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As the third leading cause of cancer cases and deaths in the United States, colorectal cancer
has been an area of intense interest. The objectives of this article are, through a review of the
literature published between 1995 to 1998, to examine current trends in the epidemiology of
colorectal cancer, new information on genetic, dietary, and other risk factors; to evaluate the
effectiveness of current screening guidelines for various populations; to review information on
chemoprevention; and finally to examine new concepts on the horizon in the area of colorectal
cancer research. Much of the recent research in the field has focused on etiology, dietary, and
other risk factors. Many genetic factors have been discovered, which serve to elucidate the
mechanism of pathogenesis of colorectal cancer as well as offer possible targets for treatment
strategies. Dietary and risk factors for colorectal cancer may pave the way for chemoprevention.
In light of the most recent information on colorectal cancer, one is able to more accurately assess
current screening guidelines for their effectiveness in all populations based on epidemiologic
data, as well as evaluate more novel screening strategies for their possible utility in the future. In
addition to a review of the most up-to-date literature, the authors also provide their recommen-
dations for screening based on the evidence in which the review of the literature provides.
Finally, current and future treatment options are discussed. It is our hope that the physicians will
find this review useful in the evaluation and care of patients at risk of developing colorectal
cancer. (J Natl Med Assoc. 2000;92:222-230.)
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The field of colorectal cancer research has seen
many advances over the past decade in the charac-
terization of the disease through its epidemiology,
possible etiologies, and molecular genetics. These
new advances will necessarily affect previously ac-
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cepted views on treatment and screening guidelines
for colorectal cancer. Although the efficiency and
cost effectiveness of various screening modalities is
still being debated, this article will approach the
subject through a review of the most recent findings
in this area of research. Our goals are to objectively
examine current trends in the epidemiology of colo-
rectal cancer, new information on genetic, dietary
and environmental risk factors, effectiveness of cur-
rent screening guidelines for various populations,
the possible role of chemoprevention, and finally
what is on the horizon in the field of colorectal
cancer research. It is our hope that this article will
provide the primary care physician with a thorough
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review of the pertiinenit information that will enable
him oC)r lheI to arrive at a diagnosis, treatment, suLb-
sequenit couniseliihg, anid follow-up plan that is imost
appropriate for an individual patienit.

EPIDEMIOLOGY
(Colorectal cancei- is estimiiated to be the third

leadiing site of new caincer cases, preceded by pros-
tate and lung in men, and by breast and lunig in
W0om1enl.' This translates to 131,600 predicted cases
of colorectal cancer in 1998; 95,600 dtue to cancer of
the colon and 36,000 dtue to cancer of the rectum.
These nutmiibers reflect a decrease in incidence fromn
53 per 100,000 in 1985 to 44 per 100,000 in 1994.'
Demographic data stuggest that colorectal cancer is
priimcarily a disease of older populationis (>55) ex-
cept in cases of familial syndromes in wvhich patients
may preseint in their 30s or youinger, suLch as hered-
itaiv nonpolyposis colorectal cancer (HNPCC.),
wvhich accoutnits for approximately 4% to 6% of colo-
rectal cancers.2 It has beeni showvn that incidence
of colorectal cancer is directly related to increases in
body mass index (BMI).4 There are also anatomiiic,
race, anid gender variations in the incidence and
distributtion of colorectal cancer that may have a
significanlt impact on futture scireening practices anid
recommenidations. Blacks anid womeni are more
likely to (levelop disease proximally, whereas Asians
have a predominan-ce of rectal lesions anid whites
and non-wvhite Hispanics have a large proportion of
left-sided lesions.7 In the United States, black meni
have the highest incidence (per 100,000) of colo-
rectal cancer at 523.2 folloNwed by wvhite meni at
427.2, white wvomilen at 334.5, anid black woImlenl at
322.5.'

It is expected that 56,500 will die of colorectal
canicer- in 1998, wvhich places the disease third in
leadiing sites of cancer death in both Imen anid
wvomeni anid represenits a 25% decrease in mortality
for woimeni anid a 13% decrease for men.' This rate,
however, does not apply to all grotups. Although
blacks in the United States are more likely to die
fronm cancers in general than any other group,' this
does niot appear to be the case in colorectal cancer.
In fact, according to the Anmericani Cancer Society,
there are no differences betwveen whites, blacks, and
Asiani and Pacific Islanders in America." 7 Howvever,
wkhen adjulsted for age there are somne differences.
Age-adjusted mortality by race in the United States
(per 100,000) is approximately 27.6 for black men,

24.2 for wvhite mien, 20.8 for black women, and 16.4
for white womefl.2 According to Gore, this sulggests
three levels of canicer risk, the highest being com-
priseci of Africani-Am-iericans, whites, and Japanese
Amer-icanis, the intermiiediate level being comprised
of Chinese and Filipino Amer-icanis, the lowest level
being comprised of Mexican and Native Amnericans.
(Gore's premise2 is supported by the ACS.' The ACS
predicts an inicrease in incidenice andc mortality due
to colorectal cancer- in wonmen compared to mien.'
This is in contrast to information presented by Brei-
vik et al.,8 which suggests that post-mnenopauisal hor-
monie replacemienit therapy (PMHRT) is protective
an(d leads to a decreased incidence in women who
are taking PMHRT. However, it must be noted that
the final data regarding colorectal canicer incidence
and PMHRT has not yet beeni definitively inter-
preted. Understanding the changes in the epidemi-
ology of colorectal cancer is an integral componient
in the decision-mnakinig process when setting guide-
lines and recommendations.

ETIOLOGY, DIETARY, AND RISK FACTORS
Genetic Factors and Polyposis Syndromes

Many genetic factors and polyposis syndromies
have been implicated in the etiology and pathogen-
esis of colorectal cancer. Foreimost amon-g the ge-
netic tfactors thouight to play a role in the develop-
ment of colorectal cancer are the p53 tumor
suLppressor gene, the gene deleted in colorectal can-
cer (DC(,), and the proto-oncogenie K-nrs. It is be-
lieved that ftinctional loss of p-53 by any mechanism
leads to a loss of the ability of the cell to self destrtuct
in responise to damnages to DNA. This results in
uniclhecked imitosis of damaged cells.') According to
Goh et al.,10) p53 mutations are found in approxi-
mately 50% of colorectal cancers. Additionally, dis-
tal cancers seem to be imor-e likely to have a p53
mutation than cancers located in other areas of the
coloni or rectum.8 DCC is a ttimior stuppressor gene
that codes for a cell adlhesioni miiolecuLle. Loss of this
gene may thuts promil(ote mnetastases and indicates a
poor prognosis.i¶)."l The proto-oncogeine K-ras is
also implicated in the formationi of colorectal can-
cer. K-r-s is a imeimber of the ras gene family, which
incltudes several genes, but K-ras is the mnost associ-
ated with colorectal cancer. This gene produLces a
GTP-binding protein uttilized in the signal transduc-
tioIn pathlwxay for growth receptors." According to
Bltim,'' K-rans ntitations are the imost freqtLient of all
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mtutations found in colorectal cancers and the fre-
quiency of K-ras mutation positively correlates with
the size of the lesion and amount of dysplasia. Sup-
port for this growth hormone/receptor mechanism
can be found in such evidence as the increased
incidence of colorectal cancer in patients with acro-
megaly, a disorder in which response to growth
hormone by growth receptors is altered leading to
abnormially rapid and prolonged growth.3

In addition to p53, DCC, and K-ras, there are two
gene families associated with familial syndromes.
These genes are the mismatch repair genes hMSH2,
MLHJ, PMSJ, and PMS2 and the adenomatous pol-
yposis coli gene (APC). Mutations in the mismatch
repair genes are believed to be responsible for the
two forms of hereditary nonpolyposis colorectal
cancer (HNPCC), Lynch syndromes I and II, by
cauising phenotypic microsatellite instability. '')212
Lynch syndrome I is characterized by development
of proximal colorectal cancer at a mean age of 44
years, whereas Lynclh syndrome II is also character-
ized by early onset of proximal colorectal cancer as
well as cancer of the endometritum, ovaries, and
other organs.' According to a study by Voskuil et
al.92, HNPCC families have an increase in relative
risk over successive generations, which highlights
the familial and genetic nature of this condition.
The APC gene prodtuces a ,-catenin binding pro-
tein, the loss ofwhich may cause distturbances in cell
cycle regulation and apoptosis.') APC is implicated in
development of the familial syndromes FAP (famil-
ial adenoinatotus polyposis, also known as Gardner's
syndrome) and Ttircot's syndrome.-3 FAP is charac-
terized by autosomal dominant transmission and
inevitable colorectal cancer between 34 and 43 years
of age.-" Turcot's syndrome is a variant of FAP, which
is associated with medulloblastomas.' Other polyp-
osis syndromes include Peutz-Jeghers, Juvenile Pol-
yposis C,oli, Ruvalcaba's, and Cronkhite-Canada. All
except for Peutz-Jeghers syndrome are character-
ized by juvenile polyps and a high incidence of
colorectal neoplasia. Peutz-Jeghers syndrome is
characterized by hamartomous polyps primarily in
the small intestine but also less frequiently in the
stomach and colon. Although there are other genes
that may be involved in the development of colo-
rectal cancer, p53, DCC, K-ras, the mismatch repair
genes, and APC represent those most cited as pos-
sible or known etiologies in ouir review of the recent
literature.

Diet and Chemoprevention
Although much of the theory supporting the che-

mopreventive properties of certain nutrients is
sound, the degree to which these nutrients indepen-
dently play a role in the prevention of colorectal
cancer has not been completely elucidated. There
are several possible mechanisms cited as predispos-
ing factors for the development of colorectal can-
cer. It has been proposed that bile acids, which are
produced through the metabolism of dietary fat,
may be tumorigenic. According to some research-
ers, these bile acids can be complexed with calcium
and vitamin D to form insoluble compouinds that
wotuld inhibit the tumor-prodtucing effects of dietary
fat."',"' This assertion is sLpported by data that sug-
gest that increasing distance from the equLator, and
thus decreased exposure to sunlight and vitamin D
production by the body, is directly related to in-
creasing incidence of colorectal cancer.'r5 In addi-
tion, the imajority of the studies on this relationship
reviewed by Kroser et al. '5 show a statistically signif-
icant inverse association between calcium and vita-
min D intake and colorectal cancer.

Another possible mechanism for the develop-
ment of colorectal cancer is the production of dam-
aging free radicals by colonic bacteria. It has been
proposed that antioxidants, such as tocopherol (vi-
tamin E) and carotenoids may reduce these free
radicals thuLs eliminating their cancer-cauising ef-
fects. 4 Ili There is further evidence that y-tocoph-
erol, which is preferentially secreted into fecal nma-
terial, may have a more protective effect than
a-tocopherol, which is secreted mostly into the plas-
ma."li Both a- and y-tocopherol are vitamin E, how-
ever they have different stereochemistry, which ac-
couints for their slightly varied chemical effects.
Although a large prospective study on womenl7 did
not discriminate between a- and y-tocopherol, it did
show that vitamin E intake (regardless of stereo-
chemistry) is inversely related to colorectal cancer. 'f"
A theory with the same basic premise implicates
iron as the cauise of free radical generation, and
data support the notion that an increase in iron
intake from pharmacological sources may be re-
lated to an increase in colorectal cancer in animal
models.' i,6

The amount and type of fiber in the diet has long
been suspected to play an important role in the
pathogenesis of colorectal cancer and is one of the
most consistently observed inverse associations to
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colorectal cancer.'5 For instance, there is believed
to be a difference between the fiber provided by
crtuciferotus vegetables, such as spinach and cab-
bage, and that provided by fruits, other vegetables,
grains, and starches. The exact mechanism of this
difference in types of fiber has yet to be determined.
There are several proposed mechanisms as to how
increased fiber intake may alter risk profiles. Fiber
may bind bile acids, which have been suspected of
promoting neoplasia. Fermentation of fiber by bac-
teria may produce the short-chain fatty acids be-
lieved to be protective against colorectal cancer,
have a dilutional effect on carcinogens by increas-
ing bacterial mass, or alter gtut pH. Fiber may also
increase fecal transit time thus reduicing dturation of
exposure to carcinogens.3 There is also evi-
dence that cruciferotus vegetables (spinach and cab-
bage) may have extra benefit outside of that pro-
vided by their bulk-increasing effect."

The largest body of new information on chemo-
prevention, however, involves the use of nonsteroi-
dal anti-inflammatory drugs (NSAIDs). The anti-
neoplastic property of NSAIDs has been recognized
since 1980, and its association with reduced risk for
colorectal cancer has been reported since Kune et
al.'s 1988 study.'8 ')' The proposed mechanism for
NSAID reduction in risk of colorectal cancer and
adenomas is centered arounid the inhibition of the
cyclooxygenase (COX) pathway in prostaglandin
production.'8',20-22 It has been shown that, after un-
dergoing neoplastic change, colonic muicosa pro-
dtuces increased levels of several prostaglandins, no-
tably PGE9.'8,20-22 Along with the COX inhibition,
NSAIDs may also decrease cell proliferation, induce
apoptosis, and inicrease immune surveillance, ac-
cording to Shiff et al.1823-30¢ The Physician Health
Study shows no association with colorectal cancer
after 5 years of aspirin use, but other data suggest
that aspirini or NSAIDs must be taken for at least 9
years before the decrease in risk is observed.'8'31 In
a sttudy by Ruffin et al.,2" it was determined that 81
mg of aspirin taken daily substantially reduced colo-
rectal mucosa prostaglandins. Along with increasing
knowledge on the role of diet in the pathogenesis of
colorectal cancer, the possibility ofNSAID prophylaxis
may soon offer the clinician an opportuinity to help
those most at risk for developing this form of cancer.

Risk Factors
Althotugh genetics play a large part in the devel-

opment of colorectal cancer, there are several

groups at increased risk secondary to lifestyle and
environmental factors. Among those factors shown
to increase risk are weight or BMI, smoking, alcohol
use, physical activity, occupation, and infection with
certain microorganisms. According to a study by
Caan et al.,4 increased weight and BMI are signifi-
cantly associated with colorectal cancer in men >55
years and women <70 years of age. A comparison of
the highest and lowest quintiles for BMI and weight
shows an odds ratio of 2 in men and 1.5 in women.4
A lack of physical activity has been linked to an
increased incidence of colorectal cancer that is in-
dependent of weight or BMI. 5 There appears to be
a weak association between smoking and the risk for
colorectal adenomas. Although not statistically sig-
nificant, smoking is associated with decreased levels
of folate, which may aid fruits and vegetable in their
protective effects..2 According to an article by
Kroser et al.,') the smoking of cigars and pipes has
been found more often in cases than controls in
most sttudies, possibly due to a tendency to swallow
more carcinogens with cigars and pipes than ciga-
rettes. A study by Giovannucci et al.-"" shows a stron-
ger correlation with a threefold increase in risk
when comparing smokers to nonsmokers. Unlike
smoking, alcohol has been associated with increased
risk of colorectal adenomlas, more so than colorectal
cancer.3'2 The proposed mechanisms are a reduc-
tion in folate caused by alcohol and its metabolites,
alteration of bile acid composition, increased pro-
liferation of colonic mucosa, and/or generation of
carcinogens by the liver such as acetaldehyde me-
tabolites.- '5,42 Ocucipational exposuire to asbestos
has been linked mnore to rectal than colon cancer.'5
There is also a wveaker association with pesticides
and herbicides.'5 Finally, one article of those re-
viewed mentioned that Streptococcus bovis infection
has been linked with colorectal cancer. Gore"3 pro-
poses that any patient presenting with S bovis endo-
carditis or bacterem-ia should be evaluated for colo-
rectal changes after the infection has been treated;
however, the author does not provide any specifics
on timing of treatment or follov-up screening.

SCREENING
Screening Methods

There are five criteria to justify screening for a
disease:

1. The disease must have a significant impact on
the quantity or quality of life.
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2. The freqtuency of the disease must be suffi-
cient enouigh to justify the cost and risk of
screeninig.

3. Acceptable methods of treatment mulst be
available.

4. The disease must have an asymptomatic
phase, and treatmnent during this phase must
yield restults superior to those obtained by de-
laying treatment uintil symnptonms appear.

5. Tests mnust be available at a reasonable cost
and risk to detect the disease in the asynmp-
tomatic phase. The fifth criteria is the cauise of
much debate.

There are currently fotur widely ulsed and accepted
diagnostic methods capable of detecting colorectal
adenoimas and cancer:

1. The fecal occult blood test (FOBT).
2. Flexible sigmoidoscopy.
3. Baritum enema examninations.
4. Colonoscopy.

We will evaluate all of these inethods for cost, risk,
and effectiveness.

The FOBT is the least expensive of all colorectal
screening tools, which makes it the most widely used
in asymptomatic, low risk populatioins.I35l 35However,
there are probleins with the FOBT that make it a
poor choice, regardless of the cost. Modifications
muist be made in the mannei- in which the test is
adminiistered to make it more accurate. One weak-
ness of the FOBT is its high false-positive rate, which
can, in part, be attributed to ingestion of red meat,
certaiin vegetables, and aspirin before the test.34
This situiation is easily remedied by placing the pa-
tient on dietary restriction several days before the
test. A dilemma not so easily rectified is false results
duLe to bleeding from sources other than colorectal
polyps or cancers such as hemorrhoids, peptic ul-
cers, and diverticulitis. "3 Another weakness of the
FOBT is the trend of widely varying reports on
sensitivity, anywhere from 26%-92% depending on
the study.36 The higher sensitivity is obtained by
rehydrating the test with a drop of deionized water
before applyinig the reagent.:3" However, according
to Levin et al.,35 increasing the sensitivity in this way
leads to a 2.5-fold decrease in the positive predictive
value anid thus a decrease in specificity from 97.7%
to 90.4%. This decrease in specificity inevitably will
lead to an increase in follow-uip costs. Yet a third

drawback of this guaiac-based test is the iact that
colorectal polyps and cancer-s do not bleed contin-
tnously. Hence, a negative FOBT restult does not
mean that there is not a polyp or even a colorectal
carcinoma, just that it is not bleeding at the time of
the test.Y4 For these reasons, even though the spec-
ificity and sensitivity of some brands of fecal occult
tests is acceptable,35 the FOBT cannot be tused as
the only preliminary test. 3. An alternative to the
FOBT, as it is curreintly administered, would be an
immtunochemical version. Immunochemical tests
only detect inimunoreactive globin and heimloglo-
bin. Furthermore, the immuniochemical version is
not affected by diet and geniei-ally requires only a
single test.Y') Data indicate a sensitivity and specific-
ity of 70%-90% and 95%, respectively."'" Some re-
searchers have even proposed usinig the iinmuno-
chemical test to confirm a positive guaiac in order
to provide acceptable sensitivity and specificity.37

Flexible sigmoidoscopy is another option for
scr-eeninig. It eniables visual examinatioin of the rec-
tum and distal colon aind is the least expensive of
the visual nmethods.34 Flexible sigmoidoscopy is CUIr-
rently a component of the ACS guidelines for colo-
rectal cancer screening."383t' There is evidence to
suggest that screening by flexible sigmnoidoscopy
can decrease mortality due to left-sided colorectal
cancer and that the sensitivity for patients wvith ad-
enomas is approximately 50%.:38 The unit cost of
flexible sigmoidoscopy is $80 and the cost per
added year of life is $11,947, if the procedure is
performed alone every 5 years and $13,639 if per-
formed once every 5 years with the FOBT as recom-
mended by the ACS.' 31,40 There are several drawv-
backs to this screening procedure such as its
inability to detect proximiial cancers, its low sensitiv-
ity, its invasiveness, an(l the frequent failure to visu-
alize the entire sigmoid colon during the proce-
dure.'38

The bariumll en:eimia exaiminiations, single and
double contrast, are also vistual examiinations that
eniable the examiiner to see the entire colon while
being minimally invasive.34 The dotuble contrast bar-
itum enema is part of the ACS recommiiendationis for
screening for colorectal cancer, and according to
Glick et al., the test has a senisitivity of 70% and a
specificity of 90% for polyps anid cancers."'1" The
mediani sensitivity according to Gelfand is 94%, but
the author qualifies that the sensitivity varies by
institution according to the experience of the ex-
aminer.'3 For this reason, uinlike flexible sigmiioidos-
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copy, douible conitrast baritum enema can be uised
alone as a scr-eeniing method once every 10 years
according to the ACS.' The tunit cost of the douible
contrast bariuim enema is $131 and the cost per
added year- of life is $21,887 if performned every 10
years.4" The major disadvantage to the enenma ex-
aminationi is allergic reaction to the contrast mate-
rial. Even after taking allergic reactions into consid-
eration, the double contr-ast barium is the safest
imethod for viewing the colon and rectum.3' One
quiestion that has been raised is the possible danger
of radiation exposLre over a lifetime; however, this
complication appears to be minimal and (loes not
contribtute significantly to an increase in secondary
cancers due to radiation exposuire.

(olonoscopy is generally considered the gold
stan(dard for detection of colorectal polyps and can-
cer and is also uised to performii a biopsy or to re-
move polyps duiring the procedure.u4 The sensitivity
and specificity of colonoscopy is estimated to be
90% and 100%, respectively. "' However, in cases
where the douible contrast bai-iuim enema is tused as
the gold stanidard, it has been determined that
colonoscopy mnisses 10%-20% of all lesions detected
by the eneIna sttudy.34 The cost of colonoscopy is
$285, $434 vith polypectomy, anid the cost per
added year of life is $22,171 if the test is performed
once every I0 years as recomimenided by the ACS. l'40
Several complications associated with colonoscopy,
such as perforation, hemnorrlhage, and contamina-
tionl of the colonoscope with transmission of colonic
bacteria to patients, all of which would alter the cost
per added year of life, have brouight forth serious
criticism.s of the procedure.'3

In short, a reviewv of the literature shovs that,
althouigh the FOBT is the least expensive and does
indeed redtuce mortality duie to colorectal canicer, it
is hardly the most effective method of screening. '4.4l
In fact, according to Eddy's analysis of the cost
effectiveness of various screening techniques using
mathematical modeling, examiniations that allow
f'or a fLull examination of the colon, stuch as colonos-
copy or douible contrast barium enema, are the
most effective."' The increase in cost is balanced by
the fact that the tests need only be employed once
every 10 years in an average risk popuilation accord-
ing to ACS guidelines.'

Organizational Recommendations
Many organizations have set f'orth their gtuide-

lines and recommendations for the screening of

colorectal cancer. The ACS recommends that, be-
ginniing at age 50, men and womeni have either
FOBT yearly plus flexible sigmoidoscopy (FSIG) ev-
er-y 5 years or colonoscopy every 10 years or) double
contrast barium enema every 5 to 10 years. A digital
rectal examination (DRE) should be done with the
sigm)oidoscopy, colonoscopy, or douible contrast
bariumll enema. The ACS further states that those at
increased risk for dleveloping colorectal cancer,
such as those who have had colorectal cancer in the
past, those with inflammnatoryv bowel dlisease or pol-
yps, those who have a first degree relative with or a
strong family history of colorectal canicer or polyps,
or those who are memnbers of families with heredi-
tary colorectal cancer syndromes shouild undergo
the previously mentioned screening procedures ear-
lier than 50 years of age (althotugh they do not state
howr much earlier).'

The National Cancer Institute (NCI) recomn-
mends a DRE at regular checkups, and beginning at
age 50 an anntual FOBT and FSIGJ every 3 to 5 years.

The American Gastroenterologv Association
(AGA) suggests an FOBT each year and an FSIG
every 5 years with biopsy of polyps <1 cm for people
at average risk. If adenomnatous polyps, polyps >1
cm or cancers are foound, the patient shotuld be
recommended for colonoscopy with polypectomy
and/or biopsy. Those with tubular adenomas
should consult their physician. FOBT and FSICG can
be combined in the manner mentioned above. Doui-
ble contrast barium enema (DCBE) can be offered
every 1(0 years and colonoscopy every 10 years (un-
less otherwise indicated by abnormal findings on
FSIG as described above).'2 The A('A's guidelines
state that for those who have a first degree relative
wIVith or a strong famiiily history of colorectal cancer
or polyps, screening should be the same as that for
average risk groups buit begin at age 40 instead of
age 50. For those who are members of families with
hereditary colorectal cancer syndromes, such as
FAP or HNPCC, shoLuld receive genetic testing and
counseling to determine their gene status. In the
case of FAP, gene carriers or indeterminant cases
should receive FSIGJ annually beginning at puberty
and if polyps are fbtund consider colectomy. In the
case of HNPCC, patients should have an examina-
tion of the entire colon every 1 to 2 years between
20 and 30 years of age and annually after age 40.
Patients in whom large or multiple adenomatous
polyps have been fotund and removed should have
an examination of the colon 3 years after remnoval
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and every 5 years subsequently. Those with a per-
sonal history of colorectal cancer should have a
complete examination within 1 year of resection
then again 3 years after and, if normal, every 5 years
subsequently. People with inflammatory bowel dis-
ease shouild have a surveillance colonoscopy at a
frequency consistent with the extent and duration
of disease.42 The AGA screening guidelines have
been endorsed by the ACS, the American College of
Gastroenterology, the American Gastroenterologi-
cal Association, the American Society of Colon and
Rectal Surgeons, the American Society for Gastro-
intestinal Endoscopy, Crohn's and Colitis Founda-
tion of America, the Oncology Nursing Society, and
the Society of American Gastrointestinal Endo-
scopic Surgeons.

Authors' Recommendations
After a thorough review of the current literature,

the aulthors' propose, for those patients at average
risk, screening with a rehydrated version of FOBT
annually pltus FSIG every 5 years or DCBE every 5
years. DCBE is preferred because it allows for view-
ing of the entire colon without the risk associated
with colonoscopy. Additionally, use of DCBE can be
considered adequate screening for those poptula-
tions, such as blacks and women, in which proximal
or right-sided lesions predominate. Re-evaluation of'
the immunochemical test for occult blood should
occur as data on sensitivity and specificity become
available. For high risk populations as defined by
the ACAS, the recomnmnendations outlined by the
AGA above are found to be more than adequate.

Concepts on the Horizon
As we gain more knowledge about the etiology,

molecular genetics, and risk factors for colorectal
cancer, we are able to develop new approaches to
screening and predicting the prognosis for this par-
ticular cancer. These novel approaches uLse anti-
gens, enzymes, and DNA to determine who has
primary colorectal cancer, a recurrence, or even the
prognosis of a patient. Fecal carbonic anhydrase II
is an enzyme in the muicosa of the large bowel
responsible for the conversion of CO, and H9O to
bicarbonate. It has been found that malignant mu-
cosa expresses much less of this enzyme than nor-
mal colonic mucosa and that reduced levels may be
particularly associated with the promotion stage of
carcinogenesis.43 Carcinoembryogenic antigen

(CEA) is an antigen shed from tumor cell surfaces,
and, although it is often found to correlate with
colorectal cancer stage, it is not specific for colorec-
tal cancer.' For this reason, CEA is not yet consid-
ered appropriate as a screening tool, although it is
still an excellent marker for recurrence. Mutations
of the adenomatous polyposis coli (APC) gene are
implicated in the development of FAP, Gardner's
syndrome, and Turcot's Syndrome." Blum44 has de-
termined that characterizing DNA from peripheral
blood, stool, or intestinal biopsies would be a ge-
netic approach to screening for this familial condi-
tion, which leads to colorectal cancer. Tominaga et
al.45 have suggested screening for truncated APC
proteins found in colorectal cancer cells, because
mutations in the gene lead to an abbreviated APCA
protein. It has been proposed that CA19-9, a carbo-
hydrate antigen that may function in invasion and
metastasis, may be detected in tumor tissue and
serum and used to assess patients' risk of recurrence
and death and possibly which patients will benefit
from adjuvant therapy.46 Indeed, the conclusion of
Nakayama et al's. study is that detection of CA19-9
identified patients at high risk of cancer recurrence
and death.46 Yet another novel concept is to mea-
sure the amount of DNA present in the stool. There
is evidence that neoplastic colonic mucosa sheds
DNA f'ourfold in excess of what normal colonic
mucosa produces.-17 This would allow detection of
the carcinogenic process possibly before symptoms
such as bleeding appear.

Although these ideas are still in their preliminary
stages, they offer remarkable promise for a mnore
efficient, accurate, and inexpensive way to screen
for colorectal cancer and its precursor lesions.

TREATMENT
Although the primary focus of this article is new

information on prevention of colorectal cancer, it is
appropriate here to mention some of the strategies
being employed to treat colorectal cancer. Surgery
has been and remains the primary treatment for
colorectal cancer. There is increasing emphasis on
adjuvant and neoadjuvant chemotherapy in an ef-
fort to prevent recurrence and to improve survival.18
As in all other areas of colorectal cancer research,
the topic of treatment is enjoying as much growth in
information and possibilities as the areas of etiology
and chemoprevention. The mainstay of pharmaco-
logical therapy for the past 40 years has been 5-flu-
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orouracil (5-FU) .48-5 1 Although 5-FU is still the
foundation for chemotherapy, many new agents for
colorectal cancer are being researched or are cur-
rently in trials. These new pharmacological agents
include antifolates, topoisomerase inhibitors, plati-
num analogues, ras inhibitors (including K-ras and
other genes in the ras gene family) and inhibitors of
other signal transduction pathways, biological re-
sponse modifiers such as recombinant interferon
and recombinant interleukin-2, monoclonal anti-
bodies, gene therapy, and even a colorectal cancer
vaccine.48-52 Although the goal is always prevention,
there are many exciting treatments in the future for
colorectal cancer.

CONCLUSION
The field of colorectal cancer research has seen

many advances over the last decade and will con-
tinue to see many more in the decade to come. As
we focus our attention on the prevention of colo-
rectal cancer, it is important to continually consider
not only the cost of prevention, but the quality of
the lives that we affect by our policies.
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