc 2007;82:666-671.
Denberg TD, Melhado TV, Coombes JM, et al. Predictors of
nonadherence to screening colonoscopy. J Gen Intern Med
2005;20:989-995.

Harewood GC, Wiersema MJ, Melton LJ lll. A prospective, con-
trolled assessment of factors influencing acceptance of screen-
ing colonoscopy. Am J Gastroenterol 2002;97:3186-3194.
Scott RG, Edwards JT, Fritschi L, et al. Community-based
screening by colonoscopy or computed tomographic colonogra-
phy in asymptomatic average-risk subjects. Am J Gastroenterol
2004;99:1145-1151.

Mulhall BP, Veerappan GR, Jackson JL. Meta-analysis: com-
puted tomographic colonography. Ann Intern Med 2005;142:
635-650.

Barnes E. ACRIN trial shows VC ready for widespread use.
Available at: www.auntminnie.com. Accessed September 28,
2007.

Winawer SJ, Stewart ET, Zauber AG, et al. A comparison of
colonoscopy and double-contrast barium enema for surveillance
after polypectomy. National Polyp Study Work Group. N Engl
J Med 2000;342:1766-1772.

European Society of Gastrointestinal and Abdominal Radiology
CT Colonography Study Group Investigators. Effect of directed
training on reader performance for CT colonography: multicenter
study. Radiology 2007;242:152-161.

Rockey DC, Barish M, Brill JV, et al. Standards for gastroenter-
ologists for performing and interpreting diagnostic computed
tomographic colonography. Gastroenterology 2007;133:1005—
1024.

Zalis ME, Barish MA, Choi JR, et al. CT colonography reporting
and data system: a consensus proposal. Radiology 2005;236:
3-9.

Rex DK, Lieberman D. ACG colorectal cancer prevention action
plan: update on CT-colonography. Am J Gastroenterol 2006;
101:1410-1413.

Hur C, Chung DC, Schoen RE, et al. The management of small
polyps found by virtual colonoscopy: results of a decision anal-
ysis. Clin Gastroenterol Hepatol 2007;5:237-244.

Pickhardt PJ, Hassan C, Laghi A, et al. Small and diminutive
polyps detected at screening CT colonography: a decision anal-

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

REVIEW OF RECENT STUDIES OF PREVENTION OF CRC 397

ysis for referral to colonoscopy. AJR Am J Roentgenol 2008;
190:136-144.

Burling D, Halligan S, Slater A, et al. Potentially serious adverse
events at CT colonography in symptomatic patients: national
survey of the United Kingdom. Radiology 2006;239:464-471.
Sosna J, Blachar A, Amitai M, et al. Colonic perforation at CT
colonography: assessment of risk in a multicenter large cohort.
Radiology 2006;239:457-463.

Einstein AJ, Henzlova MJ, Rajagopalan S. Estimating risk of
cancer associated with radiation exposure from 64-slice com-
puted tomography coronary angiography. JAMA 2007;298:317—
323.

Brenner DJ, Hall EJ. Computed tomography—an increasing
source of radiation exposure. N Engl J Med 2007;357:2277—-
2284.

Radiation risk in perspective: position statement of the Health
Physics Society. August 2004.

Amis ES Jr, Butler PF, Applegate KE, et al. American College of
Radiology white paper on radiation dose in medicine. J Am Coll
Radiol 2007;4:272-284.

Brenner DJ, Georgsson MA. Mass screening with CT colonogra-
phy: should the radiation exposure be of concern? Gastroenter-
ology 2005;129:328-337.

Winawer SJ, Zauber AG, Fletcher RH, et al. Guidelines for
colonoscopy surveillance after polypectomy: a consensus up-
date by the US Multi-Society Task Force on Colorectal Cancer
and the American Cancer Society. Gastroenterology 2006;130:
1872-1885.

Smith RA, von Eschenbach AC, Wender R, 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;51:38-80.
Winawer S, Fletcher R, Rex D, et al. Colorectal cancer screening
and surveillance: clinical guidelines and rationale—update based
on new evidence. Gastroenterology 2003;124:544-560.
Lieberman DA, Weiss DG, Harford WV, et al. Five-year colon
surveillance after screening colonoscopy. Gastroenterology
2007;133:1077-1085.

Oh K, Redston M, Odze RD. Support for hMLH1 and MGMT
silencing as a mechanism of tumorigenesis in the hyperplastic-
adenoma-carcinoma (serrated) carcinogenic pathway in the co-
lon. Hum Pathol 2005;36:101-111.

Spring KJ, Zhao ZZ, Karamatic R, et al. High prevalence of
sessile serrated adenomas with BRAF mutations: a prospective
study of patients undergoing colonoscopy. Gastroenterology
2006;131:1400-1407.

Rex DK, Ulbright TM. Step section histology of proximal colon
polyps that appear hyperplastic by endoscopy. Am J Gastroen-
terol 2002;97:1530-1534.

Burt R JJ. Hyperplastic polyposis. In: Hamilton SRAL, ed. World
Health Organization classification of tumors. Pathology and ge-
netics. Lyon: IARC Press, 2000.

Chow E, Lipton L, Lynch E, et al. Hyperplastic polyposis syn-
drome: phenotypic presentations and the role of MBD4 and
MYH. Gastroenterology 2006;131:30-39.

Mysliwiec PA, Brown ML, Klabunde CN, et al. Are physicians doing
too much colonoscopy? A national survey of colorectal surveillance
after polypectomy. Ann Intern Med 2004;141:264-271.
Boolchand V, Olds G, Singh J, et al. Colorectal screening after
polypectomy: a national survey study of primary care physi-
cians. Ann Intern Med 2006;145:654-659.

Pfister DG, Benson AB lll, Somerfield MR. Clinical practice.
Surveillance strategies after curative treatment of colorectal
cancer. N Engl J Med 2004;350:2375-2382.

Geneoscopy Exhibit 1051, Page 18

REVIEWS IN
BASIC AND CLINICAL

>
(L]
o
-l
o
[
]
=
4
[T
o
[
=
v
<
(L]



http://www.auntminnie.com

NI SMIIATY

()
>
(7]
-
~
(o]
m
r4
m
bod
(o]
-
(o]
@
=<

TVIINIT1D ANV DISvd

398

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

KAHI, REX, AND IMPERIALE

Anthony T, Simmang C, Hyman N, et al. Practice parameters for
the surveillance and follow-up of patients with colon and rectal
cancer. Dis Colon Rectum 2004;47:807-817.

Desch CE, Benson AB lll, Somerfield MR, et al. Colorectal
cancer surveillance: 2005 update of an American Society of
Clinical Oncology practice guideline. J Clin Oncol 2005;23:
8512-8519.

Kjeldsen BJ, Kronborg O, Fenger C, et al. A prospective random-
ized study of follow-up after radical surgery for colorectal cancer.
Br J Surg 1997;84:666-669.

Makela JT, Laitinen SO, Kairaluoma MI. Five-year follow-up after
radical surgery for colorectal cancer. Results of a prospective
randomized trial. Arch Surg 1995;130:1062-1067.

Ohlsson B, Breland U, Ekberg H, et al. Follow-up after curative
surgery for colorectal carcinoma. Randomized comparison with
no follow-up. Dis Colon Rectum 1995;38:619-626.

Pietra N, Sarli L, Costi R, et al. Role of follow-up in management
of local recurrences of colorectal cancer: a prospective, ran-
domized study. Dis Colon Rectum 1998;41:1127-1133.
Rodriguez-Moranta F, Salo J, Arcusa A, et al. Postoperative
surveillance in patients with colorectal cancer who have un-
dergone curative resection: a prospective, multicenter, ran-
domized, controlled trial. J Clin Oncol 2006;24:386-393.
Schoemaker D, Black R, Giles L, et al. Yearly colonoscopy, liver
CT, and chest radiography do not influence 5-year survival of
colorectal cancer patients. Gastroenterology 1998;114:7-14.
Secco GB, Fardelli R, Gianquinto D, et al. Efficacy and cost of
risk-adapted follow-up in patients after colorectal cancer sur-
gery: a prospective, randomized and controlled trial. Eur J Surg
Oncol 2002;28:418-423.

Wattchow DA, Weller DP, Esterman A, et al. General practice vs
surgical-based follow-up for patients with colon cancer: random-
ised controlled trial. Br J Cancer 2006;94:1116-1121.
Jeffery M, Hickey BE, Hider PN. Follow-up strategies for patients
treated for non-metastatic colorectal cancer. Cochrane Data-
base Syst Rev 2007:CD002200.

Rex DK, Kahi CJ, Levin B, et al. Guidelines for colonoscopy
surveillance after cancer resection: a consensus update by the
American Cancer Society and US Multi-Society Task Force on
Colorectal Cancer. CA Cancer J Clin 2006;56:160-167; quiz
185-186.

Benson AB lll, Desch CE, Flynn PJ, et al. 2000 Update of
American Society of Clinical Oncology colorectal cancer surveil-
lance guidelines. J Clin Oncol 2000;18:3586-3588.

Green RJ, Metlay JP, Propert K, et al. Surveillance for second
primary colorectal cancer after adjuvant chemotherapy: an anal-
ysis of Intergroup 0089. Ann Intern Med 2002;136:261-269.
Rulyak SJ, Lieberman DA, Wagner EH, et al. Outcome of fol-
low-up colon examination among a population-based cohort of
colorectal cancer patients. Clin Gastroenterol Hepatol 2007;5:
470-476.

Winawer SJ, Zauber AG, Ho MN, et al. Prevention of colorectal
cancer by colonoscopic polypectomy. The National Polyp Study
Workgroup. N Engl J Med 1993;329:1977-1981.

Brenner H, Chang-Claude J, Seiler CM, et al. Does a negative
screening colonoscopy ever need to be repeated? Gut 2006;
55:1145-1150.

Citarda F, Tomaselli G, Capocaccia R, et al. Efficacy in standard
clinical practice of colonoscopic polypectomy in reducing colo-
rectal cancer incidence. Gut 2001;48:812-815.

Dove-Edwin |, Sasieni P, Adams J, et al. Prevention of colorectal
cancer by colonoscopic surveillance in individuals with a family
history of colorectal cancer: 16-year, prospective, follow-up
study. BMJ 2005;331:1047.

Thiis-Evensen E, Hoff GS, Sauar J, et al. The effect of attending
a flexible sigmoidoscopic screening program on the prevalence

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

GASTROENTEROLOGY Vol. 135, No. 2

of colorectal adenomas at 13-year follow-up. Am J Gastroenterol
2001;96:1901-1907.

Singh H, Turner D, Xue L, et al. Risk of developing colorectal
cancer following a negative colonoscopy examination: evidence
for a 10-year interval between colonoscopies. JAMA 2006;295:
2366-2373.

Alberts DS, Martinez ME, Roe DJ, et al. Lack of effect of a
high-fiber cereal supplement on the recurrence of colorectal
adenomas. Phoenix Colon Cancer Prevention Physicians’ Net-
work. N Engl J Med 2000;342:1156-1162.

Robertson DJ, Greenberg ER, Beach M, et al. Colorectal cancer
in patients under close colonoscopic surveillance. Gastroenter-
ology 2005;129:34-41.

Schatzkin A, Lanza E, Corle D, et al. Lack of effect of a low-fat,
high-fiber diet on the recurrence of colorectal adenomas. Polyp
Prevention Trial Study Group. N Engl J Med 2000;342:1149—
1155.

Barclay RL, Vicari JJ, Doughty AS, et al. Colonoscopic withdrawal
times and adenoma detection during screening colonoscopy.
N Engl J Med 2006;355:2533-2541.

Chen SC, Rex DK. Endoscopist can be more powerful than age
and male gender in predicting adenoma detection at colonos-
copy. Am J Gastroenterol 2007;102:856-861.

Rex DK, Bond JH, Winawer S, et al. Quality in the technical
performance of colonoscopy and the continuous quality im-
provement process for colonoscopy: recommendations of the
U.S. Multi-Society Task Force on Colorectal Cancer. Am J Gas-
troenterol 2002;97:1296-1308.

Rex DK, Petrini JL, Baron TH, et al. Quality indicators for
colonoscopy. Gastrointest Endosc 2006;63:S16-S28.
Simmons DT, Harewood GC, Baron TH, et al. Impact of endos-
copist withdrawal speed on polyp yield: implications for optimal
colonoscopy withdrawal time. Aliment Pharmacol Ther 2006;
24:965-971.

Harewood GC, Sharma VK, de Garmo P. Impact of colonoscopy
preparation quality on detection of suspected colonic neopla-
sia. Gastrointest Endosc 2003;58:76-79.

Froehlich F, Wietlisbach V, Gonvers JJ, et al. Impact of colonic
cleansing on quality and diagnostic yield of colonoscopy: the
European Panel of Appropriateness of Gastrointestinal Endos-
copy European multicenter study. Gastrointest Endosc 2005;
61:378-384.

Parra-Blanco A, Nicolas-Perez D, Gimeno-Garcia A, et al. The
timing of bowel preparation before colonoscopy determines the
quality of cleansing and is a significant factor contributing to the
detection of flat lesions: a randomized study. World J Gastro-
enterol 2006;12:6161-6166.

Aoun E, Abdul-Baki H, Azar C, et al. A randomized single-blind
trial of split-dose PEG-electrolyte solution without dietary restric-
tion compared with whole dose PEG-electrolyte solution with
dietary restriction for colonoscopy preparation. Gastrointest En-
dosc 2005;62:213-218.

Rostom A, Jolicoeur E, Dube C, et al. A randomized prospec-
tive trial comparing different regimens of oral sodium phos-
phate and polyethylene glycol-based lavage solution in the
preparation of patients for colonoscopy. Gastrointest Endosc
2006;64:544-552.

Farrar WD, Sawhney MS, Nelson DB, et al. Colorectal cancers
found after a complete colonoscopy. Clin Gastroenterol Hepatol
2006;4:1259-1264.

Pabby A, Schoen RE, Weissfeld JL, et al. Analysis of colorectal
cancer occurrence during surveillance colonoscopy in the dietary
Polyp Prevention Trial. Gastrointest Endosc 2005;61:385-391.
Bressler B, Paszat LF, Chen Z, et al. Rates of new or missed
colorectal cancers after colonoscopy and their risk factors: a pop-
ulation-based analysis. Gastroenterology 2007;132:96-102.

Geneoscopy Exhibit 1051, Page 19



August 2008

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Rex DK, Rahmani EY, Haseman JH, et al. Relative sensitivity of
colonoscopy and barium enema for detection of colorectal can-
cer in clinical practice. Gastroenterology 1997;112:17-23.
Gatto NM, Frucht H, Sundararajan V, et al. Risk of perforation
after colonoscopy and sigmoidoscopy: a population-based
study. J Natl Cancer Inst 2003;95:230-236.

Levin TR, Zhao W, Conell C, et al. Complications of colonoscopy
in an integrated health care delivery system. Ann Intern Med
2006;145:880-886.

Regula J, Rupinski M, Kraszewska E, et al. Colonoscopy in
colorectal-cancer screening for detection of advanced neopla-
sia. N Engl J Med 2006;355:1863-1872.

Cottet V, Pariente A, Nalet B, et al. Colonoscopic screening of
first-degree relatives of patients with large adenomas: in-
creased risk of colorectal tumors. Gastroenterology 2007;133:
1086-1092.

Imperiale TF. Toward risk stratification for screening and sur-
veillance of colorectal neoplasia: one small step for the
colonoscopist. Gastroenterology 2007;133:1364-1367.
Lynch HT, de la Chapelle A. Hereditary colorectal cancer. N Engl
J Med 2003;348:919-932.

Hampel H, Frankel WL, Martin E, et al. Screening for the Lynch
syndrome (hereditary nonpolyposis colorectal cancer). N Engl
J Med 2005;352:1851-1860.

Pinol V, Castells A, Andreu M, et al. Accuracy of revised Be-
thesda guidelines, microsatellite instability, and immunohisto-
chemistry for the identification of patients with hereditary non-
polyposis colorectal cancer. JAMA 2005;293:1986-1994.
Lindor NM, Rabe K, Petersen GM, et al. Lower cancer incidence in
Amsterdam-| criteria families without mismatch repair deficiency:
familial colorectal cancer type X. JAMA 2005;293:1979-1985.
Dove-Edwin |, de Jong AE, Adams J, et al. Prospective results of
surveillance colonoscopy in dominant familial colorectal cancer
with and without Lynch syndrome. Gastroenterology 2006;130:
1995-2000.

Raju R, Cruz-Correa M. Chemoprevention of colorectal cancer.
Dis Colon Rectum 2006;49:113-125.

Eberhart CE, Coffey RJ, Radhika A, et al. Up-regulation of cycloox-
ygenase 2 gene expression in human colorectal adenomas and
adenocarcinomas. Gastroenterology 1994;107:1183-1188.
Giardiello FM, Hamilton SR, Krush AJ, et al. Treatment of co-
lonic and rectal adenomas with sulindac in familial adenoma-
tous polyposis. N Engl J Med 1993;328:1313-1316.
Steinbach G, Lynch PM, Phillips RK, et al. The effect of cele-
coxib, a cyclooxygenase-2 inhibitor, in familial adenomatous
polyposis. N Engl J Med 2000;342:1946-1952.

Baron JA, Cole BF, Sandler RS, et al. A randomized trial of
aspirin to prevent colorectal adenomas. N Engl J Med 2003;
348:891-899.

Sandler RS, Halabi S, Baron JA, et al. A randomized trial of
aspirin to prevent colorectal adenomas in patients with previous
colorectal cancer. N Engl J Med 2003;348:883-890.

Chan AT, Giovannucci EL, Meyerhardt JA, et al. Long-term use of
aspirin and nonsteroidal anti-inflammatory drugs and risk of
colorectal cancer. JAMA 2005;294:914-923.

Cook NR, Lee IM, Gaziano JM, et al. Low-dose aspirin in the
primary prevention of cancer: the Women’s Health Study: a
randomized controlled trial. JAMA 2005;294:47-55.
Flossmann E, Rothwell PM. Effect of aspirin on long-term risk of
colorectal cancer: consistent evidence from randomised and
observational studies. Lancet 2007;369:1603-1613.

Dube C, Rostom A, Lewin G, et al. The use of aspirin for primary
prevention of colorectal cancer: a systematic review prepared

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

REVIEW OF RECENT STUDIES OF PREVENTION OF CRC 399

for the U.S. Preventive Services Task Force. Ann Intern Med
2007;146:365-375.

Rostom A, Dube C, Lewin G, et al. Nonsteroidal anti-inflamma-
tory drugs and cyclooxygenase-2 inhibitors for primary preven-
tion of colorectal cancer: a systematic review prepared for the
U.S. Preventive Services Task Force. Ann Intern Med 2007;146:
376-389.

Routine aspirin or nonsteroidal anti-inflammatory drugs for the
primary prevention of colorectal cancer: U.S. Preventive Ser-
vices Task Force recommendation statement. Ann Intern Med
2007;146:361-364.

Imperiale TF. Aspirin and the prevention of colorectal cancer.
N Engl J Med 2003;348:879-880.

Giovannucci E, Stampfer MJ, Colditz GA, et al. Folate, methio-
nine, and alcohol intake and risk of colorectal adenoma. J Natl
Cancer Inst 1993;85:875-884.

Cole BF, Baron JA, Sandler RS, et al. Folic acid for the preven-
tion of colorectal adenomas: a randomized clinical trial. JAMA
2007;297:2351-2359.

Wactawski-Wende J, Kotchen JM, Anderson GL, et al. Calcium
plus vitamin D supplementation and the risk of colorectal can-
cer. N Engl J Med 2006;354:684-696.

Cho E, Smith-Warner SA, Spiegelman D. Dairy foods, calcium,
and colorectal cancer: a pooled analysis of 10 cohort studies.
J Natl Cancer Inst 2004;96:1015-1022.

Forman MR, Levin B. Calcium plus vitamin D3 supplementation
and colorectal cancer in women. N Engl J Med 2006;354:752—
754.

Grau MV, Baron JA, Sandler RS, et al. Prolonged effect of
calcium supplementation on risk of colorectal adenomas in a
randomized trial. J Natl Cancer Inst 2007;99:129-136.
Rossouw JE, Anderson GL, Prentice RL, et al. Risks and benefits
of estrogen plus progestin in healthy postmenopausal women:
principal results From the Women’s Health Initiative random-
ized controlled trial. JAMA 2002;288:321-333.

Anderson GL, Limacher M, Assaf AR, et al. Effects of conjugated
equine estrogen in postmenopausal women with hysterectomy:
the Women’s Health Initiative randomized controlled trial. JAMA
2004;291:1701-1712.

Newcomb PA, Zheng Y, Chia VM, et al. Estrogen plus progestin
use, microsatellite instability, and the risk of colorectal cancer
in women. Cancer Res 2007;67:7534-7539.

Poynter JN, Gruber SB, Higgins PD, et al. Statins and the risk of
colorectal cancer. N Engl J Med 2005;352:2184-2192.
Coogan PF, Smith J, Rosenberg L. Statin use and risk of colo-
rectal cancer. J Natl Cancer Inst 2007;99:32-40.
Vinogradova Y, Hippisley-Cox J, Coupland C, et al. Risk of colo-
rectal cancer in patients prescribed statins, nonsteroidal anti-
inflammatory drugs, and cyclooxygenase-2 inhibitors: nested
case-control study. Gastroenterology 2007;133:393-402.
Bonovas S, Filioussi K, Flordellis CS, et al. Statins and the risk
of colorectal cancer: a meta-analysis of 18 studies involving
more than 1.5 million patients. J Clin Oncol 2007;25:3462—
3468.

Received March 4, 2008. Accepted June 3, 2008.

Address requests for reprints to: Charles J. Kahi, MD, MS, Division of
Gastroenterology, Richard L. Roudebush VA Medical Center, 1481
West 10th St, Indianapolis, Indiana 46202. e-mail: ckahi2@iupui.edu;
fax (317) 988-3243.

Supported in part by grant K24 DK02756 (to T.F.L.).

Geneoscopy Exhibit 1051, Page 20

REVIEWS IN
BASIC AND CLINICAL

>
(L]
o
-
o
[
=
4
[}
o
[
=
v
<
(L]



mailto:ckahi2@iupui.edu

	Screening, Surveillance, and Primary Prevention for Colorectal Cancer: A

Review of the Recent Literature
	Risk Factors for Colorectal Neoplasia
	Metabolic Syndrome
	Cigarette Smoking
	Coronary Artery Disease
	Diabetes Mellitus

	Screening Colonoscopy
	Emerging Screening Modalities
	Fecal DNA
	iFOBT
	Blood-Based Assays
	Computed Tomographic Colonography

	Postpolypectomy Surveillance
	Post-CRC Resection Surveillance
	Quality Issues in the Performance of Colonoscopy
	CRC Screening and Surveillance in Special Populations
	Family History of CRC
	Hereditary Nonpolyposis CRC

	Chemoprevention of CRC
	Aspirin and Nonaspirin Nonsteroidal Antiinflammatory Drugs
	Folic Acid
	Calcium and Vitamin D
	Hormone Replacement Therapy
	Statins

	Conclusion
	References




