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Summary

Background: The seAFOod polyp prevention trial was a randomised, placebo-
controlled, 2x2 factorial trial of aspirin 300mg and eicosapentaenoic acid (EPA)
2000mg daily in individuals who had a screening colonoscopy in the English Bowel
Cancer Screening Programme (BCSP). Aspirin treatment was associated with a 20%
reduction in colorectal polyp number at BCSP surveillance colonoscopy 12 months
later. It is unclear what happens to colorectal polyp risk after short-term aspirin use.
Aim: To investigate colorectal polyp risk according to the original trial treatment al-
location, up to éyears after trial participation.

Methods: All seAFOod trial participants were scheduled for further BCSP surveil-
lance and provided informed consent for the collection of colonoscopy outcomes.
We linked BCSP colonoscopy data to trial outcomes data.

Results: In total, 507 individuals underwent one or more colonoscopies after trial par-
ticipation. Individuals grouped by treatment allocation were well matched for clinical
characteristics, follow-up duration and number of surveillance colonoscopies. The
polyp detection rate (PDR; the number of individuals who had =1 colorectal polyp
detected) after randomization to placebo aspirin was 71.1%. The PDR was 80.1% for
individuals who had received aspirin (odds ratio [OR] 1.13 [95% confidence interval
1.02, 1.24]; p=0.02). There was no difference in colorectal polyp outcomes between
individuals who had been allocated to EPA compared with its placebo (OR for PDR
1.00[0.91, 1.10]; p=0.92).

Conclusion: Individuals who received aspirin in the seAFOod trial demonstrated
increased colorectal polyp risk during post-trial surveillance. Rebound elevated ne-
oplastic risk after short-term aspirin use has important implications for aspirin cessa-
tion driven by age-related bleeding risk. ISRCTN05926847.
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1 | INTRODUCTION

The seAFOod polyp prevention trial was a randomised, double-blind,
placebo-controlled, 2 x 2 factorial trial of the colorectal cancer (CRC)
chemoprevention efficacy of aspirin 300 mg daily and eicosapentae-
noic acid (EPA) 2000 mg free fatty acid equivalents daily in ‘high risk’
patients undergoing colonoscopy surveillance in the English Bowel
Cancer Screening Programme (BCSP).1'? Trial participants were aged
55-73years and had been invited for screening colonoscopy on the
basis of a positive faecal occult blood test or ‘high risk’ screening
flexible sigmoidoscopy.? The trial population was predominantly
(80%) male and White European, in keeping with the demographic
characteristics of individuals undergoing BCSP colonoscopy.l*2
Patients with a known genetic CRC predisposition were excluded.'?
The intervention period between the screening colonoscopy and the
first surveillance colonoscopy was 12 months in individuals deemed
‘high risk’ (defined as 25 polyps or 23 polyps, if one or more polyps
were 210mm in size), a duration which has been associated with a
similar degree of colorectal polyp risk reduction compared with a 3-
year intervention period in previous aspirin polyp prevention trials.®

The primary finding from the seAFOod trial was that aspirin and
EPA did not reduce colorectal polyp incidence, measured as the ‘ade-
noma detection rate’ (the % of individuals with one or more colorectal
polyps 12months after clearance colonoscopy) by an ‘at the margins’
analysis of the individual interventions.? However, aspirin use was
associated with a significant reduction in overall colorectal polyp
risk (measured as mean polyp number per participant).? There was
also colorectal site- and polyp type (conventional adenoma or ser-
rated polyp)-specific chemoprevention activity of aspirin and EPA,;
notably, randomisation to aspirin was associated with reduced risk
of serrated lesions, unlike EPA treatment, which was associated with
a statistically significant reduction in risk of left-sided (distal to the
splenic flexure) conventional adenomas.b? The seAFOod trial was
not powered for a pre-specified ‘inside the table’ analysis of the four
treatment groups, including combined aspirin and EPA therapy.'?
However, laboratory studies have since suggested that aspirin and
EPA may have a positive interaction for CRC risk prevention via syn-
thesis of novel oxylipins such as E-type resolvins,* and/or substrate
diversion of EPA secondary to cyclooxygenase inhibition by aspirin.”

It is not known whether CRC chemoprevention agents inhibit
either, or both, initiation and/or growth of tumours at the earliest
stages of intestinal tumorigenesis. Inhibition of tumour initiation
is hypothesised to provide prolonged benefit after cessation of a
chemoprevention agent. Alternatively, tumour growth suppression
alone (without inhibition of tumour initiation) is hypothesised to
lead to a ‘rebound’ increase in colorectal polyp incidence, whereby
undetectable tumours that initiated but did not grow to become
macroscopically visible during chemopreventative agent use, are
de-repressed and become detectable upon cessation of chemo-
prevention therapy. Knowledge of whether a ‘rebound’ increase in
colorectal polyps (indicative of increased CRC risk) occurs will be
critical in order to define guidelines for the duration of chemopre-

vention use, optimal timing of cessation of therapy and best use of
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accompanying colonoscopic surveillance. This is particularly import-
ant in the elderly, in whom the common practice is to stop aspirin
therapy driven by increasing concern about elevated bleeding risk.®

seAFOod trial participants were invited by the English BCSP to
undergo surveillance colonoscopy at 3years (or earlier dictated by
prior colorectal polyp findings) after the initial ‘high risk’ 1-year sur-
veillance procedure (which was the seAFOod trial exit colonoscopy),
with subsequent surveillance dependent on the most recent find-
ings (Figure S1). All trial participants provided informed consent for
collection and use of post-trial BCSP data up to 6years after trial
participation (covering a maximum of two 3-year surveillance cy-
cles; Figure S1). Therefore, we obtained post-trial colonoscopy data
in order to investigate colorectal polyp risk following cessation of
short-term chemoprevention with aspirin and EPA.

2 | METHODS
2.1 | Bowel cancer screening programme data

English BCSP Screening System (BCSS) data were provided under
approvals from the Public Health England Office for Data Release
(ODR1920_199 dated 6/9/2021) and the BCSP Research Advisory
Committee (BCSPRAC_285). This project was a component of the
STOP-ADENOMA study, which had approval from the London and
Surrey Borders Research Ethics Committee (19/LO/1655) and is reg-
istered as ISRCTN05926847.

All participants in the seAFOod polyp prevention trial provided
specific, written informed consent to allow access to post-trial BCSS
data.l? Endoscopy surveillance data on procedures that occurred
in the BCSP for a maximum of éyears after the seAFOod trial exit
colonoscopy (which was the first ‘high risk’ BCSP surveillance colo-
noscopy at 12months after screening) were obtained, where link-
age was possible (Figure S1). The first trial exit colonoscopy was in
November 2012 and the last trial exit colonoscopy was in June 2017.

The BSCP data extraction date was 7 October 2021. BCSS data
were linked to the seAFOod trial database using date of birth, sex
and hospital site, as well as dates of the screening and first surveil-
lance colonoscopy. No other data on seAFOod trial participants
were available after the trial finished, including subsequent use of
aspirin and/or omega-3 polyunsaturated fatty acid supplements.
Participants were not told their treatment allocation after the trial
had completed and the Plain English Summary of the trial described
the null primary outcome of the trial without any recommendation

for future CRC chemoprevention.

2.2 | Data collection

Data were obtained at individual-, test (each endoscopic procedure)-,
BCSP episode (which can include one or more endoscopic procedures
as a single administrative clinical episode)- and polyp-level. For each

post-trial surveillance colonoscopy, the time elapsed since the first
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surveillance colonoscopy and extent of examination (complete or in-
complete colonoscopy) were noted, as well as the number of separate
procedures per individual. Endoscopic procedures occurring within
6months of the date of the trial exit colonoscopy were assumed to be
part of the same episode of BCSP care as the surveillance colonoscopy
at 12months after screening and were discounted.

Colorectal cancer detection during BCSP colonoscopic surveil-
lance was stipulated as a key outcome. Colorectal polyp analysis
was stratified according to total number of polyps, polyp type (ad-
enoma or serrated-hyperplastic), polyp size (histological size as per
BCSP guidelines), polyp location (proximal [right-sided]—proximal to
splenic flexure; distal [left-sided]—at and distal to splenic flexure),
and on the basis of ‘advanced’ features (defined as 210 mm by histol-
ogy size, and/or high-grade dysplasia and/or any villous architectural
component), in keeping with criteria used in the seAFOod trial.?
Although the terminology and classification of serrated and hyper-
plastic polyps have changed since the start of the seAFOod trial in
2011, with the acceptance that diminutive (<5mm) rectal hyperplas-
tic polyps can be ignored for the purposes of risk stratification for
future surveillance,” we continued to report a combined serrated-
hyperplastic polyp category in order to facilitate comparison with
the original seAFOod trial results.’?

Colorectal polyp incidence was reported as the ‘polyp detection
rate’ (PDR; calculated as the % of individuals with one or more col-
orectal polyps detected during the total surveillance period). The
colorectal polyp number, size in millimetres (the mean value of the
maximum dimension of all polyps detected per individual, measured
histologically [or endoscopically if the complete polyp could not be
assessed]) and ‘burden’ (defined as the sum of the individual polyp
diameters) were reported as the mean value per person (for example,
mean polyp number per person [MPP]).

In addition, the BCSP classification of colonoscopic outcome
(normal, abnormal [but no polyp], one or more polyps [sub-classified
as ‘high-risk’ {=5 polyps or =3 polyps if one or more are 210mm in
size}, ‘intermediate-risk’ {3-4 subcentimetre polyps}, ‘low-risk’ {1-2
subcentimetre polyps}]), which was in use during the seAFOod
trial, was used to report findings at procedural and BCSP episode
level.8 Since the seAFOod trial finished, updated British Society of
Gastroenterology (BSG) Guidelines on colonoscopic surveillance
after polypectomy have been adopted by the BSCP since mid-2020.”
Current risk stratification now consists of a single ‘high-risk’ cate-
gory (25 polyps or 22 polyps if one or more are 210mm in size) for
3-year surveillance, as opposed to other findings that do not warrant
further colonoscopic surveillance. Therefore, data were also anal-
ysed at test and episode level according to the new BCSP classifica-
tion, to ensure that the results reflected current BCSP practice and
current US Multi-Society Task Force on CRC guidelines on colonos-
copic surveillance.”

The baseline characteristics (age, sex, body mass index [BMI],
smoking status) of seAFOod trial participants that had post-trial
BCSP surveillance data (included in this analysis) versus trial partic-
ipants that did not have any linked endoscopic BCSP surveillance

data after the seAFOod trial were compared.
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2.3 | Statistical analysis
2.3.1 | Post-trial surveillance colonoscopy outcomes

The primary outcome for the post-trial analysis was stipulated as
total colorectal polyps by an ‘at the margins’ analysis, consistent
with the primary analysis of the seAFOod trial, 12 by comparing data
from those randomised to aspirin versus no aspirin, and individuals
randomised to EPA versus no EPA.

Colorectal polyp data are reported as the % value for each PDR
outcome, as well as the mean and 95% confidence interval (Cl)
values for colorectal polyp number (MPP). Secondary colorectal
polyp size and burden data are also reported as mean and 95% ClI
values. The Student's t-test or one-way analysis of variance was
used for univariate comparison of continuous participant char-
acteristics and follow-up duration across two or more groups, as
appropriate. A chi-squared test was used to compare sex ratios
across treatment groups. Treatment group differences in PDR
were tested by logistic regression. Data are reported as the odds
ratio (OR) and 95% Cl. A negative-binomial regression model was
used to compare colorectal polyp number (and polyp burden) out-
comes based on the skewed distribution of individual colorectal
polyp frequencies that was apparent at the trial exit colonoscopy
(Figure $2).%2 The incidence rate ratio (IRR) and 95% CI values
for groups based on prior seAFOod trial treatment allocation are
reported for comparison with the respective placebo group. The
mean colorectal polyp size per person was compared across pre-
vious trial treatment allocation by linear regression and reported
as the mean size difference and 95% Cl. All models were adjusted
for age and sex and also included BCSP research site as a ran-
dom effect. Statistical significance for all analyses was assumed
at p<0.05.

In addition to the main analysis of cumulative post-trial colorectal
polyp outcomes, which included BCSP surveillance data from colo-
noscopies for up to 6 years after the trial exit colonoscopy (Figure S1),
we also performed a sensitivity analysis of total colorectal polyp
outcomes at a single point in time after seAFOod trial participation.
This was restricted to individuals who had 3-year surveillance colo-
noscopy outcomes only (using a 2.5- to 3.5-year post-trial window),
excluding individuals who had undergone any post-trial procedure

prior to this.

2.3.2 | seAFOod trial colonoscopy outcomes

We repeated the ‘at the margins’ analysis of total colorectal polyp
number from the seAFOod trial in the subgroup of trial partici-
pants that had post-trial colonoscopy data, in order to confirm the
original trial treatment effect of aspirin on total colorectal polyp
risk in the current study cohort. The same Poisson regression
model included in the original final trial analysis, adjusted for the
BCSP research site as a random effect and for repeat colonoscopy

at trial baseline, was used.>? A separate negative-binomial model
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was also used based on the distribution of individual colorectal
polyp frequencies that was apparent at the trial exit colonoscopy
(Figure §2).12

In addition, we performed post hoc ‘inside the table’ analysis
of seAFOod trial colorectal polyp outcomes, comparing the four
individual treatment groups (placebo aspirin and placebo EPA [pla-
cebo]; active aspirin and placebo EPA [aspirin]; placebo aspirin and
active EPA [EPA]; active aspirin and active EPA [aspirin and EPA]),
on the basis that the total number of colorectal polyps detected
at the seAFOod trial exit colonoscopy in the group receiving both
aspirin and EPA together was noticeably less than in the groups
who received either agent alone, or placebo onIy.i'2 Using the orig-
inal seAFOod trial outcomes data and the same regression model
used in the primary trial analysis, we generated the IRR and 95%
Cl for the group that received combined treatment compared with
the other three groups.”? An interaction between aspirin and EPA
was analysed by comparing individuals allocated to active EPA
with those who received placebo EPA, using a Poisson regression

model,>2

which also included age, sex, BMI, smoking status, alco-
hol intake, baseline red blood cell % EPA level and randomisation
to aspirin as co-variables, with statistical significance reported as
the Wald test for interaction. Evidence of an interaction between
aspirin and EPA prompted a secondary comparison of the post-
trial surveillance colonoscopy outcomes across the four treatment
groups, in addition to the primary analysis according to factorial

margins.

2.4 | Patient and public involvement

A patient and public representative was a member of the STOP-
ADENOMA study group and supported the application to the Public
Health England Office for Data Release for access to the BCSP data,
by writing a General Data Protection Regulation Privacy Notice in

conjunction with the co-investigators.

3 | RESULTS

3.1 | The post-trial study population and BCSP
procedures

Five hundred and seven individuals, who had been randomised to
the seAFOod trial, had undergone one or more colonoscopies in
the English BCSP, which were more than 6 months after, and less
than éyears after, trial participation (Figure 1A). No BCSS data were
available for 200 participants for several reasons (Figure 1A). Only
71 individuals were invited for BCSP colonoscopy but did not at-
tend, a number which is likely to have been increased by the ongoing
COVID-19 pandemic (Figure 1A).

The 507 individuals, for whom post-trial surveillance colo-
noscopy data were available, were distributed equally across
the four seAFQod trial treatment groups (placebo 127 [72.2% of

DOWNING ET AL.

the original trial treatment group]; aspirin 128 [72.7%]; EPA 129
[72.5%]; aspirin + EPA 123 [69.5%]) and displayed similar demo-
graphic and clinical characteristics to the overall seAFOod trial
population, which was predominantly male with excess body
weight (Table §1).%2

We confirmed that the post-trial surveillance study population
of 507 individuals displayed a similar on-trial treatment effect size
for aspirin and EPA as the published primary analysis of the full
seAFOod trial population.’? The IRR (95% Cl) for aspirin treatment
versus no aspirin was 0.77 (0.66, 0.91), and 0.93 (0.79, 1.09) for
EPA versus no EPA, for total colorectal polyps, thereby confirm-
ing the chemoprevention activity of aspirin in the seAFOod trial
sub-population, for which post-trial data were available. The cor-
responding IRR (95% Cl) values from the negative binomial model
were 0.78 (0.61, 0.99) and 0.91 (0.71, 1.17) for aspirin and EPA,
respectively.

The study population underwent 602 colonoscopies in 574 sep-
arate BCSP episodes with the majority (76.6%) of procedures corre-
sponding to the expected 3-year surveillance colonoscopy window
(2.5-3.5years after the first surveillance [trial exit] colonoscopy) for
individuals without ‘high risk’ findings (Figure 1B and Figure S1). Four
hundred and thirty (84.8%) individuals in the study population un-
derwent only one colonoscopy during the follow-up period. Ninety-
six per cent (n=551) of BCSP episodes during the study period
consisted of only one colonoscopy (Figure S3).

Colonoscopy was reported as complete with insertion to the cae-
cum in 588 (97.7%) of 602 procedures (Figure S4). Diagnostic out-
comes according to the BCSP classification recorded in the BCSS at
individual colonoscopy and episode level are reported in Figure S4.
We also re-classified surveillance outcomes according to the current
risk stratification used by the English BCSP surveillance pathway.8
Overall, 96 (16.0%) of 602 procedures were classified as ‘high-risk’
(25 polyps, or 22 polyps if one or more are 210 mm in size) and 359
(59.6%) procedures found at least one colorectal polyp but did not
fulfil current ‘high-risk’ criteria. Findings were similar at episode level
with 90 (15.7%) of 574 BCSP episodes that occurred during the post-
trial follow-up period being classified as ‘high risk’.

In total, 1298 ‘polyps’ were recorded, of which 936 (72.1%)
were adenomas and 273 (21.0%) were serrated-hyperplastic polyps
(Table 1). Current BCSP guidance is clear that diminutive (<5mm)
rectal, hyperplastic-looking polyps are not recorded,” but practice
was more variable during the seAFOod trial and the follow-up pe-
riod encompassed by this study. Therefore, a small number (n=15)
of diminutive rectal hyperplastic polyps were recorded in the BCSS
and are included in the analysis (Table 1). Overall, 750 (57.8%) pol-
yps were located proximal to the splenic flexure as opposed to
548 (42.2%) polyps at or distal to the splenic flexure. There were
77 ‘advanced’ adenomatous polyps in 54 individuals, 40 of which
were 210mm in size. Thirty-eight ‘advanced’ polyps exhibited 225%
villous architecture and three lesions displayed high-grade dyspla-
sia. No CRCs were detected during post-trial colonoscopic surveil-
lance of the 507 individuals who were originally deemed ‘high risk’ at

screening colonoscopy.
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FIGURE 1 Post-trial colonoscopy (A)
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surveillance of seAFOod trial participants.
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3.2 | The effect of seAFOod trial interventions on
post-trial colorectal polyp outcomes

Respective active versus placebo intervention groups were well-
matched for the duration of post-trial follow-up and the number
of surveillance procedures that had been performed per person
(Table 2). The PDR after being randomised to placebo aspirin was
71.1%. By contrast, the PDR was 80.1% for individuals who had re-
ceived active aspirin for 1year during the seAFOod trial (OR 1.13
[1.02, 1.24]; p=0.02). A similar increase in PDR in the group that had
received aspirin, as opposed to its placebo, was observed for con-
ventional adenomas (69.3% vs. 59.4%; OR 1.16 [1.03, 1.32]; p=0.02),
but not for serrated-hyperplastic polyps (31.5% vs. 27.7%; OR 1.10
[0.84, 1.44]; p=0.47).

In addition, the number of colorectal polyps detected during
colonoscopic surveillance was higher in those who had received as-
pirin during trial participation (MPP 2.7) compared with the group
who received placebo aspirin (MPP 2.5), but the difference was not
statistically significant (IRR for total colorectal polyps 1.11 [0.90,
1,36]; p=0.32: Table 2).

By contrast, prior aspirin users did not demonstrate the altered
risk of advanced colorectal polyps during post-trial follow-up com-
pared with individuals previously allocated to placebo aspirin (IRR
1.04[0.63, 1.71]; Table 2).

There was no difference in PDR (OR for total colorectal polyps
1.00 [0.91, 1.10]; p=0.92) or the number of colorectal polyps (IRR
1.10 [0.90, 1.36]; p=0.35) detected during post-trial BSCP surveil-
lance between individuals, who had received either active or pla-
cebo EPA during the seAFOod trial (Table 2).

Secondary analysis of colorectal polyp size demonstrated that
individuals, who were allocated to aspirin treatment during the
seAFOod trial, also had larger colorectal polyps detected during
post-trial BCSP surveillance than those who received placebo aspi-
rin (Table S2). This was evident for total colorectal polyps (size dif-
ference+0.48 mm [+0.09, +0.86]; p=0.02) and was most marked
for serrated-hyperplastic polyps (size difference+1.09 mm [+0.29,
+1.89]; p=0.01). However, no significant difference was observed
in colorectal polyp size, who did or did not previously receive EPA
(size difference for total colorectal polyps +0.10 mm [-0.28, 0.49];
p=0.60; Table S2).
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Polyp histology Polyp location
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TABLE 1 Histological type and location
of colorectal polyps removed during

n %

Adenoma 936 721 Rectum
Serrated-hyperplastic 273 21.0 Sigmoid colon
Serrated? 40 Descending

colon

Hyperplastic 210mm 9 Splenic flexure

Hyperplastic <10mm® 224 Transverse
colon
Inflammatory polyp 13 1.0 Hepatic flexure
Lymphoid aggregate 4 0.3 Ascending colon
Histology not available 72 5.5 Caecum
Total 1298 100 Total

D % colonoscopic surveillance after seAFOod
trial participation.

117 9.0

225 17.3

119 9.2

87 6.7

299 23.0

50 3.9

269 20.7

132 10.2

1298 100

236 sessile serrated lesions, one sessile serrated adenoma and three traditional serrated adenomas.

b15 rectal hyperplastic polyps <5mm.

We also calculated the cumulative colorectal polyp burden, combin-
ing colorectal polyp number and size as a readout of overall neoplastic
recurrence (Table S2). Consistent with the colorectal polyp number and
size data, the total colorectal polyp and serrated-hyperplastic polyp
burden in individuals, who had been randomised to aspirin during the
seAFOod trial, was larger than those who had received placebo aspirin,
with statistical significance for the increase in serrated-hyperplastic
polyp burden (IRR 1.28 [1.04, 1.59]; p=0.02; Table S2).

Although the groups that were defined by the prior trial interven-
tion were well-matched for clinical characteristics, length of post-trial
surveillance and the number of surveillance procedures per individ-
ual (Table 2), the complex relationship between colorectal polyp
detection and subsequent BCSP risk stratification, thus driving the
number and timing of colonoscopies, and hence chance of colorectal
polyp detection, could potentially introduce bias. Therefore, we also
performed a sensitivity analysis of total colorectal polyp outcomes
that was restricted to the three-year surveillance colonoscopy. In
444 seAFOod trial participants, who had 3-year surveillance colo-
noscopy data only (in which 885 colorectal polyps were reported),
total colorectal polyp analysis confirmed the findings of the main
analysis (Figure S2 and Table S3). There was a higher PDR (75.0%) in
individuals that had been allocated to active aspirin in the seAFOod
trial compared with those allocated to placebo aspirin (PDR 67.7%,
or 1.10 [0.98, 1.24], which just failed to reach statistical significance;
p=0.11; Table S3). However, the number of total colorectal polyps
was higher in individuals previously allocated to aspirin as opposed
to placebo aspirin (IRR 1.25 [1.00, 1.58]; p=0.05; Table S3).

3.3 | Evidence for an interaction between
aspirin and EPA for reduction in total colorectal
polyp risk

In addition to the pre-specified analysis of colorectal polyp outcomes

in the seAFOod trial, we noted that the number of colorectal polyps

detected in individuals who had been randomised to both aspirin and
EPA was lower than the other three treatment groups.'? Using data
from all seAFOod trial participants (n=707), direct comparison of
the group that received combined treatment with the groups that
received either a single agent or placebo only demonstrated that
there was a significantly lower risk of any colorectal polyp (25%-
35%) in individuals who had received both aspirin and EPA compared
with the other trial groups (Table 3). Further analysis stratified for
randomisation to active EPA or placebo EPA, demonstrated a signifi-
cant interaction with allocation to active aspirin compared with pla-
cebo aspirin (IRR for EPA vs no EPA 0.60 [0.43-0.85] in aspirin users
compared with 1.04 [0.75-1.44] in those receiving placebo aspirin
[p;,=0.01]; Table 4).

In view of the unexpected interaction between aspirin and EPA
for the reduction in colorectal polyp risk, analysis of the post-trial
colonoscopy data was also performed ‘inside the table’ across all
four treatment groups (Table S4).%? Results mirrored the ‘at the
margins’ analysis of the individual interventions shown in Table 2
with an increase in PDR for total colorectal polyps and distal col-
orectal polyps in the treatment combinations that included active
aspirin compared with the group that received placebo aspirin and
placebo EPA only (Table S4). A similar relationship with previous
single-agent aspirin use was also observed for increased distal col-
orectal polyp number (Table S4). Prior use of EPA alone was asso-
ciated with an increased PDR for distal colorectal polyps (OR 1.31
[1.00, 1.70]; p=0.05), reflecting a reciprocal relationship with the
decrease in risk of distal colorectal polyps linked to EPA use during
the seAFOod trial.1? Previous treatment with EPA alone was also as-
sociated with increased serrated-hyperplastic polyp number during
follow-up (IRR 1.62 [1.05, 2.50]; p=0.03). Furthermore, analysis of
total colorectal polyp size demonstrated that those individuals, who
had been randomised to a combination of aspirin and EPA treat-
ment during the seAFOod trial, had larger colorectal polyps (mean
size difference+0.56 [+0.02, +1.11]; p=0.04) that was explained

by the increased size of serrated-hyperplastic polyps (mean size
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TABLE 2 Comparison of colorectal polyp outcomes during post-trial colonoscopic surveillance between individuals who received either
active intervention or its respective placebo in the 2x 2 factorial seAFOod trial.

No aspirin No EPA
Group characteristics (n=256) Aspirin (n=251) p (n=255) EPA (n=252) p
Age (years)® 65 (64, 65) 64 (64, 65) 0.76 64 (64, 65) 64 (64, 65) 0.58
Sex (male [%]:female) 200 (78):56 204 (81):47 0.38 202 (79):53 202 (80):50 0.79
Duration of post-trial 1188 (1160, 1218 (1186, 0.17 1216 (1186, 1189 (1158, 0.22
follow-up (days)® 1217) 1250) 1246) 1220)
Number of 1.2(1.1,1.3) 1.2(1.1,1.3) 0.86 1.2(1.1,1.3) 1.2(1.1,1.2) 0.35
colonoscopies per
person®
% (no. with 21 % (no. with % (no. with % (no. with
PDR polyp) >1 polyp) OR (95% Cl) p value® 21 polyp) 21 polyp) OR (95% Cl) p value®
Total colorectal polyp ~ 71.1(182) 80.1(201) 1.13(1.02,1.24)p=0.02 75.3(192) 75.8 (191) 1.00(0.91, 1.10) p=0.92
Advanced polyp 10.5(27) 10.8 (27) 1.04(0.63,1.71) p=0.89 9.8 (25) 11.5(29) 1.16 (0.70, 1.92) p=0.57
Adenoma 59.4 (152) 69.3 (174) 1.16(1.03,1.32) p=0.02 65.5 (167) 63.1(159) 0.96 (0.85, 1.09) p=0.53
Serrated-hyperplastic 27.7 (71) 31.5(79) 1.10(0.84,1.44)p=0.47 27.1(69) 32.1(81) 1.19 (0.91, 1.55) p=0.21
Distal polyp 46.5(119) 54.2 (136) 1.15(0.97,1.37)p=0.11  48.6(124) 52.0(131) 1.04(0.88,1.24) p=0.63
Proximal polyp 57.8 (148) 60.2 (151) 1.03(0.89,1.19)p=0.67 59.2(151) 58.7 (148) 1.00(0.87,1.15) p=1.00
MPP (mean MPP (mean MPP (mean MPP (mean
Colorectal polyp number [95% CI]) [95% Cl]) IRR (95% Cl) p value® [95% Cl]) [95% ClI]) IRR (95% ClI) p value®
Total colorectal polyp 2.5(1.9,3.0) 2.7(2.3,3.1) 1.11 (0.90, 1.36) p=0.32 2.4(2.0,29) 2.7(2.2,3.2) 1.10(0.90, 1.36) p=0.35
Advanced polyp 0.17 (0.10, 0.25) 0.13(0.08-0.19) 0.77 (0.47, 1.25) p=0.29 0.14 (0.07,0.20) 0.17(0.10,0.23) 1.21(0.75, 1.96) p=0.47
Adenoma 1.8(1.3,2.2) 1.9 (1.6,2.3) 1.15(0.92,1.43) p=0.22 1.8(1.4,2.2) 1.9(1.5,2.3) 1.05(0.84,1.30) p=0.84
Serrated-hyperplastic 0.51(0.34,0.67) 0.57(0.38,0.76) 1.13(0.84,1.51) p=0.44 0.49 (0.32,0.66) 0.59(0.41,0.77) 1.20(0.89, 1.62) p=0.23
Distal polyp 1.0(0.8,1.2) 1.1(0.9,1.4) 1.13(0.89, 1.44) p=0.32 1.0(0.8,1.2) 1.2(0.9,1.4) 1.18(0.92, 1.50) p=0.19
Proximal polyp 1.4(1.0,1.8) 1.5(1.3,1.8) 1.08 (0.86, 1.36) p=0.50 1.4(1.1,1.8) 1.5(1.2,1.9) 1.05(0.84,1.32) p=0.54

Note: Data per person are cumulative counts during the total surveillance period for each individual.

Abbreviations: IRR, incidence risk ratio; MPP, mean polyp number per person; OR, odds ratio; PDR, polyp detection rate.

@Data are expressed as the mean value and 95% confidence interval (Cl).

bStatistical significance between groups originally allocated placebo or active interventions was tested by logistic regression adjusted for age and sex.

“Statistical significance between groups originally allocated placebo or active interventions was tested by negative binomial regression adjusted for

age and sex. Statistically significant findings are highlighted in bold text.

difference+1.44 [+0.29, +2.60]; p=0.01) during post-trial surveil-
lance (Table S2). Use of the colorectal polyp burden endpoint ampli-
fied the relationship between prior EPA or aspirin use and increased
serrated-hyperplastic polyp recurrence (Table S2).

‘Inside the table’ analysis of the post-trial colonoscopy outcomes
restricted to 3-year procedures confirmed that the increased PDR
compared with previous placebo users was explained by the group
that had received both aspirin and EPA 3years' earlier (OR 1.20[1.01,
1.42]; p=0.04), rather than the those who received either agent
alone (aspirin only OR 1.15 [0.96, 1.37] and EPA only OR 1.12 [0.94,
1.35]; both p>0.1). The total colorectal polyp number per person in
those previously allocated to combination of aspirin and EPA was
also higher than those that had been allocated to placebo (MPP 2.28
[1.82,2.74] vs. 1.68 [1.18, 2.17]; IRR 1.40 [1.01, 1.93], p=0.04), un-
like the groups that had received aspirin (1.22 [0.88, 1.70]; p=0.24),
or EPA (1.09 [0.78, 1.52]; p=0.63), alone, compared with those who

received placebos only.

4 | DISCUSSION

This pre-specified analysis of colorectal polyp risk during routine
colonoscopic surveillance in the English BCSP, following participa-
tion in the seAFOod polyp prevention trial, has demonstrated that
those individuals who originally received aspirin in the seAFOod trial
(which was associated with decreased colorectal polyp risk as meas-
ured by colorectal polyp number®?) actually had increased cumula-
tive (total and adenomatous) colorectal polyp risk during post-trial
surveillance compared with those previously allocated to placebo
aspirin.

These data support the hypothesis that short-term aspirin use
inhibits colorectal tumour growth, but not initiation, leading to de-
repression of polyp growth upon treatment cessation, reflected as
‘rebound’ increased colorectal polyp risk during subsequent colono-
scopic surveillance. This relationship was restricted to aspirin, which

had chemopreventative efficacy against adenomatous and serrated
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TABLE 3 Comparison of total colorectal polyp number in
individuals who received combined aspirin and EPA treatment in
the seAFOod trial with participants who received either agent
alone or placebos only.

Incidence risk ratio (95%
Cl) for the active aspirin
and active EPA group?

0.70(0.57,0.86)
0.65 (0.53,0.80)
0.75(0.61, 0.93)

Placebos only
Placebo aspirin and active EPA
Active aspirin and placebo EPA

2Adjusted by BCSP site as a random effect and for repeat colonoscopy
at baseline in the seAFOod trial [see ref. 1, 2].

polyps in the seAFOod trial (which was also confirmed in the post-
trial surveillance population),l'2 whereas allocation to active EPA
in the seAFOod trial (which was not linked to reduced risk of total
colorectal polyps) was not associated with altered colorectal polyp
risk during post-trial follow-up, according to factorial trial margins.
‘Inside the table’ treatment group analysis of colorectal polyp find-
ings during post-trial surveillance also reflected individual agent che-
mopreventative efficacy during the seAFOod trial, with prior EPA
use, which was associated with reduced on-trial distal colorectal
polyp risk,"? being associated with increased distal colorectal polyp
risk during post-trial surveillance.

The effect size (a 10%-15% increase in PDR and MPP in those
allocated aspirin, as opposed to placebo during the seAFOod trial)
is clinically meaningful based on a similar effect size for colorectal
polyp risk reduction in aspirin polyp prevention trials that is cou-

31011 35 well as

pled with observational data on CRC risk reduction,
PDR differences reported for endoscopic interventions that improve
colorectal polyp detection, which have been adopted into clinical
practice.'?

Secondary colorectal polyp size and polyp burden analyses con-
curred with the PDR outcomes in that trial allocation to aspirin was
associated with larger colorectal polyps, including serrated lesions.
In general, serrated-hyperplastic polyps detected during surveil-
lance were larger than adenomatous polyps. This observation might
be explained by a faster growth rate and/or higher colonoscopy miss
rate for serrated lesions,'® which could also underlie the prominent
relationship between previous aspirin or EPA treatment and larger
serrated-hyperplastic polyps. There was an excess of proximal col-
orectal polyps during second and subsequent rounds of surveillance
of this ‘high-risk’ cohort of screened individuals, which is consistent
with a left-to-right shift reported in other surveillance colonoscopy
cohort studies.**

Increased colorectal adenomatous polyp risk after treatment
cessation has previously been reported in three randomised polyp
prevention trials of coxib selective cyclooxygenase (COX)-2 inhibi-
tors (APPROVe, PreSAP and APC), which each included an unsched-
uled 1-2-year off-treatment follow-up period following premature
termination of Investigative Medicinal Product use due to cardiovas-
cular safety concerns.”> In the APPROVe and PreSAP trials, the

increased risk of any colorectal adenoma in prior coxib users reached

DOWNING ET AL.

TABLE 4 Interaction between EPA use and clinical factors,
baseline EPA status, aspirin use and repeat colonoscopy at baseline

during the seAFOod trial.

IRR (EPA vs no p for
EPA) interaction®
Increasing year of age 1.01 (0.98-1.04) 0.65
Sex
Female 1.20(0.77-1.85) 0.42
Male 1.04 (0.58-1.86)
Baseline EPA level (%)°
Low (<0.46%) 0.98 (0.70-1.38) 0.78
High (20.46%) 0.91(0.65-1.28)
BMI
Normal (<25kg/m?) 1.31(0.72-2.39)  0.88
Overweight (25-29.9kg/m?)  1.18 (0.69-2.01)
Obese (230kg/m?) 1.25(0.73-2.12)
Smoking
Never smoked 0.93(0.62-1.38) 0.27
Ex-smoker 1.14 (0.79-1.66)
Current 1.07 (0.60-1.90)
Units of alcohol per week
None 1.04 (0.56-1.95) 0.78
1-7 1.17 (0.69-1.96)
8-21 1.33(0.79-2.24)
22+ 0.92(0.51-1.66)
Aspirin allocation
Active 0.60 (0.43-0.85) 0.01
Placebo 1.04 (0.75-1.44)
Repeat colonoscopy in trial
No 0.89 (0.68-1.15) 0.78

Yes

Wald test for interaction.

1.01 (0.62-1.65)

PRed blood cell % EPA (of total fatty acids) level was dichotomised using
the mean baseline EPA level (0.46%).2

statistical significance compared with those previously allocated
placebo, with a relative risk of any colorectal adenoma of 1.21 and
1.48, respectively.t>1®

However, post-trial colonoscopy outcomes analysis after the
Aspirin/Folate Polyp Prevention Study (AFPPS) did not reveal in-
creased colorectal adenoma risk in individuals, who had been ran-
domised to either 81 or 325mg aspirin for 3years compared with
those allocated placebo and who underwent repeat colonoscopy
approximately 4years later (PDR 39.6% [either aspirin dose] vs.
39.9%:; relative risk 1.00 [95% C| 0.80-1.241).*® No colorectal polyp
number outcomes were reported in the AFPPS follow-up study.'®
The seAFOod trial recruited a ‘high risk’ cohort with greater col-
orectal polyp multiplicity at trial entry and post-trial colonoscopic
surveillance continued in a quality-assured national programme
(that is reflected in the much higher PDR [70%-80%)] during fol-

low-up in the BCSP compared with the AFPPS follow-up study),
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which could explain the discrepancy in results between the two
studies.?

Overall, the yield of advanced neoplasia was low, with no CRCs
detected during the entire surveillance period. Advanced colorectal
polyp detection during post-trial surveillance was similar in individ-
uals who had received aspirin, as opposed to placebo aspirin, during
the seAFOod trial. This is consistent with the observation from post-
treatment follow-up of the APPROVe trial that prior use of the selec-
tive COX-2 inhibitor rofecoxib was associated with increased risk of
any colorectal adenoma, but not advanced adenomatous polyps.*> A
valid hypothesis is that advanced colorectal polyps detected during
short-term post-trial follow-up represent more established lesions
(probably missed at an earlier colonoscopy) that are less amenable
to growth repression by aspirin and subsequent de-repression upon
treatment cessation.

Our study does not address whether a ‘rebound’ increase in col-
orectal polyp risk after cessation of short-term aspirin treatment
would manifest as a subsequent increase in CRC incidence. Based
on a latent period of at least 8-10years between randomisation to
aspirin and reduced CRC risk (compatible with current understand-
ing of the slow natural history of malignant progression from ade-
nomatous polyps) observed during post-trial follow-up of multiple
primary and secondary placebo-controlled vascular prevention tri-
als,"% the number of individuals followed-up for sufficient time
(>20vyears) to observe a possible ‘rebound’ increase in CRC inci-
dence in these studies is limited.!®!! Median 10-year observational
follow-up of the Women's Health Study (WHS) of 100 mg alternate-
day aspirin versus placebo, used for 10years, demonstrated that as-
pirin use was associated with reduced CRC risk (hazard ratio 0.58
[95% C1 0.42, 0.80]) with a latency of 10years.!” However, additional
WHS follow-up from 17.5 to 26years is reported to demonstrate
no significant difference in CRC incidence between the group that
was originally randomised to aspirin use for 10years and those allo-
cated placebo (odds ratio 1.16 [95% Cl 0.78, 1.72]) suggesting that
the aspirin group might have had an excess of CRC events during
later follow-up.20 A study of the relationship between the timing or
dose of aspirin and CRC risk in the Nurses' Health Study and Health
Professionals Follow-Up Study identified a group of individuals with
a ‘high’ duration and dose of prior aspirin use, who had subsequently
become ‘low’ aspirin users (s5years or <1.5 tablets per week) during
prolonged (>20years) ‘real-life’ use of aspirin.?! However, this sub-
cohort accounted for only 201 CRC cases and the study did not
specifically identify a group that stopped aspirin, highlighting the
difficulty of studying CRC risk after aspirin use, even in a large pro-
spective cohort study.?!

A consistent methodological weakness of post-trial observa-
tional follow-up studies, which is shared by our study, is the absence
of data on post-trial aspirin usage. At the end of the seAFOod trial,
participants were not informed of their treatment allocation and
the Plain English Summary of the trial results, which was available
online and on request, did not recommend aspirin and/or EPA use.
Therefore, one would not expect widespread aspirin use in previous

seAFOod trial participants (clinically indicated aspirin use was an

9
AP.T Alimentary Pharmacology & Therapeutics —\W | ]_EYJ—

exclusion criterion) or that post-trial aspirin use would be unbalanced
across the randomised seAFOod trial treatment groups. Moreover,
any bias related to post-trial aspirin use would be expected to reduce
the ‘rebound’ effect size compared with the placebo arm based on
the reduction in colorectal polyp number associated with current
aspirin use.?

Another important observation is that combination treatment
with aspirin and EPA was associated with significantly lower col-
orectal polyp recurrence in the seAFOod trial compared with ei-
ther agent alone. This was apparent in the primary report of the
seAFOod trial,? but an ‘inside the table’ analysis of the seAFOod
trial data was not pre-specified based on the understanding of
the mechanism(s) of action of aspirin and EPA, at the time, which
focused on inhibition of COX by both agents, as well as obser-
vation that there was no interaction between the two agents
when anti-platelet (COX-1-dependent) activity is measured.??
The pharmacological basis of an interaction between aspirin and
EPA for colorectal polyp prevention remains unclear. It has been
suggested that EPA can be metabolised to a trihydroxy derivative
5,12,18-trihydroxy-EPA (also known as resolving [Rv] E1) by a
trans-cellular pathway involving aspirin-acetylated COX-2.4 E-type
resolvins have inflammation-resolving activity in in vitro and pre-
clinical studies, associated with inhibition of nuclear factor kappa
B, which is hypothesised to mediate the additive anti-cancer activ-
ity of the combination of aspirin and EPA.2® RvE1 and its precursor
oxylipin 18R-hydroxy-EPA have been detected in multiple differ-
ent human sample types and clinical disease settings.?* However,
RVE1 was not detected (above a limit of detection of 20pg/mL)
in plasma and rectal mucosal samples from seAFOod trial partici-
pants.?® Although combination of aspirin and EPA treatment were
associated with reduced colorectal polyp risk, compared with ei-
ther agent alone, during the seAFOod trial, we did not observe a
larger ‘rebound’ increase in colorectal polyp risk during post-trial
surveillance compared with individuals that had received aspirin
alone. The relationship between on-treatment chemoprevention
and size of the post-treatment increase in colorectal polyp risk will
be dependent on the balance between inhibition of tumour (polyp)
initiation versus polyp growth suppression for any given agent(s).
This will require further investigation during future polyp preven-
tion trial follow-up and improved understanding of the mecha-
nism(s) of action of aspirin.

This study has several strengths including detailed colorectal
polyp outcomes data from a national quality-assured colonoscopy
surveillance programme generating a large number of incident col-
orectal polyps during follow-up. We acknowledge that colorectal
polyp nomenclature, as well as risk stratification for colonoscopic
surveillance based on colorectal polyp characteristics, has changed
during the time encompassed by the seAFOod trial and the post-
trial surveillance period, up to the present day.7'26 Changes include
a clearer distinction between serrated and hyperplastic polyps,?
with the exclusion of diminutive rectal hyperplastic polyps from the
BCSP risk stratification algorithm.7 However, we continued to de-

scribe colorectal polyp outcomes according to the terminology and
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reporting tools employed by the BCSP at the time, in order to allow
direct comparison between on-trial and post-trial colorectal polyp
outcomes.

Study limitations include the lack of data on post-trial aspirin and
omega-3 polyunsaturated fatty acid use, absence of data on inci-
dent co-morbidities and other drug use, as well as a relatively short
post-trial follow-up period, which encompassed only one ‘interme-
diate risk’ 3-year colonoscopy for the majority of trial participants.
Unfortunately, seAFOod trial participants were not asked to provide
consent for future contact at trial entry so we have been unable to
contact individuals to enquire about concurrent drug use and per-
mission to access BCSP records at the end of the pre-determined
6-year follow-up period.

Despite the fact that the post-trial surveillance groups, which
were defined by randomised trial treatment allocation, were well-
matched for post-trial follow-up duration and the number of surveil-
lance colonoscopies per person, we acknowledge that the complex
relationship between colorectal polyp outcomes and the timing and
frequency of colonoscopy according to the BCSP surveillance algo-
rithm could introduce bias. However, the secondary analysis was
restricted to colonoscopy outcomes at a single time-point 3years
after the seAFOod trial exit colonoscopy confirmed the findings of
the main analysis of cumulative colorectal polyp outcomes during
follow-up.

We suggest that future biomarker-driven CRC chemopreven-
tion trials include prospective post-intervention follow-up to cor-
roborate our findings that a short-term intervention (aspirin + EPA),
which is associated with reduced on-treatment colorectal polyp
risk, is subsequently linked to ‘rebound’ increased colorectal polyp
incidence when the intervention is stopped. A ‘rebound’ increase
in colorectal polyp risk (and possible increased CRC risk, albeit
after a much longer latent period) after short-term aspirin use
should be considered as part of the ongoing debate about how
best to harness the undoubted cancer-preventative properties
of aspirin whilst minimising risk in a precision manner,?’ one ap-
proach to which is to stop aspirin use in line with age-dependent
elevated risk of bleeding.
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