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INTRODUCTION

Aspirin is arguably the synthesized drug that has been the most commonly used in human
history. Aspirin was originally developed and marketed for the treatment of inflammatory
disorders at the end of the 19t century but its mechanism of action remained unknown until
the second half of the 20™ century. Since the latter part of the 20t century aspirin has also
been used for the primary and secondary prevention of cardiovascular diseases given its
anti-thrombotic properties. An association between intake of aspirin and decreased cancer
risk was identified in the past decades. Whether aspirin can be used as an anticancer agent in
patients with a diagnosis of cancer was unknown until recently. Recent studies suggest that
aspirin might provide therapeutic benefit in the adjuvant treatment of certain forms of
cancer. The main purpose of this article is to provide a critical update on this topic, which
has potential implications for oncologists and their patients.

History of salicylates

The use of decoction of willow leaves for joint pain goes back to antiquity as documents
from the ancient Egyptians and Hippocrates already recommended its use(Jack 1997). As
early as 1763, the therapeutic effects of extracts of willow leaves were documented and in
1876 the first clinical trial of salicin was reported by a British physician who gave it to
patients with acute rheumatism and observed disappearance of fever and joint
pain(MacLagan 1876). A German pharmacologist isolated bitter, yellow, crystalline salicin
in 1828 from willow bark and meadowsweet. A French chemist was the first to synthesize
salicin in crystalline form(Leroux 1830). An Italian chemist subsequently showed that
salicin was a glycoside and successfully split the compound into salicylic acid(Piria 1838).
In the following years the use of salicylic acid increased because of its reported beneficial
properties. In 1859, Frederic Kolbe discovered salicylic acid’s benzene ring-based structure
and was able to synthesize it. By 1874 salicylic acid became widely available. While
salicylic acid relieved pain and fever, its bitter taste and gastrointestinal side effects,
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particularly vomiting, limited its long-term use. Acetylsalicylic acid, better known as
aspirin, was first synthesized in pure form by Felix Hoffmann in 1897. This new drug was
tested on patients the following year and commercial production of aspirin began. Clinical
results as well as the results from animal experiments were published in 1899(Dreser 1899).
In 1904, tablet aspirin replaced the powder form, which made it much more popular for
daily use. Since then aspirin has become the most commonly used drug worldwide.

Aspirin and cancer prevention

Epidemiological evidence

Multiple retrospective studies on inflammation and cancer have been published since the
late 80s suggesting a preventive role of anti-inflammatory drugs, especially aspirin(Kune,
Kune et al. 1988). The effect of long-term use of aspirin on the development on colorectal
cancer incidence and mortality was recently analyzed by Rothwell and
collaborators(Rothwell, Wilson et al. 2010). In a combined analysis of four randomized
trials designed for the primary or secondary prevention of cardiovascular events, it was
found that use of aspirin at doses of at least 75 mg daily was associated with a 24%
reduction of incidence and 35% reduction in mortality from colon cancer but such an
association was not observed for rectal cancer. Interestingly, the association between aspirin
intake and decreased colon cancer was strongest for the proximal colon. In a subsequent
study the authors analyzed the association between aspirin intake and other forms of
cancer(Rothwell, Fowkes et al. 2011). While no association was found between aspirin use
and cancer risk for individuals using aspirin for less than five years, a significant association
was found between aspirin use and risk for all cancers in long-term aspirin users, i.e. more
than five years of use(Rothwell, Fowkes et al. 2011). The association between aspirin intake
and risk for cancer resulted in an overall 20% decreased risk of dying from cancer. Analysis
by tumor type with 20 years of follow-up showed an association between use of aspirin and
reduced risk of esophageal cancer, colorectal cancer and lung cancer. In 2012, another study
by the same group revealed that aspirin use was associated with reduced risk of cancer with
distant metastases, HR 0.64, 95% ClI, 0.48-0.84. Reduced risk was only associated with
adenocarcinoma, HR 0.54, 95% CI 0.38-0.75, not for other types of solid tumors. Aspirin
use was associated with reduced risk of adenocarcinoma with metastases at initial diagnosis,
HR 0.69, 95% CI 0.50-0.95, and with risk of metastasis development in patients without
metastases at the time of initial diagnosis, HR 0.45, 95% CI 0.28-0.72(Rothwell, Wilson et
al. 2012).

African Americans have a higher colorectal cancer risk than Caucasians and most recent
studies of aspirin have been conducted in Caucasians. However, one study assessed the use
of NSAIDs and risk of colon cancer in a population-based, case control study of African
Americans and Caucasians (Sansbury, Millikan, 2005). The inverse associations between
regular NSAID use and colon cancer were similar for African Americans and Caucasians.
They were also similar for aspirin non-aspiring NSAIDs.

Recent studies have also assessed the association between aspirin use and risk for some
other tumor types:
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Prostate cancer—a meta-analysis of 24 case control studies, which had been performed
until 2013, was recently published (Huang, Yan et al. 2014).Regular use of aspirin was
associated with decreased overall and advanced prostate cancer risk (pooled RR 0.86, 95 %
Cl1 0.81-0.92; pooled RR 0.83, 95 % CI 0.75-0.91, respectively). In analyses restricted to
studies with long-time regular aspirin use, i.e. four years of more, the association between
aspirin intake and decreased prostate cancer risk became stronger (pooled RR 0.82, 95 % ClI
0.72-0.93; pooled RR 0.70, 95 % CI 0.55-0.90, respectively). A separate study revealed that
aspirin use is associated with improved outcome in patients with high risk prostate cancer
receiving radiation therapy(Jacobs, Chun et al. 2014).

Esophageal cancer—In a meta-analysis of nine observational studies of patients with
Barrett’s esophagus, a condition associated with increased risk for esophageal cancer,
aspirin use was associated with reduced risk of esophageal adenocarcinoma or high grade
dysplasia (RR=0.63, 95% CI1=0.43-0.94)(Zhang, Zhang et al. 2014).

Melanoma—There is no clear evidence of an association between aspirin intake and risk
for melanoma, either in the general population or in high risk individuals as the results from
various studies are not consistent (Goodman and Grossman 2014).

Breast cancer—A consensus panel concluded in 2011 that aspirin and other NSAIDs only
have minimal effects, if any, in the prevention of breast cancer(Cuzick, DeCensi et al. 2011).

Functional evidence

In 1971, John Vane discovered that aspirin and other non-steroid anti-inflammatory drugs
(NSAIDs) inhibit the activity of cyclooxygenase which was initially named COX but has
since then been renamed PTGS for prostaglandin-endoperoxide synthase and
cyclooxygenase. The PTGS gene encodes two isoforms of the enzyme, a constitutive
isoform named PTGS1 and an inducible isoform named PTGS2. PTGS2 is known to be
over-expressed at sites of inflammation and overexpression is triggered by a wide spectrum
of growth factors and pro-inflammatory cytokines(Blom, Klein-Nulend et al. 2000). Chronic
inflammation is a known risk for cancer, especially colorectal cancer as patients who suffer
from inflammatory bowel diseases such as ulcerative colitis and Crohn’s disease have a
significantly increased lifelong risk of developing colorectal cancer(Adams and Bornemann
2013). Elevated PTGS2 expression is found in approximately 50% of colorectal adenomas
and 85% of colorectal adenocarcinomas(Eberhart, Coffey et al. 1994, Gupta and DuBois
2001, Marnett and Dubois 2002). Importantly, elevated PTGS?2 is associated with the worst
survival among patients with colorectal cancer(Ogino, Kirkner et al. 2008). In 1983,
Waddell and Loughry reported the case of a patient whose rectal polyps disappeared while
taking two commonly used NSAIDs (indomethacin and sulindac) for pain relief (Blomhoff
1997). As aspirin and other NSAIDs are potent inhibitor of PTGS2, it has been hypothesized
that their predominant antitumor effect might be through downregulation of PTGS2 (Vane
and Botting 1998). Upregulated PTGS?2 is also found in skin, lung, breast, prostate, bladder,
pancreatic and head/neck carcinomas as well (Gupta and DuBois 2001).
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The putative role of PTGS2 overexpression in cancer development was confirmed in animal
models. Using a transgenic mice model (with murine mammary tumor virus promoter/
enhancer controlling Ptgs2 expression), Liu et al. demonstrated that Ptgs2 overexpression is
sufficient to induce cellular transformation (Liu, Chang et al. 2001).Furthermore, genetic
studies conducted by Oshima et al. revealed that the number and size of polyps was reduced
in the Ptgs2~~ mice compared with Ptgs2 wild-type mice. Treatment of the Apc 2716/Ptgs2
wild-type mice with a Ptgs2 inhibitor or the NSAID sulindac also reduced polyp numbers
(Oshima M 1996, Blomme, Zhou et al. 1999).

Cellular studies have found that high doses of NSAIDs can modulate the growth of cultured
cells independently and their ability to bind and inhibit PTGS1 or PTGS2 (Zhang X 1999,
Blomgvist and Torkzad 2003). Transformed fibroblast cell lines derived from either wild-
type, Ptgsl~-, Ptgs2~~ or Ptgs1~-/Ptgs2~~ mice all show comparable sensitivity to
NSAID-induced cell death (Zhang X 1999). The effects of NSAIDs on PTGS may involve
some additional targets such as the NFKB signaling pathway (Blondel, Talbot et al. 1990,
Kopp E 1994). Other potential anticancer mechanisms of aspirin have been investigated. An
experiment using fibrosarcoma cells as a metastatic model showed that aspirin treatment
resulted in a significant reduction in lung metastases (Gasic, Gasic et al. 1972). It was
suggested that aspirin first affects platelets, then leads to a subsequent interaction between
platelets and PTGS2 (Smith, Elwood et al. 2014). Despite the existence of several putative
mechanisms of actions for the anticancer effects of aspirin, its exact mechanism of action
remains unknown.

Adjuvant treatment of colorectal cancer with aspirin

Among the 142,000 patients diagnosed with colorectal cancer in the United States in 2013, it
is estimated that in 72% of cases the tumor arises from the colon and in 28% of cases from
the rectum(Siegel, Naishadham et al. 2013). Colorectal cancer is predominantly a disease
affecting older individuals as 90% of new cases and 94% of deaths occur in individuals aged
50 and older. In the 1980s 5-fluorouracil-based adjuvant chemotherapy became the standard
of care for resectable stage 111 colorectal cancer and reduced mortality by 33%(Moertel,
Fleming et al. 1990). Over the past two decades several additional lines of therapy have been
assessed in this setting in combination with 5-fluorouracil-based chemotherapy but only one
agent, oxaliplatin, was shown to further reduce mortality by 4% compared to 5-
fluorouracilbased chemotherapy(Saltz, Niedzwiecki et al. 2007, André, Boni et al. 20009,
Allegra, Yothers et al. 2011, Alberts, Sargent et al. 2012). Hence, little progress has been
made in the adjuvant treatment of stage I11 colorectal cancer and novel therapeutic options
are sorely needed(Pasche 2012).

Epidemiological evidence

In the past few years there has been emerging evidence from retrospective studies that the
use of aspirin after a diagnosis of colorectal cancer may be associated with decreased risk
for disease recurrence. The first report suggesting that aspirin intake may lower the risk of
disease recurrence in patients with stage 111 colorectal cancer was published in 2009(Chan,
Ogino et al. 2009). In that study 1279 patients enrolled in the Nurses’ Health Study and the
Health Professionals Follow-up Study, prior to a diagnosis of colorectal cancer stage I, 11 or
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111, were followed up for an average of 11.8 years. During the follow-up period 480 patients
died, 222 from colorectal cancer. Aspirin use was assessed prior to enrollment in the studies
and every other year thereafter. Forty percent of all participants did not regularly use aspirin
before and after diagnosis, 29% regularly used aspirin before and after diagnosis, 15%
regularly used aspirin before diagnosis but discontinued use after diagnosis, and 14% did not
regularly use aspirin before diagnosis but, started use after diagnosis. Regular use of aspirin
after diagnosis of colorectal cancer was associated with a 21% reduced risk of death and
29% reduced risk of colorectal cancer-specific mortality(Chan, Ogino et al. 2009).

In 2012 a study from the Netherlands provided confirmatory results. In that study, 4481
patients who had been diagnosed with colorectal cancer between 1998 and 2007 were
selected from the Eindhoven Cancer Registry, a population-based cancer
registry(Bastiaannet, Sampieri et al. 2012). In total 26% of the patient never used aspirin or
NSAIDs, 47% used aspirin or NSAIDs before and after diagnosis of colorectal cancer, and
27% only use aspirin or NSAIDs after diagnosis of colorectal cancer. Compared with
nonusers, aspirin users had improved survival, adjusted rate ratio (RR) 0.77, 95% CI 0.63-
0.95. A survival benefit was only observed for patients with colon cancer, RR 0.65, 95% CI
0.50-0.84, not for patients with rectal cancer, RR 1.10, 95% CI 0.79-1.54. Importantly, use
of NSAIDs, other than aspirin, was associated with decreased survival, RR 1.93, 95% CI
1.70-2.20.

A British cohort of 13,994 patients, with a diagnosis of colorectal cancer, was assessed to
determine whether aspirin or NSAID exposure in the year immediately following diagnosis
was associated with all-cause mortality(Walker, Grainge et al. 2012). The overall mortality
was slightly lower in patients taking aspirin. The hazard ratio (HR) was 0.91; 95% Cl,
0.82-1.00. Interestingly, this effect was only observed in patients taking aspirin before
diagnosis of colorectal cancer, HR = 0.86, 95% CI 0.76-0.98. For NSAID use, no significant
effect was observed(Walker, Grainge et al. 2012).

Investigators from the Netherlands performed a subgroup analysis of a previously published
cohorts and retrospective study. The survival of 536 individuals aged 70 and older
diagnosed with colorectal cancer was studied in relation to the use of aspirin after
diagnosis(Reimers, Bastiaannet et al. 2012). The rationale for this subset analysis is the fact
that almost half of all patients with a diagnosis of colorectal cancer are aged 70 and older.
Additionally, given the poor tolerance of elderly patients to adjuvant chemotherapy, which
is the standard of care for patients diagnosed with stage 111 disease, aspirin is an attractive
option. One in 5 patients included in the study started aspirin after being diagnosed with
colon cancer, the remainder of the patients did not use aspirin. The overall survival of
patients taking aspirin was higher than that of patients not taking aspirin, RR 0.51, 95% CI
0.38-0.70.

Functional evidence

Several studies have assessed potential biomarkers of colorectal cancer response to aspirin
in the adjuvant setting. PTGS2 overexpression was assessed by immunostaining in a subset
of 459 patients enrolled in the Chan et al. 2009 study who were regular users of aspirin after
diagnosis of colorectal cancer(Chan, Ogino et al. 2009). Aspirin use among patients whose
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tumor overexpressed PTGS2 was associated with decreased colorectal cancer-specific
mortality while no association was found among patients with low or decreased PTGS2
expression.

Two additional potential biomarkers of response have been investigated over the past few
years including mutations with the phosphatidylinositol-4,5-biphosphonate 3-kinase
(PIK3CA) gene(Liao, Morikawa et al. 2012, Domingo, Church et al. 2013, Reimers,
Bastiaannet et al. 2014) and HLA class | antigen(Reimers, Bastiaannet et al. 2014). The
results obtained thus far are not consistent and these three potential biomarkers will need to
be further validated.

Conclusions and future directions

Retrospective analyses of randomized studies designed to assess the effect of aspirin on
cardiovascular events strongly suggest that intake of aspirin is associated with decreased
incidence of cancer. While a randomized controlled study showed that the intake of 600 mg
aspirin per day for a mean of 25 months substantially reduces the incidence of colorectal
cancer in patients with hereditary colorectal cancer (Lynch syndrome)(Burn, Gerdes et al.
2011), such data is not yet available with respect to the use of aspirin in healthy individuals
without an increased risk of colorectal cancer. Diverging opinions have been voiced with
respect to current recommendations for aspirin use with respect to the prevention and
treatment of cancer. Some advocate the potential benefit of aspirin is high enough compared
to its risks, predominantly bleeding risks such as hemorrhagic stroke and gastrointestinal
bleeding, that current data warrants its use in patients with stage Il colorectal
cancer(Neugut 2014). In contrast, most authorities advocate caution with respect to the use
aspirin in the primary prevention of cancer(Potter 2012) given the fact that another meta-
analysis that did not show any decreased cancer risk associated with aspirin(Seshasai,
Wijesuriya et al. 2012) and because of the elevated risk for gastrointestinal bleeding and
hemorrhagic stroke observed in virtually all studies(McQuaid and Laine 2006, Sostres and
Lanas 2011, Rothwell, Wilson et al. 2012, Seshasai, Wijesuriya et al. 2012). While waiting
for the results of randomized studies of aspirin in patients with a diagnosis of stage 111 colon
cancer, a discussion with patients about the risks and benefits of aspirin appears to be in
order. For patients who were taking aspirin prior to a diagnosis of stage 111 colorectal cancer,
current evidence provides strong support for continuation of aspirin unless new or
foreseeable bleeding risks are present. For patients who did not use aspirin prior to diagnosis
of stage Il colorectal cancer, low dose aspirin (75 to 81 mg per day) should be considered
taking into account its potential benefits with respect to colorectal cancer recurrence and its
potential bleeding risks. ldentification and validation of a robust biomarker of response to
aspirin may soon resolve this dilemma.
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