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THE RATIONALE FOR SURVEILLANCE
Patients with long-standing ulcerative colitis involving most
of the colonic mucosa have been shown to be at an increased
risk of developing colorectal cancer (1-7). The risk starts
eight to 10 years after the initial diagnosis and increases over
time. As a rule of thumb, the risk increases annually by 0.5%
between the 10th and 20th year after diagnosis, by 1.0% be-
tween the 20th and 30th year, and by 1.5% thereafter (4-7).
After 20, 30 and 40 years of disease duration, a cumulative
5%, 15% and 30%, respectively, of all patients with pancoli-

tis develop colorectal cancer, as opposed to a 6% lifetime risk
of the general population. In 1967, Morson and Pang (8)
proposed mucosal dysplasia of the colorectum to be a prema-
lignant condition for the subsequent development of cancer.
Because dysplasia can be detected by the histological exami-
nation of biopsies obtained during colonoscopy, frequent
surveillance colonoscopy seems to be a feasible strategy for
preventing death from colorectal cancer. Proctocolectomy
as a means of primary prevention is recommended in pa-
tients with high grade dysplasia or any dysplasia associated
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MINI-REVIEW

F Delcò, A Sonnenberg. The unsolved problem of surveillance
for colorectal cancer in ulcerative colitis. Can J Gastroenterol
1999;13(8):655-660. The association between long standing
extensive ulcerative colitis and the increased risk for developing
colorectal cancer suggests that surveillance by frequent and regu-
lar colonoscopies may provide a means for reducing cancer-related
morbidity and mortality. A crude calculation suggests that such a
surveillance program would also be cost effective. None of several
clinical trials, however, has been able to provide unequivocal evi-
dence in favour of surveillance. The major reason for this failure
relates to the prohibitively large number of patients with ulcera-
tive colitis who need to be followed over a prolonged time period
before statistically sound results would be obtained. Because mod-
els of decision analyses themselves have to rely on medical evi-
dence, they cannot provide a substitute for deficient clinical data.
The issue of surveillance colonoscopy cannot be resolved by the
available knowledge or analytical tools. Hopefully, new tech-
niques of surveillance or even a cure for ulcerative colitis will ren-
der the question mute of whether or not to screen patients with
ulcerative colitis by frequent colonoscopy.
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Le problème persistant de la surveillance du
cancer rectocolique dans la colite ulcéreuse
RÉSUMÉ : Le lien entre une colite ulcéreuse de longue date étendue et
l’accroissement du risque de cancer rectocolique suggère qu’une
surveillance au moyen de colonoscopies fréquentes et régulières pourrait
devenir une façon de réduire la morbidité et la mortalité associées au
cancer. Un calcul brut suggère qu’un tel programme de surveillance serait
aussi rentable. Aucun des nombreux essais cliniques n’a par contre offert de
preuve concluante à l’appui d’un tel programme de surveillance,
principalement en raison du nombre exagérément élevé de patients
atteints de colite ulcéreuse qui devraient être suivis pendant une période
indéterminée avant que des résultats statistiquement valides ne puissent
être obtenus. Étant donné que les modèles d’analyse décisionnelle doivent
eux-mêmes se fonder sur des preuves médicales, ils ne peuvent prendre la
place des données cliniques si elles sont insuffisantes. Le problème de la
colonoscopie de contrôle ne peut être résolu sur la base des connaissances
ou des outils analytiques actuels. Il est à espérer que de nouvelles
techniques épidémiologiques, voire qu’un nouveau remède pour la colite
ulcéreuse, rendront la question obsolète, à savoir exercer un dépistage au
moyen de colonoscopies fréquentes chez les patients atteints de colite
ulcéreuse.
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with lesion or mass. The expected shift of cancer diagnosis
toward an earlier stage when treatment is more likely to be
effective (ie, secondary prevention) may be an additional
benefit of surveillance colonoscopy.

Few authors differentiate between the terms ‘screening’
and ‘surveillance’. The term ‘screening’ refers to the first
colonoscopy done to assess the initial severity of illness and
the prevalence of mucosal dysplasia. The term ‘surveillance’
refers to the continuous sequence of colonoscopies done at
regular time intervals, independently of patient symptoms,
to evaluate the incidence of mucosal dysplasia. In general,
the yield of a single screening procedure with respect to
pathological findings is much higher than the yield of each
surveillance colonoscopy. Although in a few instances the
two terms may be used interchangeably, the contents of the
present article relate only to surveillance as a sequence of fre-
quent colonoscopies performed in asymptomatic patients to
prevent or reduce cancer-related mortality.

The investment in colonoscopies per prevented death
from colorectal cancer and saved life year were calculated
(Table 1). The joint influence of histological examination
and timely proctocolectomy is assumed to prevent 50% of all
deaths from colorectal cancer. In a surveillance program
with biannual colonoscopy, 100 procedures are invested to
prevent one death from colorectal cancer. If each prevented
death is associated with a remaining life expectancy of 30
years, about three colonoscopies are invested per saved life-
year. According to these crude calculations, surveillance for
colorectal cancer appears to be a rather cost effective strat-
egy. How well supported are these theoretical considerations
by the existing clinical evidence?

THE PROBLEMS OF CLINICAL EVIDENCE
An historical cohort of patients with pancolitis of at least
nine years’ duration was assembled from the University of
Chicago Inflammatory Bowel Disease Registry (9). Rates of
colectomy, cancer incidence and death were compared
among 91 cases undergoing surveillance and 95 controls out-
side the surveillance program. No statistically significant dif-
ference was observed in the cancer rates of the two groups.

Although the distribution of the cancerous lesions in the
surveillance group was shifted slightly toward earlier stages,
the difference was not significant. Surveillance was found to
be associated with delayed colectomy and improved survival.
The reduction in mortality achieved in the surveillance
group, however, could not be ascribed to a reduction in mor-
tality from colorectal cancer, which was actually lower in the
unscreened population. The results were unaffected by ad-
justment for the potentially confounding influences of sex
and age at symptom onset. These findings, therefore, failed
to confirm a beneficial effect of surveillance. The scientific
merits of the study are somewhat limited by the fact that the
data were generated retrospectively. The authors had no
control over the potential bias of patients with distinctive
characteristics being selected preferentially into the case or
control population.

Choi and co-workers (10) compared cancer stage with
survival among 19 cases with and 22 controls without
colonoscopic surveillance. The 19 cases underwent a median
of two surveillance colonoscopies before developing cancer,
while the 22 controls underwent colonoscopy only after de-
veloping symptoms from their cancer. Colon cancer was de-
tected at a significantly earlier Dukes’ stage in the
surveillance group. After adjustment for the time difference
in the length of follow-up, the overall five-year survival rate
was 77% in the surveillance group compared with 36% in
the control group without surveillance. The authors con-
cluded that colonoscopic surveillance improved the survival
of patients with ulcerative colitis in whom colorectal cancer
developed. The observed survival benefit appeared to be
mainly derived from the detection of cancer at an earlier
stage. The study outcome, however, did not provide clear-
cut proof in favour of surveillance. Enrolment in a surveil-
lance program and frequent physician contacts rather than
colonoscopy itself may have been responsible for the seem-
ing benefit of early detection. There was no prospective ran-
dom enrolment of patients into either study group. No
protective influence of surveillance against cancer was de-
tected because the analysis was confined to patients with ul-
cerative colitis who had already developed cancer. Because
the majority of patients from the two study populations with
and without surveillance were excluded from the analysis,
the results leave open the possibility that incidence rates of
colorectal cancer were similar in the two populations.

Between 1978 an 1990, a cohort of 160 patients with
long-standing and extensive ulcerative colitis was enrolled
in an endoscopic surveillance program at the Leeds Royal In-
firmary (11). The authors kept records of all colitis-related
cancers seen among patients outside the surveillance pro-
gram at their institution during the same time period. Only
one cancer was diagnosed as a result of surveillance, whereas
nine cancers were diagnosed in patients outside the program.
These nine cancers occurred in patients who abandoned the
program, who were not eligible for enrolment and who were
lost to follow-up before the program was initiated. The
authors concluded that their findings cast doubts on the
effectiveness of endoscopic surveillance. The study design
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TABLE 1
Endoscopies invested per cancer prevented or life-year
saved

Variable Value Calculation

Efficacy of surveillance in
preventing death (eff)

50%

Incidence of colorectal cancer
(inc)

1% per year

Frequency of colonoscopy per
year (freq)

1 per 2 years 1/2 = 0.5

Life expectancy at cancer
prevention (LE)

30 years

Colonoscopies per cancer
prevented (colon)

100 Freq/(inc x eff)=
0.5/(1%x50%)

Colonoscopies per life-year saved 3.3 colon/LE=100/30
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did not include comparison with a prospective control
group, and the size of the unscreened population was un-
known.

The experience with surveillance in patients with exten-
sive ulcerative colitis at the St Mark’s Hospital was reported
in two articles published in 1994 (12,13). In the first analy-
sis, the study population was comprised of 120 patients who
were operated for colorectal cancer between 1947 and 1992
(12). The surveillance program was offered to patients with
long standing extensive colitis only since 1966. The five-
year survival rate in 16 patients in whom surveillance was
practised was significantly higher than that of 104 patients
who did not undergo surveillance (87% versus 55%). The
main source of bias in this study stems from comparing sur-
vival in a small group of recent cancers diagnosed between
1966 and 1992, with a much larger group of cancers diag-
nosed between 1947 and 1992.

To overcome this obvious shortcoming, in their second
study, Connell and co-workers (13) restricted their analysis
to the cohort of patients who underwent surveillance after
1971, when colonoscopy became available as the primary
screening tool. In 248 patients in the surveillance program,
11 cancers associated with no deaths were diagnosed as a di-
rect benefit of surveillance, while six cancers associated with
four death were diagnosed because of symptoms. In 48 pa-
tients who left the surveillance program, three cancers asso-
ciated with one death were diagnosed. Eleven cancers
developed in an unknown number of patients outside the
surveillance program. Although these data may suggest a
benefit of surveillance, the lack of any prospective control
group, again, makes it rather difficult to assess its true impact
in an unambiguous way.

A nested case-control study from Sweden tested the influ-
ence of surveillance on mortality from colorectal cancer in
patients with ulcerative colitis (14). The case population
comprised all 40 patients who died from colorectal cancer
since 1975. The control population of 102 patients was ran-
domly chosen from all patients with ulcerative colitis for at
least five years who did not die from colorectal cancer. Case
and control subjects were matched by sex, age at diagnosis,
duration of disease and extent of disease at diagnosis. Sur-
veillance exerted a protective influence against death from
colorectal cancer with a relative risk (RR) of 0.29 (CI 0.06 to
1.31) for one procedure and an RR of 0.22 (CI 0.03 to 1.74)
for two or more procedures during surveillance. As indicated
by the wide confidence intervals, including unity, the pro-
tective influence did not reach statistical significance.

Overall, the clinical evidence is inconclusive at best. The
larger studies using control groups for comparison failed to
show a statistically significant benefit of surveillance
colonoscopy. Those studies that alluded to a benefit of sur-
veillance can all be blamed for subgroup analysis and poten-
tial selection bias. Because, at least on theoretical grounds,
the benefit of surveillance appears to be obvious, why have
clinical trials failed to provide clear-cut evidence in its fa-
vour? Part of the difficulty may relate to an underlying funda-
mental statistical problem.

THE STATISTICAL PROBLEM
Until now, no randomized clinical trial has been undertaken
to assess the effectiveness of endoscopic surveillance in ul-
cerative colitis. During the past two decades, surveillance by
colonoscopy became the standard of care for many gastroen-
terologists. As a result, the incentives for setting up such a
trial have decreased. Moreover, the trial would require a very
large number of patients followed over prolonged periods of
time to reach statistical power. We calculated the number of
patients with ulcerative colitis and the number of person-
years needed to prove prospectively that surveillance by
colonoscopy for precancerous lesions is truly beneficial (Ta-
ble 2). It is assumed that surveillance halves the mortality
rate compared with no surveillance. The goal of a prospec-
tive trial would be to demonstrate, for instance, that the rate
difference between 45% without and 23% with surveillance
is statistically significant. Fleiss’ book (15) contains a readily
applicable formula for calculating the number of cases
needed in each study arm (16). To avoid a false positive error
of alpha = 0.05 and false negative error of beta = 0.2 in the
trial, a sample size of 77 would be required in each of the two
study arms. The average annual incidence rate of colorectal
cancers in ulcerative colitis serves to translate the overall
number of 154 cancer cases into a total number of 15,400
person-years.

One hundred and fifty-four colon cancers arising from ul-
cerative colitis could still be recruited in a multicentre case-
control study. The main obstacle to a prospective cohort
study evaluating the impact of surveillance arises from the
relatively low incidence of colorectal cancer. Large popula-
tions need to be followed for long time periods before the
necessary numbers of cancer cases accumulate in each study
arm. In the present example, 1540 subjects with ulcerative
colitis would need to be followed over 10 years. The ex-
penses associated with the recruitment and prospective long
term follow-up of such a large patient population are pro-
hibitive. The prevalence of extensive ulcerative colitis is
relatively small, and even large medical centres committed
to the study of inflammatory bowel disease rarely follow
more than 200 patients at any given point in time. It is not
foreseeable that any randomized clinical trial will become
available to provide a conclusive answer. Considering the
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TABLE 2
Cancer cases and person-years needed to prove benefit of
surveillance

Variable Value Calculation

Case fatality rate without surveillance 45%

Detected reduction of case fatality rate 50%

Case fatality rate with surveillance 23% 45%�50%

Cancers in each study arm 77 From reference 15

Total number of cancers 154 2�77

Incidence rate of cancer in ulcerative
colitis

1% per
year

Person-years of follow-up 15,400 =154/1%
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obstacles to a clinical solution, is it possible that medical de-
cision analysis could ascertain the feasibility of surveillance?

THE PROBLEM WITH MEDICAL
DECISION ANALYSIS

The reader interested only in the main findings of the deci-
sion analysis could skip this and the following two para-
graphs. The present paragraph explains the structure of the
decision tree shown in Figure 1, proceeding from left to right

and from top to bottom. The filled square on the very left
side symbolizes the initial decision in favour of or against sur-
veillance. The chances for or against the development of co-
lorectal cancer are denoted as p and 1-p, respectively. In the
case of cancer, surveillance colonoscopy plus histology can
yield true positive (TP) or false negative test results. Cancers
prevented or detected as a consequence of surveillance are
associated with proctocolectomy. The cancer-related
mortality in patients with surveillance (mort1) reflects the
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Figure 1) Decision tree of surveillance for colorectal cancer (CRC) in patients with long-standing extensive ulcerative colitis. FN False negative;
FP False positive results of surveillance colonoscopy; HRQL Health-related quality of life; mort1 Cancer-related mortality in patients with surveillance;
mort2 Cancer-related mortality in patients without surveillance; p Cumulative probability of developing CRC; TN True negative; TP True positive
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impact of cancers that could not be prevented through sur-
veillance and proctocolectomy. The life gained becomes re-
duced by the impaired health-related quality of life (HRQL)
after proctocolectomy. The final outcomes of TP and false
negative surveillance tests are quite similar, except for the
higher mortality rate (cancer-related mortality in patients
without surveillance [mort2]) associated with cancers missed
during surveillance. Colonoscopy in patients without dys-
plasia can yield true negative (TN) or false positive tests.
Life and its quality remain unaffected by TN surveillance
procedures. False positive tests lead to an unnecessary proc-
tocolectomy and a reduction in HRQL. The main lower
branch of the tree represents the decision against surveil-
lance. It has only two possible outcomes governed by the
probability of developing cancer. In the case of cancer, the
outcome is identical to that of a missed cancer as a conse-
quence of false negative surveillance tests. Without cancer,
the outcome is identical to the outcome associated with TN
surveillance tests, that is, life unaffected by cancer or procto-
colectomy.

The decision tree was applied to the example of a 45-
year-old patient with ulcerative colitis first diagnosed at age
35 years. Because the patient’s life expectancy is 34 years
(17), a biannual surveillance program would require 17
colonoscopies at a total cost of surveillance of
17�US$911=US$15,486. The costs for a single colonoscopy
(US$911) were estimated from the average reimbursement
schedule of the United States Health Care Finance Admin-
istration during fiscal year 1998. They include all cost items
associated with each individual procedure, such as facility
costs, physician fees, costs of surgical pathology and the ex-
pected average costs of complications such as bleeding or
perforation. By using the human capital approach, the value
of life was equated with the average annual earnings (18)
multiplied by the life expectancy, that is,

life US US� � �34 24 294 826 000$ , $ ,

The HRQL after proctocolectomy was assumed to be 95%
compared with 100% for an unoperated healthy individual.
A recent study reported a mort1 of 15% in a population with
surveillance as opposed to a mort2 of 45% in a population
without surveillance (12). The sensitivity of colonoscopy in
detecting premalignant lesions and preventing cancer-
related death was estimated as TP=80%, and the specificity
was estimated as a TN=60% based on data taken from Con-
nell et al (13). As described in the first paragraph of this arti-
cle, the cumulative probability P for developing cancer
depends on the length of the history of the disease.

For surveillance to be the preferred management strategy,
the upper main branch of the decision tree should result in a
higher yield than the lower main branch, that is,

� � � � � � � � � � �

� � � � �

surveillance P TP a P FN b P TN c

P FP d

( )

( )

1

1 P e P f� � � �( )1
[1]

where the letters ‘a’ through ‘f’ are used as short forms to indi-
cate the various outcomes. The cost of surveillance enters

the equation with a minus sign, as opposed to the plus sign
associated with the benefit of life-years saved. The equation
from above can be solved for the probability value of P:

P
surveillance TN c FP d f

TN c FP d f TP a F
�

� � � � � �

� � � � � � �

( )

( ) ( N b e� � )
[2]

Although the formula may look daunting, P is readily calcu-
lated on a spreadsheet. We obtained a probability of P�16%
by using the values introduced in the preceding paragraph.
This P value suggests that, if the probability of developing
cancer exceeds 16%, surveillance would represent a decision
preferred over no surveillance. In the present example of a
45-year-old patient with a 10-year history of ulcerative coli-
tis, the cumulative probability of developing cancer over the
patient’s remaining lifetime of 34 years is as follows:

P years years years� � � � � � �10 0 5 10 10 14 15 36. % . % . % % [3]

The threshold of 16% would be reached in 21 years from
now at the age 66, because:

P years years� � � � �10 0 5 11 10 16. % . % % [4]

If the risk of developing colitis-related cancer is consid-
ered, biannual surveillance appears to be the better medical
decision. The decision model outlined in the preceding
three paragraphs uses the concept of a threshold analysis
(19). If the probability of developing cancer exceeds a
threshold value P, surveillance becomes the preferred man-
agement strategy. Accordingly, the strength of the argument
in favour of surveillance is directly proportional to the
threshold value. A very low threshold value would be evi-
dence strongly in favour of surveillance. A very high thresh-
old value exceeding the lifetime probability of developing
cancer would be evidence against the use of surveillance
colonoscopy.

Because the value of life appears in the final outcomes of
all six branches in the decision tree of Figure 1, the actual
costs calculated by the human capital approach exert little
influence on the outcome of the analysis. The cost of surveil-
lance pales in comparison with the benefit of life-years
saved. Therefore, variations in the cost of surveillance also
exert relatively little influence on the threshold probability.
However, the outcome of the analysis very much depends on
the other assumptions built into the model. It has been sug-
gested, for instance, that HRQL remains largely unaffected
by proctocolectomy (20). Increasing HRQL from baseline
95% to 100% halves the threshold value from baseline 16%
to 8%. In the baseline analysis shown in Figure 1, the follow-
ing set of values were chosen: mort1=15%, HRQL=95% and
TP=80%. Slight variations lead to a second set of values,
such as mort1=25%, HRQL=85% and TP=70%. The result-
ing threshold value P=44% lies outside the cumulative life-
time risk of the patient ever developing colorectal cancer.
The second set of assumptions is by no means extreme and
seems to fall well within a reasonable range that might be ex-
pected by a widely distributed surveillance program.

As these examples show, one can conceive similarly rea-
sonable sets of assumptions that result either in excessively
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high or low thresholds. Depending on one’s preferences, the
decision analysis can be used to either defend or refute the
usefulness of surveillance colonoscopy. To narrow down the
possible range of each assumption built into the decision
analysis, a better set of data are needed that can only be ob-
tained through clinical studies. The authors have come full
circle. Because decision analysis is based on clinical data, it
cannot substitute for their deficiency. More refined decision
models can be envisaged that account for the time-
dependent development of dysplastic lesions and their
multistep transition into cancer (21-23). Such models can
also consider the patient compliance, the impact of the sur-
veillance procedure itself on the HRQL, the expenditures
arising from medical and surgical therapy, as well as the indi-
rect costs arising from missed work days secondary to surveil-
lance. However complicated such models are, they cannot
dodge the issue of incomplete clinical information.

SUMMARY OF THE PROBLEMS
The association between long standing extensive ulcerative
colitis and the increased risk of developing colorectal cancer
suggests that surveillance by frequent and regular colonosco-
pies may provide a means for reducing cancer-related mor-
bidity and mortality. A crude calculation suggests that such a
surveillance program would also be quite cost effective.
None of several clinical trials, however, has been able to pro-

vide unequivocal evidence in favour of surveillance. The
major reason for this failure relates to the prohibitively large
number of patients with ulcerative colitis who need to be fol-
lowed over a prolonged time period, before statistically
sound results are obtained. Medical decision analysis cannot
help in resolving this clinical dilemma. To provide precise
and reliable estimates regarding the usefulness of surveil-
lance, decision analysis has to rely on the very clinical evi-
dence that is missing.

During the past two decades, many pages in gastroenter-
ology and medicine journals have been devoted to editorials
and reviews written in favour of and against endoscopic sur-
veillance in ulcerative colitis. The issue of surveillance
colonoscopy cannot be resolved by the available knowledge
or analytical tools. Gastroenterologists may feel uncomfort-
able with such an important problem of their subspecialty
waiting for its solution. However, historical experience indi-
cates that most true problems have never been solved but
only rendered irrelevant by the passage of time (24).
Chances are good that eventually completely new surveil-
lance techniques or even a cure for ulcerative colitis will turn
mute the question of whether to screen patients with ulcera-
tive colitis by frequent colonoscopy.
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