GASTROENTEROLOGY 2005;129:34-41

CLINICAL-ALIMENTARY TRACT

Colorectal Cancer in Patients Under Close

Colonoscopic Surveillance

DOUGLAS J. ROBERTSON,*'* E. ROBERT GREENBERG, %! MICHAEL BEACH,%"

ROBERT S. SANDLER,* DENNIS AHNEN, *ff ROBERT W. HAILE,%% CAROL A. BURKE,!I

DALE C. SNOVER,™ ROBERT S. BRESALIER,*#* GAIL MCKEOWN-EYSSEN,*** JACK S. MANDEL,**
JOHN H. BOND,388lll ROSALIND U. VAN STOLK,™T ROBERT W. SUMMERS,*##

RICHARD ROTHSTEIN,* TIMOTHY R. CHURCH,**** BERNARD F. COLE,®! TIM BYERS,358

LEILA MOTT,® and JOHN A. BARONT-8

*VA Medical Center, White River Junction, Vermont; *Department of Medicine, §Depar’cment of Community and Family Medicine, INorris
Cotton Cancer Center, and YDepartment of Anesthesia, Dartmouth-Hitchcock Medical Center, Lebanon, New Hampshire; *Department of
Medicine, University of North Carolina School of Medicine, Chapel Hill, North Carolina; **VA Medical Center, Denver, Colorado;
**Department of Medicine, University of Colorado School of Medicine, Denver, Colorado; §§Depar‘tment of Preventive Medicine, University of
Southern California School of Medicine, Los Angeles, California; lDepartment of Gastroenterology, Cleveland Clinic Foundation, Cleveland,
Ohio; "MDepartment of Pathology, Fairview Southdale Hospital, Minneapolis, Minnesota; **Department of Gastrointestinal Medicine and
Nutrition, University of Texas MD Anderson Cancer Center, Houston, Texas; ***Department of Public Health Sciences, University of Toronto,
Toronto, Ontario, Canada; TT"Rollins School of Public Health, Emory University, Atlanta, Georgia; 858Department of Medicine, University of
Minnesota School of Medicine, Minneapolis, Minnesota; !llVA Medical Center, Minneapolis, Minnesota; "Gastroenterology Center of CT,
P.C., Hamden, Connecticut; ’”‘"Department of Internal Medicine, University of lowa Carver College of Medicine, lowa City, lowa;
§88pepartment of Preventive Medicine and Biometrics, University of Colorado, Denver, Colorado; and *** *Division of Environmental Health
Sciences, School of Public Health, University of Minnesota, Minneapolis, Minnesota

Background & Aims: Colonoscopic polypectomy is con-
sidered effective for preventing colorectal cancer (CRC),
but the incidence of cancer in patients under colono-
scopic surveillance has rarely been investigated. We
determined the incidence of CRC in patients under
colonoscopic surveillance and examined the circum-
stances and risk factors for CRC and adenoma with
high-grade dysplasia. Methods: Patients were drawn
from 3 adenoma chemoprevention trials. All underwent
baseline colonoscopy with removal of at least one ade-
noma and were deemed free of remaining lesions. We
identified patients subsequently diagnosed with invasive
cancer or adenoma with high-grade dysplasia. The tim-
ing, location, and outcome of all cases of cancer and
high-grade dysplasia identified are described and risks
associated with their development explored. Results:
CRC was diagnosed in 19 of the 2915 patients over a
mean follow-up of 3.7 years (incidence, 1.74 cancers/
1000 person-years). The cancers were located in all
regions of the colon; 10 were at or proximal to the
hepatic flexure. Although most of the cancers (84%)
were of early stage, 2 participants died of CRC. Seven
patients were diagnosed with adenoma with high-grade
dysplasia during follow-up. Older patients and those with
a history of more adenomas were at higher risk of being
diagnosed with invasive cancer or adenoma with high-
grade dysplasia. Conclusions: CRC is diagnosed in a
clinically important proportion of patients following com-

plete colonoscopy and polypectomy. More precise and
representative estimates of CRC incidence and death
among patients undergoing surveillance examinations
are needed.

ndoscopic removal of adenomas is associated with a
Esigniﬁcant reduction in the risk of colorectal can-
cer,' although the size of the benefit is not clear.®>
Accurate data regarding the magnitude of the risk re-
duction are important so that the medical community
can determine the best approach to colorectal cancer
screening®-% and so that patients can decide whether to
undergo screening. Large case-control studies!'-? indicate
that sigmoidoscopy or colonoscopy results in about a
50% reduction in the incidence of colorectal cancer in
the examined portions of the bowel. The investigators of
the National Polyp Study (NPS) estimated a larger re-
duction in risk (up to 90%) based on an analysis® of
patients randomized to 2 different schedules of periodic
surveillance colonoscopy. However, both the NPS anal-

Abbreviations used in this paper: Cl, confidence interval; NPS, Na-
tional Polyp Study; SEER, Surveillance, Epidemiology, and End Results.
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ysis and the case-control studies entailed a number of
methodological assumptions that could not be validated
directly. The NPS investigators used external controls to
assess efficacy of polypectomy. In the case-control studies
of sigmoidoscopy, there remains the possibility that dif-
ferences between populations that choose to undergo
screening and those who do not might account for some
of the risk reduction seen. Therefore, estimates of efficacy
derived from these studies are uncertain.®>

To describe the risk of colorectal cancer occurring in
the course of colonoscopic surveillance, we determined
the frequency of invasive cancer and adenomas with
high-grade dysplasia among patients followed up in 3
randomized trials of colorectal adenoma chemopreven-
tion.

Materials and Methods

We have previously reported the essential features of
the design and principal findings of the 3 multicenter ran-
domized trials that form the basis for the current analyses.”~!!
Institutional review board approval to perform the trials and
collect the information that is reported herein was obtained
from all participating centers in each study. Briefly, patients
qualified for study by having at least one histologically docu-
mented large bowel adenoma of any size removed shortly
before study entry. Within 3 months of study enrollment, each
had undergone a complete (ie, to the cecum) colonoscopic
“clearing” examination, with the attending endoscopist attest-
ing that the entire colorectal mucosa was adequately visualized
and that no known colorectal polyps remained after the pro-
cedure. Patients were excluded if they had familial polyposis,
invasive colorectal cancer, malabsorption syndromes, or condi-
tions that might be worsened by the study agents.

We obtained information from participants at enrollment
regarding their history of adenomas, lifestyle habits, and fam-
ily history (first-degree family members) of colorectal polyps
and cancer. Follow-up colonoscopies for patients in the first 2
trials were scheduled about 1 and 4 years after the clearing
examination. Patients enrolled in the third trial were sched-
uled for surveillance colonoscopy about 3 years after the clear-
ing examination. In each of the studies, the location and size of
all polyps removed from the bowel were noted, and tissue
specimens were sent for central histopathology review.

The same study pathologist (D.C.S.) reviewed all follow-up
tissue specimens for the 3 trials to determine whether or not
neoplasia was present and, if so, whether there was invasive
cancer or high-grade dysplasia (formerly referred to as carci-
noma in situ). Based on these determinations, we identified all
patients diagnosed with either cancer or high-grade dysplasia
and obtained supportive documentation (eg, procedure notes,
operative reports) from their medical records. A single inves-
tigator reviewed all relevant clinical information to confirm
the diagnosis and to record the treatment of the cancer and the
outcome. For invasive cancers, tumor size and nodal status
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were abstracted from the local pathology report and stage was
determined according to the criteria of the American Joint
Committee on Cancer.!?

To determine incidence rates, we computed person-years at
risk (ie, time under active surveillance) for each patient based
on the interval between the date of the “clearing” colonoscopy
and the earliest of the following end points: termination of the
treatment phase of the study, death, loss to follow-up, or the
occurrence of high-grade dysplasia or cancer. The crude inci-
dence rate of invasive cancer was computed as the observed
number of cancers divided by the total person-years of surveil-
lance. To estimate confidence limits for the incidence rates, we
assumed the numerator of the rate to be a Poisson variable and
calculated confidence intervals (CIs) by the exact method.!?
Rates were compared using a conditional test based on the
exact binomial distribution.'® We calculated a standardized
incidence ratio to compare the cancer incidence rates in our
study population with those obtained from the population
covered by the Surveillance, Epidemiology, and End Results
(SEER) program (1984-2000), with standardization for sex,
age (5-year age groups), race (white, black), and year of study
(annual). For subjects who were at risk in 2001 or later, SEER
data were not available so rates from 2000 were used. Wil-
coxon rank sum test for continuous variables and Fisher exact
test for categorical variables were used to assess the character-
istics of patients that were associated with the subsequent
occurrence of cancer and high-grade dysplasia.

Results

A total of 2915 patients were randomized in the
3 trials. The characteristics of the participants differed
only moderately among studies, and overall 71% were
men, 85% were white, and the average age was 59.7
years (Table 1). Colonoscopic follow-up was essentially
complete; 97% (n = 28306) of subjects had at least one
examination after the qualifying colonoscopy, and in
91% (n = 2664) follow-up ended with a year-3 (third
trial) or year-4 colonoscopy (trials 1 and 2) as per pro-
tocol. Most of the 79 subjects who did not complete the
anticipated colonoscopic follow-up had died from causes
other than colorectal cancer (n = 40) or had severe illness
(n = 10) precluding follow-up endoscopy. The mean
follow-up time after qualifying colonoscopy was 3.7
years, during which 26 patients (0.9%) were found to
have either an invasive cancer (19) or adenoma with
high-grade dysplasia (7).

Of the 19 cases of cancer, 4 were found because of
patient symptoms and 15 during a surveillance colonos-
copy. One patient had a colorectal cancer detected be-
cause he requested a colonoscopy after being diagnosed
with prostate cancer (Table 2). The cancers were located
in all regions of the colon; 10 were at or proximal to the
hepatic flexure. In 5 cases, a large (=1.0 cm) adenoma
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Table 1. Study Characteristics of the 3 Clinical Trials
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Antioxidant Polyp Calcium Polyp Aspirin/Folate Polyp
Prevention Study Prevention Study Prevention Study Total
Entry characteristics
No. randomized 864 930 1121 2915
Age, y (mean = SD) 61.2 (+8.3) 61.0 (+9.1) 57.5 (+9.6) 59.7 (+9.3)
Sex (% male) 79.2 72.3 63.5 70.9
Race (% nonwhite) 14.8 15.0 14.5 14.7
Subjects with at least one adenoma at qualifying 100 100 100 100
examination (%)
Subjects with at least one adenoma =1 cm at 40.3 29.1 22.8 30.0
qualifying examination (%)
Subjects with a history of adenoma before qualifying 24.0 21.6 30.3 25.6
examination (%)
Follow-up events
Mean follow-up, y (=SE) 4.0 (=0.8) 4.1 (£0.7) 3.2 (*£0.6) 3.7 (£0.8)
Subjects with at least one adenoma (%) 51.6 46.9 43.5 47.0
No. of subjects with adenoma with high-grade dysplasia 2 0 7
No. of subjects with invasive cancer 8 6 19

had been removed from the same segment of colon at the
time of the most recent prior colonoscopy. Eleven pa-
tients had stage I cancers, 5 stage II, and 3 stage III, 2 of
whom subsequently have died of colorectal cancer.

The overall incidence of colorectal cancer among all
patients was 1.74 (95% CI, 1.05-2.72) per 1000 person-
years of follow-up. The rate of cancer development was
higher in men than in women (2.19 vs 0.64 per 1000
person-years), but this difference did not reach statistical
significance (P = .08). The subgroup of 2154 patients
without a history of adenoma before the qualifying ex-
amination had an incidence rate of 1.35 (95% CI, 0.68—
2.42) per 1000 person-years of follow-up. The incidence
of colorectal cancer was higher (2.88 {95% CI, 1.24—
5.67) per 1000 person-years) in the 761 patients with a
prior history of adenoma before the qualifying examina-
tion, but this was not statistically different from that for
those without a prior history (P = .11). Overall, the
incidence of a cancer diagnosis was very similar to that
expected from SEER data (standardized incidence ratio,
0.98; 95% CI, 0.63-1.54).

We calculated separate colorectal cancer incidence
rates for the first year of follow-up and the subsequent 3
years of follow-up among the 1794 patients who had
been scheduled for 2 surveillance colonoscopies (ie, par-
ticipants in the first 2 chemoprevention trials). The
incidence was 3.79 (95% CI, 1.63—7.47) per 1000 per-
son-years for the first follow-up interval (clearing exam-
ination up to and including the year-1 examination) and
0.96 (95% CI, 0.31-2.24) per 1000 person-years for the
second interval (year-1 examination up to and including
the year-4 examination). The rates of cancer detection in
these 2 follow-up periods were significantly different (P
= .0D).

Seven adenomas with high-grade dysplasia were found
in 7 study subjects (Table 3). All were identified during
a surveillance colonoscopy, and 6 of the 7 were found at
the first scheduled colonoscopy (an interval of 12-18
months after the clearing examination). Six of the ade-
nomas were >1 cm in diameter, and the other was 0.7
cm. Five of the lesions were judged to have tubulovillous
histology, and the other 2 were simple tubular adenomas.
Three of the lesions (all large and sessile) were surgically
resected to assure complete removal.

The 26 patients diagnosed with an advanced neoplasm
(cancer or adenoma with high-grade dysplasia) were older
than those without such findings (mean age, 65.5 vs 59.6
years; P = .001) and had a greater mean number of prior
lifetime adenomas (4.3 vs 2.5; P = .02). Patients who
had a large (=1.0 cm) adenoma at the time they qualified
for the trials seemed more likely to be diagnosed with an
advanced neoplasm than were those who had smaller
adenomas (1.24% vs 0.74%; P = .20), and men seemed
more likely than women to have an advanced neoplasm
(1.06% vs 0.5%; P = .08), although neither finding was
statistically significant. Race, cigarette smoking history,
and family history of colorectal cancer or adenoma were
not related to risk of an advanced neoplasm (Table 4).

Discussion

In our trials, we followed up 2915 patients with
adenomas using surveillance protocols that called for
complete colonoscopic examination; 26 of these patients
were diagnosed with invasive colorectal cancer or high-
grade dysplasia. Of the 19 cancers identified, 8 were
stage II or greater; 2 of these cancers ultimately caused
the death of the patients. Fifteen (79%) of the cancers
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Table 2. Description of Patients Diagnosed With Invasive Cancer During the Follow-up Period

Colonoscopy identifying cancer

Colonoscopy immediately before
examination identifying cancer

Months No. of adenoma
since entry (largest Adenoma in same
Age/sex/race Indication examination  Size/shape/location of lesion Stage adenoma) segment as cancer
74/M/W “Blood in stool” 6.4 4.5 cm/sessile/cecum T1 NO/stage | 1 (0.9 cm) No
71/M/W Surveillance/ 12.3 1.2 cm/pedunculated/sigmoid  T1 N1/stage llI 3(1.0cm) 1.0 cm pedunculated
1 year
58/M/H Surveillance/ 12.4 2.5 cm/sessile/ascending T2 NO/stage | 2(1.2¢cm) 1.2 cm sessile
1 year colon
68/M/W Surveillance/ 12.4 1.8 cm/sessile/hepatic Endoscopic 3(1.0cm) No
1 year flexure resection
only
66/M/W Surveillance/ 13.0 0.3 cm/sessile/descending T1 NO/stage | 2(2.5¢cm) 2.5 cm pedunculated
1 year colon
66/M/W Surveillance/ 15.2 >0.5 cm/sessile/rectum?@ T3 NO/stage Il 3(1.2cm) 1.0 cm sessile
1 year
60/M/NA Surveillance/ 24.1 2 cm/sessile/ascending colon T1 NO/stage | 4 (2.5 cm) No
1 year
57/M/W Patient request 26.0 1.5 cm/pedunculated/cecum T3 NO/stage Il 1(0.3cm) No
72/M/W Anemia 26.2 Circumferential T3 NO/stage Il 1 (0.4 cm) No
mass/ascending colon
54 /F/B Surveillance/ 35.2 2.5 cm/sessile/rectosigmoid T2 N1/stage Il 1(1.2cm) 1.2 cm pedunculated
3 years
47/M/W Surveillance/ 36.3 3 cm/sessile/ascending colon T2 NO/stage | 1 (0.7 cm) No
3 years
65/M/W Surveillance/ 38.8 1.5 cm/sessile/ascending T1 NO/stage | 1(0.2cm) 0.2 cm sessile
3 years colon
64/M/W Surveillance/ 41.2 1.5 cm/sessile/rectum T1 NO/stage | 1(2.0cm) No
3 years
71/M/W Weight loss, 42 1.0 cm/sessile/hepatic T3 NO/stage IIP None No
hematochezia flexure
67/M/W “Bloody stools” 43.1 6 cm/sessile/rectum T2 NO/stage | None No
70/M/W Surveillance/ 46.5 2 cm/sessile/sigmoid T1 NO/stage | 5(0.5cm) 0.4 cm sessile
4 years
67/F/B Surveillance/ 47.7 3-5 cm/sessile/ascending T3 N2/stage 3(0.3¢cm) No
4 years colon e
58/M/W Surveillance/ 51.7 “Large” /splenic flexure T2 NO/stage | None No
4 years
73/M/W Surveillance/ 54 2 X 3 cm/sessile/rectum T3 NO/stage Il None No
4 years

M, male; W, white; H, Hispanic; NA, Native American; F, female; B, black.

aExact size not mentioned in endoscopy report.
bDied of colorectal cancer.

were found during a surveillance examination and were
apparently asymptomatic. Older age and greater number
of lifetime adenomas were significantly associated with
diagnosis of advanced lesions.

The rate of cancer diagnosis that we observed (1.74
cancers/1000 person-years) is similar to that found in
several other clinical trials that involved colonoscopic
follow-up of patients with resected colorectal adenomas.
The Polyp Prevention Trial investigators found 13 can-
cers among 2079 patients followed up for a mean of 2.79
years (2.2 cancers/1000 person-years).!> In the Wheat
Bran Fiber Trial, 9 cancers developed among 1303 pa-
tients with a median follow-up of 35 months (2.4 can-

cers/1000 person-years).'® The Funen Adenoma Fol-
low-up Study investigators examined cancer incidence in
a randomized study of surveillance intervals among 1056
patients; 10 cancers developed during 4540 person-years
of follow up (2.2 cancers/1000 person-years).'” The ef-
fects of calcium and aspirin on reducing polyp recurrence
in 2 of our 3 studies may partly explain why we found a
slightly lower incidence rate of cancer in our population
than that reported from other prevention studies in
which the interventions were not effective.

In contrast, the cancer incidence rate in our population
was higher than that reported from the NPS (0.6 cancers/
1000 person-years). Several factors may explain this
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Table 3. Description of Patients Diagnosed With Adenomas With High-Grade Dysplasia During the Follow-up Period

Colonoscopy identifying adenoma with high-grade dysplasia

Colonoscopy immediately before
examination identifying adenoma with
high-grade dysplasia

Months No. of adenoma
since entry (largest Adenoma in same
Age/sex/race Indication examination  Size/shape/location of lesion Treatment adenoma) segment as cancer
71/ M/W Surveillance 17.6 0.7 cm/pedunculated/sigmoid  Endoscopic removal 3(0.6 cm) 0.6 cm, 0.5 cm, and
0.3 cm, all sessile
66/M/W Surveillance 15.4 1.5 cm X 2.5 cm/sessile/ Transanal resection 3(1.2cm) 1.2 cm sessile
rectal
72/M/W Surveillance 12.0 1.2 cm/sessile/ascending Endoscopic removal 2 (0.6 cm) No
colon
69/F/B Surveillance 14.0 2.0 cm/pedunculated/ Endoscopic removal 4 (0.3 cm) No
rectal
63/F/W Surveillance 13.0 3.0 cm/sessile/cecum Cecal resection 1 (1.0 cm) 1 cm sessile
68/M/W Surveillance 11.8 1.5 cm/pedunculated/ Endoscopic removal 2 (0.5 cm) No
ascending colon
66/M/W Surveillance 45.1 5.0 cm/sessile/transverse Hemicolectomy 2 (0.5 cm) No

colon

M, male; W, white; F, female; B, black.

higher rate. First, the NPS only enrolled subjects after
first presentation with adenoma and therefore focused on
a lower-risk group. Cancer incidence was higher for our
subjects with a history of adenomas; however, even when
we considered only subjects presenting with a first ade-
noma, our cancer incidence rate remained more than
twice that in the NPS. A second explanation as to why
we observed a higher rate of colorectal cancer diagnosis is
that our study entailed more complete colonoscopic fol-
low-up. Nearly all of our subjects had at least one
surveillance colonoscopy performed during follow-up,
and we defined the denominator for our incidence esti-

mates based on the interval between the clearing exam-
ination and the date of the last colonoscopy for each
patient. Thus, our study protocol facilitated the detec-
tion of small asymptomatic cancers. By contrast, the NPS
rates were based on the entire period of follow-up contact
for each patient, and much of this time occurred after the
last colonoscopy. For example, in the NPS, 20% of
patients received no scheduled follow-up colonoscopy,
although they remained under study and had their fol-
low-up time included in the estimates of incidence rate.
A similar phenomenon may account for the low cancer
incidence reported from an Italian study'® in which 6

Table 4. Association of Baseline Characteristics With High-Grade Dysplasia and Cancer

Invasive cancer or high-grade

dysplasia
Baseline variable n* No Yes (n = 26) P
Mean age, y (=SD) 2915 59.6 (+9.3) 65.5 (+7.0) .001
Sex (%) 2915 .08
Male 2046 (70.8) 22 (84.6)
Female 843 (29.2) 4 (15.4)
Race (%) 2912 57
White 2461 (85.3) 21 (80.8)
Other 425 (14.7) 5(19.2)
Smoking status (%) 2891 .31
Never 1048 (36.6) 7 (28.0)
Former 1287 (44.9) 15 (60.0)
Current 531 (18.5) 3(12.0)
Family history of cancer (%) 2571 695 (27.2) 5(25.0) 1.00
Family history of colorectal polyps (%) 2571 530 (20.8) 5(25.0) 1.00
Mean no. of adenomas at qualifying examination (+SD) 2889 1.8 (*1.3) 2.0(*x1.1) .33
Mean no. of prior lifetime adenomas (*+SD) 2871 2.5(*+2.6) 4.3(+3.9) .02
One or more adenomas =1.0 cm at qualifying examination 2915 879 (30.4) 11 (42.3) .20

*n varies because of missing data for some items.
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cancers were found during a reported 14,211 person-
years of follow-up (0.4 cancers/1000 person-years), a rate
comparable to that reported from the NPS. However,
only 74% of patients in the Italian study had total
colonic evaluation in the first follow-up period and only
14% of subjects ended follow-up with a complete
colonoscopy.

A diagnosis of cancer soon after complete colonoscopy
shows that the procedure is not 100% sensitive in iden-
tifying prevalent neoplasia. The high rate of cancer de-
tection between the baseline examination and the year-1
colonoscopy (3.79 cancers/1000 person-years) as com-
pared with the rate of cancer detection after the year-1
colonoscopy (0.96 cancers/1000 person-years) strongly
suggests that prevalent neoplasia were missed at baseline.
A study of back-to-back tandem colonoscopy reported a
miss rate for adenomas >1 c¢m of 6%.'° Similarly, in a
colonoscopy, conventional
colonoscopy failed to detect 12% of lesions =1 cm, one

recent study of virtual
of which was a cancer.?°

It is also possible that some of the adenomas found
before study enrollment were incompletely excised. This
explanation seems plausible for the 5 invasive cancers
diagnosed in a colonic segment where a large adenoma
had been removed on the prior colonoscopy. Notably,
890 subjects had at least one baseline adenoma removed
that was >1 cm. Therefore, while a few cancers may have
occurred after incomplete polypectomy, the vast majority
of large adenomas were effectively removed.

A third possibility is that some patients experienced a
rapid transition from a small adenoma to a carcinoma or
that there was de novo cancer formation. The adenoma/
carcinoma sequence varies for a given adenoma, and
small flat cancers of the colon have been found.?’?? In
one study using dye-assisted colonoscopy, 23% of 211
American patients were found to have flat and depressed
lesions of the colon. These lesions were more likely to be
adenomatous and contain invasive cancer than their com-
monly recognized polypoid counterparts.??

Our finding that increasing number of lifetime ade-
nomas is associated with subsequent development of
advanced neoplasms is consistent with prior studies
showing that adenoma multiplicity is a risk factor for
subsequent recurrence of adenomas?4-27 and cancer.?8-2?
These results support current guidelines that recommend
earlier surveillance colonoscopy for patients found to
have multiple adenomas at endoscopy.3%3! Other inves-
tigators?822 have reported that large adenomas are a risk
factor for subsequent development of cancer and our data
are consistent with this association, although the result
was not statistically significant.
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Perhaps the most intriguing implication of our find-
ings relates to the true effectiveness of colonoscopy in
prevention of colorectal cancer. A report from the NPS,
based on follow-up of 1418 patients randomly assigned
to 2 different schedules of surveillance colonoscopy, has
often been taken to be the benchmark in this regard and
has served as an important source of efficacy estimates for
several cost-effectiveness analyses.”32 The 76% reduction
in cancer incidence that is widely cited as representing
the effectiveness of colonoscopy derives from a compari-
son of cancer incidence among NPS participants with
SEER incidence data (standardized incidence ratio, 0.24).
To provide a context for our findings, we also report a
standardized incidence ratio for our population compared
with SEER (standardized incidence ratio, 0.98) but
found the incidence in our population to be similar to
expectation.

It is important to note that the comparison between a
population under adenoma surveillance and the general
population represented by SEER is problematic for a
number of reasons. On the one hand, one might expect
our observed rates to be higher than population rates. All
of our patients had at least one previous adenoma and
therefore are at higher risk for high-grade dysplasia and
cancer than the general population, and some subjects
had many previous adenomas. Moreover, unlike the gen-
eral population, virtually all of our subjects had complete
endoscopic follow-up, leading to detection of asympto-
matic lesions. However, other factors would lead one to
expect a much lower incidence of cancer in our studies
than in SEER. Most importantly, all of our patients had
undergone a recent complete colonoscopy and were
deemed free of cancer (and adenoma) at the start of
follow-up. Their subsequent cancer risk, therefore, can-
not be readily compared with that of a general popula-
tion group, in which most new cancer diagnoses pertain
to tumors that have been present but unrecognized for
years.

Considerations such as these make any comparison
with SEER problematic for a quantitative estimate of the
effectiveness of colonoscopic surveillance. A valid esti-
mate of the efficacy of colonoscopy would require a
randomized trial with controls who are either unscreened
or receive an alternative, well-characterized screening
procedure. Practical and ethical concerns probably pre-
clude conducting such a study, so estimates of efficacy
using data such as ours are likely to be based on sub-
stantial modeling assumptions that are not readily veri-
fiable, such as the duration of the low risk conferred by
being cancer-free at baseline.

It is important to note that the biases, which prevent
valid comparison of our cancer incidence with population
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rates, also lead us to expect earlier-stage colorectal cancer
than in the general population. Indeed, 16 of our 19
cancers (84%) were confined to the bowel with no evi-
dence of local node involvement, and none of our cancer
cases had evidence of distant metastases. By comparison,
in SEER registry data from 1992 to 1997, only 37% of
colorectal cancer cases were localized and 20% were
metastatic at the time of diagnosis.?> Thus, our data are
consistent with a benefit of colonoscopic surveillance
with regard to the occurrence of advanced cancers, al-
though the magnitude of this benefit is not clear.

The strengths of our study are its size and breadth.
Recruitment for the trials used a large number of endos-
copists, both university and private practice, from across
North America. Presumably, our experience is general-
izable to the broad spectrum of clinical practice. Histo-
logic assessment of outcome was uniform, with utiliza-
tion of a single study pathologist to confirm all adenomas
and cancers. Follow-up of the subjects enrolled in the
trials both clinically and endoscopically was essentially
complete, limiting the potential for missing any impor-
tant outcomes.

While the size of the study was large, the number of
cancers and adenomas with high-grade dysplasia in-
cluded in our analyses is relatively small, thus limiting
our ability to identify risk factors for cancer and/or
high-grade dysplasia. Because of the small number of
these outcomes, statistical testing of risk factors was
limited to simple comparisons of means or proportions
with no regression or other modeling done. A second
limitation of our study pertains to the completeness of
our baseline examinations. For study enrollment, we
relied on the endoscopist to indicate that the colonoscopy
was adequate to completely visualize the colorectal mu-
cosa and that the large bowel was free of lesions after the
procedure. The study protocol did not require pho-
todocumentation of cecal landmarks, and so it remains
possible that some baseline examinations were incom-
plete.

Colorectal cancer occurs more frequently after com-
plete colonoscopy than may be generally appreciated.
Although these tend to be early lesions, informed con-
sent for this procedure should probably mention this
risk, as recently recommended by a multidisciplinary
task force.>* Patients with a history of adenoma are a
high-risk population for the development of colorectal
cancer; although clinical trials?” have addressed some key
issues regarding the appropriate schedule of colonoscopic
surveillance in these patients, much important work
remains. For example, a better understanding of the
factors that determine risk for subsequent cancer devel-
opment will be important for tailoring surveillance rec-
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ommendations to individual patients following adenoma
removal. Future studies, either pooling data from large
cohorts or perhaps a trial, are essential.
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