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Screening for colorectal cancer*
S. J. WINAWER' & D. MILLER2
Colorectal cancer is a good candidate for secondary prevention strategies. It appears
to have a long lead time since most, if not all, of these cancers arise from premalignant
adenomas, and several screening methods are available that might detect the cancer in a
very early stage. However, there is little evidence at present to show that the available
methods of early detection will actually decrease the mortality from colorectal cancer of a
screened population as compared to a non-screened population. Studies that might convincingly provide this evidence are still in progress. This paper critically reviews the natural
history of colorectal cancer, risk factors, screening trials and treatment.

Colorectal cancer is a common tumour found
throughout the world, especially in western
countries. The worldwide incidence in males (corrected to ages 35-64) ranges from 35.8 per 100 000 in
the USA to 3.4 per 100 000 in Nigeria for colon
cancer, and from 26.0 per 100 000 in the USA to 3.4
per 100 000 in Nigeria for rectal cancer. Female rates
are similar to those .of males for colon cancer and
somewhat lower for rectal cancer. The trend in incidence rates over the past two decades shows a gradual
rise in most countries including those at both high
and low risk (1).

the large intestine (1). Although most of these individuals will not develop colorectal cancer, most colorectal cancers will occur in this group and will arise
from these adenomas (6). The present state of
knowledge can be summarized as follows:
(1) The risk of developing colorectal cancer is
directly proportional to the number of adenomas
observed. For example, in one study the risk of subsequent colorectal cancer was found to be 8% in
people with one adenoma, 100o with two, and 14%
when three or more were present (7).
(2) In patients with colorectal cancer the incidence
of synchronous adenomas may be as high as 50%

(8).

(3) In 20% of colon cancers, evidence of residual
adenomatous tissue has been noted on histological
evaluation of the surgically excised tumour (2).
There is considerable evidence that most colorectal
(4) Very small colorectal carcinomas (0.5-1 cm)
cancers appear as a result of changes from flat are generally not found except within pre-existing
mucosa to premalignant adenomas, which then adenomas (2, 9).
slowly undergo malignant transformation with long
(5) Large adenomas are more likely to show
in situ and early invasive phases before frank invasion cancer. For example, the likelihood of carcinoma
of the surrounding tissues. It has been estimated that being found in an adenoma is 1 % for adenomas of
this entire process takes five to ten years which could 1 cm or less, 10% for adenomas of 1-2 cm, and
provide sufficient lead time for early detection (2). 25-50% in adenomas of over 2 cm. For adenomas of
About 5-10% of all individuals (not age-corrected) in 3-5 cm in size, a frequency of 55% carcinoma within
the general population have one or more adenomas in the adenoma has been reported. It has been noted
that colon carcinoma is more likely to be observed in
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rectal cancer. For example, carcinomas develop in all
patients with familial polyposis. This condition,
which is transmitted as an autosomal dominant trait
and expressed phenotypically in 807o of instances,
has been reported in Caucasians, Orientals, Arabs,
West Indians, American and African Blacks, and
American Indians. Gardner's syndrome, Turcot syndrome, and the Peutz-Jeghers syndrome are other
examples of inherited disorders in which there is a
strong association between adenomas in the colon
and subsequent colon carcinoma (1, 3, 6, 11-15).
(7) The populations of countries in which there is a
high incidence of adenocarcinoma of the colon also
have a high incidence of adenomas of the colon (1).
(8) The anatomical distributions of adenomas
within the colon and of colorectal carcinoma parallel
each other. Similarly, the adenomas which most frequently undergo malignant transformation are those
in the distal descending colon and sigmoid colon
the areas where colorectal carcinomas occur most frequently (2, 8).
The percentage of cancers not arising from
adenomas is not known but is thought to be small.
There are animal models for colon carcinomas occurring spontaneously (16), and there are familial aggregations of colon cancer without polyposis. Interestingly, the incidence of cancer in the proximal colon
has been observed to be high in cancer families
without polyposis an anatomical distribution quite
different from that observed for cancers arising in
patients with familial polyposis or "sporadic"
adenomas (14, 15). Cancer families with less striking
pedigrees appear to have an anatomical distribution
of colorectal cancer similar to that of the general
population (17, 18). Recent evidence strongly
suggests that all colorectal adenomas and cancers are
genetically transmitted as an autosomal dominant
with low expressivity (18); it is likely that dietary or
other environmental factors are responsible for its
expression in susceptible individuals. Susceptibility
can be identified by mucosal and blood phenotypic
abnormalities (19-22); this can be modified by
dietary change such as calcium supplementation (19,
20). There is also increased incidence of colorectal
cancer among patients with inflammatory bowel
disease (28-40). Up to one-third of the deaths among
patients with ulcerative colitis are due to colon
cancer, and studies have described an increasingly
severe dysplasia associated with an increasing risk of
invasive cancers in these patients.
Less is known about the natural history and the
variation in biological activity of colorectal cancers
that have reached the in situ stage, but it is likely that
some go on to a more advanced invasive stage. It is
also entirely unclear over how long a period these
early malignant stages progress. The entire transfor-

mation from normal mucosa to invasive carcinoma is
probably more than five years in most patients (2).

THERAPY

The treatment of colorectal carcinoma is still primarily surgical, and there is no evidence that survival
is prolonged by surgery, radiotherapy, or chemotherapy after distant metastases have occurred,
unless the distant metastasis is a single liver
nodule.
The mean five-year survival of all patients diagnosed with colorectal cancer is in the range of
40-44'70, but five-year survival figures for selected
groups of surgically treated patients are often much
higher (1, 26-28). It has been shown that survival is
better with appropriate cancer surgery than with
limited resection. Several staging systems have been
used for colorectal cancer, making comparison of
survival data between one centre and another particularly difficult. However, the evidence supporting
improved survival after treatment of earlier stages is
excellent. Using the Dukes-Kirklin staging system
with its many modifications, it is reasonable to
conclude that the five- and ten-year survival of
patients with invasive colorectal carcinoma limited to
the mucosa and/or the muscularis will be in the range
of 61-81 0; for carcinomas that have invaded the
deeper muscularis and serosa but not the regional
lymph nodes, five-year survival will be in the range of
25-647o; and for tumours with lymph node involvement the five-year survival will generally be in the
range of 10-501o (26-28). If the regional lymph
nodes, on histological examination, have been
invaded by tumour, the five-year survival may be half
that of patients without regional lymph node involvement. Patients without symptoms have a better fiveyear survival than symptomatic patients. Thus, there
is no controversy about the fact that survival
prospects are better when the colon cancer is
diagnosed before it has begun to invade the deeper
tissue layers of the colonic wall.
There are data to suggest that the removal of rectosigmoid adenomas, both benign and malignant, will
decrease the overall incidence of rectosigmoid cancer
(29). Utilizing modern techniques of colonoscopic
polypectomy, it is possible to detect and safely
remove polyps as small as 0.1 cm without the need
for general anaesthesia (7, 9, 10). It has been argued
that if a carcinoma is in situ or minimally invasive at
the time of removal, no further surgery is necessary.
If further studies demonstrate that colonoscopic
polypectomy reduces the incidence of invasive colon
cancers and the need for colon resections and colostomies, the cost of the early detection programme will
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be offset by savings in the cost of treating the colorectal cancers that have been prevented.
SCREENING TESTS

The tests and procedures that are available for the
screening of individuals who might have colorectal
cancer include testing for occult blood in stool,
proctosigmoidoscopy, digital rectal examination,
and determination of serum carcinoembryonic antigen (CEA) levels.
Faecal occult blood test
The slide test for occult blood depends on the
pseudoperoxidase activity of haemoglobin (30). A
very small sample of stool is placed on filter-paper
impregnated with guaiac. When hydrogen peroxide is
later applied to the paper, the guaiac undergoes
phenolic oxidation if peroxidase activity is present in
the stool, and a blue colour is produced. A positive
test can result from human haemoglobin, animal
haemoglobin in meat, and from non-haemoglobin
peroxidases in the stool from food and bacteria. A
positive test from human haemoglobin may be due to
neoplastic or non-neoplastic lesions such as haemorrhoids, angiodysplasia, duodenal ulcer, oesophagitis,
etc. This test can be easily performed by the patients
themselves after proper instruction, and the results
correctly interpreted by personnel after training. Selftests, wlh are now being made available for the
patients to rry out and to interpret themselves,
require evaluation.
This slide test has a high degree of laboratory
sensitivity (30); haemoglobin concentrations of
0.12 mg/ml can be detected, and it is estimated that
2-3 ml of whole blood passing into the stool can be
identified. Using 51Cr red blood cell radioassay to

measure blood loss, it has
mean daily blood loss into
for a normal individual is

been estimated that the
the gastrointestinal tract
0.62 ml, and that for a
patient with adenomas in the descending colon is
1.28 ml (31, 32). If the two faecal occult blood
smears are tested twice daily for three consecutive
days, the clinical sensitivity for colorectal cancer is
80-937o (32) and that for adenomas of more than
2 cm in size is 30-70% (31, 32). Some of the false
negatives may be explained by substances which
inhibit the oxidation reaction in the stool, such as
ascorbic acid. A positive test can revert to negative if
there is a long interval between preparation of the
smears and testing, especially when the concentration
of haemoglobin in the stool is very low (30,33). This
may be due to denaturation of the haemoglobin by
proteolytic enzymes in the stool. Although stools
with a high haemoglobin concentration will give a
positive result for up to 30 days from the date the
stool was placed on the slide, weak positive tests may
fade to a false negative by the fourth day. Faecal
blood is not always homogeneously distributed
through the stool, and even six samples collected over
three days will result in a sampling error in some
patients. In addition, bleeding from neoplastic
lesions is usually intermittent and may be missed
during the test period (32). The laboratory and
clinical sensiiivity of the test is increased by
rehydration of the stool specimen on the slide before
the addition of hydrogen peroxide, but such
rehydration also reactivates other peroxidases present
in food or bacteria in the stool, thus increasing the
rate of positivity as well as false positivity and thereby
decreasing the specificity (30, 33).
Approximately 14Oo of individuals in a number of
community-based studies of the test have been found
to be guaiac positive (33). Among those patients with
positive tests, 8-15%7o were shown to have colorectal
cancer and 9-35% had adenomas (Table 1). The

Table 1. Faecal occult blood testing: non-controlled trials

Study'
Hastings
Miller & Knight
Glober & Pescoe
Gnauck

Fruhmorgen
Bralow & Kopel
Winchester
'See reference 33 for details.
h

No data reported.

No. of
tests
-"
2323
1539
5016
5007

Percentage
positive for
occult blood

No. of
participants
fully evaluated

Percentage
with
cancer

-

41
39
32
117
144

12
8
13
11
15
9
12

-

2
2
2
4
10

19 707

-

-

130

Percentage
with
adenomas

18
9
15
15
14
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remainder, about half of those patients fully
evaluated, had either some other benign gastrointestinal pathology, or there was no clear explanation for the positive test.
The false positive rate is approximately 1-2Vo and
usually no more than 4.5% (Table 1) if data are
derived from studies (utilizing the 3 day/6 smear kit)
in asymptomatic people on a high fibre, meat-free,
and low peroxidase diet (33-38).
When symptomatic or younger patients are included, when the diet is not properly controlled, when
the test is performed by inadequately trained persons,
or when the diagnostic workup is incomplete, the
results become quite variable and difficult to interpret. The results will also vary with the particular
slide tests used, the number of smears performed, and
the use of rehydration.

Proctosigmnoidoscopy
Proctosigmoidoscopy is one of several diagnostic
procedures used in many programmes and it has been
used as a screening procedure as well (39, 40). The
rigid proctoscope is 25 cm long and, theoretically, it
should detect the 50-55% of all colon cancers that
occur in the distal colonic segment. In practice, only
skilled endoscopists regularly examine more than
17 cm of colon. Full insertion is often produced by
stretching the bowel, rather than telescoping which
results in an incomplete examination of the distal
25 cm. Failure to compress and search behind the
rectal valves also reduces the sensitivity of the
examination. Most patients suffer some discomfort
with the examination, and the American Cancer
Society surveys indicate that very few of all the
patients undergoing proctosigmoidoscopy are willing
to return for a follow-up examination.
The flexible or fiberoptic sigmoidoscope causes
less discomfort, and the 60-cm instrument has resulted in as much as a sixfold increase in the number
of adenomas detected and a twofold increase in the
number of cancers detected in some studies (40). The
flexible instrument can be inserted to an average
depth of 40-45 cm, and the perforation rate is low
(1 /10 000). However, considerable experience is
required to use this instrument properly. A 35-cm
flexible sigmoidoscope is also available which may be
a more practical screening instrument for most nonendoscopists. Adequate training in the use of the
longer instrument usually requires an average of
25-50 supervised examinations. In contrast, an
average of only six supervised examinations is required for use of the 35-cm sigmoidoscope (41, 42).
Data are not currently available to adequately estimate the sensitivity and specificity of sigmoidoscopy
as a primary means of early cancer detection. The
prevalence of adenomas in asymptomatic patients

over the age of 40 years is between 4.71o and 9.7%
and one cancer will be found in 450-667 proctoscopic
examinations using the rigid sigmoidoscope when
patients are examined for the first time (39). Ultimately, however, the value of sigmoidoscopy must be
judged by its usefulness for detecting not only early
cancers but also adenomas.

Digital rectal examination
Possibly 10% of all colorectal cancers can be
detected by a digital rectal examination and this will
continue to be a low-cost adjunct to other screening
methods.
Other tests
Determination of serum carcinoembryonic antigen
levels has not fulfilled its early promise and has a low
sensitivity for cancers in the early invasive stages and
a low specificity for colorectal cancer (43). Other
approaches, such as the evaluation of cell proliferation abnormalities and other tissue culture growth
characteristics on biopsy, the determination of
immunological abnormalities in circulating leukocytes in families with colon cancer, evaluation of
DNA-repair by circulating lymphocytes, and studies
of skin fibroblast chromosomal patterns are new
research possibilities for identifying groups of individuals at high risk for colon cancer, but they are not
likely to be applicable for general screening of large
populations in the near future (44).
PREVIOUS AND ONGOING TRIALS

The earliest secondary prevention trials, and the
only ones demonstrating the potential for decreasing
the mortality from colon cancer, utilized the rigid sigmoidoscope both to detect early cancer and to remove
polyps. In a retrospective analysis of the results of
routine proctoscopies done in mostly asymptomatic
patients at the Preventive Medicine Institute/Strang
Clinic during the 1950s, 58 cancers were found in
26 000 individuals (47 091 examinations); the fifteenyear survival for 50 of these patients was close to 907o
(at an estimated cost per potentially curable lesion of
more than US$ 70 000) (39).
In a retrospective analysis of 18 000 patients
examined periodically over 25 years with proctosigmoidoscopy at the University of Minnesota, only
13 rectosigmoid cancers were found -about 15% of
the expected cancer frequency in a population of this
size and age in Minnesota over a similar period. It is
possible that this decreased cancer frequency resulted
from the removal of precancerous polyps, although
the pathology of the removed polyps and the com-
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pleteness of the follow-up were not reported (29).
The only controlled evaluation of routine sigmoidoscopy was in a study of annual multiphasic health
check-ups (45). Participants aged 35-54 years were
randomized to either a study group of 5156 individuals who were encouraged to have a sigmoidoscopy as
part of their annual check-up (no more than 70%
attended in any one year), or a control group of 5557
individuals many of whom had annual check-ups outside the context of the study. At seven years of
follow-up, ten patients had died of colorectal cancer
in the control group with only two in the study group
(P< 0.05).
Many studies have been reported evaluating the
faecal occult blood test. Some of them have been
summarized in Table 1. More recently, four large
controlled trials have been initiated (and are still
ongoing) to evaluate the faecal occult blood test with
or without routine proctosigmoidoscopy. The results
of these are summarized in Table 2.
FUTURE DIRECTIONS

Even if ongoing trials establish the value of secondary prevention in decreasing the mortality from
colorectal cancer, it will still be necessary to determine how faecal occult blood testing and fiberoptic
sigmoidoscopy can be utilized in large populations in
a cost-effective manner. Major emphasis in future
studies will have to be placed on:
(a) identifying the colorectal cancers which give
negative faecal occult blood tests and negative
proctosigmoidoscopy;
(b) defining the optimal interval for repeating
faecal occult blood tests and/or sigmoidoscopy;
(c) identifying groups likely to benefit from
screening;

(d) developing the most cost-effective diagnostic
workup of patients with a positive screening examination;

(e) determining the most effective way of encouraging patients to participate in secondary prevention programmes;
(f) determining the most effective follow-up programme for long-term control of large bowel cancer
in patients who have had adenomas removed;
(g) further developing tissue, faecal, and other
markers for the identification of high-risk groups,
especially those with genetic transmission of susceptibility, for more targetted screening;
(h) further refining the faecal occult blood test
to enhance its sensitivity and specificity, perhaps
through immunological methods, or more sensitive
and specific chemical methods.

CONCLUSIONS

There is strong evidence that colorectal cancer
arises primarily from premalignant adenomas and
that the lead time from the benign lesion to invasive
cancer amounts to several years. Thus, it should be
possible to reduce the mortality from this disease by
a secondary prevention programme. Two screening
tests have been extensively evaluated. The faecal
occult blood test results in a low, manageable rate of
positivity with a good predictive value for neoplasia
in patients aged 50 years or older. The stage of the
detected cancers is favourable for treatment and survival prospects are good in these cases. However,
more than 500o of patients with positive tests will
have no evidence of benign or malignant neoplasia in
the colon or rectum, and no more than 15-16% of
patients with a positive test will have cancer. A mortality reduction for colorectal cancer has not yet been
demonstrated. Distal lesions can be directly visualized with a sigmoidoscope. However, skilled use of
the flexible sigmoidoscope requires training and
experience. Patient acceptance is better for the
flexible sigmoidoscope than for the rigid instrument.

Table 2. Faecal occult blood testing: results of four long-term controlled trials in three countries
Percentage with cancer

USA (New York)
USA (Minnesota)
England
Sweden
'Not reported.

Population

Compliance
(%)

Rate of
positive
slide tests

Predictive value
for cancer
and adenoma
(%)

22 000
45 000
20 000
27 000

70-80
77
39
66

1.7
2.4
4.0
1.9

30
31
40
22

(Dukes' stages A and B)
Screened
group

Control
group

65
78
90
65

33
-a

40
33
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Ongoing trials strongly suggest that the faecal occult
blood test and proctosigmoidoscopy are complementary examinations. Two retrospective studies of
large cohorts of patients screened periodically with
sigmoidoscopy and one small, controlled study

suggest that early detection of colon cancer,
improved survival, and reduced mortality may result.
Four large, ongoing, controlled studies are likely to
demonstrate the value and limitations of the faecal
occult blood test as a screening procedure.

RESUME
DEPISTAGE DU CANCER RECTOCOLIQUE

11 est tres vraisemblable que le cancer rectocolique se
developpe a partir d'adenomes a un stade de pre-malignite et
que le temps necessaire pour que la lesion benigne se transforme en cancer invasif soit de plusieurs annees. 11 devrait
donc etre possible de reduire la mortalite due a cette maladie
par un programme de prevention secondaire. Deux
methodes de depistage ont et evaluees de faqon approfondie. La recherche du sang occulte dans les selles donne un
faible taux de positivite et est un bon indice de prediction
de cancer chez des malades ages de 50 ans et plus. Le stade
auquel les cancers sont deceles est favorable sur le plan
therapeutique et les chances de survie sont alors bonnes.
Cependant, plus de 500c des malades ayant des tests positifs
ne presenteront pas de signes de tumeur benigne ou maligne
du c8lon ou du rectum et pas plus de 15 a 16% des malades
ayant un test positif seront atteints d'un cancer. Une
reduction de la mortalite due au cancer rectocolique n'a pas

ete jusqu'a present prouvee. Les lesions distales peuvent etre
directement mises en evidence par sigmoidoscopie. Cependant, I'utilisation du sigmoidoscope souple demande un
certain entrainement et de l'experience. Le malade acceptera
plus facilement le sigmoidoscope souple que l'instrument
rigide. D'apres les essais en cours il semble que la recherche
de sang occulte dans les selles et la proctosigmoidoscopie
soient des examens qui se completent. Deux etudes
retrospectives de vastes cohortes de malades examines
periodiquement par sigmoidoscopie et une petite etude
controlee montrent qu'une detection precoce du cancer du
c6lon est possible, d'oui une amelioration de la survie et une
reduction de la mortalite. Deux larges etudes contr6lees de
grande envergure montreront vraisemblablement quels sont
les avantages et les limites de la recherche du sang occulte
dans les selles en tant que technique de depistage.
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