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Introduction 

The United States is a high-risk country for 
colorectal cancer (CRC). Americans have an average 
lifetime risk for developing this cancer of ...-6% (1). CRC 
is second only to lung cancer as a cause of death from 
cancer in the United States. In 1997, ...- 131,000 Ameri
cans were diagnosed with CRC and ...-55,000 died from 
this disease. It is the only major cancer that affects 
both men and women almost equally. In 1997, sur
vival from CRC was ...-55%. Life expectancy for those 
with CRC is strongly related to disease stage at diagno
sis (Fig. 1). Most CRCs arise in adenoma to us polyps 
that can be detected and removed endoscopically. It 
seems likely, therefore, that detecting adenomas and 
early-stage cancers and removing them will improve 
overall survival from CRC. 

Recent research has contributed to a growing con
sensus that early detection methods can prevent a sub
stantial proportion of morbidity and mortality from 
CRC. Evidence-based guidelines separately developed 
or revised by the U.S. Preventive Services Task Force 
(2), a task force comprised of the Agency for Health 
Care Policy Research (AHCPR) and five medical and 
surgical GI professional societies (3), and the Ameri
can Cancer Society ( 4) now recommend that all asymp
tomatic, average-risk Americans over the age of 50 be 
encouraged to undergo screening for CRC. Selected 
individuals who are at higher risk because of a personal 
or family history of CRC or polyps, or longstanding 
chronic ulcerative colitis, should be offered more in-

1.0 Stage I' 

~ 
:.0 0.8 ro 
.D e 0.6 a.. 

StageiiJ 

'iii 
> 
·~ 0.4 Stage Ill 
::::l 

(/) 0.2 

0 
0 2 4 6 8 10 12 

Years From Detection 

Fig. 1. Survival from colorectal cancer (CRC) as a 
function of stage of disease at the time of diagnosis (1 ). 
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tensive surveillance tailored to an estimate of their level 
of risk. CRC screening is now reimbursed under new 
Medicare legislation that began in 1997 with expanded 
coverage as of January 1998. It is estimated that wide
spread adoption of these recommendations could re
duce mortality from CRC by 50% or more. 

Screening refers to tests that identify persons at risk 
for a particular disease, but without symptoms, signs, 
or easily identifiable risk factors. Screening tests for 
cancer are usually not diagnostic procedures and a cer
tain number of false positive and false negative tests 
will occur. A positive screening test needs to be fol
lowed up by further tests which have a high degree of 
diagnostic accuracy in order to confirm or deny the 
presence of the suspected cancer or its precursor lesion. 
Surveillance is a follow-up at regular intervals, of those 
with a known risk for colorectal cancer (ie., patients 
who have a personal or family history of CRC, a ge
netic polyposis syndrome or inflammatory bowel dis
ease), by using further tests to detect at an early stage 
the development of new tumors or a recurrence of the 
cancer. Surveillance for cancer is restricted to smaller 
high-risk groups. The tests performed for surveillance 
usually have a high level of diagnostic accuracy. 

Biological basis for colorectal cancer preven
tion 

Current data suggest that most CRC arises from 
adenomatous polyps. -Polyps are mucosal masses that 
can be divided into two major groups: neoplastic 
(adenomatous polyps and carcinomas) and non-neo
plastic (5). About half to two-thirds of colorectal pol
yps are adenomatous (premalignant) polyps. The re
mainder are non-neoplastic polyps including hyperplas
tic polyps, which represent about a quarter of all pol
yps and have no clinical importance, juvenile polyps, 
Peutz-Jeghers polyps, and inflammatory polyps. 

Adenomatous polyps are subdivided by histology 
into tubular, villous and tubulovillous adenomas. About 
80% of adenomatous polyps are tubular, 5-10% vil
lous, and 10-15% rubulovillous (5) . Tubular adenomas 
are usually small and exhibit mild dysplasia. Villous 
architecture tends to be found in large adenomas and 
with more severe forms of dysplasia. 



60 

=~ 50 
·- >-S:o 
UlQ.. 40 
«iUl 
:::J:::J 
-co 30 :~iii 
-cE Large (>1 em) Eo _ c: 20 {adenomas OQ) 

~~ 10 

0 
50 55 60 65 70 75 

Age (years) 

Fig. 2. Prevalence of adenomatous polyps in the 
general population as a function of age (5). 
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Adenomatous polyps are found in about a quarter 
of people by age 50 and the prevalence increases with 
age to about 50% by age 75 (Fig. 2). The prevalence of 
polyps> 1 em is much lower: ~5% at age 50 increasing 
to~ 15% at age 75. As with cancers (Fig. 3), polyps are 
found throughout the colon with about one-third oc
curring proximal to the splenic flexure. The probabil
ity that an adenomatous polyp will progress to cancer, 
and the probability that the patient will develop other 
adenomatous polyps or cancer elsewhere in the colon 
and rectum, can be estimated from the characteristics 
of the polyp at the time it is first examined. Size > 1 
em, tubulovillous or villous histology, severe dysplasia, 
and multiple polyps predict increased risk of develop
ing further adenomatous polyps as well as cancers (6, 
7). 

Fig. 3. Anatomic distribution of CRC (1 ). 
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Polyp size is determined at the time of colonoscopy. 
Polyps are generally described as diminutive (<5 mm), 
small (5-1 0 mm) or large (> 1 em). Diminutive polyps, 
even when they prove to be adenomas, are very un
likely to harbor severe dysplasia or carcinoma and have 
a low risk of progression to cancer. Adenomas are also 
frequently described according to their risk of contain
ing or developing into a cancer. Adenomas that are > 1 
em in diameter, have villous architecture, or are severely 
dysplastic are generally defined as high-risk (or ad
vanced) adenomas. Tubular adenomas that are <1 em 
in diameter and without severe dysplasia have a low 
risk of containing or progressing to cancer. 

Epidemiological evidence suggests that there is a 7-
to 12-year progression from normal mucosa to adenoma 
to cancer (Fig. 4). Adenomatous polyps are thought to 
arise from a breakdown in the regulation of the normal 
processes of cell proliferation and cell death. The ini
tial lesion appears to arise in a single colonic crypt in 
which the proliferative compartment, normally con
fined to the base of the crypt, is expanded throughout 
the entire crypt. These "unicryptal" adenomas (or "ab
errant crypt foci") are thought to progress to 
microadenomas, larger polyps and eventually cancer 
although for a given stage, the fraction of lesions that 
progress to the next stage is small (Fig. 5). A cascade of 
genetic changes is associated with these morphologic 
changes, lending support to the adenoma-cancer hy-

60 

~ !!..... 
Ill 50 6 ~ 0. . e... >- . 
0 . (.) . 
a.. 40 

. 5 a: . . (.) Ul . 
:::J . Q) 
0 . 
iii 

. 4 (..) . c: 
E 30 . Ql . . 1J 
0 . "i3 c: . 3 Q) . £ . 
1J 20 . 

Q) c( . . > 
Q) 

/ CRC 2 ~ (..) 
c: .. "5 
Q) 10 E ro .. · :::J > .. (.) 
~ .. 
a.. 0 ········· 0 

0 10 20 30 40 50 60 70 80 90 

Age (years) 

Fig . 4. Prevalence of adenomatous polyps and 
cumulative incidence of CRC in the general population 
as a function of age. 
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Fig. 5. Frequency of precursor lesions that give rise to 
one adenocarcinoma. 

pothesis (Fig. 6)(8-11). Each successive mutation or 
chromosomal loss results in a clone of cells that divides 

and grows faster than surrounding epithelial cells until 
cancer cells capable of invasion and metastases are pro
duced. In most CRC, acquired mutations occur in in
dividual epithelial cells in response to environmental 
factors or events that somehow alter DNA in the cell's 
chromosomes. In cases offamilial cancer, an inherited, 
germ-line mutation affecting every cell in the body 
serves as the first genetic event. In both sporadic and 
familial colorectal cancer the progressive accumulation 
of at least 6-8 discrete genetic injury events are required 
over time to ultimately produce cancer (9). 

While it is generally accepted that most cancers of 
the colon and rectum develop from adenomatous pol
yps, direct evidence of this is sparse. There are no stud
ies reporting the progression of small adenomas to large 
adenomas to local cancer to invasive cancer. However, 
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at the population level, the prevalence of adenomatous 
polyps and colon cancer increases with age with the 

development of adenomas preceding that of carcinoma 
by -10 years (Fig. 4)(3, 12). Around the world, the 

prevalence of adenomatous polyps parallels that of co
lon cancer and the prevalence of both adenomas and 
cancer increases in migrants from low- to high-risk can
cer regions. At the histological level, colorectal cancer 
frequently contains remnant adenoma tissue; conversely, 
small foci of carcinoma are commonly found in large 
adenomatous polyps. The strongest evidence in sup
port of the hypothesis that most cancers arise from ad
enomas comes from the National Polyp Study, where it 
was demonstrated that colonoscopic removal of ad
enomas results in a lower incidence of subsequent CRC 
(13). 

Risk assessment 

For the purposes of screening, individuals are usu
ally described as being at average risk, moderate (or in
termediate) risk, or high risk for developing CRC (3, 
4). Average risk is defined by exclusion as anyone who 
is not otherwise defined as being at increased risk. For 
the vast majority of patients with "sporadic" CRC, few 
if any risk factors have been identified. Age is a major 
risk factor with 90% of CRC diagnosed after age 60. 
About 65 million Americans are at average risk for CRC 
simply because they are over the age of 50. 75-80% of 
all CRC occurs among people at "average" risk (Fig. 7). 
There are no factors yet identified that would place a 

Fig. 6. Genetic changes associated with colorectal carcinogenesis. Mutations in genes involved in mismatch repair 
accelerate the progression from adenoma to carcinoma. APC, adenomatous polyposis coli gene; DCC, deleted in 
colorectal cancer gene. From Kinzler and Vogelstein (9). 
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Fig. 7. Main factors associated with annual new cases 
of CRC. HNPCC, hereditary nonpolyposis colorectal 
cancer; FAP, familial adenomatous polyposis; IBD, 
inflammatory bowel disease. 

person at lower than "average" risk for an initial ap
proach to screening. 

About 15-20% of CRCs occur among people at 
moderate risk because of a personal or family history of 

CRC or adenomas. In general, the closer the familial 

relationship, the younger the age of onset, and the larger 
the number of affected family members, the greater the 
risk ( 14-16). There is also an increased risk for CRC in 

persons who have a first-degree relative with 
adenomatous polyps, especially if they were diagnosed 
before the age of 60 (17, 18). 

Approximately 5% of all CRCs occur among people 
at high risk. Most of these have one of two genetic 
syndromes or inflammatory bowel disease. 
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~creening tests and results of screening stud
Ies 

Fecal occult blood test (FOBT) 

Most colorectal cancers and some polyps bleed; 
however, bleeding is intermittent, not evenly distrib

uted throughout the stool and often not noticed by the 
patient. The amount of bleeding increases with the 
size of the polyp and the stage of the cancer. FOBT 

detects~ 10-15% of polyps >1cm and 25-50% ofCRCs 
(19); improved detection rates can be expected with 
repeated testing over several years (20). 

Guaiac-based cards for FOBT have been most 
widely used and studied and are currently recommended 

(21, 22). Stool Guaiac cards test for peroxidase activity 
using a colorless indicator, guaiac gum, that is oxidized 

to pigmented quinone in the presence of peroxidase 
and hydrogen peroxide. Hemoglobin has 
pseudoperoxidase activity, therefore bleeding from the 
GI tract will give a positive reaction. Sensitivity of 
guaiac-based tests are closely related to the amount of 

blood in the stool. Stool hemoglobin concentrations 
less than 2 mg/ g of stool usually result in a negative 

test. Blood loss from the colon must exceed 1-2 mL per 
day to produce a consistently positive result on FOBT 
(Table II). Additional factors may influence the sensi
tivity and specificity of the test, including rare red meats, 
turnips, horseradish (false positive), vitamin C (false 
negative), and salicylates (false positive). There has been 
considerable debate as to the effect of oral iron on stool 

guaiac tests. Although oral iron probably does not cause 
false positive reactions or induce GI bleeding, the black 

Table I. Characteristics of guaiac and immunochemical tests for 
fecal occult blood. 

pigment in stools of patients on iron supple
ments could be misinterpreted as positive. 
The length of storage may affect test sensi
tivity with false negatives after ~ 7 days. Re
hydration improves sensitivity at the cost of 
increased false positives and is not recom
mended (3, 4, 21). 

Currently available 

Biochemical basis 

Compounds detected 

Test affected by meds 

Test affected by diet 

Guaiac test 

Hemoccult II 
HemoccultSENSA 

Peroxidase activity 

Hemoglobin (all) 
Myoglobin (all) 
All hemes 
Nonheme peroxidases 

Yes 

Yes 

lmmunochemical test 

Heme Select 
HemoQuant 

Immunoreactive 

Hemoglobin (human) 
Globin (human) 

No 

No 

lmmunochemical methods have anum

ber of advantages over guaiac-based tests for 

CRC screening as shown in Table I and II. 
lmmunochemical methods recognize anti

genic sites on the globin portion and are least 

affected by diet or proximal gut bleeding 
(21). However, the antigen may be destroyed 



Table II. Sensitivities of guaiac and immunochemical 
fecal occult blood tests according to site and amount of 
blood lost. 

Guaiac 
(hemoglobin, heme) 

lmmunochemical 
(hemoglobin) 

Blood loss 
(ml per day) 

Colonic Gastric 

>1 10-20 

>0.25. >100 

by fecal flora during colorectal transit or fecal storage. 
Immunochemical tests are not widely used at the present 
time because of higher cost and the need to process 
samples in a laboratory. Office-based immunochemi
cal tests have been developed and may replace guaiac
based cards in the future. 

Three randomized controlled trials of FOBT have 
been completed (23-25), all of which showed a signifi
cant reduction in death from CRC in patients screened 
with FOBT, followed by colonoscopy in the guaiac 
positive individuals. The results of these 3 trials (one 
American and two European) are summarized in Table 
III. The Minnesota trial included two screening regi
mens-annual and biennial-whereas the European 
trials evaluated only biennial screening. In the Minne
sota trial through 13 years of follow-up there was a 33% 
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Fig. 8. Effect of annual FOBT screening on CRC 
mortality (23). 
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reduction in CRC mortality in the annual screening 
group (Fig. 8) and a nonsignificant 6% decrease in CRC 
mortality in the biennial group (23). After 18 years of 
follow-up, CRC mortality was reduced by 36% and 
21% in the annual and biennial groups, respectively 
(20, 26). These data are consistent with the European 
studies, which also showed significant reductions (15% 
and 21 %) in CRC mortality with biennial screening. 
Reductions in CRC mortality were the result of a shift 
toward earlier stage cancers in the screened groups. For 

Table Ill. Summary of the three major randomized controlled trials of fecal occult blood testing (23-25). 

Minnesota USA Nottingham England Funen Denmark 

Number of study participants 46,551 150,850 61,933 
Age group 50-80 50-74 45-75 
Screening test Hemoccult Hemoccult Hemoccult II 
Diagnostic test Colonoscopy Colonoscopy Colonoscopy 
Slides rehydrated Yes No No 
Diet restrictions Yes Yes Yes 
Frequency of screening Annual, biennial Biennial Biennial 
Number of screens Annual (11) 3-6 5 

Biennial (6) 
Median years of follow-up 13 8 10 
Compliance with first screen 85% 53% 67% 
Rescreening compliance 75% 60% 54% 
Slides positive 9.8% 1.7% 1.2% 
Positive predictive value for CRC 2.2% 12% 12% 
Positive predictive value for adenomas 29% 35% 27% 
Percent of screen group colonoscoped 31% 4% 4% 
Shift toward earlier stage cancers in screened Yes Yes Yes 
Decrease in CRC mortality 33% (annual) 15% 21% 
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example, in the Minnesota trial, annual screening in

creased the incidence of Stage A and decreased the in

cidence of incurable StageD CRCs by ~50% (Fig. 9). 

In contrast, the overall incidence of CRC was not af

fected by screening reflecting the long lead time from 

polyp to cancer and the fact that FOBT is very insensi

tive to precursor adenomas (Fig. 1 0) . CRC accounted 

for a relatively small proportion of total mortality dur

ing the 13 year Minnesota trial and as a consequence, 

total mortality was not altered by CRC screening (Fig. 
11). 

The Minnesota trial used rehydrated slides result

ing in a positivity rate of 10% (23). Thus, 10% of 
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Fig. 10. Effect of annual FOBT screening on CRC 
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screenees underwent colonoscopy with each round of 

FOBT testing such that during the 13-year study pe

riod about a third of the screened group was 

colonoscoped. The positive predictive value of a posi

tive test was only ~ 2% for CRC, ie., ~50 colonoscopies 

needed to be performed for each CRC that was identi

fied and 339 colonoscopies were required to prevent 

one death from CRC. The large number of 

colonoscopies performed in the Minnesota trial would 

be expected to decrease the incidence of CRC {ie., pre

vent CRC) due to the removal of precursor adenomas. 

While the incidence of CRC was not significantly re

duced by screening at the end of the 13-year study pe

riod (Fig. 10) , further follow-up to 18 years shows a 

20% reduction in CRC incidence with FOBT (26). In 

contrast to the Minnesota trial, the European trials used 

nonrehydrated slides resulting in positivity rates of 

~ 1.5% with only ~4% of the screened groups undergo

ing colonoscopy during the study period. The positive 

predictive value of a positive test for CRC in the Euro
pean trials was ~ 12%, ie., ~8 colonoscopies needed to 

detect one cancer. 
Of the potential screening tests available, direct 

evidence (from randomized controlled trials) that 

screening (with appropriate follow-up and treatment 

of positives) reduces CRC mortality exists only for 

FOBT. However, it is also clear that FOBT has major 

limitations. First, since few polyps bleed, the effect of 

FOBT on CRC mortality is the result of early detec

tion of cancer after it develops- and not prevention

of CRC. Second, since cancers bleed intermittently, 
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Fig. 11. 13-year cumulative mortality by cause in Minn
esota FOBT trial (23). CHD, coronary heart disease. 



the majority of CRC will still be missed. In the trials 
discussed above, only 25-50% of CRCs were detected 
by screening; the remainder were "interval" cancers that 
were diagnosed during the evaluation of symptoms 
between screens. The use ofimmunochemical tests may 
improve the sensitivity and specificity ofFOBT for early 
cancer detection but it is unlikely to result in the pre
vention of cancer due to inability to distinguish indi
viduals with and without high-risk adenomas. 

Flexible sigmoidoscopy 
The major advantages of flexible sigmoidoscopy as 

a screening tool are that (1) the bowel is visualized di
rectly, and (2) lesions can be biopsied resulting in high 
sensitivity and specificity for polyps in the part of the 
bowel that is examined. Thus, in addition to detecting 
early cancers, sigmoidoscopy offers the potential for pre
vention ofCRC through the detection and subsequent 
removal of premalignant adenomas. 

The major limitation of flexible sigmoidoscopy is 
that only about half of adenomas are within reach of 
the 60 em flexible sigmoidoscope. Another limitation 
is that it does require some expertise: 25-30 exams un
der instruction is usually adequate but even then skill 
varies widely among individual practitioners. The risk 
from the procedure is minimal. Perforation is the ma
jor complication and occurs ""1 -2 per 10,000 exams 
(3). Antibiotics to prevent endocarditis should be con
sidered in high risk individuals including those with 
prosthetic valves, previous endocarditis or surgically 
constructed systemic-pulmonary shunts (3) . 

The evidence for screening flexible sigmoidoscopy 
comes from 3 case-controlled studies (27-29). The 
strongest is a retrospective case-controlled study that 
compared the use of screening rigid sigmoidoscopy 
during the 1 0-year period prior to diagnosis in 261 
patients who died of rectosigmoid cancer with 868 
matched controls (Fig. 12). The results demonstrated 
a 60% reduction in cancer within reach of the sigmoi
doscope (27). The protective effect lasted for at least 
10 years following sigmoidoscopy (27). The other two 
case-controlled studies showed similar results with CRC 
patients less likely to have had a screening sigmoidos
copy than controls (28, 29). No randomized controlled 
trials evaluating the efficacy of flexible sigmoidoscopy 
for CRC screening have been published. American and 
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Fig. 12. Odds ratios (95% confidence intervals) of 
having a screening sigmoidoscopy during the 10 years 
prior to diagnosis of fatal cancer within reach of the 
sigmoidoscope (27). 

English trials are underway but the results will not be 
available for several years. 

Colonoscopy 
Colonoscopy is the most sensitive and specific test 

available for examination of the colon and is already 
recommended for patients known to be at high risk for 
CRC, including those with hereditary adenomatous 
polyposis syndromes or long-standing colitis (3, 4). 
Colonoscopy is also recommended and paid for by 
Medicare for patients who have one or more first de
gree relatives with CRC. Although no studies in aver
age-risk individuals have evaluated whether screening 
colonoscopy alone can reduce colorectal cancer inci
dence or mortality, the high sensitivity and specificity 
of colonoscopy should make it extremely effective in 
this setting. Several clinical studies looking at the yield 
of colonoscopy in average-risk individuals have been 
performed (30-32). Of those screened, 25-40% had 
adenoma to us polyps that could be removed at the time 
of colonoscopy. The National Polyp Study showed that 
if patients with adenomatous polyps had removal of all 
visible polyps, their subsequent risk of CRC was re
duced by 76-90% when compared with expected rates 
from three different reference populations (Fig. 13) and 
CRC mortality was reduced to zero (13) . The refer
ence groups in this study were not true "controls"; nev
ertheless, the data strongly suggest that colonoscopy 
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Fig. 13. Cumulative incidence of CRC in a cohort of 
patients with adenomas following polypectomy com
pared to three reference groups: (1) polyps by BE but 
not removed, (2) polyps found at sigmoidoscopy and 
removed but colon not examined, and (3) the general 
population (13). 

would be effective as a primary screening tool. Poten
tial complications of colonoscopy are generally quoted 
as perforation (..-1/1,000 exams), hemorrhage (..-3 / 
1,000 exams), and death (..-1/10,000 exams). 

Air contrast barium enema 
Barium enema has never been evaluated in a clini

cal screening trial. The sensitivity of ACBE for polyps 
was evaluated as part of the National Polyp Study. The 
trial was unique in that it used expert GI radiologists 
and both radiologists and colonoscopists were kept fully 
blinded. The study showed that ACBE detected only 
44% of polyps >1 em (33), clearly a group that has a 
high risk of developing CRC (7) . In addition, barium 
studies may have a high rate of equivocal or falsely posi
tive results, which will require full colonoscopy for 
evaluation. Current data do not support the use of 
barium studies for screening although the clinical guide
lines put forth by both the Agency for Health Policy 
Research (3) and the American Cancer Society (4) list 
ACBE, presumably in combination with sigmoidos
copy, as a screening option for average-risk individuals 
and as an option for the work-up of a positive FOBT. 
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Genetic testing 

At the present time, genetic testing is primarily 
used in the management of families with Familial 
Adenomatous Polyposis or Hereditary Nonpolyposis 
Colorectal Cancer (see below). 

Screening for CRC in persons at average risk 

Average risk is defined as all men and women over 
the age of 50 without a history of inflammatory bowel 
disease, a genetic syndrome associated with CRC, or a 
personal or family history of CRC or adenomatous 
polyps. Individuals with symptoms suggestive of 
colo rectal neoplasia are not candidates for screening but 
should undergo diagnostic tests to evaluate these symp
toms. Recommendations for screening of average-risk 
individuals include annual FOBT testing and/or flex
ible sigmoidoscopy every 5 years beginning at age 50 
(Fig. 14) (3, 4). 

Fig. 14. Algorithm for CRC screening in average-risk 
individuals. 

Average Risk 
Age>50 

I 
FOBT q year 

and/or 
Flex Sig q 5 years 

Colonoscopy (preferred} 
or 

Consider UGI 
Evaluation 

ACBE + Flex Sig 

Fecal occult blood testing (FOBT) 

Treatment and 
Follow-up 

Testing of two samples from each of three con
secutive stools should be carried out as described in Table 
IV. The recommendation for yearly testing is based 



Table IV. Performance of fecal occult blood test. 

• Avoid the following for 3 days before and during test: 
-Red meat 
- Peroxidase-containing foods (broccoli, cauliflower, 

cantaloupe, horseradish) 
- Iron supplements, vitamin C, aspirin, NSAIDs 

• 2 samples of 3 consecutive stools should be tested 

• Slides should be developed within 1 week 

largely on the Minnesota trial that showed an effect of 
annual, bur not biennial, FOBT on CRC mortality 
(23). If a FOBT is positive, the patient should un
dergo full colonoscopy. Double contrast BE in combi
nation with flexible sigmoidoscopy is an alternative 
approach (3, 4) . 

Flexible sigmoidoscopy 
The 5-year interval for screening ~exible sigmoi

doscopy is based on case-control evidence that sigmoi
doscopy is protective for up to 10 years (Fig. 12)(27) 
and the observation that few polyps arise and progress 
to cancer in a 5-year period in average risk individuals. 
A positive screening flexible sigmoidoscopy should be 
followed by colonoscopy although what constitutes a 
positive flexible sigmoidoscopy is controversial. Cer
tainly anyone with cancer, a polyp > 1 em or multiple 
polyps should be referred for full colonoscopy. What 
to do with adenomas < 1 em in diameter is less certain 
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Q) 50 adenoma or cancer "0 
<( 

Cii 40 E 
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rectosigmoid rectosigmoid 
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Fig. 16. Prevalence of proximal adenomas in patients 
with high- and low-risk adenomas at flexible sigmoido
scopy (38). 
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and current guidelines do not make specific recommen
dations on this point. If there are one or two polyps < 1 
em, they should be biopsied. Hyperplastic polyps are 
not premalignant and require no follow-up (34). On 
the other hand, if histology reveals a villous or severely 
dysplastic tubular adenoma, the patient should be re
ferred for colonoscopy and polypectomy. The need for 
colonoscopy in patients with one or two tubular ad
enomas < 1 em in diameter is debated. Patients with 
small tubular adenomas within reach of the flexible sig
moidoscope have a 25-30% chance of having more 
proximal adenomas, although most will not be high
risk (> 1 em, villous or severely dysplastic). One study 
found that patients with only a single small tubular 
adenoma on sigmoidoscopy had < 1% occurrence of a 
proximal high-risk adenoma (35). Two studies suggest 
that the risk of subsequent colon cancer in patients with 

Average-risk individuals 
>50 years old 

Flex sig 

! 20-30% 

Polypoid lesions j 

! 50% 

Adenomas 

67;/ ~% 
I Low-risk I 

Colonoscopy 
(-10% of all flex sigs) 

I High-risk I 

! 
Colonoscopy 

(-5% of all flex sigs) 

Fig. 17. Typical yield from screening flexible sigmoidos
copy program. The necessity of performing 
colonoscopy in patients with low-risk rectosigmoid 
adenomas is debated but results in a tripling of the 
number of colonoscopies (from -5% to 15% of all flex 
sigs) and increases the number of proximal high-risk 
adenomas detected and removed by -2-fold. 



rectosigmoid polyps who do not undergo follow-up 

colonoscopy is low (6, 36); however, both studies have 

methodological problems. More recent studies show a 

3-10% prevalence of high-risk adenomas or carcinoma 

in patients with rectosigmoid tubular adenomas < 1 em 

(37 -39) and stress the importance of colonoscopic evalu

ation in these patients. Data from a recent paper pub

lished in the N. Engl. J. Med. are shown in Fig. 16. 
The overall effect of referring patients with low-risk rec

tosigmoid adenomas for full colonoscopy is to double 

the number of high-risk proximal adenomas detected 

at the expense of tripling the number of colonoscopies 

performed as illustrated in Fig. 17. 

Combination FOBT and flexible sigmoidoscopy 
The American Cancer Society has long recom

mended the combination ofFOBT and sigmoidoscopy 

for average risk individuals. Other U.S. agencies and 5 
surgical and GI Societies now recommend FOBT, flex

ible sigmoidoscopy or a combination of the two for 

this population (3). Only one controlled trial addresses 

the additional benefit of adding FOBT to screening 

sigmoidoscopy (40). Mter 5-11 years offollow-up, 

CRC mortality was lower in patients receiving FOBT 

plus sigmoidoscopy than in those receiving sigmoidos

copy alone. However, the study was nonrandomized 

and compliance with FOBT was only 20% after the 

first year. There are theoretical reasons for recommend

ing the combination ofFOBT and flexible sigmoidos

copy. For example, in one of the FOBT trials discussed 

above, two-thirds of the interval cancers that were 

missed by FOBT were within reach of the flexible sig

moidoscope (24). 

Alternative strategies 
The American Cancer Society ( 4) and the Agency 

for Health Policy Research task force (3) both list air 

contrast BE (presumably in combination with flexible 

sigmoidoscopy) at 5-10 year intervals or colonoscopy 

at 10 year intervals as alternative screening modalities. 

One time colonoscopy in the sixth decade has 

considerable appeal as a CRC screening modality. As 
shown in Fig. 4, a minority of CRCs (<10%) occur 

before age 60, whereas the majority of persons who will 

develop adenomas will have done so by this time. The 

risk of CRC is probably very low in the subsequent 10-
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15 years after a normal colonoscopy. Patients with sig

nificant polyps could have them removed and could be 

entered into surveillance programs. The National Polyp 

Study showed that removing polyps detected at 

colonoscopy decreased the incidence of CRC by 76-
90% relative to various historical control groups and 

eliminated CRC mortality (13). If colonoscopy screen

ing is infrequent, cost-effectiveness compares favorably 

with other methods of screening (41). Obstacles to 

using colonoscopy as a screening test include concerns 

about risk, cost, and availability of resources to per

form population screening as well as the fact that no 

randomized clinical trial has been performed in aver

age-risk individuals to document that screening 

colonoscopy alone can reduce colorectal cancer inci

dence or mortality. Most payers including Medicare 

do not reimburse for screening colonoscopy in aver

age-risk individuals. 

Screening for CRC in persons at increased risk 

Specific genetic syndromes 

Familial adenomatous polyposis (FAP) - Famil

ial adenomatous polyposis (FAP) is an inherited, auto

somal dominant syndrome caused by germ-line muta

tions of the adenomatous polyposis coli (APC) gene 

(42, 43) . FAP typically presents with CRC in early 

adult life (Fig. 18) secondary to extensive adenomatous 

polyps of the colon. Polyps also develop in the upper 

gastrointestinal tract and malignancies may occur in 
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Fig. 18. Cumulative incidence of CRC in patients with 
fami lial adenomatous polyposis or hereditary 
nonpolyposis colorectal cancer compared to that in the 
general population. 



other sites including brain, hepatobiliary tract, adrenal 
glands and bladder. Other extracolonic manifestations 
in FAP include desmoid tumors (44, 45) and congeni
tal hypertrophic retinal pigment-epithelial lesions 
(CHRPE) (46, 47). In the past, patients with 
extracolonic features were treated as a distinct pheno
type labeled Gardner syndrome. However, detailed 
evaluation has shown that most patients with FAP have 
one or more extracolonic manifestations and Gardner 
syndrome is now known to be a phenotypic variant of 
FAP, caused by mutations of the APC gene (43, 48). 
Gardner syndrome and FAP may occur in sibships and 
may be associated with identical pathological mutations 
in the APC gene (49). Clinical diagnosis of FAP is 
usually based on the presence of > 100 colonic ad
enomas. Onset of polyps usually occurs between 10-
40 years of age and, if not treated, CRC develops at a 
mean age of .-39 years (5). Thus, a firm diagnosis of 
FAP can usually be made on clinical grounds even in 
the index case. 

In 1991, the groups ofBert Vogelstein (50, 51) and 
Ray White (49, 52) simultaneously and independently 
announced the identification and characterization of 
the APC gene together with identification of mutations 
in the gene. APC is a large (>300 kD) multifunctional 
protein with distinct sequence motifs that specify in
teractions with diverse protein partners (Fig. 19) (9). 
The central third of APC harbors a series of ~-catenin
binding sites. Using these sites, APC regulates the in-
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tracellular turnover of ~-catenin, a protein involved in 
cellular adhesion, communication, and cell signaling 
pathways linked to apoptosis and cell growth. In addi
tion, the expression of c-MYC oncogene is repressed 
bywildtypeAPC and activated by ~-catenin (53). Thus 
APC mutations lead to overexpression of c-MYC-an 
oncogene long associated with various sorts of cancers
which results in neoplastic growth. This is the first 
example of the loss of a tumor-suppressor gene leading 
to activation of a cancer-promoting oncogene, a sce
nario thought to be prevalent in the initiation of many 
cancers but never previously documented. 

The majority of germ-line APC mutations cause 
truncated products and predominantly occur in the first 
half of the gene (54). Some phenotypic variants ofFAP 
have been specifically associated with distinct mutation 
patterns in the APC gene (9, 43). The occurrence of 
CHRPE is correlated with mutations in the region span
ning exons 9-15 (55), and desmoid tumors are associ
ated with mutations in the region spanning codons 
1444-1578 (45). 

A less severe form ofFAP, attenuated FAP, has been 
recognized in which patients have fewer polyps (usu
ally <100) and a somewhat older age of CRC (55 vs 
39) in affected family member (56-58). The polyps 
tend to be proximal to the splenic flexure. These pa
tients also have mutations of APC and they tend to be 
located at the extreme 5' and 3' ends of the transcript. 
In contrast, a profuse phenotype (>5000 polyps) is as-

Fig. 19. Pathogenic and functional characteristics of APC gene (9). 
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sociated with APC mutations spanning codons 1250-
1464 (59, 60). The correlation between genotype and 
phenotype is not perfect in that identical mutations may 
produce different physical manifestations in different 
patients. This is likely the result of environmental 
modifiers or other genes that interact with the APC 
gene to affect phenotype. 

Turcot's syndrome is characterized by the concur
rence of a primary brain tumor and multiple colo rectal 
adenomas. This association can result from at least 2 
distinct types of germline defects: mutation in the APC 
gene, which is responsible for FAP, or mutations in 
mismatch repair genes (61). APC mutations were as
sociated with meduloblastomas, whereas glioblastoma 
was the brain tumor in most cases with mismatch re
pair gene mutations. 

Recommendations for CRC surveillance in persons 
with a family history of FAP are outlined in Fig. 20. 
All at-risk individuals should undergo genetic counsel
ing and consider genetic testing. Commercially avail
able genotyping for FAP became available in 1994 with 
the development of the in vitro-synthesized protein as
say or protein truncation assay (62) . This test takes 
advantage of the finding that most APC gene muta
tions result in stop codons leading to truncation of the 
APC gene product (Fig. 21). In the protein truncation 
assay, DNA from the tested person's blood is amplified 

Fig. 20. Recommendations for CRC screening in 
persons with a family history of familial adenomatous 
polyposis. 
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Fig. 21. The in vitro-synthesized protein or protein 
truncation assay for detecting mutations in the APC 
gene. 
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and transcribed into RNA, the RNA is translated into 
protein, and then the protein is analyzed by gel electro
phoresis. A normal person's 2 normal alleles produce 1 
band. Patients with FAP, however, produce 2 bands; a 
full-length protein from the normal allele and a trun
cated protein from the mutated allele. The test identi
fies an APC gene mutation in ..-80% of PAP-affected 
pedigrees (62). Genetic testing should be performed 
first on the proband or an affected family member. If 
the in vitro-synthesized protein assay does not reveal a 
truncated gene product in the proband, the test is not 
informative and there is no point in testing other fam
ily members using this assay. On the other hand, if a 
germline APC gene mutation is documented in a pedi
gree, genotyping of at-risk relatives has virtually 100% 
positive predictive value and 100% negative predictive 
value. In this setting, half of at-risk family members 
have a negative test ruling out the diagnosis. These 
individuals and their children can forego the intensive 
endoscopic surveillance described below. There is no 
point in performing genetic testing on at-risk individu
als before age 10-12 since cancer (and even polyps) rarely 
develops before puberty. Genetic testing can also be 



used in combination with in vitro fertilization tech
niques to allow the selection and transfer of only unaf
fected embryos to the uterus (63). The use and inter
pretation of APC gene testing has been evaluated in a 
nationwide survey of 177 patients (64). Impressively, 
~80% of patients tested had a valid indication and ap
propriate testing strategy. However, only 18% had pre
test counseling and only 16% gave informed consent. 
Moreover, if not for intervention, 30% of patients would 
have received an incorrect test interpretation, ie., that 
the test was negative rather than noninformative (a 
negative result without a positive result in an affected 
family member). Commercially, LabCorp in Research 
Triangle Park, N.C. offers APC gene testing. 

At-risk persons who have a positive or indetermi
nate genetic test or who do not undergo genetic testing 
should be offered yearly flexible sigmoidoscopy begin
ning at about 12 years of age. After age 40 the screen
ing interval can be reduced to every other year. Procto
colectomy should be recommended for patients who 
develop polyposis (3, 5). In addition, endoscopic evalu
ation of the upper GI tract should be carried out q 1-3 
years. If a diagnosis of attenuated FAP is made (see 
above) colonoscopy rather than flexible sigmoidoscopy 
should be advised for surveillance because of the right
sided distribution of polyps in these families (56-58). 

Hereditary nonpolyposis colorectal cancer 
(HNPCC)- HNPCC (previously known as Lynch syn
drome or cancer family syndrome) is characterized by 
early onset of colorectal cancer (average age at diagno
sis is 45 years), an increased proportion of proximal 
(right-sided) colon cancers (~ 70% proximal to splenic 
flexure), and an increased risk for other cancers, mainly 
endometrial but also ovarian, gastric, urinary tract, small 
bowel and bile duct (65). Variants include Turcot's syn
drome (HNPCC or FAP plus brain tumor as discussed 

Table V. Amsterdam criteria for diagnosing hereditary 
nonpolyposis colorectal cancer (66). 

• 3 or more family members with colorectal cancer, one 
a first-degree relative of the others 

• 2 or more generations affected 

• 1 or more patients <50 years of age at time of diagnosis 
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above) and Muir-Torre syndrome (HNPCC plus seba
ceous adenomas, sebaceous carcinomas and keratoacan
thomas). HNPCC is inherited in an autosomal domi
nant fashion. 

HNPCC is the most common hereditary colon 
cancer syndrome and is thought to account for up to 
5% of all CRC. Efforts to document the frequency of 
HNPCC have been handicapped by the fact that until 
recently the diagnosis rested on descriptive criteria. In 
an effort to standardize reporting of putative families, 
an international panel meeting in Amsterdam put forth 
a list of criteria that must be satisfied for a diagnosis of 
HNPCC (Table V)(66). The Amsterdam criteria re
quire: (1) at least 3 relatives with histologically verified 
colorectal cancer with one being a first-degree relative 
of the others, (2) at least 2 successive generations af
fected (3) at least one relative with colorectal cancer 
diagnosed before age 50, and (4) FAP excluded. The 
Amsterdam criteria are fairly restrictive. Small families 
are not likely to meet criteria for diagnosis and 
extracolonic malignancies, which clearly are an impor
tant component of the syndrome, are not given any 
diagnostic weight. 

The molecular basis of HNPCC involves genetic 
instability resulting from defective mismatch repair 
(MMR). DNA replication fidelity is enhanced by a 
system that identifies, excises, and corrects mismatched 
sequences. Mismatches arise during DNA replication 
either by incorrect base pairings or by slippage of DNA 
polymerase on the template strand (9, 67). To date, 6 
human genes that appear to participate in the MMR 
process have been identified (MLH1, MSH2, MSH3, 
MSH6, PMS1 and PMS2). The working hypothesis is 
that mismatch repair genes function like tumor sup
pressor genes so that heterozygous cells have normal or 
nearly normal repair activity but loss or mutation of 
the wild-type allele in persons who inherit a mutation 
of the other allele resulting in cells with defective mis
match repair. Germ line mutations in five of these genes 
(MLH 1, MSH2, MSH6, PMS 1 and PMS2) have been 
identified in HNPCC kindreds. To date more than 
120 germline mutations have been identified in these 
genes with the vast majority in MLH1 and MSH2 (68). 
Although the mutator defect that arises from the MMR 
deficiency can affect any DNA sequence, microsatellite 
sequences are particularly sensitive to MMR abnormali-



nes. Microsatellites are repeating sequences that are 
distributed throughout the human genome. Their func
tion is unknown, but they are useful in genetic linkage 

studies because of their high degree of polymorphism. 
It was found that virtually all CRCs in HNPCC fami
lies had microsatellite instability, ie., the length of the 
microsatellites varied between tumor DNA and 
nontumor DNA from the same patient. Microsatellite 
instability is therefore a useful indicator of defective 
MMR. In addition to its occurrence in virtually all 
tumors from HNPCC patients, microsatellite instabil
ity occurs in a small fraction (10-15%) of sporadic CRCs 
(69). 

Mismatch repair-deficient cells accumulate muta
tions at a rapid rate. Although mutations seem to oc
cur in the same oncogenes and tumor suppressor genes 
(APC, K-ras, p53 etc) as sporadic CRC, certain muta
tions are characteristic of tumors with microsatellite in
stability. For example, 90% ofCRCs with microsatellite 
instability have frameshift mutations of the TGF-~ type 
II receptor gene (70). TGF-~ inhibits the growth of 
colon epithelial cells. If the receptor is inactivated, 
growth inhibition cannot be accomplished. This re
ceptor may be preferentially mutated in patients with 
defective mismatch repair because the gene contains a 

Fig. 22. Relative effects of mutations in APC and DNA 
mismatch repair genes on carcinogenesis (11). In FAP, 
mutations in APC lead to the development of hundreds 
of adenomas. Because of their great numbers, some 
adenomas are virtually guaranteed to progress to 
cancer. In HNPCC, adenomas develop at about the 
same rate as in patients with sporadic adenomas, but a 
higher percentage of these progress to cancer. Thus, 
APC mutations markedly increase tumor initiation 
whereas mismatch repair deficiency accelerates tumor 
progression. 

HNPCCI Normal I r IAdenomal-+1 Cancer I 
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stretch of 10 consecutive A bases and such long-repeat 
sequences are particularly prone to mismatch errors. 
Similarly, >50% of CRCs with microsatellite instabil
ity contain frameshift mutations in the BAX gene as a 
result of insertion or deletion of a single nucleotide in a 
poly G tract (71). Inactivation of BAX, which is in
volved in apoptosis, could provide a growth advantage. 

Patients with HNPCC form adenomas at about the 
same rate as the general population, although adenomas 
may appear at a younger age. There is also good evi
dence that adenomas are the precursor lesion for CRC 
in HNPCC, just as they are in the general population. 
However, whereas the rate of progression from polyp 
to carcinoma in the general population is usually slow, 
with an estimated course of 10-15 years, adenomas in 
HNPCC progress to carcinoma at a more rapid rate. 
Loss of DNA mismatch repair in HNPCC has little or 
no effect on tumor initiation, but progression is accel
erated (Fig 22). The dwell time is shorter and the polyp 
to cancer ratio is decreased. In HNPCC it is estimated 
that a cancer is prevented for every ~3 polypectomies 
(72) whereas in the general population ~50-1 00 
polypectomies are necessary to prevent one cancer (13). 
Importantly, from a clinical standpoint, the presence 
or absence of colonic adenomas, unless they occur at a 
very young age (<35 years), does not help identify af
fected individuals. Even in known HNPCC families, 
the discovery of an adenoma in a family member whose 
gene status is unknown does not confirm affectedness. 

The finding that HNPCC is the result of germline 
mutations mismatch repair genes offers the potential 
to detect asymptomatic carriers with subsequent can
cer prevention through surveillance or prophylactic 
colectomy. The question is: How frequent are germline 
mutations in mismatch repair genes and who should 
be tested for them? This question is further compli
cated by the difficulty and expense of screening for mu
tations in the mismatch repair genes. As noted above, 
over 120 mutations have been identified so far. Al
though most identified mutations are in 2 genes (MLH1 
and MSH2), there is little clustering of mutations mak
ing it necessary to screen exon by exon (19 in MLH1 
and 16 in MSH2) to make an accurate diagnosis (68). 
In contrast to FAP, where the vast majority of muta
tions result in a truncated protein, missense substitu
tions account for a sizable fraction of the identified mu-
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~ 100 No Endometrial Cancer Endometrial Cancer few MMR gene mutations, most of which 
have been identified (79). Germline MMR 
gene mutations are found in only ~2% of pa
tients with sporadic CRC (69). The major 
factors that predict germline MMR gene 
mutations are fulfillment of Amsterdam cri
teria, family history of endometrial cancer and 
age <35 (81 and Fig. 23). It appears that 
extracolonic cancers may be more common 
in families with mutations ofMSH2 than in 
families with mutations in MLHl (84). 
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Fig. 23. Probability of mutation in mismatch repair genes as a 
function of mean age of diagnosis of CRC within families fulfilling 
Amsterdam criteria for HNPCC and in families having a dominant 
pattern of CRC transmission but not fulfilling Amsterdam criteria 
(81 ). 

As shown in Table VI, HNPCC families 
fulfilling Amsterdam criteria are most likely 
to have an identifiable germline mutation. 
These patients should be offered genetic 

rations in HNPCC making the protein truncation as
say of limited value (73, 74) . In HNPCC, the major
ity of tumors will show microsatellite instability but 
this is also true of 10-15% of sporadic CRCs (69) . 

Genetic testing for mutations in mismatch repair 
genes has been carried out in a variety of groups rang
ing from sporadic CRC to HNPCC families meeting 
Amsterdam criteria. The results of these studies are 
summarized in Table VI (46, 69, 73, 75-82). In this 
country, gerrnline MMR gene mutations are found in 
only about 50-70% of families meeting Amsterdam 
criteria for HNPCC despite the fact that CRC in most 
of these families show tumor microsatellite instability. 
This suggests that mutations in other genes involved in 
MMR, mutations in noncoding sequences or 
hypermethylation (83) may account for defective MMR 
in these patients. In small relatively homogeneous coun
tries like Finland, HNPCC is caused by one of only a 

counseling and are candidates for genetic test
ing. The youngest affected individual would be the 
best candidate for initial testing. The technique that is 
currently used for gene testing in HNPCC is to am
plify and analyze all exons of the MMR genes (starting 
with MSH2 and MLHl which account for the major
ity of known mutations) by direct sequencing. In some 
strategies, exons are first analyzed by two-dimensional 
denaturing gradient gel electrophoresis (detects ~90% 
of point mutations) or in vitro-synthesized protein as
say (detects ~65% of known mutations) . Such an analy
sis is time-consuming, costly and not readily available 
through commercial labs. Of the 50 or so NCI-desig
nated cancer centers, several offer genetic testing for 
HNPCC as part of ongoing studies or on a commer
cial basis. Examples include the cancer centers at Uni
versity of Pennsylvania, Creighton, Memorial Sloan
Kettering, Johns Hopkins and Ohio State. 

As also shown in Table VI, patients with a family 
history suggesting HNPCC (autosomal 

Table VI. Results of testing for tumor microsatellite instability and 
germline mismatch repair gene mutations in patients with colorectal 

dominant pattern but not formally meet
ing Amsterdam criteria), and patients who 
develop CRC at a very young age may also 
be candidates for genetic testing based on 
the frequency of gerrnline mutations in these 
settings. In patients who lack a family his
tory fulfilling Amsterdam criteria it is prob
ably useful to use tumor microsatellite in
stability to select out those who are most 
likely to benefit from genetic testing (69, 

cancer (46, 69, 73, 75-82). 

Tumor microsatellite 
Phenotype instability 

HNPCC (Amsterdam+) 80-95 

Strong Fmly Hx 15-40 

Age <35 - 50 

AIICRC 10-15 

% 

Germline MMR gene 
mutation identified 

30-86 

7-60 

-25 

2 77) . Maintenance of patient confidential-



• Genetic counseling 
• Consider genetic testing 

Genetic testing positive, indeterminate or 
not done 

• Colonoscopy q 1-3 years beginning at 
age 20-25 

• Endometrial cancer surveillance beginning 
at age 25-35 

Fig. 24. Recommendations for CRC screening in at
risk members of HNPCC families or patients with an 
HNPCC-associated mutation (86). 

ity is a key issue associated with genetic testing for can
cer susceptibility genes that has yet to be fully resolved. 
Lynch et al have reviewed their experience with genetic 
testing in HNPCC families (65, 85). Genetic testing 
is clearly not as straightforward in HNPCC as in FAP. 
In contrast to FAP, HNPCC cannot be diagnosed in 
an individual based on colonoscopic findings. More
over, genetic testing is not perfectly predictive of an 
individual's risk of developing the disease. Existing tests 
for HNPCC fail to detect mutations in 20o/o to 40o/o 
of individuals who have HNPCC fulfilling Amsterdam 
criteria. Being positive for the mutation doesn't abso
lutely mean that the individual will develop the disease 
as about 20o/o of people who carry the mutation never 
develop the disease or do so late in life. 

Current recommendations for surveillance in at
risk members of HNPCC families or patients with 
HNPCC-associated mutations are summarized in Fig. 
24 (86) and includes a colonoscopy every one to three 
years beginning at age 20-25. The risk of second 
(metachronous) CRC is high in patients with HNPCC: 
30o/o at 10 years and 50o/o at 15 years following seg
mental resection of CRC. Therefore, patients who de
velop CRC should consider subtotal colectomy (with 
continued surveillance of rectal segment) or total 
proctocolectomy. Women from families with endome
trial and/or ovarian cancer should consider bilateral 
oopherectomy and hysterectomy, especially if post-
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menopausal. Patients with polyps or known gene car
riers without polyps may want to consider prophylac
tic colectomy as well. 

While colonoscopy for detection of adenomas and 
cancer is believed to be beneficial (87, 88), there is no 
proof yet that endoscopic surveillance can reliably and 
indefinitely prevent cancer in these high-risk patients. 
A 1 0-year prospective study does show a significant re
duction in CRC in subjects undergoing surveillance at 
3-year intervals compared to those refusing colonoscopy 
or BE (89). Interestingly, for a given stage of CRC, 
survival is better in patients with HNPCC than in pa
tients with sporadic CRC (72). 

One or two first-degree relatives with CRC 
Case-control studies show that people with close 

relatives with CRC have an increased risk of CRC and 
tend to develop CRC at a younger age as shown in Fig. 
25 (14-16). Risk is increased ~two-fold in patients 
whose index family member was over the age of 55 at 
the time of cancer diagnosis and is increased 3- to 4-
fo ld if the index case developed CRC before age 55 
(Fig. 26)(14). Risk for CRC is also increased if a first
degree relative has adenomatous polyps, especially if 
they were diagnosed before age 50-60 (18, 82). Cur
rent guidelines are summarized in Fig. 27 and suggest 
that people who have a single first-degree relative diag
nosed with CRC or adenomatous polyps after 55-60 
years of age should undergo the same screening as aver
age-risk patients but starting at the age of 40 rather 
than 50 (3, 4). People who have a first-degree relative 
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Fig. 25. Cumulative incidence of CRC according to 
age in the presence of absence of a family history of 
CRC (16). 
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Fig. 26. Risk of CRC in presence of a positive family 
history of CRC in a first-degree relative (16) . 

who was diagnosed with CRC or adenomarous polyps 
before 55-60 years of age or who have 2 or more first
degree relatives with CRC or adenomas should prob
ably undergo colonoscopy (preferred) or ACBE!flex
ible sigmoidoscopy q5 years beginning at age 40 or 10 
years before the youngest case in the family although 
there are no studies that address the effectiveness of this 
approach. 

Personal history of CRC 
Patients who develop CRC are at increased risk for 

both synchronous and metachronous neoplastic lesions, 
in addition to recurrent disease. In patients with CRC, 
the reported rate of synchronous cancers is 2-5% and 

First-degree relative(s) with CRC 
or adenomatous polyps 

/ 
Neoplasm in index 

case> age 55 

! 
Same as average risk 

but begin at age 40 

Neoplasm in index case 
< age 55 or 2 f1rst-degree 

relatives with CRC 

1 
Colonoscopy q 3-5 years 
beginning 1 0 yr before 
neoplasm in index case 

Fig. 27. Recommendations for CRC screening in 
patients with 1 or 2 first-degree relatives with CRC or 
adenomatous polyps. 
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of adenomas is 25-40%. Similarly, after a curative re
section, subsequent development of metachronous 
colorectal cancer has been reported to occur in 3-8% 
and adenomas in 25-40% of patients. The primary 
goal of postsurgical surveillance is to clear the colon of 
missed synchronous and subsequent metachronous 
adenomas. There is no evidence that the polyp to can
cer progression is more rapid in patients with a history 
of colon cancer. Current recommendations for sur
veillance after curative-intent segmental resection of 
CRC are for a full colonoscopy pre- or post-operatively 
to clear colon of synchronous lesions followed by 
colonoscopy in 3 years, and if normal every 5 years 
thereafter (3, 4). 

Prior history of adenomatous polyps 
Much debate and some controversy exist regarding 

the follow-up surveillance of patients who have had 
adenomatous polyps removed. The National Polyp 
Study showed that colonoscopic polypectomy greatly 
reduces the expected incidence of CRC (13) and that 
follow-up colonoscopy can be deferred for at least 3 
years (90). Moreover, if the first surveillance 
colonoscopy was negative, subsequent examinations 
were highly unlikely to reveal further adenomatous 
polyps (90). Another more recent study in patients 
with adenomatous polyps showed that following 
colonoscopic polypectomy, the yield for clinically im
portant adenomas at a 4-year follow-up colonoscopy 
was very low (91). It is likely that follow-up colonoscopy 
could be deferred for 5 to 10 years or even longer with 
minimal loss of the protective effect but this has not 
been proved. Obviously, the frequency of colonoscopic 
follow-up of patients found to have adenomatous pol
yps will strongly influence the overall cost of the screen
mg program. 

Current recommendations suggest that patients in 
whom high-risk (> 1 em, villous or severely dysplastic) 
or multiple (usually defined as 3 or more) adenomatous 
polyps are found and removed at colonoscopy should 
have follow-up colonoscopy in 3 years and if normal, 
or only a single small tubular adenoma is found, fol
low-up colonoscopy in 5 years. In some cases (polyp 
with invasive cancer, large sessile polyp, many ad
enomas) a shorter interval may be necessary. 
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Inflammatory Bowel 

Nthough < 1% of all CRC cases occur in patients 
with idiopathic inflammatory bowel disease (ulcerative 

colitis, Crohn's disease), the increased relative risk and 
excess mortality from CRC in this population appears 
to justify surveillance for CRC. The cumulative inci
dence of CRC in patients with inflammatory bowel 

disease is increased in proportion to the duration and 
anatomic extent of the disease. The risk is low in the 
first decade; thereafter the cumulative incidence in
creases at a rate of about 0.05% per year (Fig. 28). Pa

tients with pancolitis or inflammation extending proxi

mal to the splenic flexure are at greatest risk. The risk 
of CRC is higher in patients seen at tertiary referral 
centers than in patients seen in the primary care setting 
{who presumably have less extensive disease). Although 
the increased risk of CRC in chronic ulcerative colitis 

has long been recognized, it is now believed that for a 
similar duration and extent of colonic disease, the in
creased risk for CRC is similar in Crohn's colitis and 

ulcerative colitis. CRC associated with inflammatory 
bowel disease manifests the same spectrum of somatic 

gene mutations as sporadic cancer and similar genetic 
factors appear to affect the development ofCRC in both 
settings (92). Thus, a family history of sporadic CRC 

increases the risk of CRC in patients with inflamma

tory bowel disease. Similarly, CRC in a patient with 
inflammatory bowel disease increases the risk of spa-
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radic CRC in noncolitic relatives. 

As in precancerous adenomas, dysplasia is a pre

cursor to carcinoma in inflammatory bowel disease (93). 

Dysplasia is classified by grade as mild (low-grade) or 

severe (high-grade). Retrospective analyses report that 

90% of colons from patients with ulcerative colitis and 
cancer contain dysplastic mucosa. About 40% of pa

tients with severe rectal or colonic dysplasia have or 
will shortly develop carcinoma. The aim is to identify 

patients at high risk by detecting high-grade dysplasia 

and then to prevent mortality by recommending colec

tomy. Unfortunately, low-grade dysplasia is also pre

dictive of cancer with 19% of those patients having or 
developing cancer. Moreover, dysplasia can be patchy 
and difficult to define and grade, especially in the set
ting of inflammation. 

Nthough there are no prospective randomized tri
als to support surveillance for CRC in patients with 
inflammatory bowel disease, two retrospective studies 
suggest reduced mortality in patients participating in a 
routine surveillance program (94, 95). Current guide

lines suggest that surveillance colonoscopy begin after 
~8 years of pancolitis or 15 years of disease limited to 
the left colon and that colonoscopy be repeated at 1-2 
year intervals (3, 4). Biopsies are typically taken in all 
4 quadrants of the colon at 10 em intervals. 

Hamartomatous polyposis syndromes 
Peutz-Jeghers syndrome is a dominantly inher

ited disorder characterized by melanin pigmented 
macules on the lips and mucous membranes, multiple 

gastrointestinal polyps and an increased risk of benign 
and malignant neoplasms of the GI tract and other or
gans. Patients typically develop symptoms in the sec
ond or third decade when the polyps become large 
enough to bleed or cause intussusception or obstruc
tion. The gene responsible for Peutz-Jeghers syndrome 
was recently identified and encodes a novel serine threo
nine kinase (LKB1) that apparently functions as a tu

mor suppressor gene (96). The relative risk of a Peutz

Jeghers patient developing a maiignancy is 18 times 
greater than expected in the general population (97). 

Juvenile polyposis coli is also dominantly inherited 

and is characterized by the development, throughout 

the GI tract, of hamartomatous polyps (histologically 
different from Peutz-Jeghers polyps). Patients usually 



present in the first decade of life with bleeding, diar
rhea or protein-losing enteropathy. The risk of devel
oping a GI malignancy (especially colon cancer) is in
creased, ranging from 10-50% depending on the fam
ily (98, 99). Juvenile polyposis coli is due to germline 
mutations in genes encoding SMAD4 (a cytoplasmic 
signal transduction molecule in the TGF-~ pathway 
that mediates growth inhibitory effects)(99) or PTEN 
(a dual-specificity phosphatase that likely affects a host 
of processes)(lOO). Patients with a diagnosis ofPeutz
Jehgers syndrome or juvenile polyposis should undergo 
upper and lower endoscopy every 3-5 years to remove 
large, dysplastic or bleeding polyps. 

Current Medicare policy 

In 1997 Health and Human Services approved 
CRC screening for Medicare patients and coverage was 
expanded in 1998. Medicare now covers FOBT q12 
months and screening flexible sigmoidoscopy q 48 
months for those over 50. Screening colonoscopy is 
covered at a frequency of q 24 months for those at high 
risk for CRC. High risk is defined as first-degree rela
tive with CRC, personal history CRC, family history 
ofFAP or HNPCC, or inflammatory bowel disease in
volving the colon. 

Cost effectiveness 

Several cost-effectiveness analyses, including one 
recently prepared by the Office ofTechnology Assess
ment of the U.S. Congress, have concluded that any of 
the screening options for average-risk persons can cost 
less than $20,000 per year of quality life saved, a figure 
comparable or better than that for other commonly ac
cepted preventive screening modalities such as breast 
or cervical cancer screening (41, 101, 102). The cost 
of not screening for CRC is substantial. In rough fig
ures, the cost of treatment for CRC is ..... 2.5 billion per 
year. The cost of screening including surveillance 
colonoscopy for those found to have adenomas would 
be about the same if compliance was 100%. Early de
tection of CRC, as is the goal of FOBT, has relatively 
little effect on the costs of treating CRC. However, the 
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detection and removal of premalignant adenomas of
fers the potential to markedly reduce the incidence, and 
thus the cost, of caring for CRC (23). For this reason, 
modeling studies show that one time colonoscopy with 
polypectomy is both the most effective strategy for re
ducing CRC mortality and comparable in cost to other 
CRC screening strategies ( 41). 

Primary prevention of CRC 

Several lines of evidence suggest that environmen
tal factors are important in the pathogenesis of CRC 
(12). There is marked geographic variation in CRC 
rate with > 1 0-fold difference between countries with 
the highest and those with the lowest rates. All high
risk countries consume a diet high in total fat and in 
animal fat and protein and low in fruits, vegetables, 
and fiber. Moreover, numerous migration studies have 
shown that emigrants from low-risk countries to high
risk countries assume the higher risk of their new coun
try within a generation as they "Westernize" their di
ets. Other lifestyle factors that are related to a higher 
risk ofCRC are excess caloric intake/inactivity/obesity, 
excess alcohol and smoking. The National Cancer In
stitute makes the following recommendations (103). 
Americans should eat a diet that is low in total fat, and 
high in fruits, vegetables and fiber. Specifically, fat 
should not exceed 25-30% of total calories. The diet 
should contain substantial amounts and varieties of 
fruits and vegetables-cruciferous vegetables (cabbage, 
broccoli, cauliflower, and Brussels sprouts) may be es
pecially beneficial. Total fiber intake should equal20-
30 grams a day (104). Total caloric intake should not 
exceed energy requirements, so that normal body weight 
consistently is maintained. People should avoid smok
ing and excessive alcohol ingestion. The effect of this 
type of diet on a variety of endpoints including colon 
cancer is being tested in a large NIH-sponsored trial, 
The Women's Health Initiative. 

Cancer chemoprevention is defined as the use of 
specific compounds to prevent, inhibit or reverse car
cinogenesis. A number of compounds have been shown 
to have chemopreventive activity in animal models of 
CRC including calcium, aspirin and NSAIDs, and sev
eral vitamins (vitamin C, vitamin E, folate and ~-caro
tene). Epidemiological and case-control data suggest 
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that these may also be protective in humans. Con
trolled clinical trials are ongoing to test these com
pounds but the data available to date are either nega
tive or equivocal and do not support the routine use of 
these compounds for CRC prevention in the general 
population at this time (1 05, 1 06). 

To date, the most promising data have come from 
studies of aspirin and NSAIDs. Waddell and Loughry 
were the first to make the connection between NSAIDs 
and colon cancer ( 1 07). They observed the disappear
ance of rectal polyps in a patient with Gardner syn-

drome and attributed this to treatment with sulindac, 
an NSAID that was given for unrelated reasons. 
Sulindac was subsequently shown in controlled trials 
to reduce the number and size of colorectal adenomas 
in patients with FAP, although the effect was incom
plete (108, 109). Evidence for the role of COX2 in 
carcinogenesis was obtained when mice carrying an 
APC gene mutation were bred to mice with a disrupted 
COX2 (Ptgs2) gene. Animals homozygous for wild type 
COX2 developed an average of 652 polyps at 10 weeks 
while heterozygotes had 224 polyps and homozygously 

Table VII. Summary of current recommendations for CRC screening (3-5). See Figs. 14, 20, 24, 27 and text for 
more details. 

Risk category 

Average-risk* 

CRC or adenomas 
in 1 first-degree 
relative >55-60 y/o 

CRC or adenomas in 
2 first-degree relatives 
or 1 <55-60 y/o 

Personal hx CRC 
or adenomas 

IBD-pancolitis 
IBD-distal colitis 

Family hx FAP 

Family hx HNPCC 

Age to begin 

50 

40 

40 or 10 yrs 
before index 

case 

At initial 
diagnosis 

after 8-10 yrs 
after 12-15 yrs 

-12 

20-25 

Screening tests 

Average Risk 

FOBT 
and/or 

Flex Sig 

Increased Risk§ 

Same as 
average-risk 

Colonoscopy 

Colonoscopy 

Colonoscopy/bx 
Colonoscopy/bx 

Consider genetic test: 
Flex sig if genetic test pas, 

indeterm or not done 

Consider genetic test: 
Colonoscopy if genetic 
test pas, indeterm or 

not done 

Frequency 

Yearly 

q 5 yrs 

Same as 
average-risk 

q 5 yrs 

q 3-5 yrs 

q 1-2 yrs 
q 1-2 yrs 

yearly 

q 1-3 yrs 

Comment 

Medicare pays 

Medicare pays 

Proctocolectomy 
and endo q 1-3 yrs 

if polyposis 

Endometrial 
screening 
beginning 
age 25-35 

*Colonoscopy q 1 0 yrs or ACBE/flex sig are alternatives for average-risk persons but no clinical data to support these 
strategies and Medicare doesn't cover. 

§Medicare will cover colonoscopy every 2 years in all situations listed as "increased risk". 
FOBT, fecal occult blood test; CRC, colorectal cancer; lBO, inflammatory bowel disease; FAP, familial adenomatous 
polyposis; HNPCC, hereditary nonpolyposis colorectal cancer 



deficient mice had only 93 polyps, raising hopes that 
COX2-selective inhibitors may be effective in 
chemoprevention of colon cancer (110, 111). 

Despite the fact that aspirin/NSAIDs are highly 
active chemopreventive agents in animal models, and 
appear to be protective against CRC in dozens of co
hort and case-control clinical studies, the only published 
randomized clinical trial showed that aspirin did not 
reduce the incidence ofCRC in male physicians (112). 
This study can be criticized because of the relatively 
short treatment period and relatively low dose of aspi
rin; however, case-controlled studies have suggested that 
aspirin would be protective under these conditions. At 
present, it is premature to recommend aspirin/NSAIDs 
for the primary prevention of CRC, at least in average
risk individuals. 

Conclusions 

Colon cancer is a prevalent disease with substantial 
morbidity and mortality. Randomized, controlled tri
als have shown with certainty that screening reduces 
mortality from CRC in average-risk populations and is 
cost-effective relative to other commonly accepted pre
ventive interventions such as screening mammography. 
It is important to identify high risk families as this will 
change the approach to more aggressive screening be
ginning at an earlier age. 

Adenomatous polyps are the major neoplastic find
ing in most screening programs and evidence demon
strates that removal of adenomas reduces the incidence 
ofCRC. Thus, CRC appears to be uniquely suited for 
screening because, in contrast to most malignancies, it 
usually exists in an easily detectable, readily curable pre
clinical stage for many years. 

Nevertheless, few Americans participate in routine 
screening programs. In the past, differences in opinion 
among professional groups about colorectal cancer 
screening have been a barrier to colorectal cancer pre
vention. However, a growing consensus now exists 
that even though we do not yet have trial data to com
pare precisely the various methods for screening, there 
is both a compelling case for screening and a reason
able set of methods that clinicians and patients can con

sider. 
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