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Abstract

Introduction: Theholygrail of cancer treatment is prevention. Chemoprevention isthe use of specific agentsto prevent, inhibit or reverse
theprocessof cancer formation beforemalignancy. Thisreview aimsto exploretheclinical approachestoinvestigation for chemoprevention
and to discuss the more promising agents that have proceeded on to clinical trials. Methods: A Medline search was done using the words
colorectal cancer, chemoprevention, models, surrogate markers and prevention clinical trials. Results: Research into chemopreventive
agentsis highly dependent on an effective model in which studies may be performed and from which results may be extrapolated into the
human or clinical setting. Ascarcinogenesisisa prolonged biological event, intermediate surrogate markersthat will reliably predict future
cancer risk are usually studied. Various models are used with varying impact. Among some of the more recent agents being explored, the
COX-2inhibitors are emerging as strong potential agents. However, there are significant side-effects that need to be overcomefirst before
routine use may be considered. Conclusions: Although there is presently no agent available for the safe, widespread use for the
chemoprevention of colorectal cancer, research into thisareaisrapidly progressing and may in the future change the paradigm of cancer

treatment.
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I ntroduction

The age-old adage of “ Prevention is Better than Cure” is
still very relevant in today’s practice of medicine. Many
randomised population trials have already shown that
colorectal cancer mortality is reducible through early
detection and screening.® A logical and possibly superior
aternative to screening is primary prevention such as
behavioural changes and chemoprevention. Chemo-
prevention is the use of specific agents to prevent, inhibit
or reversetheprocessof carcinogenesisbeforemalignancy.
Many substances that are found in ordinary food like
minerals (e.g. calcium, zinc and selenium), vitamins (e.g.
vitamins A, C or E), undigested food productslike dietary
fibre (e.g. non-soluble polysaccharides, cellulose,
hemicellulose, pectin and lignin) or drugs like aspirins,
non-steroidal anti-inflammatory drugs (NSAIDS), COX-2
inhibitors, lactulose or polyethylene glycol were studied.
Although there are many potentially effective
chemopreventive agents, not one single agent has been
proven conclusively to be useful with no unwanted side-
effects for routine use. Nonetheless, this is a rapidly
emerging area for research and development.
Administration of such agentsisrequired to be prolonged,
further adding to the risks of complications and possible

cumulative toxicity. The chemopreventive effect is often
not permanent and discontinuation will lead to loss of
benefit after prolonged usage.

This short review will focus on the problems in the
development of chemoprevention and the more recent
developments that may have clinical impact.

M odels of Chemoprevention

In-vitro and In-vivo Systems

The study of chemoprevention in colorectal cancer
reguiresaconvenient, reproducibleand reliable model that
may be easily maintained. It should reflect the human
scenario as closely as possible so that the results may be
extrapolated with possible clinical implications.” An in-
vivo system would be more advantageous than an in-vitro®
(e.g., cdl culture systems) or ex-vivo system®** (eqg.,
isolated perfused organs, tissue slice preparations and
tissue culture systems). The latter two approaches do have
certain logistic advantages and offer precise control of the
study environment being investigated. The tissue being
studied is bathed in a precisely modulated nutrient broth.
Interaction from unpredictable complex environmental
factors may be effectively controlled or excluded. Results
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are also easily forthcoming as the experimental course is
often short. This provides a glimpse of the possible true
effectswiththeassumption of sustained effectson prolonged
exposure. Extrapolation to the human scenario may beless
convincing asthey areeither cell culturesor isolated tissue
lacking the complex interaction of the biological system.
After all, theformation and behaviour of cancer istheresult
of its complex interaction with the host and environment.

Animal Models

The animal model is thus often used as they represent
biological systemssimilar to humans although genetically
disparate. Larger animals (e.g., pigs and sheep) are more
expensive to maintain and difficult to handle than smaller
ones like rats, mouse and guineapigs. Certain animals are
better suited for the study of certain disease states, e.g.
vascular disordersin sheep, bone growth and regeneration
in rabbits and immunology in guinea pigs. Rats and mice
are often used for the testing or study of chemopreventive
agents asthey are easily available, hardy, easy to maintain
and cheap. The recent sequencing of the entire laboratory
mouse (Mus muscul us) genome'? has reveal ed many more
genes that humans have in common with the rat. Such
comparative genomics will provide vital information
towardsthe unlocking of the secretsin the human genome.
Thiswill make future studies on the mouse more relevant
from the genetic viewpoint and similar disease processes
seen in humans may be reproduced in the mouse for
research.

In the study of colonic cancers, tumours may be
reproduced by inocul ation either ontotheintestinal serosa,*
under thedermis“orinany “fertile’ organ (e.g., peritoneal
surface,®® liver®) in immunocompromised animals. This
may prove unpredictable in outcome. Alternatively,
relatively colon specific chemical carcinogens (e.g.,
azoxymethane, 1,2-di-methyl-hydrazine) areavailableand
may be used in the murine models to induce colorectal
cancers after about 28 weeks with just two doses a week
apart. The interaction of the chemopreventive compound
with the occurrence of cancer may then be studied.

Prerequisites for Animal Models

A reliable and readily repetitive mechanism for the
delivery of the intended study compound (e.g. direct
application with an enema, injection or oral consumption)
and a means of checking and monitoring the compound
level in the circulation or its target organ for absorption
shouldbeavailable. Whilemany of thepotential compounds
for chemoprevention of colorectal cancer are stable and
may be administered orally to study dose-effect
relationships, there are just as many that are not stable
enough for oral delivery to the colon. These may include
bio-activeintermediary productsof metabolism such asthe

short chain fatty acids, heterocyclic compounds and
phenolic compounds; or they may be proteins that are
easily digested and denaturedif allowed to passthroughthe
upper gastrointestinal tract to reachthesiteof activity inthe
colon.

The oral route is certainly the easiest and the most
popular route of delivery. Huge quantities may haveto be
consumed so that high enough chemopreventive levels of
the substances may be achieved in the colon. Thismay not
prove to be reliable and economical and is very much
dependent on transit. Dose-effect relationships are not
clear as the variability is expected to be high. Recta
enemaswould appear to beamoredirect routeto the colon.
Exposure time of the colon to the agent under study is
unpredictable as retention by the fearful animal is often
short and expulsion quick. Delivery of the study compound
using an enemato the proximal colon is afurther problem
and distribution is very much dependent on the faecal
content and consistency in the entire colon.

Surgical models involving the creation of an isolated
loop with stomas for direct access into the colon are often
performed.t”*® They provideadirect and ready accessroute
into the colonic lumen for the instillation of study
compounds. They are technically more demanding to
create by the researcher and suffer from having a colon
isolated fromthemainfaecal flow that may haveinteraction
with the instilled study agent. Furthermore, a diverted
colon over aperiod of timeis known to undergo mucosal
atrophy which may affect the study of proliferativeactivity
and cancer formation.

A Colonic Intubation Animal Model

We have developed and validated a model in our
laboratory using fine polyethylene cathetersfor thechronic
delivery of potential chemopreventive agents that are not
suitablefor delivery perora. A 1-mmdiameter polyethylene
tubing specially prepared with internal restraints along the
tubeto prevent slippage outward, and migration distally in
the colonic lumen is placed via a caecotomy and threaded
into the beginning of the distal colon whereluminal factors
may bedirectly delivered and mucosal effectsstudied. The
proximal end is tunnelled under the skin and out into the
nape of the neck of theanimal. A second shorter tube may
beplacedinthecaecumfor thedelivery of substancestothe
proximal and distal colon by antegrade stool movement
(Figs. 1a& 1b). Thetubesprovide ameansfor convenient,
reliable and ready access into the different parts of the
colon, i.e., proximal or distal wheretheimpact of the agent
may be studied separately.’®? Using the model,
characterisationand study of thedoseand effect rel ationship
of short chain fatty acids (in particular sodium n-butyrate)
on the colonic mucosa proliferation was possible.?
Experiments investigating the potential chemopreventive
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Fig. 1a. A colonicintubation model in therat for direct and controlled delivery of study
substances using 1-mm polyethylene tubing with special restraints surgically implanted
intothe proximal end of thedistal colon (through the caecum) and a shorter tubeintothe
caecum for repeat delivery of the study compound into the different parts of the large
intestines (Reproduced with permission from the publisher of reference 19).

Fig. 1b. A connector isapplied to the free end of the tubing for the instillation of known
aliquots of the studied agent either directly into the caecum or the distal colon. The
interaction of this agent with the process of carcinogenesis induced by chemicals
administered subcutaneously or intraperitoneally may be studied over time.

Fig. 1c. Radiograph with water soluble contrast instilled into the caecal and colonic
tubes demonstrating their positions and the dichotomous distribution of the infusate.
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Fig. 2. Aberrant crypt foci on the colonic mucosa seen through a stereomicroscope (at
20x magnification) after staining with 1% methylene blue solution.

value of short chain fatty acids are currently underway.
Preliminary resultsshow an estimated 25% reductioninthe
azoxymethane induced aberrant crypt foci in the animals
infused regularly with short chain fatty acids over aperiod
of 5 weeks (unpublished results). If found to be effective,
phase | or phase Il human trials may be considered.

Surrogate Biomarkers

M odel sshould besustainablefor theentirestudy duration.
In the study of chemoprevention, the impact on the
prevalence of cancer in thetarget organ must be assessable
and thismay take aslong as several months before thefirst
morphological precursor of cancer formation occurs. This
often requiresaprolonged period that may beaslong asthe
lifetime of the animal or may not even be physicaly
achievable. Asaresult, asurrogate biomarker end-point is
often chosentorepresent futurecancer risksor occurrence?
(e.g., incidence of polyps, proliferation index,* apoptosis
index, bromouridine uptake, DNA methylation, p53 strand
breaks and mucosal prostaglandin levels). One of the most
popular morphologica markersthat may beeasily detectable
isthe aberrant crypt foci (Fig. 2).2*? They are the earliest
visible phenotypic markers of colorectal cancer. Although
not all of them are progressive, % asignificant number of
thesefoci do proceed on to the formation of polyps, thence
cancer. The prevalence of these markersin the colon of the
animal model exposed to acarcinogen and theinfluence of
the modulating factor under study is used to estimate
cancer risks. These models and markers form the
foundations to human intervention trials.

The Adenoma-Carcinoma Sequence

Themajority of the colorectal cancer istheresult of focal
changesinthe mucosal epithelium in acumul ative manner
leading to proliferation and hyperplasia, dysplasia and
adenomatous changesand, finally, malignant changeswith
invasive and metastatic properties (Fig. 3). In line with
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Fig. 3. The multi-step process of colorectal cancer formation (after Vogelstein and Fearon).

these morphological changes, molecular changes precede
much earlier inasimilar cumulative multi-step process. In
sporadic polyps and colorectal cancers, the start and
progression of these molecular changes are often not
clearly defined. However, in two of the well studied and
described syndromes of hereditary colorectal cancers, viz.
familial adenomatous polyposis coli (FAP) and hereditary
non-polyposis colorectal cancer (HNPCC), genetic
aterations leading to the formation of colorectal cancer is
well studied. In FAP patients, multipleadenomatouspolyps
form by the late teens followed by inevitable cancer a
decade later. Thisisthe consequence of one or more point
mutations of the APC gene. HNPCC kindred develop
cancersthat occur intherelatively young (<45 years old),
predominantly right-sided and mucinous in nature. These
have arisen as a result of defects in the mismatch repair
gene that code for the proteins involved in removing
cumulative genetic base-pair mismatch during mitosis.
These “defects in nature” that have arisen despite the
stringent process of DNA replication are often the subjects
for chemoprevention studies.

The multipleintestinal neoplasia (min) mouseisawell-
established cancer model in which loss of asingle copy of
the APC protein predi sposestheanimal to the devel opment
of numeroustumoursintheintestine (polyps) and mammary
glands hyperplasia and tumours.?® The homozygote Apc -
/-isembryonically lethal but the heterozygote Apc -/+ may
live to adulthood. They are the comparable homol ogue of
APC mutation in human intestines and form convenient
models for the study of carcinogenesis and chemo-
prevention.®3! Studies usually involve exposing the min-
mouse to the factor under investigation and ng the
incidence of a surrogate marker, polyps or cancersin the
colonic mucosa after a prolonged period of exposure. 3¢
Numerous clinical trials have resulted from these animal
studies, some of which are highlighted in Tablel.

Potential Chemopreventive Agents

Among all the potential agentsinvestigated for possible
rolesinlong-termchemoprevention, thelistincludespopul ar
agents like calcium,* vitamins A, C and E,* flavinoids®™
and dietary fibre*® Many of these compounds have
shown promising results in animal models and in some
randomised prospectivetrias, but arelackinginconclusive
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evidencefor long-term benefitswith sustained use. A good
exampleisthe use of dietary fibrein the chemoprevention
of colorectal cancer. In ameta-analysis of 5 studies® with
4349 subjects undergoing interventions like the
consumption of wheat bran fibre, ispaghula husk, or a
comprehensive diet with high fibre sources, had shown no
difference between the intervention and control group
subjects with one or more adenoma or with at least one
adenomagreater than 1 cm. A possibleexplanationfor this
observation is the fact that dietary fibre is a heterogenous
and variable group of plant material. Further studies are
probably required on the specific components/sub-
components of dietary fibre to establish effect.

Aspirin and Non-Steroidal Anti-Inflammatory Drugs
(NSAIDS)

Aspirin, NSAIDS* and, recently, cyclo-oxygenase
(COX-2) inhibitors have been shown to be beneficial in
chemopreventionin laboratory animal studiesaswell asin
human clinical trials. The fundamental question to be
answered iswhether long-term consumption of theagentis
beneficia for chemoprevention with minimal or no side-
effects from the agent. Risks of side-effects may be
significant as consumption is often necessarily prolonged
for sustained effects. Aspirinwasthefirst agent initsclass
to bestudied. Thebenefitinthereduction of colonic polyps
and cancer hasbeen empirically observed not only in many
animal studies,* but in cardio-protective and other cohort
studies® as well. Based on results from cohort and case-
controlled studies, aspirin may reduce the incidence of
colorectal cancer by 30% to 50%.% In the physicians
health study,5?%* both randomised and observational
analysesafter 12 years of foll ow-up showed no association
between the use of aspirin and colorectal cancer. On the
other hand, 2 recently published randomised placebo
controlled trials in patients with sporadic adenomas®™ and
in patientswho had previouscol orectal cancer resections,*
showed amoderate reduction in theincidence of colorectal
adenomas (Table I). However, aspirin has not gained
widespread usein normal individualsmainly becauseof its
significant side-effects. Chemopreventive doses are
probably exceeding cardio-protective doses and this will
increase the likelihood of bleeding and renal problems.*
Gastrointestinal bleeding side effect is perhaps the most
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TABLE I: RANDOMISED, PLACEBO-CONTROLLED CHEMOPREVENTION TRIALS IN PERSONS AT RISK OF SPORADIC COLORECTAL

POLYPS/CANCERS
Authors Agents Cohort size Adenoma risk reduction Advanced adenoma* and
(with prior adenomas) carcinoma risk reduction
Baron¥’ Cacium3g/dx 4y 930 19% 36% (P <0.05)
Wallace®®
Bonithon-Kopp®*® Calcium2g/dx 3y 655 34% NA
Clark° Selenium 200 mcg/d x 4.5y (ave) 1312 NA 58% (P <0.05)
Greenberg* Vitamin supplement: -carotene 25 mcg/d 864 [B-carotene: 1% increase; No effect
vsvitamin C 1 g/d + vitamin E 400 mg/d Vitamins C + E: 8% increase
vsbhothx 4y
Malila®? Vitamin supplement: o-tocopherol 15,538 (adenoma analysis) o.-tocopherol: 66% increase; o-tocopherol 22% increase;
50 mg/d vs B-carotene 20 mg/d 29,133 (cancer analysis) [B-carotene: 2% (P <0.05) [3-carotene 5% (P <0.05)
vsbothx 5to 8y for cancer risk
Baron® Aspirin 81 mg/d vs 325 mg/d 1211 At 1y: 81 mg/d: 19%; At 1y: 80 mg/d: 41%;
vsplacebo x 3y 325 mg/d: 4% (P = 0.04) 325 mg/d: 17% (P <0.05)
Sandler* Aspirin 325 mg/d vs placebo 635 with previous At 1y: 35% (for one or more NA
colorectal cancer resections  adenomas) (P = 0.003)
Gann*® Aspirin 325 mgeod x5y 22,071 NA Advanced adenoma: 14%

Cancer: 15% increase

* Advanced adenomas are defined as large adenomas of more than 1 cm in diameter and/or the presence of severe dysplasia (or carcinoma in-situ) or

invasive cancer in the polyp.

dangerous and has been reported in up to 9% in cardio-
protective and cerebrovascular protectivetrials. One meta-
analysis® reported an incidence of 1.3 events per 100
patient years. Among the NSAIDS, sulindac is perhapsthe
most studied for chemoprevention.®® Several randomised
placebo controlledtrialsinfamilial adenomatouspolyposis
coli patients have consistently shown polyp regression.5”58
It has been reported to have similarly significant
gastrointestinal bleeding side-effectsasaspirin. Thisisnot
surprising asaspirinand NSAIDS act viasimilar pathways
in the inhibition of both COX-1 and COX-2. COX-1 is
constitutional cyclo-oxygenase that is present structurally
inall cellsandisrequired for gastric mucosal integrity and
autoregulation of renal perfusion. COX-2 is inducible
cyclo-oxygenase that is up-regulated in many disease
processes including the inflammatory response and in
polyp formation and carcinogenesis. More than 80% of
adenomatouspolypshavesignificantly detectableamounts
of COX-2.%The trigger for the activation of COX-2 in
polyp formation is still not clear. Polyps from either
rofecoxib- or sulindac-treated mice had lower rates of
DNA replication, expressed less proangiogenic vascular
endothelial-derived growth factor and more membrane-
bound beta-catenin.®

Cyclo-oxygenase 2 (COX-2) Inhibitors

Theability to use COX-2inhibitors (either in the present
or future generation of drugs) lies in the answer of two
fundamental questionsthat are no different from the use of
other exploratory agents. first, whether it is effective (and
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inwhat minimal doses, bearing in mind that the higher the
dosage, the more likely that there may be side-effects or
adversedrug effects) and secondly, whether thereare side-
effects that need to be addressed. The COX-2 inhibitors,
celecoxib and rofecoxib, have been shown to prevent and
reduce the incidence of colonic polyps in min Apc -/+
mice.’! Recently, in a clinical trial with doses of 400 mg
twicedaily in FAP patientswith duodenal polyps, celecoxib
has been shown to not only reduce the formation of new
polyps (by 14.5%), but al so caused regressionin the size of
existing polyps (by 31%) with 6 months of consumption.®?
Whether thisis also true for sporadic polyps, which by far
afflict many more people, remains to be investigated.
Trialsareat present on theway to establish the answers but
for now, the results are still uncertain.

Whilethe occurrence of gastrointestinal (Gl) bleedingis
less likely compared to aspirin or NSAIDS, large trids
such as the VIGOR trial comparing the long-term use of
rofecoxib for rheumatoid arthritishave shown anincidence
of confirmed clinical GI bleeding to be about 0.5 per 100
patient years(withaRR = 0.43 compared with naprosen).
TheCLASStria similarly showed nosignificant difference
in Gl complication side-effects (bleeding, perforation and
obstruction) when celecoxib was compared to NSAIDS,
athough the overall incidence of GI complication is less
than that for NSAIDS.54

Sodium retention and hypertension that may require
drug treatment are common with the chronic use of COX-
2 inhibitors. These effects are not peculiar to coxibs aone
but also with the chronic use of NSAIDS. There is an
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observed meanriseintheblood pressure of 5mmHg onthe
average and is usualy reversible with the cessation of
consumption within aweek. The more specific activity of
COX-2inhibitors(sparing platel et activity) doesnot confer
cardiovascular protection and consequently has relatively
increased incidence of thrombotic events. Annualised
myocardial infarct rates were 0.74% in the VIGOR trial,
0.8% in the CLASS trial and 0.52% in placebo.5”-%° Pedal
oedema, a relatively benign side effect, occurs more
frequently with the use of coxibs.

Future Chemopreventive Agents

Research into either an improved drug with lesser side-
effects or a better, more targeted delivery directly into the
colon, thereby reducing theincidenceof unwanted systemic
side-effects,® are some of the future approaches. The
searchfor moreeffectiveagentsisconstantly being explored.
Alternatively, the use of chemopreventive agents, where
the benefits significantly outweighstherisk of side-effects
in the very high-risk groups, may perhaps justify its use.
These may include patientswho have proven or are at high
risk of polyps or a malignancy such as FAP or HNPCC.
The popular use of a chemopreventive agent would
significantly result in a paradigm shift in the management
of colorectal cancer.
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