
Abstract. – Chemoprevention of gastroin-
testinal tumors uses natural or synthetic agents
to arrest, retard or reverse the carcinogenesis
process. The prospect of prevention is clearly
appealing, especially for colorectal cancer
(CRC), that represents the second most com-
mon cause of cancer-related death in the West-
ern world. Aspirin is the best studied chemopre-
ventive agent for CRC, with randomized trials
demonstrating its efficacy in reducing recur-
rence of colorectal adenomas in higher risk pa-
tients. Optimal chemoprevention requires long-
term use and high dose of aspirin that may in-
crease the risk of gastrointestinal bleeding. Oth-
er nonsteroidal anti-inflammatory drugs and se-
lective cyclooxygenase-2 inhibitors also reduce
the incidence of colonic adenomas, but they are
associated with gastrointestinal harms and im-
portant cardiovascular events, respectively. Fur-
thermore, cumulative epidemiological and ob-
servational data suggest the potential role of
hormones as a chemoprotective agent for CRC.
The usefulness of folic acid, calcium, and vita-
min D awaits further evaluation. Interestingly,
combining different agents may maximize effec-
tiveness while limiting drug toxicity. Although
many agents have shown positive results in the
field of chemoprevention, it cannot yet be ac-
cepted as standard medical practice for CRC.

In the present review we discuss the most
promising agents in CRC chemoprevention, to-
gether with their potential mechanisms of action
in tumor inhibition.
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Introduction

Gastrointestinal tumors, including esophageal,
gastric and bowel cancers, together make up 18
per cent of new cancer diagnosis. The prospect of
prevention is clearly appealing, especially for col-
orectal cancer (CRC) because it is such a widely
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prevalent disease associated with considerable
morbidity and mortality. In fact, every year, about
800,000 people worldwide are diagnosed with
CRC, and nearly 450,000 died due to this disease,
representing the second most common cause of
cancer-related death in the Western world1. CRC
screening is the cornerstone of prevention. The re-
moval of premalignant adenomas by colonoscopic
polypectomy is an effective prevention method,
and reduces cancer mortality in susceptible pa-
tients by 30-40%2; however, it is not yet available
widely even in developed countries.

Cancer represents a late, non-obligate stage of
carcinogenesis, a chronic process that provides
time and targets for chemoprevention. Cancer
chemoprevention refers to the use of natural or
synthetic agents to arrest, retard or reverse the
carcinogenesis process before the onset of the
clinical disease3. In this way, chemoprevention is
medicine, and it may be considered as the
chemotherapy of dysplasia or intraepithelial neo-
plasia. CRC has a natural history of evolution
from normal mucosa to adenoma to overt cancer
that spans on average 10-20 years, thereby pro-
viding a window of opportunity for effective in-
tervention and prevention.

The rationale for developing chemopreventive
approaches to prevent CRC came from epidemio-
logic and observational studies indicating that
long term ingestion of aspirin could reduce CRC
mortality4. More than 200 agents have been con-
sidered, but, currently, only celecoxib is FDA ap-
proved for chemoprevention of CRC and only for
high-risk patients with Familial Adenomatous
Polyposis (FAP). The ideal chemopreventive
agent should fulfill the following criteria: (1) the
drug must be effective; (2) it should have a con-
venient dosing schedule; (3) it should have an ac-
ceptable safety profile; (4) it should be easy ad-
ministered; and (5) it should be inexpensive.

In the present review we discuss the most
promising agents in CRC chemoprevention, to-
gether with the potential mechanisms underlying
their anti-neoplastic effects.
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Aspirin and Nonsteroidal 
Anti-Inflammatory Drugs in
CRC Chemoprevention

Nonsteroidal anti-inflammatory drugs
(NSAIDs) inhibit the cyclo-oxygenase (COX)
enzymes, COX-1 and COX-2, which catalyse
the conversion of arachidonic acid to
prostaglandins. COX-1 is constitutively ex-
pressed in many tissues, whereas COX-2 is in-
duced by cytokines, growth factors, and mito-
gens. Tumor inhibition by NSAIDs may be me-
diated by distinct cellular processes. These
processes involve the ability of NSAIDs to re-
store apoptosis, induce cell-cycle arrest, and in-
hibit angiogenesis5. Because COX-2 expression
is increased in up to 90% of sporadic colon car-
cinoma and 40% of colonic adenomas, but not in
normal colonic mucosa6, NSAIDs were pre-
sumed to mediated apoptosis via COX-2 inhibi-
tion. A mechanism for COX-2-dependent
NSAID-induced apoptosis is provided by arachi-
donic acid (Figure 1). Treatment of colorectal

cancer cells with various NSAIDs results in in-
hibition of COX-2 and a dramatic increase in the
concentration of arachidonic acid, the main sub-
strate for COX-27. This build-up of arachidonic
acid stimulates the enzyme sphingomyelinase to
convert sphingomyelin to ceramide, a potent in-
ducer of apoptosis8. Moreover, arachidonic acid
can alter mitochondrial permeability and cause
cytochrome C release, leading to apoptosis9. The
relevance of COX-2 for adenoma formation was
genetically demonstrated by a reduced number
of adenomas in APCmin/+ mice, the mouse model
for FAP, with an additional targeted deletion of
COX-210. However, compounds that do not in-
hibit COX-2, such as sulindac sulphone, also in-
duce apoptosis in vitro and inhibit colorectal car-
cinogenesis in animal model11. This suggests
that other targets of NSAIDs that are common to
some neoplastic cells may play a part in NSAID-
mediated apoptosis (Figure 1). NSAIDs could
promote apoptosis by inhibiting the activation of
transcription factor NFkB, which promotes cell
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Figure 1. Mechanisms underlying the anti-neoplastic effects of NSAIDs. NSAIDs, inhibiting COX-enzymes, determine a
dramatic increase in concentration of arachidonic acid, which stimulates the synthesis of ceramide and causes cytochrome C
release, leading to apoptosis. NSAIDs can promote apoptosis also in a COX-independent manner, inhibiting NFkB and PPARδ
directly. Finally, NSAIDs induce p21 expression resulting in G1 cell-cycle arrest.
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noma (41% and 17%, respectively)21. Ben-
amouzig et al. randomly assigned 272 patients
with a history of colorectal adenoma to daily ly-
sine acetylsalicylate (160 or 300 mg/day) or
placebo for 4 years22. Both dosages were effec-
tive in reducing polyp recurrence at 1 year in
27% (95% CI, 0.52-1.04). In the UK-CAP trial,
945 patients with an adenoma removed in the 6
months before recruitment were randomized to 1
of 4 treatment arms using a 2 × 2 factorial design
(aspirin 300 mg/day; folate supplements 0.5
mg/day; aspirin plus folate; placebo)23. Patients
receiving aspirin had a 21% reduction in colorec-
tal adenoma recurrence compared to placebo.
Folic acid supplementation had no effect on de-
velopment of recurrent colorectal adenoma23.

To better characterize the apparent chemopre-
ventive effect of aspirin in the large bowel, Cole
et al. performed a meta-analysis of all available
randomized clinical trials that investigated
whether aspirin reduces the risk of colorectal
adenomas24. Authors identified four clinical trials
with nearly 3,000 randomly assigned parteci-
pants. Each trial evaluated aspirin for secondary
prevention of colorectal adenomas, at doses
ranged from 81 to 325 mg/d. They found a statis-
tically significant 17% decrease in the relative
risk of adenoma for aspirin in any dose vs place-
bo, which correspond to a 6.7% absolute risk re-
duction24. They also observed a 28% decrease in
the relative risk of advanced lesions (ie,
tubulovillous adenomas, villous adenomas, ade-
nomas >or=1 cm in diameter, adenomas with
high-grade dysplasia, or invasive cancer). Only
two studies investigated lower-dose aspirin, and,
therefore, dose–response patterns were not inter-
pretable. In addition, analysis of cardiovascular
and bleeding events was limited by the small
numbers of events observed in any one trial, and
one trial was excluded from the analysis of ad-
verse events24.

However, it has been estimated that about
16,500 NSAID-related deaths occur every year in
the United States, due to gastrointestinal and re-
nal toxicity of these drugs. Thereby, agents with
more acceptable side effect profiles are required
for CRC chemoprevention.

COX-2 Inhibitors in CRC Chemoprevention
COX-2 is an inducible enzyme, that has been

shown to be overexpressed in CRC and adeno-
mas in humans6, and was demonstrated in knock-
out mice to be a controlling factor in the forma-
tion of adenomas10. Concerns regarding the gas-

survival and proliferation12. Another potential
COX-independent mechanism of NSAID-medi-
ated apoptosis involves the peroxisome-prolifer-
ator-activated receptor δ (PPARδ). NSAIDs
may interfere with the binding of PPARδ to
DNA, so that the cell is left unable to transcribe
the genes necessary for its survival13. Moreover,
it has been shown that sulindac induce expres-
sion of p21 in colon cancer cells, resulting in G1
arrest14. This mechanism may account for
chemopreventive effects of sulindac in addition
to its effect on apoptosis.

Supportive evidence for the role of aspirin and
other NSAIDs in the prevention of CRC has been
derived from more than 200 randomized, place-
bo-controlled animal studies, in which the ad-
ministration of various NSAIDs resulted in fewer
tumors per animal and fewer animals with tu-
mors15. Epidemiologic observations and popula-
tion-based studies also showed that long-term
use of aspirin and other NSAIDs reduced the risk
of CRC16-19. The first population-based case-con-
trol study showed a relative risk (RR) reduction
of 0.53% for CRC among regular aspirin users
compared with non-aspirin consumers16. The
long duration of use required to prevent invasive
cancer may reflect the time required for cancer to
develop from precursor lesions.

Colorectal adenomas, the precursors to most
colorectal cancers, would be expected to reflect
the chemopreventive effects of aspirin sooner the
invasive cancers because these lesions occur
much earlier in the carcinogenic pathway.

Four randomized controlled trials in patients
with previous adenoma or CRC have shown sig-
nificant efficacy in preventing polyp recurrence
at daily dosages of 81-325 mg/day of aspirin.
Sandler et al randomized more than 600 patients
with a recent history of CRC to receive aspirin
(325 mg/day) or placebo. A statistically signifi-
cant reduction in the incidence of colorectal ade-
nomas was found in the treatment arm (17% vs
27%)20. Baron et al. also found a reduction in the
risk of recurrent adenomas in one of the aspirin
treatment arms compared with placebo. Surpris-
ingly, only the lower dose of aspirin (81 mg dai-
ly) had a statistically significant effect. The high-
er dose of aspirin (325 mg daily) reduced the risk
of 4% but it was not significant21. Notably, pro-
tection against advanced neoplasmas (adenomas
measuring at least 1 cm in diameter or with
tubulovillous or villous features, severe dyspla-
sia, or invasive cancer) was more pronounced
than the effect on risk of recurrence of any ade-
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trointestinal and other toxicities of aspirin drove
the quest for selective COX-2 inhibitors (coxibs)
that would have the antineoplastic actions of as-
pirin without its toxicity.

In patients with FAP, the number of colorectal
polyps has been shown to be reduced by 28% in
patients treated with 400 mg of celecoxib twice
daily for 6 months as compared with a reduction
of 4.5% in the placebo group (p=0.003)25. Cele-
coxib is now licensed in the USA for the reduc-
tion of polyp numbers in FAP, in conjunction
with endoscopic surveillance or surgery. Three
prospective, randomized, placebo-controlled tri-
als were designed to determine whether coxibs
also prevent sporadic colorectal adenomas.

The Adenomatous Polyp Prevention on Vioxx
(APPROVe) trial recruited more than 2500 pa-
tients with a history of colorectal adenomas26.
They received 25 mg of rofecoxib daily or place-
bo for 3 years. A 24% reduction in adenoma re-
currence was found in the treatment group26. The
Adenoma Prevention with Celecoxib (APC) trial
randomized more than 2000 patients with prior
history of adenoma to receive placebo or cele-
coxib (200 or 400 mg twice daily). At 3 years of
follow-up, Authors observed a significant reduc-
tion in the incidence of new adenomas in the
treatment arms27. In the Prevention of Sporadic
Adenomatous Polyps (PreSAP), Authors ran-
domly (3:2) assigned 1561 subjects who had had
adenomas removed before enrollment to receive
celecoxib (400 mg) or placebo daily28. The cu-
mulative rate of adenomas detected through year
3 was 33.6% in the celecoxib group and 49.3%
in the placebo group (<0.001)28. Although all
three trials showed that coxibs reduced polyp re-
currence, in the APPROVe and the APC studies
this efficacy was associated with an increased
risk of cardiovascular events (such as myocardial
infarction, stroke, and heart failure). Because of
the severity of the drug-related cardiovascular
events, celecoxib cannot be recommended for
routine prevention of sporadic colorectal adeno-
mas or CRC, while rofecoxib was withdrawn
from the market. The mechanism responsible for
cardiovascular toxicity of this class of drugs is
related in part to the evidence that selective inhi-
bition of COX-2 can block the production of
prostacyclin without affecting the synthesis of
thromboxane A2

29
, thereby potentially creating a

prothrombotic state. On the contrary, in the Pre-
SAP trial, which involved a daily dose of 400 mg
of celecoxib, no apparent increase in cardiovas-
cular risk has been shown28,30. This suggests that

once-daily dosing at 400 mg is safer than a
twice-daily dose of 200 mg, even if this assertion
cannot be conclusive because neither of these tri-
als was designed or powered to assess cardiovas-
cular toxicity.

Determining specific subpopulations who may
benefit from these drugs, as compared with pop-
ulations who are at increased risk for side effects,
remains an important objective.

Calcium and Vitamin D
Experimental and epidemiological evidence

suggests that calcium may prevent colorectal
adenomas, even if the results regarding the rela-
tionship between calcium intake and CRC risk
have not always been consistent. The mecha-
nisms responsible for the protective effect of cal-
cium are based on its bile acid-binding capability
and direct action on intracellular events (cell pro-
liferation, differentiation, death).

A systematic review of the literature was con-
ducted to assess the effect of supplementary di-
etary calcium on the development of CRC and
adenomatous polyps in healthy adults and adults
at higher risk of colon cancer (family history,
previous adenomatous polyps, or inflammatory
bowel disease). Two well conducted randomised
placebo-controlled intervention studies involving
1346 subjects followed for 3-4 years were identi-
fied. The doses of supplementary elemental cal-
cium used were 1200 mg daily for a mean dura-
tion of 4 years, and 2000 mg/day for three years.
A reduction on the development of colorectal
adenomatous polyps for dietary supplementation
of at least 1200 mg elemental calcium per day
was found (OR 0.74, CI 0.58,0.95) when the re-
sults from both trials were combined31. Neverthe-
less, Authors concluded that this does not consti-
tute sufficient evidence to recommend the gener-
al use of calcium supplements to prevent colorec-
tal cancer31.

Recently, also vitamin D has received attention
as a possible cancer-preventive agent. Vitamin D
suppresses proliferation and promotes differenti-
ation and apoptosis in colorectal cells, through
effects on growth factors, cell cycle regulation
and apoptosis. A daily intake of 1000 IU of vita-
min D was associated with 50% lower risk of
CRC32. The multicenter Women’s Health Initia-
tive study involved 36,282 postmenopausal
women receiving calcium (500 mg bid) plus vita-
min D supplementation (200 IU bid) with a mean
follow-up of 7 years; CRC was a secondary end-
point33. The study reported no association be-
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tween supplementation and CRC. The relatively
short duration of follow-up and suboptimal doses
of calcium and vitamin D were suggested to ac-
count for the negative results of this trial. For pri-
mary cancer prevention, Gorham et al. propose
intakes of vitamin D of 1,000 to 2,000 IU/d34.
However, dose-limiting hypercalcemic effects
have proved a major obstacle to the development
of natural vitamin D as a cancer chemopreventive
agent. The National Cancer Institute is no longer
exploring it in chemoprevention clinical trials.

Folic Acid
Considerable epidemiological evidence sug-

gests that a low-folate diet is associated with an
increased risk of colorectal neoplasia, particular-
ly in concert with alcohol, which can antagonize
the metabolism of folate35. A low serum folate
level, in the form of 5-methyl-tetrahydrofolate,
may limit the supply of methyl groups required
for DNA methylation. DNA hypomethylation is
an early event in colon carcinogenesis. However,
in a double-blind, randomized, placebo-con-
trolled, phase III clinical trial, folic acid supple-
mentation (1 mg daily for up to 6 years) failed to
reduce colorectal adenoma recurrence and may
have increased the risk of advanced lesions
among individuals with previously removed ade-
nomas36. Contrary, a randomized, single institu-
tion, double-blind placebo controlled trial
demonstrated that high dose folic acid supple-
mentation (5 mg/d for 3 years) is associated with
a significant reduction in the recurrence of
colonic adenomas37. Although the reasons for
these controversial issues are not fully under-
stood, one possibility could be attributed to the
dual modulatory effect of folic acid on carcino-
genesis: it may promote progression of estab-
lished neoplasms, while it could protect against
development of premalignant lesion38.

Hormone Replacement Therapy
Several observational studies reported a pro-

tective effect of hormone replacement therapy
(HRT) on colorectal cancer risk39. The findings
from the randomized Women’s Health Initiative
(WHI) trial, including healthy women who re-
ceived oral combined estrogen-progestin regi-
men, confirmed the reduced incidence of col-
orectal cancer (hazard ratio, 0.56; 95% CI,
0.38-0.81; P=0.003)40. However, in the hor-
mone group the invasive CRCs were more ad-
vanced and with a greater number of positive
lymph nodes.

Estrogen may prevent CRC by: decreasing the
production of secondary bile acids, decreasing
the production of IGF-1, and exerting a direct ef-
fect on the epithelium.

Since the magnitude of benefit from HRT is off-
set by its numerous risks (mainly, cardiovascular
events and breast cancer), taking HRT to prevent
colorectal cancer is not usually recommended.

Combination Chemoprevention
Although many single compounds have poten-

tial benefits, their chemopreventive efficacy in
clinical trials has been modest (about 20%)
and/or they have an unacceptable toxicity. Com-
bining low doses of different agents may be ef-
fective in increasing their efficacy while mini-
mizing toxicity. A prospective, randomized,
placebo-controlled clinical trial of combination
difluoromethylornithine (DFMO) (500 mg/d), a
selective inhibitor of polyamine synthesis, and
sulindac (150 mg/d), a nonsteroidal anti-inflam-
matory drug, found that the 3-year treatment was
associated with a 70% reduction of recurrence of
all adenomas, and over a 90% reduction of recur-
rence of advanced and/or multiple adenomas,
without evidence of serious toxicities41. The
magnitude of the benefit in this trial was larger
than expected for any type of chemoprevention.

Conclusion

Despite recent advances in medicine, the mor-
tality from colorectal cancer, a leading cause of
death in the Western countries, still remains un-
acceptably high. Therefore, the search for strate-
gies to prevent the development and progression
of colorectal cancer has greatly intensified.
Chemoprevention offers a viable option to block
neoplastic inception or delay disease progression.
Despite much effort over two decades, no
chemopreventive intervention for CRC has yet
entered routine clinical practice as part of usual
care for healthy members of the general popula-
tion. The ideal chemopreventive agent remain to
be discovered, with great emphasis on need not
to harm. Interestingly, agent combinations may
maximize effectiveness while limiting drug toxi-
city, using low, safe doses of two or more agents,
each targeting a different cellular pathway. Final-
ly, any strategy of chemoprevention should be al-
ways combined with screening and surveillance
colonoscopy.
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