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SUMMARY

Background
The relationship of 5-aminosalicylates’ use with the risk of colorectal neoplasia
in patients with inflammatory bowel disease (IBD) has been the focus of a
growing body of research.

Aim
To investigate this association through an updated meta-analysis of observa-
tional studies.

Methods
PubMed, Scopus and major conference proceedings were searched up to
December 2016. The identified studies were evaluated for publication bias and
heterogeneity. Pooled relative risk (RR) estimates were calculated using ran-
dom-effect models. Detailed subgroup analyses were performed. The GRADE
approach was used to assess the quality of evidence.

Results
Thirty-one independent observational studies including 2137 cases of colorectal neo-
plasia (of which 76% were cancers) were incorporated. Between-study heterogeneity
was moderate, while strong suspicion of small-study effects was raised. The overall
analysis revealed a protective association between 5-aminosalicylates’ use and col-
orectal neoplasia (RR = 0.57, 95% CI: 0.45–0.71). When the analysis was stratified
according to study design and setting, the association was significant in cohort
(RR = 0.65, 95% CI: 0.43–0.99; n = 10) and case–control studies (RR = 0.53, 95%
CI: 0.40–0.70; n = 21), population-based (RR = 0.70, 95% CI: 0.52–0.94; n = 12)
and hospital-based studies (RR = 0.46, 95% CI: 0.34–0.61; n = 19). Exposure to 5-
aminosalicylates was protective against cancer (RR = 0.58, 95% CI: 0.45–0.74) and
dysplasia (RR = 0.54, 95% CI: 0.35–0.84). The reduction in colorectal neoplasia risk
was strong in ulcerative colitis (RR = 0.50, 95% CI: 0.38–0.64), but nonsignificant in
Crohn’s disease (RR = 0.76, 95% CI: 0.43–1.33). Mesalazine (mesalamine) use was
protective (RR = 0.70, 95% CI: 0.51–0.94) with evidence of a dose-effect. The effect
of sulfasalazine was marginally nonsignificant (RR = 0.72, 95% CI: 0.51–1.01).

Conclusions
Our findings support a potential chemopreventive role of 5-aminosalicylates in
IBD. Further, high-quality prospective research is warranted.
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INTRODUCTION
Patients with long-standing inflammatory bowel disease
(IBD) – either ulcerative colitis (UC) or Crohn’s disease
(CD) – have an increased risk of developing colorectal
cancer (CRC) due to chronic inflammation and other
mechanisms promoting the neoplastic transformation of
colonic mucosa.1 As a result, CRC accounts for approxi-
mately 15% of all deaths in IBD patients.2

Current CRC prevention strategies rely on active
surveillance: performance of colonoscopy at regular
intervals, detection of pre-cancerous dysplastic lesions on
mucosal biopsies, and endoscopic removal or procto-
colectomy, when dysplasia is detected.3–6 However,
strategies based on colonoscopy have certain limitations:
precursor dysplastic lesions may be difficult to detect,
and transformation from dysplasia to cancer may be
rapid. Accordingly, the research on chemoprevention of
CRC has received considerable attention, and 5-aminosa-
licylic acid (5-ASA) has been identified as a potential
chemopreventive agent. 5-ASA has demonstrated anti-
neoplastic properties in preclinical studies,7 and a protec-
tive effect against CRC in early clinical studies of
patients with IBD.8

The relationship between 5-ASA and colorectal neo-
plasia (i.e, cancer or dysplasia; CRN) has been the focus
of a growing body of epidemiological research, with
often conflicting results ranging from very protective to
harmful. Similarly, the results from recent meta-analyses
on the subject have been inconsistent.9–11 Thus, the
effect of 5-ASA use on CRN risk in IBD patients
remains to be determined. To address this issue, we
sought to perform an updated systematic review and
meta-analysis to reflect the current totality of evidence
on the subject.

METHODS
Our study protocol12 is registered with the International
Prospective Register of Systematic Reviews (PROSPERO –
http://www.crd.york.ac.uk/prospero). The current study was
performed in accordance with the Cochrane Handbook,13

the MOOSE proposal,14 and the PRISMA statement.15

Data sources and searches
We systematically searched PubMed and Scopus, up to
31 December 2016, using the terms: {aminosalicylic acid,
aminosalicylate, 5-aminosalicylic acid, 5-aminosalicylate,
5ASA, 5-ASA, pentasa, mesalamine, mesalazine salicyla-
zosulfapyridine, salicylazosulphapyridine, sulfasalazine,
sulphasalazine, olsalazine, or balsalazide} combined with
{cancer(s), carcinoma(s), malignancy(ies), neoplasm(s),

neoplasia(s), tumor(s), dysplasia(s), adenocarcinoma(s)
or adenoma(s)} and {inflammatory bowel disease,
ulcerative colitis or Crohn’s disease}. Language or age
restrictions were not imposed.

Two authors (SB, GN) independently read titles and
abstracts of the studies identified in the search, and
excluded those that were clearly irrelevant. The full text
of the selected articles was carefully read to determine
whether it contained information on the topic of interest.
Their reference lists, as well as those of relevant system-
atic reviews,8–11 were inspected to identify any eligible
studies missed by the electronic database search. Finally,
recent international conference proceedings were investi-
gated (European Crohn’s and Colitis Organisation,
2011–2016; Digestive Disease Week, 2010–2016; and
United European Gastroenterology Week, 2010–2016).

Selection criteria
Prospective or retrospective epidemiological studies
(case–control or cohort) evaluating any exposure to
5-aminosalicylates and risk of colorectal neoplasia in
patients with IBD were eligible for inclusion. We consid-
ered all articles irrespective of publication type; we did
not exclude articles published as short reports or confer-
ence abstracts, even though critical appraisal of such
publications is limited. Studies were included if they
investigated patients with IBD; evaluated 5-ASA use as a
risk factor for colorectal neoplasia (cancer and/or dys-
plasia); and reported (or provided sufficient data to
determine) an effect estimate and a confidence interval.
Studies conducted in populations with IBD and primary
sclerosing cholangitis were excluded. In the case of mul-
tiple studies involving the same population, data from
the most recent or most comprehensive one (higher
number of cases/complete information) were included.
Finally, studies reporting different effect measures (risk
ratio, odds ratio, hazard ratio) were incorporated. In
practice, these measures of effect yield similar estimates
of relative risk, because the absolute risk of colorectal
neoplasia is low.16

Data extraction and quality assessment
Two authors (SB, GN) independently abstracted the fol-
lowing information from each study in a form: citation
data, first author’s last name, time period of study and
geographical setting; study design; setting (population- or
hospital-based); number of participants; population char-
acteristics (age, sex); underlying condition (UC, CD);
exposure definition (medication type, dose and frequency
of use); outcomes reported (colorectal cancer and/or
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dysplasia); estimated measures of effect with 95% CIs;
and control for confounding factors by matching or
adjustments. In studies where more than one effect
estimate was reported, we extracted the “most adjusted”
estimate, i.e. the estimate controlled for the largest num-
ber of potential confounders. When relative risk was
reported separately for different types of medication,
doses or durations of exposure, we calculated the study’s
combined effect estimate before inclusion in the overall
meta-analysis. Any differences in data extraction were
settled by consensus, referring back to the original article.

We assessed the potential risk of bias in included
studies using the Newcastle–Ottawa scale,17 which
addresses the following three domains: selection of the
study groups; comparability of the groups; and ascer-
tainment of either the exposure or outcome of interest
for case–control or cohort studies, respectively. Studies
could get a total of four stars for selection, 2 two for
comparability, and three 3 for assessment of the out-
come or exposure for a total of nine stars per study.
Studies scoring six stars or higher were considered as
of low risk of bias (i.e, high quality). Discrepancies
among reviewers were discussed and agreement was
reached by consensus.

Quantitative data synthesis
Pooled effect estimates and 95% CIs were calculated
under the assumption of a random-effect model
(DerSimonian–Laird approach).18 Publication bias was
assessed using the Begg’s test19 and the Egger’s test,20 as
well as the funnel plot. To examine whether the results
of the studies were homogeneous, we employed the
Cochran’s Q test,21 with a 0.10 level of significance. We
also calculated the I-squared statistic,22 which quantifies
the proportion of total variation across studies that is
due to heterogeneity rather than chance; we used cut-offs
of <30%, 30–59%, 60–75% and >75% to suggest low,
moderate, substantial and considerable heterogeneity
respectively.23

To examine the stability of results and explore hetero-
geneity, the studies were grouped on the basis of study
design (cohort vs. case–control), study setting (popula-
tion-based or geographically representative registries or
databases vs. hospital-based studies that included popula-
tions from IBD referral clinics or surveillance centres),
quality score, control for confounding, publication type,
underlying condition, medication and dose, and outcome
studied (dysplasia, cancer) and separate analyses were
conducted. Pooled effect estimates derived from sub-
group analyses were compared with tests of interaction.24

We used the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach
to assess the quality of evidence.25 GRADE assessment
begins with the study design (observational studies start
as low-quality evidence) and then addresses five reasons
to possibly rate down the quality of evidence (risk of
bias, imprecision, indirectness, inconsistency, publication
bias) and three to possibly rate up the quality (large
magnitude of effect, dose–response gradient, and effect
of plausible residual confounding). It results in an assess-
ment of the quality of a body of evidence in one of four
grades: high, moderate, low or very low.

For statistical analysis, we used the R software,26 version
3.3.2, and the “meta” package for R,27 version 4.6-0. All P-
values are two-tailed. For all tests (except for heterogene-
ity), a P < 0.05 indicates statistical significance.

RESULTS

Search results
After duplicates’ removal, the database search yielded
2302 literature citations (Figure 1, flow chart). Records
clearly not eligible or irrelevant to the topic were
excluded. We retrieved 74 publications for detailed eval-
uation. The full text was read and the reference lists were
carefully investigated. Finally, we identified and included
31 independent studies, which met the predefined eligi-
bility criteria;28–58 three of them had been published
solely as conference abstracts.56–58 Five additional studies
were excluded due to the rule for multiple publications
involving the same population.59–63 The full list of
excluded studies, with reasons for exclusion, is given in
the Appendix S1. There was full agreement between
reviewers regarding study selection.

Thirty-one studies selected for inclusion28–58 analysed
exposure to 5-ASA and risk of developing CRN, and
reported (or provided sufficient data to determine) an effect
estimate and a confidence interval. Among them, 10 were
cohort studies,29, 31, 35, 39, 40, 44, 51, 53, 54, 57 and the
remaining 21 were case–control studies.28, 30, 32–34, 36–38, 41–
43, 45–50, 52, 55, 56, 58 Twelve were population-based,28–
30, 35, 39–41, 45, 46, 49, 54, 55 while 19 were hospital-based
studies.31–34, 36–38, 42–44, 47, 48, 50–53, 56–58 Seventeen studies
analysed patients with UC,30–33, 36–38, 44, 47, 50–55, 57, 58 two
studies had patients with CD,43, 48 and 12 studies included
both UC and CD patients.28, 29, 34, 35, 39–42, 45, 46, 49, 56

The number of CRN cases ranged between 4 and 364
among the studies, for a total of 2137 cases (of which
76% were colorectal cancers), while the mean age of
patients ranged between 40 and 75 years. Fourteen of 31
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studies also included patients with dysplasia. The vast
majority30, 33, 34, 37, 39, 44, 45, 50, 51, 53, 57 were cases pos-
itive for dysplasia. Only one study36 included six cases
indefinite for dysplasia (together with 38 cases positive
for dysplasia), while two studies, published as
abstracts,56, 58 did not report details.

Twenty-one studies were controlled for potential con-
founding factors by matching or adjustments (eight of
them at least for age, disease extent and disease dura-
tion). The majority of the studies were conducted in
Europe (n = 18), but some were carried out in the USA
(n = 8), Europe and the USA (n = 1), Canada (n = 1)
and Asia (n = 3). Publication dates ranged between 1994
and 2017. A summary of the study characteristics is
given in Table 1.

Risk of bias assessment using the Newcastle–Ottawa
scale
Twenty-four studies28–30, 32–36, 38–40, 42–50, 52–55 scored
six stars or higher, and were rated as of high quality
(Table S1). Four studies published as short reports,37 or
conference abstracts,56–58 were not assessed for quality,
as critical appraisal of such publications is limited.

Results of meta-analyses
Use of 5-aminosalicylates and risk of colorectal
neoplasia. Data from 31 studies28–58 were synthesised.
Exposure to 5-ASA was significantly associated with a
43% decrease in the risk of developing CRN (RR = 0.57,
95% CI: 0.45–0.71; Figure 2, forest plot). The P-values
for the Begg’s and the Egger’s test were P = 0.39 and
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Eligible studies included in meta-analysis
(n = 31)

Additional studies
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in abstract form

(n = 3)

Figure 1 | Summary of the evidence search and selection process (flow chart). Abbreviations: 5-ASA,
5-aminosalicylates; IBD, inflammatory bowel disease.
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Table 1 | Studies included in the meta-analysis

Study,
publication
year Country Time period Design Setting Condition Exposure Outcomes

No. of
subjects

CRN
cases RR (95% CI)

Control for
potential
confounding
factors †

Carrat
et al. [28],
2017

France 2004–2007 C-C Population UC, CD Any 5-ASA;
any use during
the year of
cancer diagnosis

Cancer 430 144 0.59 (0.37–0.94) 1–6

Cheddani
et al. [29],
2016

France 1988–2006 Cohort Population UC, CD Any 5-ASA;
any use

Cancer 844 15 0.7 (0.2–2.6) –

Gordillo
et al. [30],
2015

Spain 2006–2009 C-C Population UC Any 5-ASA;
any use

Cancer/
dysplasia

831 45 0.49 (0.21–1.26) –

Nowacki
et al. [31],
2015

Germany 2002–2013 Cohort Hospital UC Any 5-ASA;
NR

Cancer 434 27 0.9 (0.2–3.6) –

Zhang
et al. [32],
2015

China 2000–2012 C-C Hospital UC Any 5-ASA;
NR

Cancer 624 4 0.17 (0.02–1.72) 2–4,7,8

Freire
et al. [33],
2014

Portugal 2011–2013 C-C Hospital UC Any 5-ASA;
NR

Dysplasia 76 7 0.33 (0.04–4.06) –

Nieminen
et al. [34],
2014

Finland 1996–2008 C-C Hospital UC, CD Any 5-ASA;
NR

Cancer/
dysplasia

553 183 0.46 (0.13–1.57) 2–6,9–11

Jess
et al. [35],
2013

Denmark 1978–2010 Cohort Population UC, CD Any 5-ASA;
any use

Cancer 2,211 27 0.82 (0.28–2.42) 1,4,5

Rubin
et al. [36],
2013

USA 1994–2005 C-C Hospital UC Mesa/Sulfa;
any use

Cancer/
dysplasia

200 59 0.08 (0.01–0.68) 2,3,9

Bessissow
et al. [37],
2013

Belgium 2008–2011 C-C Hospital UC Any 5-ASA;
NR

Cancer/
dysplasia

126 28 0.54 (0.21–1.38) 3,9

Gong
et al. [38],
2012

China 1998–2009 C-C Hospital UC Any 5-ASA;
NR

Cancer 3,922 34 0.28 (0.13–0.60) 2,3

Van Schaik
et al. [39],
2012

Netherlands 2001–2009 Cohort Population UC, CD Any 5-ASA;
minimum
6 mo

Cancer/
dysplasia

2,578 28 0.56 (0.22–1.40) 1–5,10,12–15

Bernstein
et al. [40],
2011

Canada 1995–2008 Cohort Population UC, CD Any 5-ASA;
any use

Cancer 8,744 108 1.17 (0.80–1.72) 1,3,4

Baars
et al. [41],
2011

Netherlands 1990–2006 C-C Population UC, CD Any 5-ASA;
any use

Cancer 565 173 0.73 (0.42–1.27) –

Tang
et al. [42],
2010

USA 1970–2005 C-C Hospital UC, CD Any 5-ASA;
any use

Cancer 48 18 0.17 (0.003–2.45) 2–5,9,16

Sobala
et al. [43],
2010

Austria 1997–2006 C-C Hospital CD Any 5-ASA;
any use

Cancer 28 7 11.0 (0.00–433
9 103)

1

Gupta
et al. [44],
2007

USA 1996–2006 Cohort Hospital UC Mesa; NR Cancer/
dysplasia

418 65 0.6 (0.3–1.2) –

Jess
et al. [45],
2007

Denmark,
USA

1940–2002 C-C Population UC, CD Mesa/Sulfa;
any use

Cancer/
dysplasia

145 43 2.3 (0.9–6.0) 2–5,9,17,18

Terdiman
et al. [46],
2007

USA 2000–2003 C-C Population UC, CD Any 5-ASA;
any use 1 yr
before cancer
diagnosis

Cancer 1,536 364 0.97 (0.77–1.23) 1, 4

Velayos
et al. [47],
2006

USA 1976–2002 C-C Hospital UC Any 5-ASA;
minimum 1 yr

Cancer 376 188 0.59 (0.38–0.92) 2–4,18

Siegel
et al. [48],
2006

USA 1990–2004 C-C Hospital CD Any 5-ASA;
any use

Cancer 54 27 0.50 (0.11–1.87) 4,9

Aliment Pharmacol Ther 5

ª 2017 John Wiley & Sons Ltd

5-aminosalicylates and colorectal neoplasia in IBD



P = 0.01, respectively, posing a strong suspicion of
small-study effects; however, inspection of the funnel
plot (Figure S1) did not reveal any clearly asymmetrical
pattern. In contrast, the Cochran’s Q test had a
P < 0.001 and the corresponding I-squared was 55%,
indicating moderate heterogeneity among the studies
(Table 2).

When the analysis was restricted to studies judged to
be at low risk of bias (i.e. those scoring ≥6 stars at New-
castle–Ottawa scale; n = 24),28–30, 32–36, 38–40, 42–50, 52–55

5-ASA use was again associated with a significant reduc-
tion in the risk of developing CRN (RR = 0.61, 95% CI:
0.48–0.78; Table 2). Similarly, when only studies

published in full-text form were included,28–36, 38–55 the
results did not materially change (RR = 0.63, 95% CI:
0.51–0.79; n = 27). Finally, when the analysis was
restricted to studies adequately controlled for potential
confounders (at least for age, disease extent and dura-
tion), the number of eligible stud-
ies28, 34, 36, 39, 42, 45, 50, 52 was rather limited (n = 8),
and the association became nonsignificant (RR = 0.66,
95% CI: 0.38–1.14; Table 2).

Analysis by study design and setting. To examine the
consistency of our meta-analytic findings across varying
study designs and settings with different potential biases,

Table 1 | (Continued)

Study,
publication
year Country Time period Design Setting Condition Exposure Outcomes

No. of
subjects

CRN
cases RR (95% CI)

Control for
potential
confounding
factors †

Van Staa
et al. [49],
2005

UK 1987–2001 C-C Population UC, CD Any 5-ASA;
any use in
6 mo
before cancer
diagnosis

Cancer 700 100 0.60 (0.38–0.96) 1,3,4,19–26

Rutter
et al. [50],
2004

UK 1988–2002 C-C Hospital UC Any 5-ASA;
minimum 3 mo

Cancer/
dysplasia

204 68 2.31 (0.60–13.0) 2–4,9,27

Lindberg
et al. [51],
2001

Sweden 1974–1993 Cohort Hospital UC Sulfa; minimum
6 mo

Cancer/
dysplasia

142 50 0.64 (0.21–2.02) –

Eaden
et al. [52],
2000

UK 1980s C-C Hospital UC Any 5-ASA;
5–10 yr

Cancer 204 102 0.47 (0.22–1.00) 1–4,28–30

Lashner
et al. [53],
1997

USA 1986–1992 Cohort Hospital UC Mesa/Sulfa;
minimum
6 mo

Cancer/
dysplasia

98 29 0.95 (0.34–2.70) 1,18

Moody
et al. [54],
1996

UK 1972–1992 Cohort Population UC Sulfa; long-term,
up to 20 yr

Cancer 168 10 0.08 (0.02–0.39) –

Pinczowski
et al. [55],
1994

Sweden 1965–1983 C-C Population UC Sulfa; minimum
3 mo

Cancer 298 102 0.38 (0.20–0.69) 1,2,4,18,31

Kirchgesner
et al. [56],
2016

France 1996–2015 C-C Hospital UC, CD Any 5-ASA; NR Cancer/
dysplasia

130 38 0.27 (0.08–0.88) 6,10,32,33

Soon
et al. [57],
2011

Singapore NR Cohort Hospital UC Mesa/Sulfa; NR Cancer/
dysplasia

138 8 0.25 (0.06–1.02) –

Nourani
et al. [58],
2008

USA NR C-C Hospital UC Any 5-ASA;
minimum
6 mo

Cancer/
dysplasia

182 36 0.10 (0.03–0.32) –

CRN, colorectal neoplasia; C-C, case–control study; UC, ulcerative colitis; CD, Crohn’s disease; 5-ASA, 5-aminosalicylates; Mesa,
mesalazine; Sulfa, sulfasalazine; NR, not reported; RR, relative risk; CI, confidence interval.

†1, age; 2, disease extent; 3, disease duration; 4, sex; 5, IBD type; 6, primary sclerosing cholangitis; 7, disease severity; 8, use of cor-
ticosteroids; 9, age at diagnosis; 10, use of thiopurines; 11, inflammation activity; 12, history of dysplasia; 13, history of colon resec-
tion; 14, use of folic acid; 15, use of calcium; 16, race; 17, nationality; 18, year of diagnosis; 19, medical practice; 20, calendar time; 21,
body mass index; 22, history of colorectal polyps; 23, use of NSAIDs, paracetamol, aspirin, immunosuppressants, and glucocorti-
coids; 24, prior gastrointestinal hospitalisation; 25, recorded colonoscopy; 26, number of GP visits; 27, year of index surveillance
colonoscopy; 28, frequency of contacts with hospital doctor; 29, family history of colorectal cancer; 30, frequency of colonoscopies;
31, number of exacerbations per year; 32, presence of excess neutrophils or crypt abscess; 33, glandular distortion.
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we stratified the data into subgroups. The inverse associ-
ation between the exposure to 5-ASA and the risk of
CRN was significant among both the
cohort29, 31, 35, 39, 40, 44, 51, 53, 54, 57 (RR = 0.65, 95% CI:

0.43–0.99; n = 10), and the case–control studies28, 30, 32–
34, 36–38, 41–43, 45–50, 52, 55, 56, 58 (RR = 0.53, 95% CI:
0.40–0.70; n = 21) (Table 2; Figure 2). Furthermore, we
compared these RR estimates with a test of interaction.

Study, publication year RR (95% CI)
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Figure 2 | Forest plot for colorectal neoplasia: results from individual studies and meta-analyses. Footnote: The RR and
95% CI for each study are displayed on a logarithmic scale. Pooled effect estimates are from random-effect models.
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We found no significant difference (cohort vs. case–con-
trol studies, P = 0.41).

Similarly, when we analysed by study setting, the inverse
association between 5-ASA and CRN risk was significant
among population-based,28–30, 35, 39–41, 45, 46, 49, 54, 55

(RR = 0.70, 95% CI: 0.52–0.94; n = 12) and hospital-based
studies31–34, 36–38, 42–44, 47, 48, 50–53, 56–58 (RR = 0.46, 95%
CI: 0.34–0.61; n = 19) (Table 2; Figure 2). However, the
pooled estimates were significantly different (population-
vs. hospital-based, test of interaction: P = 0.04). It is worth
noting that population-based studies are less susceptible to
selection biases; indeed, they scored higher at Newcastle–
Ottawa scale (population- vs. hospital-based studies: 8 vs. 7,
median values).

Analysis by underlying condition. Twenty-one studies
contributed data specific for UC,28, 30–33, 35–38, 40, 44, 47,

49–55, 57, 58 while only five studies for CD.28, 35, 43, 48, 49

The reduction in CRN risk associated with 5-ASA use was
50% among UC patients (RR = 0.50, 95% CI: 0.38–0.64),
but weaker and nonsignificant among patients with CD
(RR = 0.76, 95% CI: 0.43–1.33) (Table 2).

Analysis by outcome studied. Twenty-one studies28–32,
34–36, 38, 40–43, 46–49, 51, 52, 54, 55 evaluated the association
of 5-ASA with CRC risk, while five studies33, 34, 36, 37, 51

reported data for dysplasia. Exposure to 5-ASA was
significantly associated with a protective effect against
both outcomes (cancer: RR = 0.58, 95% CI: 0.45–0.74,
Figure 3; dysplasia: RR = 0.54, 95% CI: 0.35–0.84,
Figure 4) (Table 2).

Analysis by medication and dose. Nine studies28, 36, 44–
46, 49, 50, 52, 53 reported data for the CRN risk in IBD

Table 2 | Meta-analysis results

No. of
studies

Pooled effect estimate‡
Tests of homogeneity

Tests of publication
bias

RR (95% CI) Q value (d.f.) P-value I-squared
Begg’s
P-value

Egger’s
P-value

All studies 31 0.57 (0.45–0.71) 66.2 (30) <0.001 55% 0.39 0.01
Cohort studies 10 0.65 (0.43–0.99) 16.0 (9) 0.07 44% 0.28 0.02
Case–control studies 21 0.53 (0.40–0.70) 48.5 (20) <0.001 59% 0.57 0.02
Population-based studies 12 0.70 (0.52–0.94) 29.9 (11) 0.002 63% 0.73 0.12
Hospital-based studies 19 0.46 (0.34–0.61) 22.7 (18) 0.20 21% 0.55 0.37
Studies rated as low risk of bias
(i.e, high-quality)*

24 0.61 (0.48–0.78) 50.5 (23) <0.001 54% 0.82 0.03

Studies rated as high risk of bias,
or not assessed

7 0.42 (0.24–0.74) 11.7 (6) 0.07 49% 0.55 0.21

Studies adequately controlled for
confounding†

8 0.66 (0.38–1.14) 15.1 (7) 0.035 54% 0.71 0.82

Studies not adequately controlled
for confounding

23 0.54 (0.42–0.70) 50.8 (22) <0.001 57% 0.41 <0.01

Studies published in full-text form 27 0.63 (0.51–0.79) 50.6 (26) 0.003 49% 0.83 0.03
Studies published as short reports
or abstracts

4 0.26 (0.13–0.54) 4.8 (3) 0.19 37% 0.31 0.39

Data for ulcerative colitis 21 0.50 (0.38–0.64) 32.8 (20) 0.035 39% 0.22 0.13
Data for Crohn’s disease 5 0.76 (0.43–1.33) 1.4 (4) 0.85 0% 0.46 0.38
Data for colorectal cancer 21 0.58 (0.45–0.74) 40.4 (20) 0.005 50% 0.53 <0.01
Data for colorectal dysplasia 5 0.54 (0.35–0.84) 1.0 (4) 0.91 0% 0.81 0.66
Data for mesalamine 9 0.70 (0.51–0.94) 14.6 (8) 0.07 45% 0.47 0.13
Data for sulfasalazine 11 0.72 (0.51–1.01) 21.2 (10) 0.020 53% 0.99 0.12

RR, relative risk; CI, confidence interval; d.f., degrees-of-freedom.

Tests of interaction: Cohort vs. Case–control studies, P = 0.41; Population- vs. Hospital-based studies, P = 0.04; Low vs. High risk
of bias, P = 0.23; Studies adequately controlled vs. not adequately controlled for confounding, P = 0.52; Studies published in full-
text form vs. Short reports or abstracts, P = 0.02; Ulcerative colitis vs. Crohn’s disease, P = 0.19.

*Studies scoring ≥6 stars at Newcastle–Ottawa scale were rated as low risk of bias (i.e, high-quality).

†Studies controlled at least for age, disease extent and duration.

‡Pooled effect estimates are derived from random-effect models.
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patients prescribed mesalazine, while 11 stud-
ies28, 36, 45, 46, 49–55 reported relevant data for patients
receiving sulfasalazine treatment.

Exposure to mesalazine was significantly associated
with a 30% reduction in the risk of neoplasia (RR=0.70,
95% CI: 0.51–0.94; Table 2). To determine whether there
is a dose-effect associated with mesalazine use, we pooled
data from four studies36, 45, 49, 52 exploring the associa-
tion in patients receiving mesalazine at doses higher than
1.2 g per day; colonic neoplasia risk reduction was more
profound (RR=0.51, 95% CI: 0.29–0.88; I-squared = 39%).
On the other hand, only two studies49, 52 reported the
association in patients receiving mesalazine at doses lower
than 1.2 g per day; the pooled effect estimate was not sig-
nificant (RR=0.23, 95% CI: 0.05–1.09; I-squared = 0%).

In contrast, the sulfasalazine-specific effect on CRN
risk was marginally nonsignificant (RR=0.72, 95% CI:
0.51–1.01; Table 2). Sulfasalazine was not effective either
at doses higher than 2.0 g per day (RR=0.99, 95% CI:
0.66–1.49) or at doses lower than 2.0 g per day
(RR=0.87, 95% CI: 0.37–2.05), based on data from four
studies,36, 45, 49, 52 and two studies,49, 52 respectively.

GRADE ASSESSMENT OF QUALITY OF THE BODY
OF EVIDENCE
The overall analysis showed that 5-ASA use is associated
with a 43% reduction in the risk of CRN (RR=0.57, 95%
CI: 0.45–0.71). Quality of evidence, assessed using the
GRADE criteria, is “very low” because the result is relied
on observational studies, and presence of small-study
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Figure 3 | Forest plot for colorectal cancer: results from individual studies and meta-analysis. Footnote: The RR and
95% CI for each study are displayed on a logarithmic scale. Pooled effect estimate is from a random-effect model.
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effects is suspected. On the other hand, the reduction in
CRN risk associated with 5-ASA is strong among UC
patients (RR = 0.50, 95% CI: 0.38–0.64) and quality of
this evidence was considered “moderate” because the
data is derived solely from observational studies, but the
magnitude of the effect is relatively large. Similarly, the
quality of evidence for the mesalazine-specific effect
(RR = 0.70, 95% CI: 0.51–0.94) was considered “moder-
ate” because the result is relied on observational studies,
but we identified a possible dose–response relation lend-
ing support to a causal explanation64 of the mesalazine-
CRN association. Quality assessment of the evidence,
and summary of findings, are given in Table S3.

DISCUSSION
In this updated systematic review and meta-analysis of
observational studies, we synthesised the current totality
of evidence on the association of 5-ASA use with col-
orectal neoplasia in IBD patients. Overall, synthesis of 31
independent studies identified a large (on the order of
40–45% risk reduction) protective effect of 5-ASA use, at
therapeutic doses, against colorectal neoplasia in patients
with IBD. The findings were almost identical for both
outcomes (colorectal cancer and dysplasia) and remained
strongly significant when the data were analysed by
study design, study setting and quality score.

Moderate between-study heterogeneity was detected;
thus, differences in the underlying treatment effect are
likely, due to differences in the populations studied,
medications used and study methods. Indeed, inconsis-
tency of results was partly explained in subgroup analy-
ses: (i) the reduction in CRN risk associated with 5-ASA

use was 50% among UC patients, but nonsignificant
among CD patients; (ii) exposure to mesalazine signifi-
cantly decreased neoplasia risk, while there was no sig-
nificant sulfasalazine-specific effect and (iii) the findings
were statistically significant in both population-based
and clinic-based studies, but much stronger in the latter
category (30% vs. 54% risk reduction).

To the best of our knowledge, the current work is the
most comprehensive meta-analysis on the topic. In 2005,
Velayos et al.8 published a meta-analysis of nine obser-
vational studies (474 CRN cases) examining the effect of
5-ASA on colorectal neoplasia in UC patients. They
identified a significant reduction in the risk of CRN, but
not of dysplasia; however, only two studies evaluated this
outcome. Since then, several meta-analyses have been
published with often conflicting results. In 2012, Nguyen
et al.9 reported a meta-analysis of four studies conducted
in nonreferral populations; they failed to identify any
protective effect of 5-ASA on CRC in IBD. Then,
O’Connor et al.10 synthesised data from eight studies
(867 CRN cases) and reported a mesalazine-specific pro-
tective effect against CRN. Finally, Zhao et al.11 pub-
lished in 2014 the most comprehensive work (17 studies,
1508 CRN cases) showing a 37% reduction in CRN
among UC patients using 5-ASA.

As compared to these studies, our meta-analysis uses
a much broader evidence base, includes a much larger
number of studies (n = 31) and CRN cases (n = 2137),
identifies associations not previously shown (protective
effect also for dysplasia, significant reduction in CRN
risk in population-based studies), and provides updated
evidence that can inform patients and clinicians.
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Figure 4 | Forest plot for colorectal dysplasia: results from individual studies and meta-analysis. Footnote: The RR and
95% CI for each study are displayed on a logarithmic scale. Pooled effect estimate is from a random-effect model.
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Nevertheless, several limitations should be considered
in interpreting the results of this meta-analysis: First,
though a rigorous and extensive literature search was
conducted to retrieve all eligible studies (i.e. PubMed,
Scopus, major conference proceedings and relevant
review articles were investigated), Embase – that is con-
sidered as a standard for many systematic reviews – was
not searched; however, recent research has shown that
for systematic reviews of the effects of therapeutic inter-
ventions, gains from searching sources beyond PubMed,
and from searching Embase in particular, may be mod-
est.65 Second, the included studies were variable in terms
of study designs, and definitions of 5-ASA exposure. We
investigated sources of heterogeneity conducting detailed
subgroup analyses; however, the pooled effect estimates
are still based on rather heterogeneous data and should
be interpreted cautiously. Third, bias and confounding
may always constitute an alternative explanation for the
results. Twenty-one of the primary studies were con-
trolled for confounders by matching or adjustments;
however, control for different factors among the studies
may also explain the heterogeneity observed. In any
event, the possibility of residual confounding cannot be
excluded, either from unknown or unmeasured factors,
or from imperfectly controlled confounders. Finally,
small-study effects or publication bias is another issue
that may affect a meta-analysis. Our literature search
was as inclusive as possible, and we did not exclude any
study because of methodological characteristics or any
subjective quality criteria. Nevertheless, we did not
search for unpublished studies or for original data.
Though visual inspection of the funnel plot did not
reveal any clearly asymmetric pattern, the Begg’s and the
Egger’s tests posed a strong suspicion of small-study
effects. Thus, selective publication of smaller studies with
statistically significant results may have occurred to some
extent.

Although our knowledge of the possible biological mech-
anisms underlying this association is rather incomplete, our
results may be biologically plausible. A body of experimen-
tal data has demonstrated the ability of 5-ASA to inhibit
pathways that sustain colon carcinogenesis;66 thus, the
potential protective effect of 5-ASA may extend beyond
simply reducing colonic inflammation. For instance, mesa-
lazine has been shown to interfere with colon cancer cell
growth and survival, through negatively regulating the
COX-2/PGE2 axis,67, 68 inhibiting the EGFR, NF-jB and
Wnt/b-catenin signalling,69–73 activating PPAR-c in
colorectal cancer cells,74, 75 modulating cell cycle-related
proteins,76 and improving replication fidelity.77

In conclusion, synthesis of the existing epidemiologic
evidence supports the hypothesis that exposure to
5-ASA, at therapeutic doses, may significantly reduce the
risk of developing colorectal neoplasia. This finding was
confirmed particularly for UC patients, and for exposure
to mesalazine; in contrast, we found no such evidence
for CD patients, or any sulfasalazine-specific effect.
Nevertheless, further research is warranted to confirm or
refute these findings, and explore the association for
critical issues, such as the dose and duration of drug
exposure, or the extent and severity of the disease over
time. Until further high-quality prospective research is
available, this class of medications remains a strong, but
as yet unproven, candidate for colorectal cancer
chemoprevention.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:
Figure S1. Contour-enhanced funnel plot of observed

relative risk against standard error (as a surrogate of
study size) for all studies analysed.
Table S1. Risk of bias assessment for the studies

included in the meta-analysis.
Table S2. GRADE assessment of quality of the body

of evidence, and summary of findings.
Appendix S1. Studies not found eligible for this sys-

tematic review (n = 46), with reasons for exclusion.

AUTHORSHIP
Guarantor of the article: Dr. Stefanos Bonovas.
Author contributions: SB, GF, TL, GN, LPB, SD: conception and
design; SB, GN: literature search and data collection; SB, TL: statisti-
cal analysis; SB, GF, TL, GN, LPB, SD: data interpretation; SB: draft-
ing of the manuscript; SB, GF, TL, GN, LPB, SD: critical revision of
the manuscript for important intellectual content; SB, GF, TL, GN,
LPB, SD: final approval of the version to be published, including the
authorship list.

ACKNOWLEDGEMENTS
Declaration of personal interests: Gionata Fiorino has served as a
consultant and advisory board member for MSD, AbbVie, Takeda,
Pfizer, Mundipharma, Nikkiso, Otsuka. Laurent Peyrin-Biroulet
has received consulting fees from Abbvie, Amgen, Biogaran,
Biogen, Boerhinger-Ingelheim, Bristol–Myers Squibb, Celgene,
Celltrion, Ferring, Forward Pharma, Genentech, H.A.C. Pharma,
Hospira, Index Pharmaceuticals, Janssen, Lycera, Merck, Lilly,
Mitsubishi, Norgine, Pfizer, Pharmacosmos, Pil�ege, Samsung Bioe-
pis, Sandoz, Takeda, Therakos, Tillots, UCB Pharma and Vifor,
and lecture fees from Abbvie, Ferring, H.A.C. Pharma, Janssen,
Merck, Mitsubishi, Norgine, Takeda, Therakos, Tillots and Vifor.
Silvio Danese has served as a speaker, a consultant and an advi-
sory board member for Abbvie, Allergan, Biogen, Boehringer
Ingelheim, Celgene, Celltrion, Ferring, Hospira, Johnson & John-
son, Merck, MSD, Takeda, Mundipharma, Pfizer, Sandoz, Tigenix,

Aliment Pharmacol Ther 11

ª 2017 John Wiley & Sons Ltd

5-aminosalicylates and colorectal neoplasia in IBD



UCB Pharma and Vifor. All other authors have no conflicts of
interest to declare.

Declaration of funding interests: The study was supported by
unrestricted grants from the Fondazione Italiana per la Ricerca Sulle
Malattie Apparato Digerente and Gastrolab. The funding sources

had no role in the design and conduct of the study; collection, man-
agement, analysis, and interpretation of the data; preparation,
review, or approval of the manuscript; or decision to submit it for
publication.

REFERENCES
1. Beaugerie L, Itzkowitz SH. Cancers

complicating inflammatory bowel
disease. N Engl J Med 2015; 372:
1441–52.

2. Munkholm P. Review article: the
incidence and prevalence of colorectal
cancer in inflammatory bowel disease.
Aliment Pharmacol Ther 2003; 18: 1–5.

3. Laine L, Kaltenbach T, Barkun A,
McQuaid KR, Subramanian V, Soetikno
R SCENIC Guideline Development
Panel. SCENIC international consensus
statement on surveillance and
management of dysplasia in
inflammatory bowel disease.
Gastroenterology 2015; 148: 639 e28–51.

4. Annese V, Daperno M, Rutter MD,
et al. European evidence based
consensus for endoscopy in
inflammatory bowel disease. J Crohns
Colitis 2013; 7: 982–1018.

5. Cairns SR, Scholefield JH, Steele RJ,
et al. Guidelines for colorectal cancer
screening and surveillance in moderate
and high risk groups (update from
2002). Gut 2010; 59: 666–89.

6. Farraye FA, Odze RD, Eaden J,
Itzkowitz SH. AGA technical review on
the diagnosis and management of
colorectal neoplasia in inflammatory
bowel disease. Gastroenterology 2010;
138: 746–74.e1-4.

7. Lyakhovich A, Gasche C. Systematic
review: molecular chemoprevention of
colorectal malignancy by mesalazine.
Aliment Pharmacol Ther 2010; 31: 202–9.

8. Velayos FS, Terdiman JP, Walsh JM.
Effect of 5-aminosalicylate use on
colorectal cancer and dysplasia risk: a
systematic review and meta-analysis of
observational studies. Am J
Gastroenterol 2005; 100: 1345–53.

9. Nguyen GC, Gulamhusein A, Bernstein
CN. 5-aminosalicylic acid is not
protective against colorectal cancer in
inflammatory bowel disease: a meta-
analysis of non-referral populations.
Am J Gastroenterol 2012; 107: 1298–
304.

10. OʼConnor A, Packey CD, Akbari M,
Moss AC. Mesalamine, but not
sulfasalazine, reduces the risk of
colorectal neoplasia in patients with
inflammatory bowel disease: an agent-
specific systematic review and meta-

analysis. Inflamm Bowel Dis 2015; 21:
2562–9.

11. Zhao LN, Li JY, Yu T, Chen GC, Yuan
YH, Chen QK. 5-aminosalicylates
reduce the risk of colorectal neoplasia
in patients with ulcerative colitis: an
updated meta-analysis. PLoS ONE 2014;
9: e94208.

12. Bonovas S, Fiorino G, Lytras T, Peyrin-
Biroulet L, Danese S. Use of 5-
aminosalicylates and risk of colorectal
neoplasia in patients with inflammatory
bowel disease: a systematic review and
meta-analysis of observational studies.
PROSPERO 2016:CRD42016050091.
http://www.crd.york.ac.uk/PROSPERO/
display_record.asp?ID=
CRD42016050091

13. Higgins JPT, Green S, editors.
Cochrane Handbook for Systematic
Reviews of Interventions. The
Cochrane Collaboration; 2011, version
5.0.1.

14. Stroup DF, Berlin JA, Morton SC, et al.
Meta-analysis of observational studies
in epidemiology: a proposal for
reporting. Meta-analysis Of
Observational Studies in Epidemiology
(MOOSE) group. JAMA 2000; 283:
2008–12.

15. Moher D, Liberati A, Tetzlaff J, Altman
DG. Preferred reporting items for
systematic reviews and meta-analyses:
the PRISMA statement. Ann Intern
Med 2009; 151(264–9): W64.

16. Greenland S. Quantitative methods in
the review of epidemiologic literature.
Epidemiol Rev 1987; 9: 1–30.

17. Wells G, Shea B, O’Connell D, et al.
The Newcastle-Ottawa Scale for
assessing the quality of nonrandomised
studies in meta-analyses. www.ohri.ca/
programs/clinical_epidemiology/oxf
ord.asp

18. DerSimonian R, Laird N. Meta-analysis
in clinical trials. Control Clin Trials
1986; 7: 177–88.

19. Begg CB, Mazumdar M. Operating
characteristics of a rank correlation test
for publication bias. Biometrics 1994;
50: 1088–101.

20. Egger M, Davey Smith G, Schneider M,
Minder C. Bias in meta-analysis
detected by a simple, graphical test.
BMJ 1997; 315: 629–34.

21. Cochran WG. The combination of
estimates from different experiments.
Biometrics 1954; 810: 101–29.

22. Higgins JP, Thompson SG. Quantifying
heterogeneity in a meta-analysis. Stat
Med 2002; 21: 1539–58.

23. Higgins JP, Thompson SG, Deeks JJ,
Altman DG. Measuring inconsistency
in meta-analyses. BMJ 2003; 327:
557–60.

24. Altman DG, Bland JM. Interaction
revisited: the difference between two
estimates. BMJ 2003; 326: 219.

25. Sch€unemann H, Brozek J, Guyatt G,
Oxman A, editors. GRADE handbook
for grading quality of evidence and
strength of recommendation; 2013.
Available at: http://gdt.guidelinedeve
lopment.org/app/handbook/handbook.
html. (accessed 2 February 2017).

26. R Development Core Team. R: A
Language and Environment for
Statistical Computing. Vienna, Austria:
R Foundation for Statistical Computing,
2014.

27. Schwarzer G. meta: an R package for
meta-analysis. R News 2007; 7: 40–5.

28. Carrat F, Seksik P, Colombel JF,
Peyrin-Biroulet L, Beaugerie L,
CESAME Study Group. The effects of
aminosalicylates or thiopurines on the
risk of colorectal cancer in
inflammatory bowel disease. Aliment
Pharmacol Ther 2017; 45: 533–41.

29. Cheddani H, Dauchet L, Fumery M,
et al. Cancer in elderly onset
inflammatory bowel disease: a
population-based study. Am J
Gastroenterol 2016; 111: 1428–36.

30. Gordillo J, Cabr�e E, Garcia-Planella E,
et al. Thiopurine therapy reduces the
incidence of colorectal neoplasia in
patients with ulcerative colitis data
from the ENEIDA registry. J Crohns
Colitis 2015; 9: 1063–70.

31. Nowacki TM, Br€uckner M, Eveslage M,
et al. The risk of colorectal cancer in
patients with ulcerative colitis. Dig Dis
Sci 2015; 60: 492–501.

32. Zhang Q, Sha S, Xu B, Liang S, Wu K.
Prevalence of colorectal cancer in
patients with ulcerative colitis: a
retrospective, monocenter study in
China. J Cancer Res Ther 2015; 11:
899–903.

12 Aliment Pharmacol Ther

ª 2017 John Wiley & Sons Ltd

Bonovas et al.

http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016050091
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016050091
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016050091
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://gdt.guidelinedevelopment.org/app/handbook/handbook.html
http://gdt.guidelinedevelopment.org/app/handbook/handbook.html
http://gdt.guidelinedevelopment.org/app/handbook/handbook.html


33. Freire P, Figueiredo P, Cardoso R, et al.
Predictive value of rectal aberrant crypt
foci for intraepithelial neoplasia in
ulcerative colitis – a cross-sectional
study. Scand J Gastroenterol 2014; 49:
1219–29.

34. Nieminen U, Jussila A, Nordling S,
Mustonen H, F€arkkil€a MA.
Inflammation and disease duration have
a cumulative effect on the risk of
dysplasia and carcinoma in IBD: a case-
control observational study based on
registry data. Int J Cancer 2014; 134:
189–96.

35. Jess T, Horv�ath-Puh�o E, Fallingborg J,
Rasmussen HH, Jacobsen BA. Cancer
risk in inflammatory bowel disease
according to patient phenotype and
treatment: a Danish population-based
cohort study. Am J Gastroenterol 2013;
108: 1869–76.

36. Rubin DT, Huo D, Kinnucan JA, et al.
Inflammation is an independent risk
factor for colonic neoplasia in patients
with ulcerative colitis: a case-control
study. Clin Gastroenterol Hepatol 2013;
11: 1601–8.

37. Bessissow T, Bisschops R, Ferrante M,
et al. 5-aminosalicylate is not protective
from neoplasia in ulcerative colitis. Am
J Gastroenterol 2013; 108: 1015.

38. Gong W, Lv N, Wang B, et al. Risk of
ulcerative colitis-associated colorectal
cancer in China: a multi-center
retrospective study. Dig Dis Sci 2012;
57: 503–7.

39. van Schaik FD, van Oijen MG, Smeets
HM, van der Heijden GJ, Siersema PD,
Oldenburg B. Thiopurines prevent
advanced colorectal neoplasia in
patients with inflammatory bowel
disease. Gut 2012; 61: 235–40.

40. Bernstein CN, Nugent Z, Blanchard JF.
5-aminosalicylate is not
chemoprophylactic for colorectal cancer
in IBD: a population based study. Am J
Gastroenterol 2011; 106: 731–6.

41. Baars JE, Looman CW, Steyerberg EW,
et al. The risk of inflammatory bowel
disease-related colorectal carcinoma is
limited: results from a nationwide
nested case-control study. Am J
Gastroenterol 2011; 106: 319–28.

42. Tang J, Sharif O, Pai C, Silverman AL.
Mesalamine protects against colorectal
cancer in inflammatory bowel disease.
Dig Dis Sci 2010; 55: 1696–703.

43. Sobala A, Herbst F, Novacek G,
Vogelsang H. Colorectal carcinoma and
preceding fistula in Crohn’s disease.
J Crohns Colitis 2010; 4: 189–93.

44. Gupta RB, Harpaz N, Itzkowitz S,
et al. Histologic inflammation is a risk
factor for progression to colorectal
neoplasia in ulcerative colitis: a cohort
study. Gastroenterology 2007; 133:
1099–105.

45. Jess T, Loftus EV Jr, Velayos FS, et al.
Risk factors for colorectal neoplasia in
inflammatory bowel disease: a nested
case-control study from Copenhagen
county, Denmark and Olmsted county
Minnesota.. Am J Gastroenterol 2007;
102: 829–36.

46. Terdiman JP, Steinbuch M, Blumentals
WA, Ullman TA, Rubin DT. 5-
Aminosalicylic acid therapy and the
risk of colorectal cancer among patients
with inflammatory bowel disease.
Inflamm Bowel Dis 2007; 13: 367–71.

47. Velayos FS, Loftus EV Jr, Jess T, et al.
Predictive and protective factors
associated with colorectal cancer in
ulcerative colitis: a case-control study.
Gastroenterology 2006; 130: 1941–9.

48. Siegel CA, Sands BE. Risk factors for
colorectal cancer in Crohn’s colitis: a
case-control study. Inflamm Bowel Dis
2006; 12: 491–6.

49. van Staa TP, Card T, Logan RF,
Leufkens HG. 5-Aminosalicylate use
and colorectal cancer risk in
inflammatory bowel disease: a large
epidemiological study. Gut 2005; 54:
1573–8.

50. Rutter M, Saunders B, Wilkinson K,
et al. Severity of inflammation is a risk
factor for colorectal neoplasia in
ulcerative colitis. Gastroenterology 2004;
126: 451–9.

51. Lindberg BU, Broom�e U, Persson B.
Proximal colorectal dysplasia or cancer
in ulcerative colitis. The impact of
primary sclerosing cholangitis and
sulfasalazine: results from a 20-year
surveillance study. Dis Colon Rectum
2001; 44: 77–85.

52. Eaden J, Abrams K, Ekbom A, Jackson
E, Mayberry J. Colorectal cancer
prevention in ulcerative colitis: a case-
control study. Aliment Pharmacol Ther
2000; 14: 145–53.

53. Lashner BA, Provencher KS, Seidner
DL, Knesebeck A, Brzezinski A. The
effect of folic acid supplementation on
the risk for cancer or dysplasia in
ulcerative colitis. Gastroenterology 1997;
112: 29–32.

54. Moody GA, Jayanthi V, Probert CS,
Mac Kay H, Mayberry JF. Long-term
therapy with sulphasalazine protects
against colorectal cancer in ulcerative
colitis: a retrospective study of
colorectal cancer risk and compliance
with treatment in Leicestershire. Eur J
Gastroenterol Hepatol 1996; 8:
1179–83.

55. Pinczowski D, Ekbom A, Baron J, Yuen
J, Adami HO. Risk factors for colorectal
cancer in patients with ulcerative colitis:
a case-control study. Gastroenterology
1994; 107: 117–20.

56. Kirchgesner J, Svrcek M, Landman C,
et al. Predictors of first neoplastic

colonic lesion in patients with
inflammatory bowel disease undergoing
colonoscopic surveillance. J Crohns
Colitis 2016; 10: S80.

57. Soon AY, Neo S, Thia KT, et al. Risk
of colorectal cancer and dysplasia in
Asian ulcerative colitis patients.
Gastroenterology 2011; 140: S430–1.

58. Nourani S, Huo DZ, Strum W, Rubin
DT. 5-ASA therapy and a lower
inflammatory score in chronic
ulcerative colitis are associated with a
decreased risk of dysplasia and
colorectal cancer. Gastroenterology
2008; 134: A660.

59. Lutgens M, Vermeire S, Van Oijen M,
et al. A rule for determining risk of
colorectal cancer in patients with
inflammatory bowel disease. Clin
Gastroenterol Hepatol 2015; 13: 148–54
e1.

60. Bergeron V, Vienne A, Sokol H, et al.
Risk factors for neoplasia in
inflammatory bowel disease patients
with pancolitis. Am J Gastroenterol
2010; 105: 2405–11.

61. Ullman T, Croog V, Harpaz N, et al.
Progression to colorectal neoplasia in
ulcerative colitis: effect of mesalamine.
Clin Gastroenterol Hepatol 2008; 6:
1225–30.

62. Rubin DT, LoSavio A, Yadron N, Huo
D, Hanauer SB. Aminosalicylate
therapy in the prevention of dysplasia
and colorectal cancer in ulcerative
colitis. Clin Gastroenterol Hepatol 2006;
4: 1346–50.

63. Bernstein CN, Blanchard JF, Metge C,
Yogendran M. Does the use of 5-
aminosalicylates in inflammatory bowel
disease prevent the development of
colorectal cancer? Am J Gastroenterol
2003; 98: 2784–8.

64. Hill AB. The environment and disease:
association or causation? Proc R Soc
Med 1965; 58: 295–300.

65. Halladay CW, Trikalinos TA, Schmid
IT, Schmid CH, Dahabreh IJ. Using
data sources beyond PubMed has a
modest impact on the results of
systematic reviews of therapeutic
interventions. J Clin Epidemiol 2015;
68: 1076–84.

66. Stolfi C, De Simone V, Pallone F,
Monteleone G. Mechanisms of action
of non-steroidal anti-inflammatory
drugs (NSAIDs) and mesalazine in the
chemoprevention of colorectal cancer.
Int J Mol Sci 2013; 14: 17972–85.

67. Collier HO, Francis AA, McDonald-
Gibson WJ, Saeed SA. Inhibition of
prostaglandin biosynthesis by
sulphasalazine and its metabolites.
Prostaglandins 1976; 11: 219–25.

68. Sharon P, Ligumsky M, Rachmilewitz
D, Zor U. Role of prostaglandins in
ulcerative colitis. Enhanced production

Aliment Pharmacol Ther 13

ª 2017 John Wiley & Sons Ltd

5-aminosalicylates and colorectal neoplasia in IBD



during active disease and inhibition by
sulfasalazine. Gastroenterology 1978; 75:
638–40.

69. Monteleone G, Franchi L, Fina D, et al.
Silencing of SH-PTP2 defines a crucial
role in the inactivation of epidermal
growth factor receptor by 5-
aminosalicylic acid in colon cancer cells.
Cell Death Differ 2006; 13: 202–11.

70. Kaiser GC, Yan F, Polk DB. Mesalamine
blocks tumor necrosis factor growth
inhibition and nuclear factor kappaB
activation in mouse colonocytes.
Gastroenterology 1999; 116: 602–9.

71. Egan LJ, Mays DC, Huntoon CJ, et al.
Inhibition of interleukin-1-stimulated
NF-kappaB RelA/p65 phosphorylation
by mesalamine is accompanied by

decreased transcriptional activity. J Biol
Chem 1999; 274: 26448–53.

72. Munding J, Ziebarth W, Pox CP, et al.
The influence of 5-aminosalicylic acid on
the progression of colorectal adenomas
via the b-catenin signaling pathway.
Carcinogenesis 2012; 33: 637–43.

73. Khare V, Lyakhovich A, Dammann K,
et al. Mesalamine modulates
intercellular adhesion through
inhibition of p-21 activated kinase-1.
Biochem Pharmacol 2013; 85: 234–44.

74. Rousseaux C, Lefebvre B, Dubuquoy L,
et al. Intestinal antiinflammatory effect
of 5-aminosalicylic acid is dependent
on peroxisome proliferator-activated
receptor-gamma. J Exp Med 2005; 201:
1205–15.

75. Desreumaux P, Ghosh S. Review article:
mode of action and delivery of 5-
aminosalicylic acid - new evidence.
Aliment Pharmacol Ther 2006; 24:
S2–9.

76. Stolfi C, Fina D, Caruso R, et al.
Mesalazine negatively regulates
CDC25A protein expression and
promotes accumulation of colon cancer
cells in S phase. Carcinogenesis 2008;
29: 1258–66.

77. Luciani MG, Campregher C, Fortune
JM, Kunkel TA, Gasche C. 5-ASA
affects cell cycle progression in
colorectal cells by reversibly activating a
replication checkpoint. Gastroenterology
2007; 132: 221–35.

14 Aliment Pharmacol Ther

ª 2017 John Wiley & Sons Ltd

Bonovas et al.


