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Objective—A major impediment to translating chemoprevention to clinical practice has been
lack of intermediate biomarkers. We previously reported that rectal interrogation with low-
coherence enhanced backscattering spectroscopy (LEBS) detected microarchitectural
manifestations of field carcinogenesis. We now wanted to ascertain if reversion of two LEBS
markers spectral slope (SPEC) and fractal dimension (FRAC) could serve as a marker for
chemopreventive efficacy.

Design—We conducted a multicentre, prospective, randomised, double-blind placebo-controlled,
clinical trial in subjects with a history of colonic neoplasia who manifested altered SPEC/FRAC in
histologically normal colonic mucosa. Subjects (n=79) were randomised to 325 mg aspirin or
placebo. The primary endpoint changed in FRAC and SPEC spectral markers after 3 months.
Mucosal levels of prostaglandin E2 (PGE2) and UDP-glucuronosyltransferase (UGT) 1A6
genotypes were planned secondary endpoints.

Results—At 3 months, the aspirin group manifested alterations in SPEC (48.9%, p=0.055) and
FRAC (55.4%, p=0.200) with the direction towards non-neoplastic status. As a measure of
aspirin's pharmacological efficacy, we assessed changes in rectal PGE2 levels and noted that it
correlated with SPEC and FRAC alterations (R=-0.55, p=0.01 and R=0.57, p=0.009, respectively)
whereas there was no significant correlation in placebo specimens. While UGT1A6 subgroup
analysis did not achieve statistical significance, the changes in SPEC and FRAC to a less
neoplastic direction occurred only in the variant consonant with epidemiological evidence of
chemoprevention.

Conclusions—We provide the first proof of concept, albeit somewhat underpowered, that
spectral markers reversion mirrors antineoplastic efficacy providing a potential modality for
titration of agent type/dose to optimise chemopreventive strategies in clinical practice.

Trial Number—NCT00468910

Introduction

Despite significant medical advances, colorectal malignancies still ranks as the second
leading cause of cancer death among Americans.! Screening with colonoscopy or faecal
tests has modestly impacted upon death rate but many hurdles remain, including test
accuracy and patient compliance.?® This highlights the need for exploring alternate strategies
to mitigate colorectal cancer (CRC) mortality such as chemoprevention.

Of the numerous chemopreventive agents with documented activity in pre-clinical or
epidemiological studies, the best established are non-steroidal anti-inflammatory drugs
(NSAIDS), including aspirin.* Indeed, large-scale randomised clinical trials indicate that
aspirin approximately halves the colonic neoplasia risk.> However, while aspirin has a
relatively low toxicity rate (gastrointestinal (GI) ulcers, haemorrhage, perforation), when
applied to a large population, the absolute number of complications can be significant. This
is juxtaposed by the observation that only a minority of individuals (~30-50%) will manifest
a chemopreventive effect. Thus, the majority of patients are exposed to toxicity without any
counterbalancing antineoplastic benefit. These considerations led the US Preventive Services
Task Force to conclude that for primary chemoprevention, the harms outweigh the benefits.®
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In order to improve this risk—benefit relationship, most approaches until now have focused
on designing agents that retain antineoplastic activity while decreasing toxicity. However,
clinical studies until now have been disappointing. For instance, cyclo-oxygenase (COX)-2-
selective NSAIDS (celecoxib, rofecoxib) did have good antineoplastic efficacy with less Gl
toxicity but unfortunately were associated with increased cardiovascular events.” A more
practical solution would be to target the subset of patients likely to benefit from aspirin.
Most studies have focused on pharmacogenomics, especially polymorphisms of the aspirin
metabolising gene uridine diphosphate (UDP)-glucuronosyltransferase (UGT)1A6.8
However, there are a copious other potential modulators of aspirin effect (polymorphisms in
COX-2,9 ornithine decarboxylase (ODC),10 other inflammatory genes!?), which may
decrease the predictive ability of a single gene. In addition, CRC is a genetically
heterogeneous disease and tumour characteristics may also determine aspirin sensitivity
(COX-2 overexpression,12 phosphosoinositol 3 kinasel3 or B-Raf mutations4). Finally,
emerging evidence suggests the role of non-genomic factors (body mass index (BMl),
gender, etc) in aspirin responsiveness.1%16 Thus, it appears unlikely that a simple blood test
will be able to accurately predict aspirin chemopreventive efficacy.

Analysing the colonic mucosa represents an attractive modality for ascertaining
chemopreventive effects. This is underpinned by the well-established concept of field
carcinogenesis, which posits that the genetic/exogenous factors are diffuse providing a
permissive mutational environment.1’-19 Focal neoplastic lesions are a result from stochastic
events (eg, truncation of the adenomatous polyposis coli tumour suppressor gene) in this
fertile mutational field. The corollary is that biomarkers of field carcinogenesis should
identify patients with a higher propensity for developing colonic tumours. The clinical
implications of this concept include the need for colonoscopy in patients with adenoma
detected on flexible sigmoidoscopy (increased risk of synchronous lesions) or previous
colonoscopy (metachronous lesions).29 There have been numerous markers of field
carcinogenesis in the predysplastic mucosa, including proteomic,2! genomic,22
methylationZ? and microRNA.24 The most common markers for chemoprevention studies
have been the reversal of the diffuse increase in proliferation and inhibition of apoptosis.
However, the robustness of these markers has been questioned.

Our group has focused on field carcinogenesis assessment for risk stratification using low-
coherence enhanced backscattering spectroscopy (LEBS).25 These optical biomarkers
quantify the submicron architectural aberration that is well below the resolution of
conventional light microscopy (hence, mucosa appears histologically normal). Previous
reports demonstrate that rectal LEBS markers predict advanced adenomas (size =10 mm or
high-grade dysplasia or 225% villous features) elsewhere in the colon with excellent
accuracy (sensitivity 88-100%, specificity 72-80%).2627 We therefore wanted to assess
whether the reversal of the neoplastic LEBS signatures in the rectal mucosa could provide
insights into chemoprevention.

We hypothesised that spectral markers would be responsive to aspirin in subjects at high risk
for CRC. We implemented a phase I1b double-blind randomised placebo-controlled trial of
aspirin in subjects at risk for colonic neoplasia whose primary endpoint was reversion of a
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carcinogenic-associated spectral marker signature towards non-neoplastic values (increase in
spectral slope (SPEC) and decrease in fractal dimension).

Methods
Study design

The study adhered to Good Clinical Practice as per the International Conference on
Harmonisation and Declaration of Helsinki ethical principles.28 All subjects gave written
informed consent. The National Cancer Institute (NCI) Division of Cancer Prevention
performed scientific and statistical reviews of the protocol, sponsored and monitored the
trial, provided aspirin and matched placebo and housed the data through Westat. All study
data underwent quality check by two Northwestern University-based individuals and then by
Westat. The data were then locked, unblinded and released to the study biostatistician, who
analysed all data.

Subjects aged <70 years undergoing surveillance colonoscopy for adenoma or CRC resected
within 6 years were eligible. Subjects on anticoagulants, NSAIDs or chemotherapy, with
bone marrow, liver or renal dysfunction, coagulopathy and malignancy (within a year), with
incomplete colonoscopy or inadequate bowel preparation, were excluded.

Baseline colonoscopy used a 4 L polyethylene glycol purge (eg, Golytely or NuLytely) and
incorporated six biopsies of endoscopically normal rectum and two biopsies of mid-sigmoid.
Spectral marker readings were from three rectal specimens and one mid-sigmoid specimen.
An entry into the treatment phase required each LEBS parameter, SPEC and fractal
dimension (FRAC), to be >1 SD from the value in normal subjects and towards the direction
associated with carcinogenesis, as previously defined in cohorts of individuals without and
with colonic neoplasia, respectively.26 Subjects were randomised 1:1 to placebo or 325 mg
aspirin daily. Three-month biopsy was via flexible sigmoidoscopy, using an 8 0z magnesium
citrate purgative. Sample size calculations were performed with assumptions regarding effect
size from pilot azoxymethane-treated rat data.

All authors had access to the study data and had reviewed the manuscript.

Spectral marker determination

All endpoints were analysed in a blinded fashion. Analysis of spectral markers was
performed as described, within 2 h of specimen acquisition (instrument described in
supplementary figure 1).29%0 Briefly, we measured SPEC (units of micron™1), which
characterises the size distribution of macromolecular complexes and other intracellular
structures, with a decrease in value implying a shift in the size distribution of intracellular
structures towards smaller sizes, and FRAC (a unitless parameter), which characterises the
spatial autocorrelation function of mass density distribution in tissue.2629-31 Both
parameters provide measures of the fundamental characteristics of the tissue nanoscale
architecture; both were multiplied by 103 in graphical presentations.
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UUGT1AG6 genotyping

Blood mononuclear cell isolation used BD Vacutainer CPT Mononuclear Cell Preparation
Tubes, DNA extraction used TRIzol (Life Technologies), purification used Wizard SV Gel
and PCR Clean-Up System (Promega) and DNA amplification used Illustra Genomiphi V2
DNA Amplification Kit (GE Healthcare Life Sciences) as per the manufacturer's
instructions. PCR used forward 5"-GGAAAATACCTAGGAGCCCTGTGA-3" and reverse
5"-AGGAGCCAAATGAGTGAGGGAG-3" primers, and products were digested with Nsil
for T181A (giving fragments of 992 bp (for wild type), 992+616+376 bp (heterozygous) and
616+376 bp (homozygous)) or Fnu4HI for R184S (833+159 bp (wild type),
833+464+369+159 bp (heterozygous) and 464+369+159 bp (homozygous)).

Prostaglandin E2 determination

Tissue in indomethacin-containing buffer was sonicated, supernatant was passed over a
prostaglandin E2 (PGE2) affinity column (Cayman Chemical Co) and an eluent was used in
enzyme immunoassay (Cayman Chemical Co) as per the manufacturer's instructions.

Statistical analysis

Results

Means, SDs and ranges were computed for continuous demographic variables and for
biomarkers at baseline and at 3 months. The difference for each subject between baseline
and 3 months in the main outcomes, SPEC and FRAC, and biomarkers was computed for all
subjects by treatment group (aspirin, placebo). The per cent change from baseline of SPEC
and FRAC was also computed. The significance of the shift in distributions of mean
differences between treatment groups (aspirin, placebo) was assessed via two-sample
Wilcoxon—Mann-Whitney non-parametric test. Alternative hypotheses for the two main
outcomes, SPEC and FRAC, were one sided by prospective design, as stipulated in the
protocol; all other alternative hypotheses were one sided. Frequencies and percentages were
reported for categorical demographic variables and differences between treatment groups for
these variables were evaluated via Fisher's exact test. For regression plots, non-parametric
Spearman correlation coefficient, and the corresponding non-parametric test, provided the
corresponding two-sided p value. Regression line slopes were computed using non-
parametric correlation. Cohen's d was used to estimate the effect size in two main outcomes
for some subgroups, as indicated. All p values are unadjusted based on all available data.
Statistical analyses and graphics used SAS V.9.3 and R 2.15 software packages.

Study population

Of 110 subjects analysed, 81 (74%) had a neoplasia-associated spectral signature, as defined
by the presence of both abnormal SPEC and FRAC parameters (figure 1). Seventy-nine of
81 (98%) were randomised, and 72 of 79 (89%) completed the primary endpoint (3-month
tissue biopsy); 36 from each group. All 72 subjects took =80% of their doses, as determined
by clinical assessments and by pill count. There were no significant differences in clinical
characteristics between treatment groups (table 1).
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Eleven and 23 subjects in aspirin and placebo groups, respectively, experienced 18 and 36
adverse events (AEs); all were grade 1 or 2. Abdominal symptoms (mostly discomfort) in
four and four subjects and low haemoglobin or bleeding in one subject and two subjects
were experienced by those on aspirin and placebo, respectively. One aspirin subject elected
to drop out after experiencing grade 1 nausea and abdominal discomfort. Interestingly, all
other AEs, the majority of which related to pain and/or inflammatory processes, were
experienced by 8 and 20 subjects in aspirin and placebo groups, respectively.

Spectral markers

The two prespecified primary endpoints were the changes in values of SPEC and FRAC at
month 3 compared with baseline. For SPEC, the mean per cent changes at 3 months for
aspirin and placebo groups were 55.8% and —48.9%, respectively (p=0.055 for difference
between groups) (figure 2A). The baseline SPEC value for both groups constituted a
neoplasia-associated, or high-risk, signature. Importantly, the change in the aspirin group
constituted reversion of that signature towards normal, that is, that seen in non-cancer-
bearing subjects. For FRAC, the mean per cent changes for aspirin and placebo groups were
-134.5% and 55.4%, respectively (p=0.17) (figure 2B). Here too, the baseline FRAC value
reverted towards normal values in the aspirin group but not placebo.

Correlation of spectral marker alterations with measures of aspirin pharmacological

efficacy

Several lines of evidence indicate that only a subset of the population benefits from aspirin
therapy.® Therefore, we first ascertained the therapeutic effectiveness of aspirin in individual
subjects by determining whether it decreased rectal mucosal levels of PGE2, that is, a direct
measurement of its pharmacological action upon the target organ. Then, we correlated
changes in PGE2 with changes in SPEC or FRAC. Aspirin inhibits COX enzyme activity,
thereby decreasing downstream synthesis of PGE2. Increased PGE2 levels have been
implicated in colon carcinogenesis, while decreases directly reflect NSAID pharmacological
action and chemoprevention efficacy.32

With aspirin subjects, the suppression of PGE2 significantly correlated with SPEC (R=
-0.55, p=0.01; two-sided test for Spearman non-parametric correlation) and FRAC
improvement (R=0.57, p=0.009) (figure 3A, B). In contrast, with placebo subjects there was
no significant correlation with SPEC (R= —0.22, p=0.43) or FRAC (R=-0.05, p=0.86)
(figure 3C, D). These findings demonstrate that in subjects experiencing a pharmacological
effect by aspirin in the colon, both SPEC and FRAC spectral marker signatures significantly
changed from neoplastic towards normal. They support the notion that ultrastructural
changes characteristic of early carcinogenesis, measured by spectral analysis in
histologically normal colonic epithelium in subjects at high risk for CRC, can be reverted
towards normal by aspirin therapy.

Previous reports suggest that aspirin chemopreventive efficacy is confined to subjects with
homozygotic UGT1AG6 variant polymorphisms, which predispose to slower aspirin
metabolism.8 Since the frequency of homozygotic UGT1A6 variant alleles was low,
heterozygotes and homozygotes were combined as a variant group (47% of the population)
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and compared with wild type (53%). In UGT1AG6 variants, SPEC tended to increase (ie,
normalise) with aspirin, compared with placebo, while FRAC tended to decrease (ie,
normalise) with aspirin, figure 4A and B. While differences between aspirin and placebo
subjects harbouring UGT1AG6 variants were not significant, p=0.85 for SPEC and p=0.50 for
FRAC, the effect size for the variant aspirin group versus variant placebo group was robust
at 81% for SPEC and -136% for FRAC, with both markers normalising with aspirin. With
UGT1AG6 wild types, no such trend was observed.

Discussion

For clinically detectable cancer, a universal measure of therapeutic efficacy is available
through the measurement of tumour size, typically through radiographic imaging. This
relatively robust marker has served to allow the assessment of therapeutic efficacy. As such,
it has made possible rapid advances in therapeutics observed in this field. In comparison
with advanced cancer, the field of chemoprevention offers the advantage of therapeutic
intervention in the context of a less complex backdrop of molecular aberrations. As
increased molecular aberrations provide direct pathways to bypass or overcome therapeutic
efficacy, a high therapeutic index is theoretically achievable through a chemopreventive
approach. However, the field of chemoprevention has been severely hampered by a robust
and rapid predictor of therapeutic efficacy. This report describes the first such measure.
Although the SPEC biomarker fell 0.1% short of the p value of 0.05, the latter is arbitrarily
set and our study was likely underpowered (the sample size calculations were partially
determined based on animal model data which fail to recapitulate the heterogeneity of
clinical trials). Moreover, while the definitive ‘gold standard” for chemoprevention is
lacking, the correlation with PGE2 levels and UGT1A6 genotype provides strong support for
the notion that spectral markers may foreshadow long-term antineoplastic efficacy. In
consideration of these factors, this technology may offer the ability to open up new vistas for
advances in cancer chemoprevention strategies.

The approach for detecting alterations of field effect is particularly attractive since it
encompasses the complexity engendered by the interplay of genetic/exogenous factors for
colon carcinogenesis risk (the exposome concept).33 Furthermore, using biomarkers of field
carcinogenesis allows more rapid and much less expensive studies than the typical studies
which generally rely on colonoscopic-detected adenoma recurrence. Previously employed
intermediate biomarkers of field effect include rectal aberrant crypt foci but the handful of
chemoprevention studies until now have yielded discordant results.34 In the similar vein,
proliferation and apoptosis, usually in the uninvolved rectal mucosa, are correlated with the
presence of neoplasia elsewhere in the colon, although the reliability as a chemopreventive
biomarker has been suboptimal.35-37

Our group has focused on microarchitectural manifestations of the genetic/epigenetic
alterations in field carcinogenesis. The epithelium appears normal by light microscopy, but
this is only informative about structures, but >~200 nm (the diffraction limit of light).38
Thus, structures implicated in early carcinogenesis (eg, mitochondria, ribosomes, higher
order chromatin, etc) can be profoundly altered without any histological evidence. LEBS-
based markers are not only sensitive to structures >40 nm but highly quantitative, thus
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overcoming another major hurdle of imaging—-biomarker translation.18 We have previously
demonstrated that rectal spectral markers accurately assessed the risk of concurrent and
future neoplasia (advanced adenomas and carcinomas).25-27 With regard to
chemoprevention, our preclinical data have shown that spectral parameters are normalised
by chemopreventive agents.303! These markers encompass the gamut of submicron
architecture. For instance, FRAC represents the space-filling nature of the tissue and is well
established in cancer biology.2931 SPEC measures the complexity in size distribution of
macromolecular complexes and other intracellular structures with the decrease of the SPEC,
implying a shift in the size distribution of intracellular structures towards smaller sizes.28
The precise molecular determinants for FRAC and SPEC remain to be elucidated, but initial
work implicates cytoskeleton (known to interact with many critical early colon
carcinogenesis proteins, including adenomatous polyposis coli (APC), p-catenin and C-src)
and high-order chromatin changes (which may reflect transcriptional status of the cell).3940
While studies are ongoing, the lack of in-depth biological understanding does not impact
upon the clinical utility of the biomarker.

Our demonstration that aspirin alterations in spectral markers occurred only in a subset of
patients mirrors the epidemiological studies that only 30-50% of the population manifest an
antineoplastic benefit from aspirin, thus underscoring the clinical imperative for developing
robust intermediate biomarkers.232 While we demonstrate that /77 fofo spectral markers
tended to normalise with aspirin, the crux of the issue is whether it identified patient actually
manifesting a chemopreventive benefit. In this short-term study, it is difficult to
unequivocally determine. Predicting future chemopreventive responsiveness is difficult with
numerous putative pharmacogenomics, exogenous (diet, BMI, etc) and inflammatory
modulators.41-43 Molecular targets of NSAIDS would be logical but again there are a
plethora of potential candidates (COX-2, peroxisomal proliferator-activated receptor &, p-
catenin, NSAID-activating protein, cyclic guanine monophosphate (cGMP)-dependent
protein, 15-PDGH, etc).#44° Thus, instead of targeting one of the plethora of molecular
targets, more generalisable intermediate biomarkers are needed. For this study with aspirin,
we prospectively assessed rectal PGE2 levels and the pharmacogenomic parameter,
UGT1AG6 and noted that only when these parameters were suggestive of a chemopreventive
milieu did the spectral markers revert to non-neoplastic values.

We initially focused on rectal PGE2 levels given its pleotropic proneoplastic effects on
bioactive lipids. There are several lines of evidence to support the role of PGE2 in colon
carcinogenesis and chemoprevention. PGE2 impacts upon numerous pathways, including
cell growth, Wnt signalling, methylation and invasiveness.*® Urinary PGE2 derivatives have
been shown to be a potentially robust screening test for CRC.4” With regard to
chemoprevention, PGE2 is an important intermediate for both COX-2 and peroxisome
proliferator-activated receptor (PPAR) delta, a well-established antineoplastic therapeutic
target of NSAID. Indeed, the level of COX-2 appears to have a major influence on
chemopreventive sensitivity. In familial adenomatous coli (FAP) patients, colonic mucosal
PGE2 levels have been proposed as a robust biomarker for chemoprevention.*8 On the other
hand, there is evidence that there are non-prostaglandin-mediated pathways with NSAID
derivatives lacking anti-COX activity (eg, sulindac sulfone) showing some chemopreventive
activity. Furthermore, rectal PGE2 suppression plateaus at 81 mg of aspirin per day, while
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epidemiological studies indicate that adenoma/CRC suppression has a more linear dose—
response curve.49%0 Viewed /n foto, the weight of the evidence would suggest that PGE 2 is a
reasonable albeit imperfect marker of the chemopreventive efficacy of aspirin. Our study
demonstrates that PGE2 reduction with aspirin correlated with less neoplastic changes in
both FRAC and SPEC. On the other hand, patients who did not manifest a benefit by
spectral markers had no significant reduction in PGE2 levels. The respective controls
prevent confounding from the slight (nonsignificant) reduction in rectal PGE2 levels in the
placebo group.

From a pharmacogenomic perspective, we assessed UGT1A6 that inactivates aspirin via
glucuronidation. Variant alleles lead to slower degradation of aspirin. Data from the Nurse
Health Study demonstrated that aspirin was associated with decreased adenoma occurrence
in only subjects with the variant UGT1A6.8 Our data demonstrated that aspirin had a much
more dramatic effect on normalising SPEC and FRAC (albeit only the former approached
statistical significance with a p value of 0.06 because of the larger variation in FRAC) in
UGT1AG variant rather when compared with wild type. The correlation, while suggestive, is
imperfectly consistent with other potential aspirin-modulatory polymorphisms (ODC,
COX-2, etc) along with exogenous factors such as BMI that were not explored in this study.
Further supporting the relevance in our study is that PGE2 levels only decreased in patients
with variant UGT1A6 but not wild type.

There are many strengths of this study. First is the novelty with this being the proof of
concept for spectral markers and affirms initial reports in animal models. Conceptually, the
advantage of evaluating the colonic mucosa as a means of assessing the complex gene—
environmental interplay is very attractive and is bolstered by large amounts of clinical data
in risk stratification (screening). Furthermore, since these microarchitectural alterations may
represent a common pathway for heterogeneous genetic/epigenetic changes, this may be
particularly accurate. Another strength is the rigorous study design. This includes
prospective nature and double blinded. The endpoints were predetermined and bolstered by
large-scale clinical trials on screening on both ex vivo and more recent preliminary in vivo
data. Execution as assessed by compliance and dropout rate was excellent. Importantly,
while the current study focused on aspirin and colon cancer, this technology has broad
applicability across organ sites and therapeutic agents. It has already been demonstrated that
this technology will identify individuals at high risk for lung and pancreatic cancers.>152
This broad applicability relates to the ability of this technology to accurately measure
fundamental changes in chromatin structure, and in particular, those changes associated with
cancer progression. The applicability of this technology across therapeutic agents relates to
the fact that aspirin's chemopreventive efficacy does not stem from its ability to directly
affect DNA or chromatin structure, which it does not. But rather, aspirin's multiple other
primary effects, including COX inhibition, result in reversion of carcinogenesis and is
reflected by associated potential normalisation of high-order chromatin structure.

On the other hand, there are several limitations that need to be acknowledged. First, while
the trends were strong for the primary endpoints, they did not meet classic criteria for
statistical significance. It bears reiteration that statistical significance threshold of p<0.05 is
arbitrary and SPEC of 0.055 for a short-term intervention appears quite promising.
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Furthermore, these findings need to be viewed in the context that only approximately half
the patients would not be anticipated to manifest a chemopreventive benefit. In this regard,
the sample size estimate was based on preclinical data which do not have the same
interindividual variability or ‘patchiness’ of field carcinogenesis.>3 Finally, since this was a
short-term study, we did not have the ability to assess for unequivocal markers of aspirin
efficacy (adenoma recurrence, etc). We were able to address these concerns by correlating
our spectral markers with established secondary endpoints (rectal PGE2 and UGT1A6
status), which, while imperfect (thus, the need for novel biomarkers), were generally
supportive.

In conclusion, we provide the proof of principle that spectral markers, which we have
previously shown to be excellent markers of risk stratification, may also serve as a
companion biomarker for chemoprevention. This study indicates that shortterm aspirin
tended to normalise the spectral marker somewhat mirroring the suppression of PGE2 and
permissive UGT1AG status, probably the best (although clearly suboptimal) conventional
predictors of chemoprevention. From a biological perspective, we demonstrate, for the first
time, that aspirin reverses the profound microarchitectural aberrations in the predysplastic
mucosa, which is a hallmark of field carcinogenesis. While there are a number of caveats in
the data, including borderline statistical significance, viewed /n fofo these data appear very
promising and provide the impetus to perform larger scale clinical trials (employing the
newly developed fiberoptic LEBS probe).2” The potential clinical applications of the
spectral marker-field carcinogenesis strategy include the following: (1) identifying patients
at highest risk who may benefit from chemopreventive strategies, (2) in patients whose
chemoprevention is initiated, monitor efficacy in order to titrate dosage/alter agent and (3)
provide a platform for rapid clinical trials to provide initial validation of chemopreventive
agents that demonstrated promise in animal models. This approach of using spectral markers
may potentially be a vehicle to allow the era of personalised medicine to be applied to CRC
prevention efforts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance of this study
What is already known on this subject?

. Aspirin works as a chemopreventive agent against colon cancer
reducing the risk by 30-50%.

. Various polymorphisms can correlate with aspirin's chemopreventive
efficacy, albeit imperfectly.

. Changes in field carcinogenesis occur with chemopreventive agents.

. Spectral markers appear to be a promising modality to detect
microarchitectural markers of field effect and hence risk stratification.

What are the new findings?

. Spectral markers rapidly reverted towards non-neoplastic levels in
patients treated with aspirin.

. This effect correlated with suppression of the proneoplastic aspirin
target, prostaglandin E2.

. Normalisation of spectral markers appeared to occur in the context of
chemoprevention-permissive pharmacogenomics, although this trend
did not reach statistical significance.

How might it impact on clinical practice in the foreseeable future?

. The evaluation of rectal spectral markers may provide a modality for
rapidly identifying patients who are benefiting from aspirin and
enabling titration or switching agents for those not manifesting an
antineoplastic response. This may also provide a modality for
accelerating clinical studies of compounds with promise in preclinical
settings.
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CONSORT diagram of all enrolled subjects.
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Figure 2.
Plots of spectral markers for subjects treated with aspirin or placebo are shown as box plots

of per cent changes in spectral slope (SPEC) (A) and fractal dimension (FRAC) (B) values at
3 months post-treatment with aspirin or placebo compared with baseline values, depicting
mean (middle line), SD (box) and 95% confidence limits (whiskers). During field
carcinogenesis, SPEC typically decreases and FRAC increases, so the data demonstrate a
reversion towards less neoplastic signatures by aspirin.
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Plots of changes in spectral markers versus changes in prostaglandin E2 (PGE2) expression
in tissue are shown as scatter plots of changes in spectral slope (SPEC) (A and C) and fractal
dimension (FRAC) (B and D) versus changes in PGE2 for individual patients treated with

aspirin (A and B) or placebo (C and D).
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Figure 4.
Plots of spectral markers based on UDP-glucuronosyltransferase (UGT)1A6 genotypes are

shown as box plots of changes in spectral slope (SPEC) (A) and fractal dimension (FRAC)
(B) in UGT1AG variant subjects and wild-type subjects treated with aspirin or placebo. Plots
depict the mean (middle line), SD (box) and 95% confidence limits (whiskers); p values are
differences between cohorts demarcated by brackets.
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Table 1
Clinical characteristics of accrued subjects
Placebo  Aspirin®
Age(mean+SD) 54+11 57+9
Gender (% female) 43 38
Adenoma size 25 mm (%) 15 13
BMI (mean+SD) 27+5 2745

*
Differences between placebo and aspirin were not significant at the p<0.05 level. BMI, body mass index.
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