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ABSTRACT

Screening strategies have demonstrated their potential for decreasing the incidence and mortality
of cancers, particularly that of colorectal cancer (CRC). Another strategy that has been developed
to reduce CRC occurrence is the use of chemoprevention agents. Among them, aspirin is the
most promising. Aspirin acts in colorectal tumourigenesis through several mechanisms, either
directly in tumor cells or in their microenvironment, such as through its anti-inflammatory activity
or its effect on the modulation of platelet function. Many retrospective studies, as well as follow-
up of large cohorts from trials with primary cardiovascular end points, have shown that long-term
treatment with daily low-dose aspirin decreases the incidence of adenomas and colorectal
cancers. Therefore, aspirin is currently recommended by the United States Preventive Services
Task Force (USPSTF) for primary prevention of CRC in all patients aged 50 to 59 with a 10-y risk
of cardiovascular events greater than 10%. Furthermore, several studies have also reported that
long-term aspirin treatment taking after CRC resection decreases recurrence risk and increases
overall survival, especially in patients with PIK3CA-mutated tumors. This review summarizes
current knowledge on the pathophysiological mechanisms of aspirin chemoprevention, discusses
the primary clinical results on CRC prevention and highlights the potential biomarkers identified
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to predict aspirin efficacy.

Introduction

Colorectal cancer (CRC) is a worldwide public health
problem. Every year, more than 1.8 million CRCs are
diagnosed, and 800,000 persons die from this disease.'
Screening strategies for CRC have also made it possible
to decrease both the incidence and mortality by detecting
and removing advanced precancerous lesions, as well as
by detecting cancerous lesions at an early stage.
Chemoprevention has the potential to decrease the occur-
rence of cancer, as well as delay its onset. Numerous
agents, such as metabolic agents, vitamin and minerals,
non-steroidal anti-inflammatory (NSAIDs) drugs or
aspirin, have been reported for CRC chemoprevention.”
The latter is likely the most promising agent that will be
able to meet this aim. Aspirin, also known as acetylsa-
licylic acid (ASA), is primarily known for its analgesic,
antipyretic actions but also as an agent for cardiovascular
prophylaxis. It has been known for several years as
a protective factor against cancer development, especially
CRC. However, chemoprevention by aspirin remains con-
troversial. This review closely details the mechanisms of
action by which aspirin exerts its anti-tumor effects, as
well as the primary clinical results of chemoprevention on
neoplastic colorectal lesions. It also provides an overview
of the biomarkers most likely to predict aspirin efficacy.

I. Actions of aspirin on CRC tumourigenesis

Aspirin is a well-known protective factor against several can-
cers, especially CRC.” However, its molecular mechanisms are
incompletely understood. It exerts both direct mechanisms on
CRC cells and indirect mechanisms on the tumor microenvir-
onment (Figure 1).

1a. Direct mechanisms on epithelial cancer cell

Prostaglandins-mediated actions

Prostaglandins (PG) are bioactive lipids from the prosta-
noid family involved in several biological processes,
including tumourigenesis. Biosynthesis of prostanoids
begins with arachidonic acid, which is transformed by
cyclooxygenase enzyme (COX) to an unstable intermedi-
ate, prostaglandin H2. Next, tissue-specific isomerases
generate five different prostanoids: thromboxane A2
(TXA,), prostaglandin D2, prostaglandin E2 (PGE,), pros-
taglandin F2a and prostacyclin.* Prostaglandins act
through an autocrine or a paracrine effect by binding to
specific transmembrane G protein-coupled receptors.
PGE, has four specific receptors, termed EP receptors 1,
2, 3 and 4. There are two different isoforms of COX
enzyme: i) COX-1 exhibits ubiquitous expression and
plays a role in platelet aggregation and gastric
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Figure 1. Actions of aspirin on colorectal tumourigenesis. This inhibitory action occurs through direct mechanisms on tumor cells, either by inhibiting the synthesis of
prostaglandins and associated intracellular pathways, such as WNT (green), EGFR/PIK3CA/AKT/PPARS (Orange) and Ras/Raf/MAP kinase (MEK)/ERK pathways (purple), or
through an inhibition on prostaglandin-independent pathways, as NFkB (yellow), AMPK/mTOR (gray) and the apoptosis pathways (blue). Aspirin also exerts an anti-
cancer action in an indirect way through its inhibitory action on various actors of the tumor microenvironment, such as platelets or the anti-inflammatory immune
system. Due to this wealth in the multiple inhibitory mechanisms involved, aspirin is capable of inhibiting many properties of neoplastic cells, such as their antiapoptotic
capacity or their potential for migration, invasion, proliferation, metastatic dissemination, etc. AMP, adenosine monophosphate; AMPK, AMP-activated protein kinase;
APAF1, apoptotic protease factor 1; C, cytochrome ¢; COX-1, cyclooxygenase 1; COX-2, cyclooxygenase 2; CRC, colorectal cancer; EGFR, epithelial growth factor receptor;
15-PGDH, 15 hydroperoxy prostaglandin dehydrogenase; P, phosphorylation; PGE,, prostaglandin E2; PGEM, PGE, metabolites; PGE,Rc, PGE, receptor; PIK3CA,
phosphatidylinositol-3-kinase; PKA, protein kinase A; PPA2, phosphatase A2 protein; PPARS, peroxisome proliferator-activated receptor-§; SIRT1, Sirtuin 1; TGF-B1,

transcription growth factor $1; TXA,, thromboxane A2.

cytoprotection. Platelets express this isoform after
maturation and produce TXA,. ii) COX-2 expression is
only induced in certain tissues in response to inflamma-
tion, wound healing or neoplasia.’ Finally, the ubiquitous
15 hydroperoxy prostaglandin dehydrogenase enzyme (15-
hydroperoxyPGDH) metabolizes PG to both inactive
metabolites, 13,14-dihydro-15-keto-PGE2 (PGEM) and
13,14-dihydro-15-keto-PGF2a.’

Aspirin and others NSAIDs reduce PGE, production
through different mechanisms of COX enzyme
inhibition.”®* NSAIDs compete with arachidonic acid for
reversible binding to a common docking site. Aspirin
inhibits COX through irreversible selective acetylation of
a critical serine residue. NSAIDs’ actions are thus rever-
sible, whereas aspirin’s action is irreversible and requires
new synthesis of COX enzymes.” Low dose aspirin inhi-
bits COX-1 (see section below on platelet inhibition),

whereas daily high-dose aspirin is required to inhibit
COX-2.*7 A recent study conducted on animal models
has interestingly underlines interest of an intermittent
dosing-regimen of a low-dose aspirin treatment to pre-
vent the occurrence of CRC, without increasing gastro-
intestinal side effects.’

PGE, is the prostanoid most involved in colorectal
tumourigenesis.'’ Several studies have reported that
PGE, and/or COX-2 levels are significantly higher in
adenoma and CRC than in healthy tissue.'"'? In contrast,
15-hydroperoxyPGDH acts as a tumor suppressor protein,
and its expression is downregulated in CRC cells, and
restoration of 15-hydroperoxyPGDH expression exerts an
antitumour effect.>'> Many mechanisms have been pro-
posed to explain the protumour role of PGE,. PGE, acts
directly on tumor epithelial cells by stimulating cellular
proliferation and survival, as well as promoting migration
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and invasion of CRC cells. PGE, induces cytoskeletal
reorganization that changes cellular shape and facilitates
motility of CRC cells.'®'*"?

Action on intracellular pathways through PGE, inhibition
PGE, is implied in several intracellular pathways involved in
colorectal tumorigenesis. The inhibitory action of aspirin on
PGE, will thus modulate colorectal tumorigenesis, through
these pathways.

The WNT signaling pathway (in green on Figure 1)

WNT signaling comprises an important pathway
involved in colorectal tumourigenesis. Briefly, when the
WNT pathway is inactive, a destruction complex, formed
by Axin, adenomatous polyposis coli protein (APC) and
glycogen synthase kinase 3p (GSK3pB), phosphorylates spe-
cific N-terminal residues in B-catenin, which is then recog-
nized as part of a ubiquitin ligase complex that undergoes
polyubiquitination, leading to proteasomal degradation.
Protein phosphatase 2A (PP2A) decreases levels of phos-
phorylated B-catenin, preventing its degradation. Activation
of the WNT pathway leads to cytoplasmic accumulation of
B-catenin, then to nuclear translocation and transcription
of target genes involved in cell proliferation.'® Several inter-
action loops exist between PGE, and the WNT pathway.
PGE, stimulates the EP2 receptor, which binds to the Axin
protein, inactivating the destruction complex.'” PGE,
increases cytoplasmic levels of p-catenin through
a signaling pathway involving cyclic adenosine monopho-
sphate (AMP) and protein kinase A (PKA).'®> PGE, also
increases transcription of the peroxisome proliferator-
activated receptor & (PPARS) gene.'” This gene is involved
in colorectal tumourigenesis by promoting resistance to
apoptosis and is one of the genes targeted by the WNT
pathway.”®*!  Furthermore, B-catenin inhibits 15-
hydroperoxyPGDH expression through direct binding to
its promoter, increasing PGE, levels.”* Aspirin, in addition
to its inhibitory role on PGE, production, exerts an anti-
tumour effect through another mechanism of negatively
regulating the WNT pathway. Thus, aspirin causes inactiva-
tion of the phosphatase A2 (PPA2) protein through phos-
phorylation of its catalytic subunit and restores P-catenin
degradation.”>

The EGFR/PIK3CA/AKT/PPARS pathway (in orange on
Figure 1)

PGE, stimulates the PIK3CA/AKT pathway primarily
through EP4 receptor activation, which in turn either directly
activates PIK3CA enzyme or EGFR transactivation through an
intermediate B-arrestin-1-SRC complex or by stimulating
secretion of EGF-like ligands.'”***” Aspirin inhibits PIK3CA/
AKT pathway by reducing PGE, levels and has a greater inhi-
bitory effect on tumor growth in CRC cells with activating
PIK3CA mutations.”**

The Ras/Raf/MAP kinase (MEK)/ERK pathway (in purple
on Figure 1)

The Ras/Raf/MEK/ERK cascade is an important pathway
involved in colorectal tumourigenesis. PGE, stimulates COX-2
expression through activation of the Ras/MEK/ERK pathway,

forming a self-amplifying loop.”® Aspirin inhibits this pathway
by increasing inhibitory phosphorylation of Raf, avoiding its
interaction with Ras and hence, its activation.”’

PGE-independent actions

Several intracellular pathways involved in colorectal tumori-
genesis are PGE,-independent. Aspirin also acts on these path-
ways, independently of PGE, inhibition.

The NFkB pathway (in yellow on Figure 1)

NFKB is a transcription factor that stimulates expression of
antiapoptotic genes and usually exists as a heterodimer com-
plex bound in the cytoplasm by the inhibitor protein IKB. It
has been reported that aspirin inhibits the NFkB pathway
through binding to the IKB protein, belonging to the IKK
complex. The IKB protein is normally phosphorylated by the
IKK cellular kinase complex and then degraded by the protea-
some machinery, enabling the release of sequestered NFkB in
the cytoplasm and its translocation to the nucleus.’® Aspirin
may thus cause retention of NFkB protein in the cytoplasm and
repression of antiapoptotic genes transcription. However, this
action should require very high doses of aspirin and has not
been proven by in vivo studies.”® Furthermore, lipopolysac-
charides from Gram-negative intestinal bacteria activate the
epithelial-mesenchymal transition (EMT) of CRC cells through
the stimulation of TLR-4 receptors with subsequent activation
of the NFkB pathway. Aspirin has been shown to prevent EMT
by inhibiting TLR-4 expression, which inhibits activation of
the NFkB signaling pathway.>

The AMPK/mTOR pathway (in gray on Figure 1)

Sirtuin 1 (SIRT1) and AMP-activated protein kinase
(AMPK) are two key regulators of cellular metabolism.
Aspirin induces senescence of CRC cells by creating an energy
imbalance through upregulation of SIRT1 and phospho-
AMPK.* The mammalian target of rapamycine (mTOR) path-
way is involved in protein synthesis and cell growth. Aspirin
inhibits mTOR both through a direct action and the activation
of AMPK. This inhibition in turn induces autophagy in CRC
cells.*

The apoptosis pathway (in blue on Figure 1)

There are two major apoptosis pathways, the mitochon-
drial (or intrinsic) pathway and the extrinsic pathway. In
the first, cytochrome c, released by the mitochondria into
cytosol, binds to apoptotic protease activating factor 1
(APAF1) to induce consecutive activation of caspases, the
effector enzymes of the apoptosis pathways. In the second
one, stimulation of death receptors, such as Fas or TNFR1,
induces recruitment of the death inducing signaling com-
plex, which activates caspase 8 secondarily and subse-
quently, downstream caspases. Aspirin induces apoptosis
by stimulating the release of cytochrome ¢ from mitochon-
dria to cytosol, and by stimulating caspase 8 and caspase
3.7 Aspirin additionally increases secretion of TGF-Bl,
a cytokine involved in cell growth that has a key role in
apoptosis regulation. TGF-B1 induces CRC cell apoptosis
through downregulation of antiapoptotic Bcl-2 family
members, upregulation of the pro-apoptotic factor Bax,
and activation of caspase proteases.’



1b. Indirection mechanisms on tumor microenvironment

Action through platelet inhibition

As described above, the COX-2 enzyme plays an important
role in colorectal carcinogenesis. COX-2 inhibition by aspirin
is only temporary in nucleated cells because of de novo synth-
esis of COX-2; therefore, high-dose aspirin is required several
times a day to directly inhibit COX-2 in epithelial cells.
However, many observational studies have reported that low-
dose aspirin given once daily decreases the incidence of CRC
(see sections below). This finding could be due to the inhibitory
effect of aspirin on platelets. COX-1 is the only isoform of the
COX enzyme in mature platelets in which TXA, is specifically
produced. Due to lacking a nucleus, regeneration of COX-1 is
not possible in platelets, and aspirin, despite its short half-life,
exerts an irreversible action on COX-1. Platelets are activated
in the tumor microenvironment after interaction with epithe-
lial cancer cells.*” Activated platelets generate soluble growth
and angiogenic factors, such as TXA, and sphingosine 1 phos-
phate. TXA,; and others released factors stimulate recruitment
and aggregation of additional platelets, and enhance COX-2
expression in stromal and endothelial cells in the tumor
microenvironment.” Then, stromal cells produce prostanoids
and other growth factors that stimulate COX-2 expression in
epithelial cancer cells. Thus, inhibition of platelet COX-1 by
aspirin and COX-2 expression in return in epithelial cells is one
of the inhibitory mechanisms of aspirin on platelet-mediated
tumourigenesis.*>*!**

Activated platelets intervene at multiple stages of carci-
nogenesis. Firstly, activated platelet promotes cell prolifera-
tion through an upregulation of ¢c-MYC.*’ They also
stimulate angiogenesis, and epithelial-mesenchymal transi-
tion of tumor cells. Thus, tumor cells become more inva-
sive, and intravasate in blood vessels (step one in
Figure 1).** Then, platelets promote tumor cell survival in
blood circulation by protecting them from natural killer
(NK) cells. Secretion of TGF-B by activated platelets inhi-
bits both the activation and function of NK cells.*> Transfer
of major histocompatibility complex class I molecules from
platelets to tumor cells might also allow them to evade lysis
by NK cells (step two in Figure 1).*® Finally, platelets make
extravasation and metastatic spread possible by promoting
interactions between tumor cells and the vascular endothe-
lium. CRC cells roll on activated endothelium, and this
anchoring process is due to binding between CD44 on
CRC cells and P-selectin on activated endothelial cells.
Activated platelets interact with CRC cells in the blood-
stream to form heteroaggregates that support attachment to
the endothelium.*” Then, activated platelets release adenine
nucleotides, which enhance endothelium permeability
through their action on P2Y2 receptors of endothelial
cells, stimulating extravasation of cancer cells (step three
in Figure 1).*® Therefore, aspirin also exerts an antitumour
effect through the inhibition of platelet activation.’>**>

Action on inflammatory and on immune cells (in red in
Figure 1)

Chronic inflammation is an important hallmark of CRC
since it contributes to its initiation, as well as its
progression.”’  Inflammation-induced cells, such as
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polymorphonuclear neutrophils and fibroblasts, produce pro-
inflammatory cytokines and chemokines (TNF-qa, IL1, IL6,
CXCL1, and WNT5A) in the tumor microenvironment.
These cytokines stimulate the production of PGE, through
increased activity of COX-2 of neutrophils and fibroblasts.’
Then, PGE, activates EP2 receptors on fibroblasts and poly-
morphonuclear neutrophils in the tumor microenvironment,
forming a positive feedback loop that exacerbates
inflammation.>® Thus, the EP2 receptor could be an attractive
target to inhibit inflammation-induced tumourigenesis, and
several studies are currently being conducted to evaluate
potent selective antagonists of this receptor.”® PGE, induces
massive recruitment of immune cells and modifies their func-
tionality, particular in lymphocytes, by stimulation of Thl
differentiation and Th17 expansion.”>*® PGE, also modifies
local cytokine profiles through induction of IL-23 and inhibi-
tion of IL-12 expression to stimulate T helper 17 (Th17) cell
expression.”” PGE, also enhances dendritic cell migration
through upregulation of CCR7, as well as their capacity to
activate T cells.”®

Il. Aspirin use to prevent or treat colorectal adenoma
or cancer

2a. Aspirin use to prevent recurrence of colorectal
adenoma

Most CRCs develop from precancerous adenomatous
lesions through an adenoma-carcinoma sequence.”” Many
observational studies and randomized controlled trials
(RCTs) suggest a significant decrease in CRC incidence
for regular aspirin users (see section below).
Consequently, several studies have been conducted to assess
whether aspirin prevents recurrence of adenoma (Table 1)
and whether this antineoplastic effect was due to
a decreased risk of adenoma formation or whether it inter-
vened on the transformation of adenoma into cancerous
lesions. Most of these studies, including several well-
designed RCTs, shows that chemoprevention by aspirin
reduces colorectal adenoma recurrence rate and decreases
the rate of advanced adenoma recurrence, the number of
recurrent adenomas and delays the time to adenoma
recurrence.’” °>®* A recent meta-analysis found similar
findings with a significant 20% reduction in risk in low-
dose aspirin users (80 to 160 mg per day) compared to
control patients (RR 0.80, CI 95% 0.70-0.92).°

However, two recent RCTs found no effect of aspirin che-
moprevention on colorectal adenoma recurrence®>® and one
RCT showed that chemoprevention by aspirin reduced color-
ectal adenoma recurrence after 1y, but not after 4 y, of follow-
up.””> Some characteristics of the patients included in these
latter trials might explain the lack of a protective effect of
aspirin.

It has previously been reported that chemoprevention with
daily low-dose aspirin reduced colorectal adenoma recurrence
primarily in nonsmoking patients, while it was useless in
patients who smoked.®* This could explain the negative results
reported by Pomergaard et al due to the high proportion of
smokers in this study.®® In the seAFOod Polyp Prevention trial,
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included patients corresponded to a high-risk population.*®
The adenoma recurrence rate at 1 y was not significantly
different between the experimental (300 mg aspirin per day)
and control (placebo) groups (61% in both groups) and was
substantially higher than those previously reported in similar
trials. Secondary analysis showed that aspirin treatment
reduced the total number of colorectal adenoma per
participant.°® Therefore, the number of recurrent adenomas
might be a more appropriate endpoint for evaluating the inter-
est of chemoprevention by aspirin in this specific population.®®

These findings suggest that daily low-dose aspirin decreases
the risk of colorectal adenoma recurrence with a benefit that
would appear to be reduced in smokers and high-risk patient
subgroups. For this latter subgroup, further trials assessing
specific experimental conditions (dosing and duration of treat-
ment) and endpoints are warranted.

2b. Aspirin use to prevent CRC

Several observational studies have identified aspirin as
a protective factor against CRC development (Table 2). For
example, a Danish retrospective case-control study showed
a significant reduction of CRC incidence in patients who
were treated with daily low-dose aspirin for more than 5 y
(odds ratio of 0.73 (CI 95% 0.54-0.99)).°° Another recent
similar study in the UK also found a 34% decrease in the risk
of developing CRC in patients with daily low-dose aspirin (RR
0.66, CI 95% 0.60-0.74).”" A meta-analysis of five RCTs
showed a 24% decrease in the risk for developing CRC (HR
0.76, CI 95% 0.60-0.96). This risk was especially reduced for
proximal colon cancers. Daily low-dose aspirin also showed
a 40% reduction for the risk of CRC mortality (HR 0.60, CI
95% 0.42-0.86). However, the results of RCTs remain contro-
versial. Recently, the ASPREE trial was conducted to assess the
impact of low-dose aspirin on disability-free survival among
older adults who did not have cardiovascular disease, demen-
tia, or disability. Secondary analyses demonstrated that aspirin
use was associated with a higher risk for cancer-related mor-
tality (HR 1.31, CI 95% 1.10-1.56) and colorectal cancer-
related mortality (HR = 1.77, CI 95% 1.02-3.06). The short
median follow-up of 4.7 y and the inclusion of older patients
could potentially explain this lack of benefit.””

However, the studies by Rothwell et al and McNeil et al
were not initially designed to assess CRC prevention.”*””
Specific RCTs have been conducted to demonstrate a cause
and effect relationship and have measured the occurrence
of CRC as a primary endpoint. Two large RCTs, the
Physicians’ Health Study (PHS) (n = 22,071) and the
Women’s Health Study (WHS) (n = 39,876), failed to
demonstrate a protective effect of low-dose aspirin on
CRC development in men and women, respectively.”>”>
Indeed, no difference in favor of the experimental arm
was found for either trial at the planned end of these
studies, despite a follow-up of 12 y in the PHS and 9 y in
the WHS.”>”® However, in the WHS, an extended follow-
up of 18 y after randomization showed a significant asso-
ciation between chemoprevention by aspirin and decreased
incidence of CRC (HR = 0.80; 95% CI 0.67-0.97).”* This
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long latent period to observe a benefit suggests that che-
moprevention by aspirin act in the early stages of
tumorigenesis.

All of these studies support that low-dose aspirin decreases
long-term risk (more than 10 y) of CRC, as well as its related
mortality, in populations over 50 y of age and who are at high
cardiovascular risk. All these scientific studies have led to
recent publication of the United States Preventive Service
Task Force recommendations. Aspirin is currently recom-
mended for primary prevention of cardiovascular events and
CRC in patients aged 50 to 59 with a 10-y risk of cardiovascular
event greater than 10%. This may also be the case for some
patients aged 60 to 69 y old with a 10-y risk of cardiovascular
event greater than 10% without significant risk of bleeding and
with a life expectancy of at least 10 y. Aspirin is not yet
recommended in primary prevention for only the risk of
CRC®

2c¢. Aspirin use in patients with genetic predisposition to
CRC

Patients with familial adenomatous polyposis (FAP) or heredi-
tary non-polyposis colorectal cancer (HNPCC) are considered
to have a very high risk for developing CRC. Interest in che-
moprevention by aspirin has been studied in this specific
population. The CAPP1 (Colorectal Adenoma/Carcinoma
Prevention Programme 1) study, comparing 600 mg aspirin
treatment to placebo in patients with FAP aged 10 to 21 did not
find a significant difference in colorectal polyp burden
(RR = 0.77, CI 95% [0.54-1.10]). However, this trial showed
that aspirin treatment significantly reduced the size of the
largest polyp.”” The CAPP2 trial compared a 2-y treatment
with aspirin at 600 mg to placebo in patients with Lynch
syndrome.”® Results from the 10-y follow-up of this cohort
have shown that aspirin significantly decreased the risk of
CRC (adjusted HR = 0.65, 95% CI [0.43-0.97]) without
increasing risk of serious adverse events. However, no differ-
ence was seen concerning the risk of other cancers of the Lynch
syndrome spectrum (adjusted HR = 0.94, 95% CI [0.59-
1.50]).”° Thus, daily chemoprevention with 600 mg of aspirin
during at least 2 y must be considered in young patients with
Lynch syndrome. Current trials in Lynch syndrome patient
populations aim to identify the optimal duration of aspirin
treatment, as well as the possibility of decreasing the
dosage.go’81 Thus, the CAPP3 phase 3 trial (NCT02497820)
compares daily dose of 600 mg versus 300 mg versus 100 mg
aspirin treatment (primary outcome: number of new primary
mismatch repair deficient cancers at 5 y), while the French
AAS-Lynch trial (NCT02813824) compares a daily aspirin dose
of 100 mg versus 300 mg versus placebo (primary outcome:
number of patients with at least one colorectal adenoma at 4 y).

2d. Aspirin use to treat CRC

Evidence has also been reported concerning the interest of
aspirin after CRC occurrence.82 Two aspects should be
considered, depending on whether the tumor burden has
been removed or is still present. Patients treated with daily
low-dose aspirin are less likely to develop advanced stage
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Table 4. Studies on germline genetic biomarkers associated with efficacy of aspirin chemoprevention on colorectal adenoma or cancer occurrence.

Authors [publication date] Aspirin Primary Participants Germline biomarkers Results
(ref) Design dose endpoint (n) (localization) [Cl 95%]
Nan et al. Case control study NA CRC 8634 152965667 (ch12) TT: OR = 0.66 [0.61-0.70]
1201517 TA or AA: OR = 1.89 [1.27-
2.81]
1516973225 (ch15) AA: OR = 0.66 [0.62-0.71]
AC or CC: OR = 0.97 [0.78-
1.20]
Nan et al. Case control NA CRC 840 $6983267 (ch8) T: Adjusted OR = 0.83 [0.74-
[2013]%® study 0.84]
Resler et al. Case control study NA CRC 1621 rs2920421 (ALOX12 GA: OR = 0.60 [0.45-0.80]
[20141%° gene)
Hubner et al. Meta-analysis of 3 81 or Adenoma 2207 Homozygous ODC316AA RR = 0.52 [0.29-0.91]
[2008]'° studies 325 mg Genotype (0DC316
Gene)
Barry et al. Cohort 81 or Adenoma 792 rs2430420 (ODC GG: RR = 0.68 [0.50-0.94]
20117 study 325 mg gene)
rs28362380 (ODC TT: RR = 0.75 [0.61-0.92]
gene)

Ch, chromosome; Cl, confidence interval; CRC, colorectal cancer; NA, not available; OR, odds ratio; RCT, randomized control trial; Ref, reference; RR, relative risk

CRC.71 This suggests that aspirin affects the progression of
established CRC.”" This treatment could also potentiate the
effect of conventional therapies since a retrospective study
reported that long-term use of 100 mg aspirin in combina-
tion with neoadjuvant chemoradiotherapy increased the
rate of downstaging (67.6% vs 43.6%, p = .01) and the
pathological response rate (46% vs 19%; p < .001) in
patients with rectal cancer.*” Daily low-dose aspirin treat-
ment also decreases the risk of metastatic progression.
A meta-analysis of five major studies comparing aspirin
versus placebo in cardiovascular disease prevention showed
that patients who develop adenocarcinoma are less likely to
experience metastatic progression if they are treated with
aspirin (HR 0.54, CI 95% 0.38-0.77, p = .0007). In patients
with localized CRC, follow-up showed that the risk of
metastatic progression was significantly lower in the aspirin
group than in the control group (HR 0.26, CI 95% 0.11-
0.57, p = .0008).** Daily low-dose aspirin reduces the num-
ber of circulating tumor cells and avoids the epithelial
mesenchymal transition in patients with metastatic CRC.*’

In addition to this effect on tumor progression and
downstaging, several studies have shown that aspirin use
after CRC diagnosis was associated with reduced CRC-
specific®>®* and overall mortality.****"*° However, two
observational studies found no association between aspirin
and either CRC-specific or overall survival in patients with
CRC (Table 3). ,91,92

Regarding this evidence, several RCTs assessing aspirin
as an adjuvant therapy in CRC are currently being con-
ducted. The ASCOLT trial (NCT00565708) aims to eval-
uate whether adjuvant treatment with 200 mg aspirin
improves survival in patients with stage III and high-
risk stage II CRC compared to placebo.”® ASPIK is
a French trial assessing 100 mg aspirin versus placebo in

a specific population of patients with PIK3CA-mutated
stage III or high-risk stage II tumors (See predictive
biomarkers section).”* The APREMEC trial
(NCT02607072) is testing an adjuvant treatment with
100 mg or 200 mg aspirin compared to placebo in
patients who underwent CRC resection.”” The ADD-
ASPIRIN trial (ISRCTN74358648) is assessing whether
daily 100 mg or 300 mg aspirin use after standard cancer
therapy prevents recurrence and prolongs survival in
patients with early-stage solid tumors, including those of
CRC.”

lll. Predictive biomarkers indicating the efficacy of
aspirin

The benefits of aspirin require long-term administration whose
side effects are rare but may sometimes be life threatening. This
highlights the need to develop a precision medicine strategy to
identify patients who are most likely to benefit from prophy-
lactic low-dose aspirin treatment.

3a. Genetic biomarkers

Constitutional biomarkers are present physiologically
throughout the body, as opposed to the somatic markers
present or produced specifically after the development of
cancer. Several studies have shown that chemoprevention
by aspirin differed according to certain genetic variations.
Indeed, specific single nucleotide polymorphisms (SNPs)
have been associated with a lower risk of CRC in
response to regular aspirin use (Table 4).
,97,98,99,100,101 These genetic markers have so far been
primarily described in situations of primary prevention.
Validation of such genetic markers could be helpful for
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selecting responder patients to long-term aspirin use and
could represent the first step of a chemoprevention strat-
egy adapted to individual genetic characteristics.

3b. Somatic biomarkers

We previously stated that long-term aspirin use reduced the
risk of tumor progression, as well as the recurrence rate, and
improved overall survival after resection. This benefit seems to
differ depending on the molecular tumor characteristics and
the pathways involved in carcinogenesis.

Prostanoids pathway

Aspirin exerts its biological effects primarily through binding
to the COX enzyme with a consequent reduction in the func-
tionality of the enzyme and in turn, the resultant production of
downstream mediators, such as PGE,. It is therefore natural to
imagine that a preexisting imbalance in the concentration of
mediators involved in this pathway could modify the effects of
aspirin. A recent meta-analysis reported that COX-2 expres-
sion highlighted in the tumor tissue was significantly associated
with a decreased risk of death in postdiagnosis aspirin users
(HR 0.65, CI 95% 0.50-0.85).%° Gray et al also confirmed these
findings, showing that COX-2 expression was associated with
improved overall survival in aspirin users (HR = 0.64, 95% CI
0.42-0.98) compared to non-users (HR = 1.28, 95% CI 0.80-
2.03).102 Prostaglandin metabolite (PGE-M) could also be an
interesting biomarker since several studies have found that
advanced and/or multiple colorectal adenomas were signifi-
cantly associated with higher levels of PGE-M.'*>'**
A prospective case—control study nested within the Nurses’
Health Study found that regular aspirin use reduced the risk
for adenoma only in women with high levels of PGE-M com-
pared to those with low levels (multivariate OR = 0.61; 95% CI,
0.43-0.87)."°* Finally, the 15-hydroperoxyPGDH enzyme,
which catalyses prostaglandin degradation, could also be
a major factor in determining aspirin efficacy. Another case-
control study conducted within the Nurses’ Health Study and
the Health Professionals Follow-Up Study showed that long-
term aspirin users, a lower risk of colorectal cancer was found
only in patients with high levels of 15-hydroperoxyPGDH
(multivariable HR = 0.49; 95% CI, 0.34 to 0.71).'% This bio-
marker could also be interesting, as its levels appear stable over
time and seem not to be altered by aspirin exposition.'*

Ras/Raf/MAP and EGFR/PI3KCA/AKT pathways

RAS and BRAF mutations are mutually exclusive and
correspond to common molecular alterations in colorectal
carcinogenesis. Aspirin’s effects seem more pronounced in
wild-type tumors for both genes. A retrospective study
found that regular aspirin use was associated with reduced
risk of BRAF wild-type CRC but not with BRAF-mutated
CRC.'"” Another study showed that postdiagnostic NSAID
use, including aspirin, improved overall survival only in
patients with KRAS wild-type tumors (HR = 0.60, 95% CI
[0.46-0.80]) compared to KRAS-mutated tumors
(HR = 1.24, 95% CI [0.78-1.96]).'%° In this study, BRAF
mutation status was not predictive of postdiagnostic
aspirin efficacy. PIK3CA mutations occur in 11-15% of

CRCs and could be a predictive biomarker of aspirin
efficacy in patients with CRC.*® Subgroup analysis sug-
gested that aspirin use may reduce CRC recurrence rate
after resection and improve CRC-specific survival in
patients with PIK3CA-mutated CRCs.'*>''° However, the
results from four additional recent retrospective studies
were inconsistent with this observation
(Table 5).102109 110 111112 113 A meta-analysis of the first
three studies'®”''®'"" showed an association between
aspirin and a reduced risk of death in patients with
PIK3CA-mutated CRC (HR = 0.58, 95% CI [0.37-
0.90]).%° Given these discordant results, a French RCT
(PRODIGE 50 - ASPIK) is currently being conducted.
This trial compares adjuvant treatment with aspirin
(100 mg per day) to placebo in patients with PIK3CA-
mutated tumors who underwent surgery for stage III or
high-risk stage II CRC. The primary endpoint corresponds
to the 3 y disease-free survival rate.”*

IV. Aspirin and CRC screening

CRC chemoprevention by long-term use of aspirin raises
the question of its association with CRC screening. Fecal
immunochemical testing (FIT) is the most often used
method for CRC screening. This test is based on the
identification of human hemoglobin in a stool sample. It
has been proven to reduce CRC mortality."'* Aspirin
treatment may affect FIT results in inconsistent ways. On
the one hand, aspirin could increase bleeding from color-
ectal adenoma or carcinoma, enhancing FIT sensitivity;
but on the other hand, aspirin could increase physiological
blood loss from colonic mucosa or from non-tumor
lesions, decreasing FIT specificity and predictive positive
value. Concerning FIT sensibility, Brenner et al showed
that a single aspirin dose given before the FIT did not
increase its sensitivity in patients not taking antithrombo-
tic drugs."'” Concerning FIT predictive positive values,
a large Norwegian cohort study found that regular aspirin
use was associated with lower positive predictive value of
FIT for detection of CRC and advanced adenomas.''®
However, a recent meta-analysis showed that aspirin treat-
ment did not affect FIT accuracy.''” According to these
studies, current guidelines recommend to continue aspirin
treatment during the FIT.''®

V. Risks of long-term aspirin treatment

Long-term aspirin use is associated with the occurrence of
adverse effects, primarily including an increased risk of
bleeding events.''® A meta-analysis involving 35 RCTs
(low-dose aspirin alone) and 87,581 individuals confirmed
this increase of any bleeds, any major gastrointestinal
bleeds (GI) and any GI bleeds with hazard ratios of 1.54
(95% CI 1.36-1.74), 1.55 (95% CI 1.27-1.90) and 1.31
(95% CI 1.21-1.42), respectively.120 However, there was
no meaningful difference concerning the risk for fatal
bleeds (OR = 1.22, 95% CI [0.78-1.89]). Furthermore,
there is a relationship between the dose of aspirin or



increasing age and the risk of bleeding events.'*!
Prophylaxis for bleeding may be associated with co-
administration of a proton pump inhibitor, especially in
cases of aspirin use combined with another platelet aggre-
gation inhibitor or anticoagulant, since it has been
reported to reduce the risk of major GI bleeding
(OR = 0.34, 95% CI [0.21-0.57])."*°

Conclusions

Daily low-dose aspirin treatment is a protective factor
against the occurrence of CRC. Regarding the scientific
evidence, US authorities published recommendations con-
cerning chemoprevention of CRC using aspirin in patients
aged 50 to 59 with a 10-y risk of cardiovascular events
greater than 10%. In patients with CRC, aspirin use seems
to reduce the risk of tumor progression and the recurrence
rate after resection and may also increase overall survival.
The knowledge of inhibitory mechanisms induced by
aspirin on colorectal carcinogenesis has made it possible
to identify predictive biomarkers for CRC chemopreven-
tion. This effect seems to be particularly interesting in
tumors with PIK3CA mutations and/or involvement of
the prostanoid pathway.
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