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Abstract

Drug repurposing is the application of an existing licenced drug for a new indication and potentially provides a faster and
cheaper approach to developing new anti-cancer agents. Gynaecological cancers contribute significantly to the global
cancer burden, highlighting the need for low cost, widely accessible therapies. A large body of evidence supports the
role of aspirin as an anti-cancer agent, and a number of randomized trials are currently underway aiming to assess the
potential benefit of aspirin in the treatment of cancer. This review summarizes the evidence underpinning aspirin use
for the prevention of the development and recurrence of gynaecological cancers (ovarian, endometrial and cervical) and

potential mechanisms of action.
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Introduction

Both the incidence and mortality from cancer continue
to increase worldwide, despite advances in treatment.'
As cancer incidence in low- and middle-income coun-
tries increases and health costs rise across the economic
settings, there is a need for low cost, widely accessible
prevention and treatment strategies. Repurposing an
established drug for a new therapeutic indication provides
a significant advantage to the traditional drug develop-
ment pathway, enabling faster and more cost-effective
access to drugs for patients, with a well-known toxicity
profile. Evidence supporting the chemopreventive effects
of aspirin, in both the secondary prevention of malignancy
(in the general population and in high risk individuals)
and tertiary prevention of malignancy (in the adjuvant set-
ting), has been accumulating over the last 40years. The
strongest evidence to date comes from the long-term fol-
low-up of large randomized controlled trials (RCTSs) pri-
marily designed to evaluate the potential cardiovascular
benefits of aspirin. Analysis of individual patient data
from 51 trials including more than 77,000 participants
demonstrated that individuals allocated to aspirin had a

reduced risk of cancer incidence, particularly after more
than Syears of treatment (hazard ratio (HR): 0.81; 95%
confidence interval (CI): 0.70-0.93).2 20-year risk of
death from all solid cancers also remained lower in those
allocated to receive aspirin (HR: 0.80, 95% CI: 0.72—
0.88),> with the benefit most apparent in gastrointestinal
cancers, and more specifically adenocarcinomas. Further
analysis of more than 17,000 participants from these ran-
domized vascular trials demonstrated that allocation to
aspirin was associated with a significantly reduced risk of
developing cancer with metastases at presentation, possi-
bly supporting the theory that circulating platelets facili-
tate tumour spread and metastases.*
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Figure |. Potential anti-oncogenic mechanisms of action of
aspirin.

Evidence for the preventive effects of aspirin is strongest
for colorectal cancer,’ such that the US Preventive Services
Task Force (USPSTF) has recommended the initiation of
low-dose aspirin for the prevention of colorectal cancer in
adults aged 50-59years, in individuals who have a greater
than 10% 10-year risk of cardiovascular disease.’ Preclinical,
epidemiological and randomized evidence have also pro-
vided the evidence synthesis to support the development of
large randomized controlled trials assessing the adjuvant
use of aspirin in several common solid tumours.” However,
the evidence supporting the role of aspirin in both reducing
the incidence and recurrence of gynaecological cancers,
namely, ovarian, endometrial and cervical cancers, has been
less consistent and based mainly on epidemiological stud-
ies. This review presents the possible mechanism of action
of aspirin in common gynaecological cancers and reviews
the weight of the evidence for aspirin use in the prevention
and adjuvant treatment of gynaecological malignancies,
with the aim of determining if aspirin should be further
investigated in a randomized clinical trial in these settings.
We identified potential studies by searching the PubMed
database, using the search terms ‘aspirin’, ‘cancer’, ‘ovar-
ian’, ‘endometrial’ and ‘cervical’.

Possible mechanism of action of
aspirin as an anti-cancer agent
Aspirin is known to directly inhibit the enzyme cyclo-oxy-

genase (COX), of which there are two isoforms, COX-1
and COX-2. COX acts to catalyse the conversion of

arachidonic acid to prostaglandins and other downstream
inflammatory mediators including thromboxane, which
play a role in immune modulation, cell proliferation, con-
trol of apoptosis and tumour growth.® Although aspirin
irreversibly inhibits COX 1 and 2, due to its short half-life
nucleated cells regenerate COX isoenzymes within hours.
Therefore, aspirin’s primary effect is considered to be on
the anucleate platelet, via inhibition of COX-1 acetylation
in platelets.'® Circulating platelets are thought to be
involved in tumour cell spread and metastasis,'' via their
facilitation of tumour cell interaction with the extracellu-
lar matrix and adhesion to circulating endothelial cells,
enabling tumour cell immune evasion and formation of
metastases.'? A recent study demonstrated that the in vitro
exposure of colon carcinoma cells to platelets increased
their metastatic potential, with an associated increase in
thromboxane A2 and prostaglandin (PGE2)."3 This was
subsequently prevented by the in vivo administration of
aspirin. Upregulated COX-2 and increased prostaglandin
(PGE2) have been shown to occur in the vast majority of
colorectal carcinomas,'* and the deletion of the COX-2
gene in mice models of familial adenomatous polyposis
results in a reduction in the number and size of intestinal
polyps.'3 In vitro studies have shown similar overexpres-
sion of COX in ovarian tumours, and inhibition by aspi-
rin leads to cell growth inhibition and induction of
apoptosis.'® It has been demonstrated that COX-2 expres-
sion in extra-platelet nucleated cells is induced by adjacent
activated platelets,'” suggesting that indirect inhibition of
COX-2 may occur via inhibition of COX-1 in platelets by
low- dose aspirin.

COX-independent pathways have also been proposed,
based on the observation of the consistent potency of aspi-
rin’s inhibition of cell proliferation in COX-2 negative
cancer cells.'® Aspirin has been shown to inhibit the
Wnt/B-catenin pathway, involved in cell signalling and
tumorigenesis,'® and has also been demonstrated to inhibit
NF-«kB activation, resulting in enhanced apoptosis in neo-
plastic rather than normal epithelial cells.?’ Other in vitro
evidence has shown aspirin’s potential interaction with
other pathways of tumorigenesis, including inhibition of
cell signalling via mammalian target of rapamycin (mTOR)
inhibition and adenosine monophosphate-activated protein
kinase (AMPK) activation,' key molecules implicated in
carcinogenesis. Upstream metabolite phosphoinositide
3-kinase (PI3K) activates and phosphorylates AKT, which
has downstream effects to activate mTOR, possibly
explaining aspirin’s potential enhanced effects on PI3KCA
mutated cancers?? (Figure 1). PIK3CA mutations and
amplifications are common in endometrial, ovarian and
cervical cancers, as well as colorectal cancers, and there-
fore these COX-independent pathways may be particularly
relevant to these cancers.?

As indicated in Figure 1, there are several theories
about how aspirin may work as an anti-cancer agent and
several pathways which may be affected by aspirin and
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lead to the inhibition of cancer growth. Further work is
needed to understand platelet contribution to the progres-
sion and development of cancer.

Clinical evidence supporting the use
of aspirin to prevent gynaecological
malignancies

Aspirin use in the prevention of ovarian cancer

Ovarian cancer is the eighth most common cancer for
both incidence and mortality worldwide, and 5-year sur-
vival remains in the region of 50%.! This is largely driven
by the frequently late presentation of the disease and
advanced stage at diagnosis. There is an increasing drive
towards using preventive approaches in the management
of cancer?* and developing economical, effective chemo-
preventive agents, such as aspirin, to tackle the increasing
burden of disease.

Epidemiological studies overall have largely supported
a possible protective association of aspirin in ovarian
cancer.>>° The most recent meta-analysis of the effect of
aspirin use on the risk of ovarian cancer analysed 22 studies
including more than 15,000 ovarian cancer cases. Results
showed a moderate inverse association of aspirin with
ovarian cancer incidence, with an 11% (95% CI: 0.83—-0.96)
relative reduction in risk demonstrated,3® with a consistent
result demonstrated in a similar study.’' However, when
stratified by study design, this result was mostly driven by
case-control studies, which is often subject to bias.

One of the largest meta-analysis evaluating aspirin’s
effect on cancer risk reviewed more than 300 observational
studies, including both cohort and case-control studies and
a total of 737,409 cases.’?> Overall, aspirin use was shown
to reduce the relative risk (RR) of developing any cancer by
11% (95% CI: 0.87-0.91). Of the 21 separate cancer sites
analysed, results were strongest for gastric cancer
(RR=0.75, 95% CI: 0.65-0.86). Ten of the 21 tumour sites
reviewed showed an improved cancer risk with aspirin use,
including both ovarian (21 studies, 14,666 cases: RR=0.89,
95% CI: 0.83—-0.95) and endometrial cancers (14 studies,
11,537 cases: RR=0.92, 95% CI: 0.85-0.99), with no sig-
nificant association seen in cervical cancers (four studies,
1040 cases: RR=0.89, 95% CI: 0.69-1.14).32 However, as
with all observational epidemiological studies, these stud-
ies are vulnerable to various biases undermining causal
inference, including measurement error for aspirin use, as
analysis was based on baseline data rather than any change
in aspirin exposure during follow-up.*? Pooled individual
patient data from 12 population-based observational stud-
ies in the Ovarian Cancer Association Consortium, includ-
ing almost 8000 cases, demonstrated an RR reduction of
ovarian cancer by 20% (odd ratio (OR)=0.80, 95% CI:
0.67-0.96) in daily aspirin users, regardless of dose.’> An
analysis stratified by dose showed that low-dose (<100 mg/
day) users of aspirin was associated with a greater

benefit in ovarian cancer risk reduction (OR=0.66,
95% CI: 0.53-0.83) versus no regular use, compared to
high dose (OR=0.89, 95% CI: 0.73-1.08).

Long-term follow-up of the Women’s Health Study has
not supported the use of aspirin in ovarian cancer. This was
a large randomized trial of 100 mg alternate-day aspirin ver-
sus placebo in almost 40,000 healthy female health profes-
sionals. Although long-term follow-up over 18 years showed
a reduced incidence in colorectal cancer, neither significant
benefit was demonstrated in the incidence of invasive ovar-
ian cancer (HR: 0.85, 95% CI: 0.65—1.12) and endometrial
cancer (HR: 1.00, 95% CI: 0.83—1.20) nor a difference when
grouped as reproductive cancers (breast, endometrium,
ovary, cervix and vagina; HR: 0.94, 95% CI: 0.83-1.06).3*
However, the association between use of aspirin and risk of
cancer development has been shown to have a duration and
dose-response relationship,> possibly explaining the lack of
effect seen in this alternate-day dosing study. In a large
Danish population—based study of more than 60,000 indi-
viduals, no association was seen between epithelial ovarian
cancer risk and ‘ever use’ of aspirin (OR=0.94, 95% CI:
0.85-1.05), defined as =2 prescriptions on separate dates.°
However, a statistically significant benefit was demon-
strated only after continuous long-term use of aspirin
(OR=0.56, 95% CI: 0.32-0.97), which was defined as one
continuous treatment period, from the start of treatment
until 1 year before the index date.

Aspirin use in the prevention of endometrial
cancer

As with ovarian cancer, studies evaluating the effect of
aspirin on the risk of endometrial cancer are far less prev-
alent than for gastrointestinal cancers. Results from a
meta-analysis of 13 observational studies and 11,323
cases showed that regular aspirin use is associated with a
possible decreased risk of endometrial cancer, although
not to a statistically significant degree (OR=0.89, 95%
CI: 0.79-1.01).37 A substantially stronger inverse associa-
tion was shown on comparison of highest frequency of
use with non-use, with a risk reduction of 37% (OR=0.63,
95% CI: 0.45-0.88). Further analysis by body mass index
(BMI) revealed a greater association in women with a
BMI over 30 (OR=0.56, 95% CI: 0.33-0.95), although
based on only two case-control studies (n=869 cases),*®
and a lower estimate seen in cohort studies (RR=0.80,
95% CI: 0.56—-1.14; n=1629 cases). Obesity is a well
described risk factor for endometrial cancer. It is hypoth-
esized that as the effect of obesity-driven unopposed oes-
trogen, obesity-driven chronic inflammation may play a
supplementary mechanism in oncogenesis of endometrial
cancer,** possibly explaining aspirin’s enhanced effect
in this cohort of patients.

Other meta-analyses have demonstrated similar inverse
associations of aspirin use and endometrial cancer, pre-
dominantly in the setting of obesity.*'*> A meta-analysis
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using data from a pooled population—based case-control
study, the Australian National Endometrial Cancer Study,
of 1398 cases, showed an almost 50% relative reduction in
risk (OR=0.54, 95% CI: 0.38-0.78) in women reporting a
frequency of =2 tablets of aspirin used per week, although
doses were not specified.*! The pooled risk estimate for
obese women, with a BMI over 30kg/m? was 0.72 (95%
CI: 0.58-0.90), with no association seen for non-obese
women. Most recently, the Epidemiology of Endometrial
Cancer Consortium performed a pooled individual-level
analysis of more than 7000 women with endometrial can-
cer from seven cohort and five case-control studies. An
almost 20% reduction in risk was observed in obese and
overweight women using aspirin 2—6 times per week
(OR=0.81, 95% CI: 0.68-0.96), but again the effect was
lost in normal weight women.*? This large study included
previously unpublished data. These findings are in con-
trast to pharmacodynamic studies of serum thromboxane
inhibition by aspirin, as a marker of platelet inhibition,
whereby lower thromboxane inhibition has been shown in
obese, diabetic subjects, implying poor aspirin respon-
siveness,* suggesting that either a non-platelet-driven
mechanism of action for cancer chemoprevention is
occurring in this cohort or possibly the excess cancer seen
in obese individuals may be platelet-driven mechanism.

Aspirin use in the prevention of cervical cancer

There is little data surrounding aspirin use and the preven-
tion of cervical cancer despite it being a huge burden of
disease as the fourth most commonly occurring cancer in
women worldwide.** The main oncogenic driver of cervi-
cal cancer, human papillomavirus (HPV) infection, is rela-
tively well understood and is the main focus of prevention
strategies. A recent meta-analysis of the risk of cancer with
aspirin use, surmised no association with cervical cancer,
although included only one case-control study and three
cohort studies.*? The largest of these, including 724 cases,
was a UK population—based cohort study, finding no asso-
ciation between low-dose aspirin and the risk of cervical
cancer (OR=1.07, 95% CI: 0.80-1.44).4¢ Similarly, the
standardized incidence ratio (SIR) for cervical cancer was
not significantly reduced following 9-year follow-up in a
Danish population—based study of more than 29,000 indi-
viduals prescribed low-dose aspirin; however, only 15
cases of cervical cancer were presented during follow-up
(SIR=0.9, 95% CI: 0.5-1.6),*" perhaps accounted for by
the older age of entry in this study (mean age at entry —
70years). Only one case-control study has suggested a
possible association, in which frequent, long-term aspirin
use (seven tablets per week for 5 years) decreased the rela-
tive odds of cervical cancer by 54% (OR=0.46, 95% CI:
0.22-0.95), although as previously the large CI reflects the
relatively small sample size of the study.*® Most evidence
supporting the use of aspirin to prevent cervical cancer

appears to be in the preclinical setting,*>>° where it has

been demonstrated that aspirin exposure increases apopto-
sis and angiogenesis. Overexpression of COX-2 and pros-
taglandins has been seen in invasive cervical cancer tissue,
and COX-2 transcription has been shown to be regulated
by HPV 16 oncoproteins,’! and further large observational
studies are required to better understand this association.

Impact of aspirin on individuals at high risk of
malignancy

The impact of aspirin on hereditary cancer risk has been
evaluated in the Colorectal Adenoma/Carcinoma
Prevention Programme (CAPP). The CAPP2 trial recruited
almost 1000 people with Lynch syndrome (hereditary non-
polyposis colon cancer or HNPCC), caused by a germline
mutation in DNA mismatch repair (MMR) genes.>? Lynch
syndrome carriers are known to have a lifetime incidence
of colorectal cancer and endometrial cancer of approxi-
mately 75% and 50%, respectively,®® as well as increased
risks of other solid tumours. Random allocation to 600 mg
of aspirin for 2years or more significantly reduced the
development of colorectal cancer (HR: 0.41, 95% CI:
0.19-0.86) compared with placebo.* Intention to treat sec-
ondary outcome analysis demonstrated a 37% reduction in
the incidence of all non-colorectal Lynch syndrome asso-
ciated cancers (of which there were a total of 38), includ-
ing endometrial cancer, with aspirin use (HR: 0.63, 95%
CI: 0.34-1.19). The number of participants developing
endometrial cancer in the trial was small (18) and, of these,
five had been randomized to aspirin and 13 to placebo.
Further analysis of this cohort showed an increased risk of
all Lynch syndrome related cancers in obese individuals by
1.77X (95% CI: 1.06-2.96), and this increased risk was
suppressed in those receiving aspirin.>*

Other high risk hereditary populations include individ-
uals with a BRCA1 or BRCA2 mutation, who have an
associated lifetime risk of developing ovarian cancer of
almost 40%.% However, currently, there is no evidence to
date of any specific activity of aspirin in cancers associ-
ated with germline BRCA mutations, although a clinical
trial is currently underway (NCT03480776).

Aspirin use in the adjuvant setting of
gynaecological cancers

Pooled individual data from large randomized vascular
studies have demonstrated an improvement in cancer mor-
tality and reduction in the risk of developing cancers pre-
senting with metastases, suggesting a possible role for
aspirin in the treatment of established cancer.>*
Epidemiological data from the Nurses’ Health Study have
been analysed to assess aspirin use in the adjuvant setting,
post-diagnosis of epithelial ovarian cancer. From more
than 238,000 participants, 1143 cases of ovarian cancer
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Table |. Aspirin use in the adjuvant setting of gynaecological cancers.

Tumour type, study design Study and sample size

HR (95% Cl)

Ovarian cancer (OC)
n=1143

Bar et al.”’

n=143

Verdoodt et al.*®
n=4117

Wield et al.*? (clear cell)
n=77

Matsuo et al.®°

n=1687

Sanni et al.¢'

n=3058

Endometrial cancer (EC)

Nurses’ Health Merit et al.*

OC-survival HR 0.68 (0.52-0.89)
Overall survival 0.50 (0.29-0.84)
OC-mortality HR 1.02 (0.87-1.20)

Disease-free survival HR 0.13 (0.13-0.83)

Overall survival HR 0.13 (0.13-0.81)

Five-year disease-free survival HR 0.46 (0.25-0.86)
EC-specific survival HR 0.23 (0.08-0.64)
EC-specific survival HR 0.91 (0.69-1.20)

HR: hazard ratio; Cl: confidence interval; OC: ovarian cancer; EC: endometrial cancer.

developed and were deemed eligible for analysis.
Participants reporting post-diagnosis use of aspirin were
shown to have an improved ovarian cancer-specific sur-
vival (HR: 0.68, 95% CI: 0.52—0.89; Table 1), however,
interestingly no association was observed for pre-diagno-
sis aspirin use.’® These results were compatible with a
similar study showing a significant reduction in recur-
rence-free survival and overall mortality in patients with
surgically treated ovarian cancer with post-diagnosis aspi-
rin use.’” Conversely, a Danish population-based cohort
study of 4117 patients examining the association between
post-diagnosis use of low-dose aspirin and epithelial ovar-
ian cancer mortality found no reduction in cancer-specific
mortality (HR: 1.02, 95% CI: 0.87-1.20), with similarly
neutral hazard ratios demonstrated with pre-diagnosis
use.>® However, results from this study are limited by the
assumption that post-diagnosis use of low-dose aspirin
was defined as =1 prescription filled after the diagnosis of
ovarian cancer. Table 1 summarizes studies of aspirin in
the post-diagnostic setting of gynaecological cancer.

In a retrospective review of patients with a rarer form of
ovarian cancer, clear cell carcinoma, who had undergone
primary cytoreductive surgery followed by platinum-based
chemotherapy, aspirin use correlated with a significantly
longer overall survival (HR: 0.13, 95% CI: 0.13-0.81,
p=0.015) and also disease-free survival.*® It has been sug-
gested in some studies that patients with PIK3CA-mutated
colorectal cancer may have a superior cancer-specific sur-
vival and overall survival if they take aspirin after diagno-
sis, compared to patients with wild-type PIK3CA colorectal
cancer.®? PIK3CA mutations occur at a frequency of 30% in
clear cell ovarian carcinomas and are much less common in
other histological subtypes of ovarian cancer, possibly
explaining the strength of association seen with aspirin in
this study.®> However, this was a small retrospective study,
including only 77 patients, and further work is warranted to
better understand aspirin’s possible therapeutic role in the
less common subtype clear cell ovarian cancer.

Evaluation of survival outcomes in a multicentre retro-
spective study of 1687 patients with stage [-IV endome-
trial cancer, post-hysterectomy, reported improved 5-year
disease-free survival by 10% with low-dose aspirin use
(90.6% versus 80.9%, adjusted HR: 0.46, 95% CI: 0.25-
0.86), particularly in those aged younger than 60 years
and with a BMI over 30 kg/m.%° However, aspirin use was
only assessed at diagnosis rather than over a prolonged
follow-up period. Conversely, a large prospective UK-based
cohort study of 3058 newly diagnosed endometrial cancer
patients showed no association of low-dose aspirin on
endometrial cancer survival with initiation post-diagnosis
(adjusted HR: 0.85, 95% CI: 0.58—1.26) despite a longer
mean 6.1-year follow-up,®' again indicating that further
studies in this setting are warranted.**

Aspirin toxicity

Aspirin has been used for many decades, and therefore the
toxicity profile is well understood. Despite the breadth of
evidence of the benefits of aspirin in certain gastrointesti-
nal tumours, its use in cancer chemoprevention is often
hindered by concerns about toxicity, particularly bleeding.
Data from six cardiovascular primary prevention RCTs,
analysed by the Antithrombotic Trialists’ Collaboration, of
95,000 individuals in randomized trials of aspirin versus
control demonstrated only a modest increase in the risk of
major gastrointestinal and extra-cranial bleeds from 0.07%
per year to 0.1% per year on aspirin (HR: 1.54; 95% CI:
1.30-1.82, p=0.0001), with a similar difference shown
in the risk of intracranial bleeds.®> A series of recent pri-
mary prevention trials, the ASPREE, ARRIVE and
ASCEND trials, have confirmed this increased risk of
major bleeding.’*® However, an analysis of the benefits
and harms of prophylactic use of aspirin in the general
population has estimated that the cumulative effects of
long-term aspirin on 20-year risk of death has a net relative
benefit in relation to both cancer and vascular mortality,
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outweighing the risks of serious bleeding.® Age has been
shown to be a significant risk factor for harm, with serious
long-term sequelae shown to be minimal in individuals
under the age of 70 years.”’! The ASPREE trial rand-
omized 19,000 older healthy participants, predominantly
over 70 years, to 100 mg of aspirin or placebo and found
no difference in the primary outcome (a composite of per-
manent physical disability, dementia and death).%
Although subgroup analysis initially demonstrated an
increase in cancer mortality, subsequent analysis showed
an increase in metastatic cancer only, not incident cancer,
which may be explained by an increase in bleeding from
undiagnosed metastatic disease in these older participants.
Any assessment of aspirin use for the prevention and man-
agement of gynaecological cancers should primarily deter-
mine the risk/benefit profile to the individual, giving
particular consideration to age.

Conclusion

Although the evidence is less extensive than for gastrointes-
tinal cancers, there is an increasing suggestion of benefit
from aspirin in ovarian malignancies. Data suggest a possi-
ble inhibitory effect of aspirin on the development of endo-
metrial cancer, particularly in obese individuals; however,
there is little evidence of an association of aspirin use and
cervical cancer incidence. Currently, there is insufficient
data to support the use of aspirin in the adjuvant setting for
gynaecological cancers outside of a clinical trial. A more
targeted approach may be required, utilizing biomarkers,
either MMR deficient mutations or potentially PIK3CA
mutated cancers or based on specific baseline characteris-
tics, such as individuals with endometrial cancer and a high
BMI, which may prove more effective targets for treatment,
although these all require further exploration.

Most data supporting the possible role for aspirin in the
prevention of cancer exist in the observational setting for
gynaecological cancers, and several clinical trials are
underway. The STICs and STONEs trial (NCT03480776),
a randomized phase II, double-blind, placebo-controlled
trial of aspirin in the prevention of ovarian cancer in women
with BRCA1 and BRCA2 mutations, is currently recruiting
in Canada. This well-defined subpopulation with a high
lifetime risk of developing ovarian cancer could represent a
population more likely to benefit from chemoprevention.>
However, more evidence is required to justify a clinical
trial in endometrial or cervical cancers. In other tumour
types, large adjuvant trials, including the Add-Aspirin Trial
(NCT02804815) evaluating the role of aspirin on disease
recurrence and survival following primary radical treat-
ment for breast, colorectal, gastro-oesophageal and prostate
cancer, are still recruiting participants.”” These ftrials,
among others, could better answer the hypothesis of aspirin
as a potential chemopreventive agent and increase under-
standing of its possible mechanism of action.
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