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Abstract: A roundtable consensus meeting was held to con-
solidate current knowledge on the etiology of colorectal can-
cer in patients with inflammatory bowel disease and to review
current strategies, both diagnostic and preventive, specifically
addressing the role of 5-aminosalicylic acid. Specific topics
that were addressed included: the epidemiology of colorectal
cancer, including an assessment of risk factors and the impact
of colonoscopy on colorectal cancer incidence and mortality;
the origin and evolution of dysplasia nomenclature and the
natural history of dysplasia; review of the experience of St.
Mark’s Hospital (London) as gleaned from its surveillance
database; mechanisms by which 5-aminosalicylic acid is
thought to exert a chemopreventive effect; the potential future
role of 5-aminosalicylic acid in chemopreventive strategies;
chemoprevention in familial adenomatous polyposis; and
other future research directions. This article provides a com-
prehensive overview of the issues discussed and should act as
a guide to shaping the design of future studies in this area.
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A roundtable meeting was held June 24, 2006, with the aim
of bringing together leading physicians and researchers
in the field of prevention of colorectal cancer (CRC) in
patients with inflammatory bowel disease (IBD). The goals of
the meeting were to consolidate current clinical and scientific
knowledge on the etiology of CRC/IBD and to review current
strategies, both diagnostic and preventive, specifically focus-
ing on the role of 5-aminosalicylic acid (5-ASA).

This report provides an overview of the presentations
made and the consensus reached by the group on the current
state of CRC prevention in patients with IBD using 5-ASA
therapy, as well as suggestions for future research. Presenta-
tions were delivered covering the incidence and prevalence of
CRC in patients with IBD, the origin and evolution of dys-
plasia nomenclature, the natural history of dysplasia in IBD,
lessons learned from the St. Mark’s Surveillance Database,
the clinical evidence of 5-ASA chemoprevention, the mech-
anisms underlying 5-ASA chemoprevention, and lessons
learned from the study of chemoprevention in familial ade-
nomatous polyposis and sporadic CRC. Future research di-
rections were also discussed, including prospective studies in
high-risk populations and retrospective studies using large
population databases.

INCIDENCE AND PREVALENCE OF COLORECTAL
CANCER IN INFLAMMATORY BOWEL DISEASE

The previously accepted increased risk of CRC in IBD
has prompted medical society guidelines to endorse cancer
prevention strategies.!> In addition, it has provoked ongoing
discussions regarding the effectiveness of such strategies and
ways in which they might be improved. With this in mind, the
opening presentation of the meeting explored the incidence of
CRC in patients with IBD, focusing specifically on how it
compares with that of the general population, and examined
whether certain patient subtypes are at an increased risk of
developing this malignancy. Dr. Steven Itzkowitz of the
Mount Sinai School of Medicine (New York) presented the
supporting data and also discussed the impact of colonoscopy
on the incidence of CRC and its effect on CRC-related
mortality.
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Most studies assessing the incidence of CRC in patients
with IBD have found an increase in the risk of CRC versus
control subjects.>> In a cohort of 3117 patients with ulcer-
ative colitis (UC) (diagnosed between 1922 and 1983) from
the Uppsala Heathcare Region in Sweden, the incidence of
CRC relative to the expected incidence was increased, result-
ing in a standardized incidence ratio (SIR) of 5.7 [95%
confidence interval (CI): 4.6-7.0].* Similarly, in another
Swedish population-based cohort study of 1547 patients with
UC from Stockholm County (diagnosed between 1955 and
1984), the SIR for CRC was reported to be 4.1 (95% CI:
2.7-5.8).> Considering both UC and Crohn’s disease (CD), a
Canadian matched-cohort study of 5529 patients with IBD
(diagnosed between 1984 and 1997) included in the Manitoba
Health database found the incidence rate ratio (IRR) for colon
carcinoma to be similarly increased in patients with UC (IRR
2.75; 95% CI: 1.91-3.97) and CD (IRR 2.64; 95% CI: 1.69—
4.12). For rectal cancer, the IRR of patients with UC in-
creased (IRR 1.90; 95% CI: 1.05-3.43), but not that of
patients with CD (IRR 1.08; 95% CI: 0.43-2.70).3 In contrast
with the results of these studies, Jess et al found no statistical
increase in the incidence of CRC in 692 patients with either
UC or CD from Olmsted County, Minnesota (diagnosed
between 1940 and 2001).° In this retrospective study, the SIR
for CRC of patients with UC and CD was 1.1 (95% CI:
0.4-2.4) and 1.9 (95% CI: 0.7-4.1), respectively. The latter
finding confirms the results of a previous meta-analysis of 6
CD studies, which also reported a SIR for CRC of 1.9 (95%
CI: 1.4-2.5),” which was statistically significant in this meta-
analysis. Other population-based studies conducted in Italy
and Denmark have reported either no or only a modestly
increased risk of CRC in patients with UC or CD.3°

Although the incidence of CRC appears to be elevated
in patients with IBD, there is substantial geographic variation.
A meta-analysis by Eaden et al of 116 studies published in
2001 estimated the incidence of CRC in U.S. patients with
UC to be 5 cases per 1000 person-years, which equates to an
annual risk of 0.5%.1° Although a similar incidence was
estimated for UK patients (4 cases per 1000 person-years),
the incidence of CRC in Scandinavian patients and in patients
in other countries was estimated to be considerably lower (2
cases per 1000 person-years). The reasons for these variations
are unclear but may involve a combination of genetic factors,
diet, use of medicines, and/or use of preventive strategies.
Considering data from all countries, the meta-analysis esti-
mated an overall prevalence of CRC of 3.7% among patients
with UC.10

As reported above, patients with UC and patients with
CD seem to have a similar risk of developing CRC.3 None-
theless, studies have shown that certain patients with IBD
may have a greater risk of developing CRC than others. For
example, a recent meta-analysis of 12 studies showed that
patients with Crohn’s colitis (but not ileitis) have an elevated
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risk of CRC.!! In this meta-analysis, the overall relative risk
(RR) of CRC of patients with CD was 2.5 (95% CI: 1.3-4.7).
When stratified by disease type, patients with colonic disease
had an RR for CRC of 4.5 (95% CI: 1.3-14.9), but patients
with ileal disease only had an RR of 1.1 (95% CI: 0.8-1.5).
In UC, extent of disease and age at diagnosis may influence
the risk of CRC. Indeed, several studies have demonstrated a
higher risk of CRC in patients with more extensive disease,
with the highest risk observed in patients with pancolitis.+¢10
In some studies, younger age at diagnosis also appears to
increase the risk of CRC in patients with UC.3:410

Overall, factors that appear to increase the risk of CRC
of patients with IBD include duration, severity, and extent of
IBD; family history of CRC; primary sclerosing cholangitis;
age at UC diagnosis; degree of histologic/endoscopic inflam-
matory activity; and presence of dysplasia of any grade
(indefinite, low, or high).!!-'4+ However, it may be difficult to
compare the exact relative risks for these various factors
because of differences in the patient populations and how the
analyses were performed.

The cumulative incidence of CRC has been shown to
increase with increased disease duration among both patients
with UC10.14 and patients with CD.!! In a meta-analysis by
Eaden et al, the cumulative incidence of CRC in patients with
UC was estimated to be 1.6%, 8.3%, and 18.4% after 10, 20,
and 30 years, respectively.!® However, a less pronounced
increase in the cumulative CRC incidence over time has been
reported in subsequent population-based studies,!? as well as
in a 30-year analysis of the colonoscopic surveillance pro-
gram at St. Mark’s Hospital (Harrow, UK) for detection of
neoplasia in patients with long-standing UC (2.5%, 7.6%, and
10.8% after 20, 30, and 40 years, respectively).'# In the
Canavan et al meta-analysis, the cumulative incidence of
CRC in patients with CD was estimated to be 2.9%, 5.6%,
and 8.3% after 10, 20, and 30 years, respectively.'!

Although the possibility of an increased risk of CRC is
of considerable concern, particularly for those with long-
standing disease, there is some evidence to suggest that
performing surveillance colonoscopies can reduce the risk of
CRC in patients with UC.!>1¢ In 2 matched, case-control
studies of patients with UC, having 1-2 colonoscopies over
the course of the disease reduced the risk of CRC compared
with having no intervention [odds ratio (OR) 0.22 (95% CI:
0.09-0.55; P = 0.001) and 0.4 (95% CI: 0.2-0.7; P < 0.05),
respectively].!>1¢ In 1 of the studies, additional colonosco-
pies (>2 over the course of the disease) reduced the risk
slightly further (OR 0.3; 95% CI: 0.1-0.8; P < 0.05),'¢ but in
the other study, further intervention was found not to be
beneficial (OR 0.42; 95% CI: 0.16—1.10; P = 0.08)."> Un-
surprisingly, having any number of barium enemas did not
significantly reduce the risk of CRC.!> Importantly, surveil-
lance colonoscopy may also reduce the risk of mortality
because of CRC.'7 In a nested case-control study of 142
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Figure 1. Proposed pathway of colorectal cancer development
from dysplasia in patients with ulcerative colitis. Indefinite for
dysplasia has a similar risk of colorectal cancer development as
low-grade dysplasia and, at least in some patients, likely repre-
sents the low end of the same category.

patients with UC, having at least 1 or 2 or more colonosco-
pies significantly reduced the risk of CRC-related mortality
compared with having no intervention [RR: 0.29 (95% CI:
0.06-1.31) and 0.22 (95% CI: 0.03—-1.74), respectively].!”
These data highlight the importance of surveillance colonos-
copy for patients with IBD.

ORIGIN AND EVOLUTION OF DYSPLASIA
NOMENCLATURE

CRC in IBD is associated with dysplastic changes (as
described in the article by Riddell and colleagues'®) that act
as markers of synchronous and future cancer risk and provide
a noncancerous target for identifying prevention strategies. In
this regard, Dr. Robert Riddell (Mount Sinai Hospital, To-
ronto, Ontario, Canada) provided meeting participants with
an overview of the origin and evolution of IBD-related dys-
plasia nomenclature.

In the IBD setting, the term dysplasia is used to de-
scribe noninvasive epithelial changes and is graded as nega-
tive, indefinite for dysplasia (IND), low-grade dysplasia
(LGD), or high-grade dysplasia (HGD). Hence, there are only
2 recognized grades of confirmed dysplasia (LGD and HGD),
both of which describe an unequivocal neoplastic change. It
should be noted that there is not necessarily a chronological
progression from IND to LGD, then to HGD, then to invasive
carcinoma. CRC can occur in association with any grade of
dysplasia and even in the absence of dysplasia, but the risk of
synchronous and metachronous adenocarcinoma is higher in
patients with higher grades of dysplasia (Fig. 1).

More recently, Schlemper and coworkers developed the
Vienna classification system to describe gastrointestinal epi-

thelial neoplasia.'® This classification system splits neoplasia
into 5 categories: (1) negative for neoplasia/dysplasia; (2)
indefinite for neoplasia/dysplasia; (3) noninvasive low-grade
neoplasia (low-grade adenoma/dysplasia); (4) noninvasive
high-grade neoplasia [(i) high-grade adenoma/dysplasia; (ii)
noninvasive carcinoma (carcinoma in situ); (iii) suspicion of
invasive carcinomal; and (5) invasive neoplasia [(i) intramu-
cosal carcinoma; (ii) submucosal carcinoma or beyond]. Al-
though this system may improve the reliability of diagnoses,
it has not yet been accepted as an appropriate classification
scheme, and there are still ongoing issues with the classifi-
cation of dysplasia in IBD.

The first issue with the classification of dysplasia in
IBD is how best to define IND. IND is usually diagnosed by
exclusion if the epithelial changes are shown not to be be-
nign, reactive, neoplastic, or adenomatous. In this regard,
surface maturation has been proposed as an exclusion marker
for IND, as it may be regarded as a feature of regeneration
and therefore excludes all reactive changes.?® The term mat-
uration refers to cellular maturation as viewed by histological
examination in surface epithelial cells and epithelial crypt
cells. In nondysplastic colonic mucosa, basal cells appear less
mature than those at the surface, which exhibit mitotic activ-
ity and have a high nucleus-to-cytoplasm ratio. Although
maturation can be a useful exclusion marker, it cannot be
relied on solely, as some dysplasias also show signs of
maturation (e.g., bottom-up dysplasia, which is seen classi-
cally in most sessile/villous and serrated dysplasias). Further-
more, invasive carcinomas mature as they invade surrounding
tissues, producing mucin, goblet cells, signet ring cells, and
keratinization (in squamous carcinomas).

The second issue with the classification of dysplasia
concerns the difficulty of detecting small areas of dysplasia
by histological examination. If a dysplastic area is relatively
small, it is unlikely to be sampled in randomly obtained
biopsies and therefore will remain undetected. In this respect,
new endoscopic techniques (e.g., chromoendoscopy) are
likely to improve the efficiency of detection of intraepithelial
neoplasias in patients with IBD. In a randomized trial of 165
patients with long-standing UC, a significantly higher number
of intraepithelial neoplasias were detected using methylene-
blue-aided chromoendoscopy than with conventional
colonoscopy (32 versus 10; P = 0.0032).2! Moreover, chro-
moendoscopy had a sensitivity and specificity of 93% for
differentiating between neoplastic and nonneoplastic lesions.
These results highlight the great potential of new endoscopic
techniques. However, this strategy assumes that dysplasia
always precedes invasion; it may not do so in endocrine
carcinomas and carcinomas that are analogous to diffuse
gastric cancer, thus detecting “early” lesions may be the best
that can be hoped for. Some detected carcinomas may have
destroyed any evidence of dysplasia or the dysplasia may
simply not have been sampled.
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TABLE 1. Colorectal Cancer Rates in Ulcerative Colitis Patients
with High-, Low-, Indefinite-, or Negative-Grade Dysplasia
Undergoing Colectomy

Number of patients (%) with
colorectal cancer for whom

Colectomy
Colectomy performed
performed after follow-
Dysplasia grade immediately up

High
Bernstein et al (1994)%?
Connell et al (1994)>3
Rutter et al (2006)'*

Low

10/24 (42%) 15/47 (32%)
8/12 (67%) —
S/11 (45%) -

Bernstein et al (1994)% 3/16 (19%) 17/204 (8%)

Ullman et al (2003)** 2/11 (19%)" —

Rutter et al (2006)'* 2/10 (20%) —
Indefinite

Bernstein et al (1994)%> — 9/95 (9%)
Negative

Bernstein et al (1994)%? — 11/595 (2%)

“Includes 1 patient who had a colectomy 2 months after diagnosis of
low-grade dysplasia because of a subsequent finding of high-grade dysplasia.

NATURAL HISTORY OF DYSPLASIA IN
INFLAMMATORY BOWEL DISEASE

CRC prevention strategies that rely on a diagnosis of
dysplasia require the natural history of dysplasia to be well
understood. An overview of the natural history of dysplasia in
IBD was provided by Thomas Ullman, MD, of the Mount
Sinai School of Medicine (New York). In his introduction,
Dr. Ullman pointed out that the progression from normal
mucosa to carcinoma differs for sporadic CRC and colitis-
associated CRC. Sporadic CRC proceeds through an adenom-
atous polyp phase prior to becoming carcinoma, whereas
colitis-associated CRC proceeds via a dysplastic phase that
may not be polypoid. Dr. Ullman also reiterated Dr. Riddell’s
comment that progression through the dysplastic phase may
not be sequential in colitis-associated CRC.

Several colonoscopic surveillance studies have shown
that the probability of finding CRC following HGD is high in
patients with UC.!42223 n these studies, if colectomy was
performed at the time of diagnosis of HGD, CRC was de-
tected in 42% to 67% of cases (Table 1).1422-24 These data
clearly illustrate that patients with HGD have a very high risk
of progressing to a malignancy.

In comparison, the probability of finding CRC follow-
ing LGD is lower than for HGD, but still appears to be of
significance.!#22-25 The results of colonoscopic surveillance
studies showed that if colectomy was performed at the time of
diagnosis of LGD, CRC was already present in 19% to 20%
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of cases (Table 1).'422 Overall progression from LGD to
HGD or cancer over 5 years has been estimated to occur in
33% to 54% of patients.?32426 Moreover, the results of a
recent meta-analysis of 20 surveillance studies indicate that
the risk of developing cancer is 9 times higher (OR: 9.0; 95%
CI: 4.0-20.5) and the risk of developing any advanced lesion
is 12 times higher (HGD, CRC, or dysplasia-associated lesion
or mass; OR: 11.9; 95% CI: 5.2-27) once LGD is diagnosed,
compared with patients who have UC without dysplasia.?
Importantly, it has been shown that patients may progress
from LGD to CRC without an intervening HGD or early-
stage CRC, despite continued surveillance.?*

There is also evidence that patients with IND are at
higher risk of developing CRC than those without dysplasia.
In a combined analysis of 10 prospective surveillance
colonoscopy UC studies, the probability of finding CRC was
9% (9 of 95) in patients with IND and 2% (11 of 595) in
patients who were negative for dysplasia, when colectomy
was carried out after follow-up surveillance (Table 1).22 Al-
though this analysis reported a rate of CRC in patients with
IND similar to that in patients with LGD (8%), current
opinion is that the risk in IND patients is intermediate be-
tween that of patients without dysplasia and those with LGD.

THE ST. MARK’S SURVEILLANCE DATABASE:
LESSONS LEARNED

Our understanding of the natural history of CRC in IBD
has been gained largely from retrospective studies, which are
often confounded by small sample sizes or an inability to
account for key variables. In contrast, the St. Mark’s Hospital
(Harrow, UK) surveillance database is the largest prospective
database of IBD and cancer outcomes. In his presentation, Dr.
Matthew Rutter of the University Hospital of North Tees
(Stockton-on-Tees, UK) reviewed the lessons learned from
the creation and follow-up of this database.

The St. Mark’s surveillance database, which was orig-
inally established in the 1960s, serves a dual clinical and
research role by providing a prospective method of extensive
data collection and ensuring adherence to the surveillance
protocol. All patients with extensive UC presenting at St.
Mark’s Hospital for outpatient appointments or endoscopy
are included in the database. For each patient, detailed
records are kept on patient demographics, key dates (onset of
symptoms, diagnosis, first seen at clinic, index colonoscopy,
surgery/death/leaving surveillance, etc.), and all clinic visits,
including any treatment or tests received.

A recent interrogation of St. Mark’s database uncov-
ered some important findings regarding the relationship be-
tween CRC and UC. The first finding is that severe colonic
inflammation in patients with UC is associated with an in-
creased risk of CRC compared with 2 matched controls, 1 of
them matched for sex and extent of UC, the other for age at
onset of colitic symptoms and duration of UC (to within 5
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years).!3 Univariate analysis of data obtained from 204 pa-
tients revealed a highly significant correlation between the
degree of colonoscopic (OR 2.54; 95% CI: 1.45-4.44; P
= 0.001) and histologic (OR 5.13; 95% CI: 2.36-11.14; P
< 0.001) inflammation and the risk of colorectal neoplasia.
On multivariate analysis, the histologic inflammation score
(OR 4.69; 95% CI: 2.10-10.48; P < 0.001), but not the
colonoscopic inflammation score, remained significant. The
discovery that inflammation severity is a key risk factor for
CRC is important, as it is possible to influence this parameter
using pharmacologic therapy. It should be noted that previous
case-control UC studies failed to show an association be-
tween CRC and surrogate markers of inflammation severity
(e.g., frequency of symptomatic exacerbations).!>27 An ear-
lier study by Gomes et al also failed to show a clear corre-
lation between clinical indices of disease activity and tissue
inflammation (histology and endoscopic macroscopic scores)
in 50 patients with IBD undergoing routine colonoscopy.??

In the same analysis of the St. Mark’s database, 5-ASA
use was found to have no significant effect on the incidence
of CRC.'3 In fact, using sulfasalazine for at least 10 years was
actually associated with a nonsignificant increase in CRC risk
compared with no prior use or use for less than 3 months (OR
1.58; 95% CI: 0.71-3.51). In contrast, use of mesalamine for
at least 10 years was associated with a modest decrease in
CRC risk (OR 0.65; 95% CI: 0.26-1.62), but again, this
effect was not significant. These findings suggest that
mesalamine may protect against the development of CRC
and that sulfasalazine should be avoided unless alternative
treatments are contraindicated or inappropriate.

A more recent analysis of 600 patients included in the
St. Mark’s database showed that the cumulative incidence of
CRC increases linearly over time.'* The cumulative incidence
of CRC in patients with UC was 0% after 10 years of disease,
2.5% after 20 years, 7.6% after 30 years, 10.8% after 40
years, and 13.5% after 45 years. This result would appear to
contradict the findings of the Eaden et al meta-analysis, in
which the rate of increase in CRC was shown to increase
exponentially after the first 10 years following diagnosis.!?
The St. Mark’s analysis also reported a gradual statistically
significant decline in CRC incidence (particularly for proxi-
mal cancers) over the last 30 years (linear regression » = —
0.40; P = 0.04).'* This observation is supported by a previ-
ous study of Swedish patients with pancolitis that reported a
decrease in the incidence of CRC over the 5 decades prior to
1998.2° Conversely, 2 other studies reported a rise in the
incidence of CRC in patients with UC,!9-30 although in only 1
of the studies did this increase reach statistical significance.®
Why the incidence of CRC varied between studies is unclear
but is likely to be multifactorial and related to study selection
bias, use of disease-modifying or chemopreventive drugs, the
effect of surveillance, geographic variation (e.g., differing
colectomy rates), and other unknown external influences. The

attendees of this meeting believed that the use of anti-inflam-
matory therapies is the most likely explanation for the re-
duced CRC incidence at St. Mark’s Hospital.

CLINICAL EVIDENCE OF 5-AMINOSALICYLIC ACID
CHEMOPREVENTION

5-ASA therapy is the treatment of choice in active mild
to moderate UC. In addition to its efficacy and safety as an
anti-inflammatory therapy, 5-ASA is also believed to have
unique chemopreventive properties. During his presentation,
Dr. Fernando Velayos of the University of California (San
Francisco, Calif.) reviewed the clinical evidence demonstrat-
ing the chemopreventive properties of 5-ASA and highlighted
the questions that still need to be answered about the future
role of 5-ASA in CRC prevention in patients with IBD.

Multiple studies have assessed the utility of 5-ASA in
preventing dysplasia and cancer in patients with UC, whereas
fewer studies have assessed this endpoint in patients with CD.
Looking across the UC studies, a recent meta-analysis of 9
observational studies involving a total of 1932 patients re-
ported a protective association between 5-ASA use and CRC
(OR 0.51; 95% CI: 0.37-0.69) or a combined endpoint of
CRC and dysplasia (OR 0.51; 95% CI: 0.38-0.69; Fig.
2),10.13,27,31-37 which equates to a 49% reduction in the risk of
CRC or CRC/dysplasia with regular 5-ASA use. The deriv-
ative studies generally reported similar findings, even though
they were subject to their own unique limitations and
strengths in how they were performed.

Given the apparent protective effect of 5-ASA use on
CRC development, it is perhaps unsurprising that compliance
with prescribed 5-ASA therapy can influence the risk of
CRC. In a UK community-based cohort study of 175 patients
with UC (diagnosed between 1972 and 1981), compliance
with sulfasalazine resulted in a significant reduction in the
risk of CRC.3? The crude proportion of patients who devel-
oped CRC was 3% (5 of 152) in the compliant group and 31%
(5 of 16) in the noncompliant group (those not compliant with
or advised to stop taking sulfasalazine), P < 0.001. Another
UK case-control study of 102 patients with UC and CRC plus
matched controls showed that CRC could be substantially
reduced by taking 5-ASA on a regular basis compared with
no 5-ASA use (OR 0.47; 95% CI: 0.22-1.00).1> Likewise, a
nested case-control study involving 18,969 patients with IBD
in the UK General Practice Research Database (1987-2001)
showed that regular 5-ASA users (defined as =6 prescrip-
tions in the previous 12 months) had a significantly reduced
risk of CRC compared with irregular 5-ASA users (adjusted
OR 0.60; 95% CI: 0.38-0.96).38 In the latter 2 studies,
regular mesalamine users achieved a reduction in CRC risk
that was numerically greater than that achieved by regular
sulfasalazine users. Neither study reported any analysis of the
impact of infliximab on the development of CRC.!5:38

Even with these supporting data, several questions still
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Figure 2. Odds ratios for the effect of 5-aminosalicylic acid on
the development of (A) colorectal cancer/dysplasia or (B) colo-
rectal cancer alone.™ Reproduced with permission from Black-
well Publishing (2005).3' "All cancer patients in the study by
Rutter et al had taken 5-ASA for at least 3 months and therefore
there was no reference group; "only unadjusted odds ratio re-
ported; *number of cancer cases/number of dysplasia cases; OR,
odds ratio; Cl, confidence interval.

need to be addressed. First, should all UC patients be taking
5-ASA to reduce the risk of cancer? At present, less infor-
mation is available regarding chemopreventive action of
other IBD therapies compared with that of 5-ASA, and it is
currently unclear whether a patient receiving another treat-
ment (e.g., azathioprine) would benefit from additional
5-ASA in terms of chemoprevention.

Second, is one 5-ASA therapy better than another? As
already stated, some studies have shown a difference between
sulfasalazine and mesalamine in CRC risk reduction.!3:15-38 It
is possible, however, that sociodemographic factors may have
had a bearing on this effect. For example, sulfasalazine is
cheaper than most mesalamine formulations. Hence, cost may
influence prescribing decisions. Also, sulfasalazine has been
available for more than 60 years, whereas the newer
mesalamine formulations were only introduced in the early
1990s. Sulfasalazine users may therefore be older than
mesalamine users and have other factors that may make them
at higher risk of developing CRC. Because sulfasalazine
inhibits the absorption of folate3® and folate deficiency may
be associated with a higher risk of sporadic colon cancer,* it
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is also possible that the lack of a chemopreventive effect with
sulfasalazine may be a result of reduced folate.

Third, what is the optimal 5-ASA dose for chemopre-
vention? Two studies have found a dose—response in which
the odds of CRC or dysplasia/CRC decreased as the total dose
of 5-ASA increased.!>3> In both studies, 5-ASA doses equiv-
alent to mesalamine of at least 1.2 g/day provided the greatest
risk reduction (72%-81%). However, these studies assessed
dose—response in different ways, making it difficult to inter-
pret the data as whole.

Finally, how important is prevention of dysplasia rela-
tive to prevention of cancer? Some studies have assessed both
parameters as a combined endpoint,3' which makes it difficult
to determine the relative importance of preventing dysplasia
compared with CRC. Nevertheless, the vast majority of IBD
patients who develop CRC will first develop dysplasia, and
because dysplasia can be monitored and a colectomy can be
performed prior to CRC development, dysplasia may be the
more relevant endpoint.

5-ASA CHEMOPREVENTION: INSIGHT INTO
MECHANISMS

Although multiple clinical studies have suggested a role
for 5-ASA in prevention of CRC in patients with IBD, less is
known about how 5-ASA exerts a chemopreventive effect. In
this regard, the mechanisms by which 5-ASA is thought to
exert a chemopreventive effect were reviewed by Dr. Chris-
toph Gasche of the Medical University of Vienna (Vienna,
Austria).

The clinical efficacy of 5-ASA in IBD is presumably
mediated via an anti-inflammatory action in the colon. How-
ever, the mechanisms by which 5-ASA exerts this anti-
inflammatory effect have not been fully elucidated. Proposed
mechanisms include modulation of inflammatory cytokine
production,*! inhibition of cyclooxygenase (COX; a regulator
of inflammation and cell proliferation via formation of pros-
taglandins),*? inhibition of inducible nitric oxide synthase (an
important final effector of mucosal injury in IBD),*3#4 inhi-
bition of nuclear factor kB (a transcription factor responsible
for the expression of multiple genes involved in inflammatory
responses and promotion of carcinogenesis via blockade of
apoptosis),*>4>-4¢ activation of the peroxisome proliferator-
activated receptor-y (PPAR-vy; a nuclear receptor, highly
expressed in the colon, which plays a key role in bacterial-
induced inflammation),*” and an antimicrobial action.*8 Al-
though these mechanisms underlie the anti-inflammatory ef-
fect of 5-ASA, some may also contribute to a
chemopreventive effect. For example, PPAR-y activation,
which was first demonstrated by Rousseaux et al,*” may be
relevant to CRC prevention,*” as PPAR-+y is involved in many
important cellular processes, including cell-cycle control and
apoptosis.*® Furthermore, the PPAR-vy ligand rosiglitazone
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has demonstrated efficacy for the treatment of active mild to
moderate UC, supporting the role of PPAR-vy as an important
therapeutic target in UC.>0

New studies have shown that 5-ASA (mesalamine) may
also have direct chemopreventive effects in addition to anti-
inflammatory properties. In addition to acting as an oxygen
free-radical scavenger,*?> mesalamine has been shown to re-
duce the activity of the Wnt/B-catenin pathway in CRC cell
lines via inhibition of protein phosphatase 2A.3! Constitutive
activation of this pathway, mainly because of mutation of a
specific gene (Apc), is observed in most CRCs, and it is
accepted that dysregulation of the Wnt/B-catenin pathway is
essential for early colorectal tumorigenesis. Thus, any reduc-
tion in Wnt/B-catenin pathway activity is likely to be protec-
tive against the development of CRC. In addition to interfer-
ing with the Wnt/B-catenin pathway, 5-ASA has also been
shown to disrupt epidermal growth factor receptor (EGFR)
signaling (a pathway that activates mitogenic signaling in
CRC cells) by enhancing the activity of SH-PTP2, a phos-
phatase that targets phosphorylated EGFR and thereby inac-
tivates the receptor.>?

As shown in cultured colorectal cells, mesalamine may
also exert chemopreventive effects by improving the fidelity
of cellular replication.> Inefficiency in any of the processes
that govern replication fidelity (DNA polymerase accuracy,
its proofreading activity, and the proficiency of the postrep-
lication mismatch repair pathway) can lead to cancer. By
improving replication fidelity (via prevention of frameshift
mutations independent of mismatch repair proficiency),>?
mesalamine would be expected to reduce the speed and
frequency of cancer development.

Additional in vitro studies have shown that mesalamine
may also exert an effect on cell-cycle progression by slowing
replication speed (without affecting microtubule polymeriza-
tion or spindle orientation)>* and activating intra-S-phase
cell-cycle checkpoints, which block chromosome replica-
tion.>> In addition, preliminary data from CRC cell lines
suggest that mesalamine may counteract inflammation-
driven carcinogenesis through demethylation of transcrip-
tionally silenced tumor-suppressor genes.>® CpG island
methylation (which acts to silence tumor-suppressor
genes) has been identified as a mechanism of colon carci-
nogenesis and is present not only in UC but also in
sporadic CRC.>7-58

Clearly, further research is needed to establish the
extent to which these different effects play a role in any
chemopreventive action associated with 5-ASA. Such re-
search will undoubtedly affect the future role of 5-ASA for
chemoprevention in patients with IBD and possibly also in
patients with other conditions associated with an increased
risk of CRC, such as Lynch syndrome (hereditary non-
polyposis colorectal cancer) or multiple colonic polyps.

CHEMOPREVENTION IN FAMILIAL ADENOMATOUS
POLYPOSIS AND SPORADIC COLORECTAL CANCER:
LESSONS FROM STUDYING A RARE DISEASE

Familial adenomatous polyposis (FAP) is a rare auto-
somal-dominant disease widely characterized by the devel-
opment of hundreds of colorectal adenomas (though adeno-
mas may also develop at other sites); patients with FAP are at
a dramatically increased risk of developing CRC. In the final
presentation of the meeting, Dr. Marcia Cruz-Correa of the
University of Puerto Rico Cancer Center (San Juan, Puerto
Rico) discussed studies of chemoprevention in FAP as a
comparative model for discussion of future studies of che-
moprevention in IBD.

With regard to chemoprevention, nonsteroidal anti-in-
flammatory drugs (NSAIDs) have been shown to provide
secondary chemoprevention in patients with FAP. This has
been shown in randomized, double-blind, placebo-controlled
trials using sulindac and also using the COX-2-selective
NSAID celecoxib. Sulindac 150 mg twice daily significantly
reduced the mean number [to 44% of baseline after 9 months
(P = 0.014 versus placebo)] and diameter [to 35% of baseline
versus placebo (P < 0.001)] of colorectal adenomas in pa-
tients with FAP.5® Similarly, celecoxib 400 mg twice daily
led to reductions of 28% (P = 0.003) and 31% (P = 0.001)
in the mean number and diameter, respectively, of colorectal
adenomas versus baseline.®®

Even though the use of NSAIDs appears to be only
partially effective, there is some evidence that the beneficial
effects of NSAIDs on polyp number and size can be main-
tained over the long term.®! NSAIDs are believed to exert
their chemopreventive effect via reduction of prostaglandin
synthesis, which occurs through inhibition of COX-1 and
COX-2 enzymes.®2 NSAIDs evidently provide modestly ef-
fective treatment but not primary protection from the devel-
opment of polyps in FAP. In a randomized, double-blind trial
of 41 patients with FAP, there were no differences between
patients treated with sulindac 75/150 mg twice daily and
those treated with the placebo in mean number, size, or speed
of development of adenomas over a 4-year period.®3

Bioflavinoids may also offer secondary chemopreven-
tion for patients with FAP. In a small uncontrolled study of 5
patients with FAP with prior colectomy, combination treat-
ment with oral curcumin 480 mg and quercetin 20 mg 3 times
a day reduced the mean number (60% decrease from base-
line) and size (51% decrease from baseline) of ileal and rectal
adenomas after a mean of 6 months, with minimal side
effects.** The chemopreventive effects of bioflavinoids are
believed to be a result of their antioxidant and anti-inflam-
matory properties. Various in vitro studies have shown that
these agents act at the colonic mucosal level to inhibit tumor
cell proliferation.®5-¢7

The information gained from chemoprevention studies
in FAP provides valuable insights into the future possibilities
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TABLE 2. Preferred Components of Future Trials of 5-ASA Chemoprevention in Patients With Inflammatory Bowel Disease

Type of study

Comments

Large, prospective, placebo-controlled studies in the
general IBD population

® Gold standard
® Very expensive and logistically difficult because of the large number of

patients required

Prospective studies in high-risk populations

® Fewer patients needed

® Could include patients with FAP and hereditary nonpolyposis CRC, and/or
selected IBD patient groups

® Need to record concurrent medication use and consider in statistical analyses

® Generalizing results to other disease states and general IBD population may
be an issue

Retrospective studies using large population

databases services

® Databases kept by medical insurance companies and/or national health

® Need to include data from more than one source

® Information to be collected on:

— Patients undergoing colonoscopy

— Family history

— Concurrent medication use

— Probiotic use
— Cumulative dose of 5-ASA
— Compliance

— Degree and severity of inflammation

5-ASA, 5-aminosalicylic acid; IBD, inflammatory bowel disease; FAP, familial adenomatous polyposis; CRC, colorectal cancer.

of 5-ASA in IBD patients. In patients with FAP, the devel-
opment of polyps is recognized as a risk factor for developing
CRC, and as such the development of polyps is used as a
surrogate marker in chemoprevention in FAP. Similarly, as
patients with IBD develop dysplasia as a precursor to CRC, it
may be possible to use dysplasia as a surrogate marker in
CRC chemoprevention in IBD.

DISCUSSION AND FUTURE RESEARCH DIRECTIONS

The presentations at this meeting demonstrate the status
of our current knowledge regarding the chemopreventive role
of 5-ASA in IBD-related CRC. The open discussion that
followed focused on the remaining unanswered questions and
how future studies should seek to address them.

There was general agreement on the limitations of
existing retrospective studies. Because of the design of ret-
rospective studies, key areas that have not been sufficiently
addressed include concurrent use of other medications, accu-
rate data on dosing, and collection of data on the number of
patients who undergo colectomy. The attendees agreed that
the ideal study would be a prospective, placebo-controlled
study examining the incidence of CRC in the general IBD
population (Table 2). However, given the incidence of CRC
in this population, the attendees estimated such a study would
need to include in excess of 50,000 subjects.®® Because such
a study is likely to be prohibitively expensive and logistically
difficult, there are 2 options for future studies: (1) prospective
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studies in high-risk populations and (2) retrospective studies
using large population databases (Table 2). An additional
option would be to identify other surrogate markers of neo-
plasia that occur early in the pathogenesis of IBD-related
CRC and ascertain a sensitive and specific manner in which
they could be used for clinical study.

PROSPECTIVE STUDIES IN HIGH-RISK
POPULATIONS

The first approach discussed was to assess whether
5-ASA is chemopreventive in patients with or without IBD at
increased risk for developing CRC. Higher-risk patients dis-
cussed included those with FAP, those with hereditary non-
polyposis CRC, and/or those with selected types of IBD. As
these patients have a higher risk of CRC than does the general
population, fewer patients would need to be recruited for the
study to be adequately powered. However, there may be
problems in how to generalize results from such a study to
other populations. Specifically, it is not clear to what extent
the mechanism of developing CRC will be similar between
any of these disease states and the general population. It is
also unclear whether any chemopreventive action of 5-ASA
will work similarly in the progression to CRC in these higher-
risk disease states or in the general population. The situation
becomes more complicated if studies assess progression to
dysplasia or if only patients with dysplasia or IND are re-
cruited, as dysplasia with the same appearance but arising
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from different disease states may be different at the molecular
level and may differ in the potential to develop into CRC.
Furthermore, any studies assessing 5-ASA in high-risk pop-
ulations will need to adequately address potential confound-
ing variables (such as the degree of inflammation) and, im-
portantly, to monitor the concurrent use of medications and
account for these medications in any statistical analysis. The
concurrent use of medications given as part of the standard of
care will be particularly prevalent in patients with a very high
risk of CRC (e.g., those with FAP). Also, an effect may be
masked if the mechanism of chemoprevention for 5-ASA
overlaps with these other medications being received concur-
rently.

RETROSPECTIVE STUDIES USING LARGE
POPULATION DATABASES

The second approach that was discussed was to use data
from large population databases. Suitable databases include
those maintained by medical insurance companies (e.g., U.S.
Healthcare and Kaiser) and/or national health services (e.g.,
the UK General Practice Research Database and the Icelandic
Cancer Registry). The attendees stressed the need to incor-
porate data from more than 1 source, as individual databases
may not contain all the required information on, for example,
clinical history and patient demographics, concurrent medi-
cation use, and compliance with prescribed medications.

One factor that must be addressed in any retrospective
study assessing CRC risk is how to include data on patients
undergoing colonoscopy. These may be the patients with the
highest risk of CRC, and in many cases, colonoscopy is
performed because of the presence or progression of dyspla-
sia. Overall, the key factors the attendees thought should be
examined in any study assessing CRC risk were family his-
tory, concurrent medication use, probiotic use (there is ex-
perimental evidence these microorganisms may play a pro-
tective role against the development of cancer in animal
models),*® cumulative dose of 5-ASA, and degree and sever-
ity of inflammation.

In the past 10 years, our knowledge of the role of
5-ASA as a chemopreventive agent in UC-related CRC has
increased dramatically. However, there remains insufficient
information about its true effects and who is most likely to
benefit. Additional questions will need to be addressed once
this initial ambitious work is completed. (1) Are systemic
5-ASA therapies more effective than topical formulations?
(2) How important is the timing of exposure? (3) Should
5-ASA therapy be continued when patients require other
treatments for disease control (e.g., immunomodulators or
biologics in patients with IBD or colectomy in patients with
FAP)? It was the hope of the attendees that this meeting
report will act as a road map for how to perform future studies
in this area. The results of these studies and of preclinical

studies examining the mode of action of 5-ASA should pro-
vide the basis for answering these questions.
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