informa

healthcare

Acta Oncologica, 20155 54: 487—-492
ORIGINAL ARTICLE

Impact of regular aspirin use on overall and cancer-specific survival
in patients with colorectal cancer harboring a PIK3CA mutation
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ABSTRACT _

Background. Recent data have suggested that regular aspirin use improves overall and cancer-specific survival in the
subset of colorectal cancer (CRC) patients harboring PIK3CA mutations. However, the number of PIK3CA-mutated
CRC patients examined in these studies was modest. Our collaborative study aims to validate the association between
regular aspirin use and survival in patients with PIK3CA-mutated CRC.

Patients and methods. Patients with PIK3CA-mutated CRC were identified at Moffitt Cancer Center (MCC) in the
United States and Royal Melbourne Hospital (RMH) in Australia. Prospective clinicopathological data and survival data
were available. At MCC, PIK3CA mutations were identified by targeted exome sequencing using the Illumina GAIIx
Next Generation Sequencing platform. At RMH, Sanger sequencing was utilized. Multivariate survival analyses were
conducted using Cox logistic regression.

Results. From a cohort of 1487 CRC patients, 185 patients harbored a PIK3CA mutation. Median age of patients with
PIK3CA-mutated tumors was 72 years (range: 34-92) and median follow up was 54 months. Forty-nine (26%) patients
used aspirin regularly. Regular aspirin use was not associated with improved overall survival (multivariate HR 0.96,
p =0.86). There was a trend towards improved cancer-specific survival (multivariate HR 0.60, p =0.14), but this was
not significant.

Conclusions. Despite examining a large number of patients, we did not confirm that regular aspirin use was associated
with statistically significant improvements in survival in PIK3CA-mutated CRC patients. Prospective evaluation of this
relationship is warranted.

Colorectal cancer (CRC) is the fourth most common
cause of cancer death worldwide [1]. Over recent
years, the evolution of cytotoxic chemotherapy and
the addition of effective molecular targeted therapies
have led to significant improvements in survival
[2-4]. However, toxicity, lack of efficacy, and cost

have hindered the development of new agents which
could further improve survival [5,6].

Several studies have explored the role of common
medications such as HMG CoA reductase inhibitors,
cyclooxygenase (COX or PTGS) inhibitors and
aspirin as potentially efficacious, safe, lower cost
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therapeutics in CRC [7,8]. While the cardiovascular
toxicities associated with COX inhibitors have slowed
their development as anti-cancer treatments [9],
studies using aspirin have been very promising. Reg-
ular aspirin use reduces incidence of both colorectal
adenomas and cancer [10]. A large meta-analysis by
Rothwell and colleagues which included over 14 000
CRC patients with close to 20 year follow-up dem-
onstrated that aspirin use resulted in a 24% reduc-
tion in CRC incidence and a 35% reduction in CRC
mortality [11].

While aspirin’s mechanism of action as an anti-
cancer agent remains unknown, there are various
hypotheses: 1) as an antiplatelet agent, aspirin pre-
vents tumor thrombus formation thereby limiting
metastatic potential [12]; 2) as a prostaglandin endo-
peroxide synthase 2 (PTGS2 or COX2) inhibitor,
aspirin blocks downstream prostaglandin synthesis
and thus, interrupts its tumor promoting interaction
with the Phosphoinositide 3-kinase (PI3K) pathway
[13]. Mutations in PIK3CA are found in approxi-
mately 15% of CRC and while they have no estab-
lished prognostic value [12,14], they are known to
deregulate AKT activation and downstream growth
factors [15,16], PIK3CA mutations have therefore
been evaluated as a potential predictive biomarker for
aspirin therapy in CRC.

Liao and colleagues explored this association in
a retrospective study that evaluated survival based on
aspirin use and PIK3CA mutations. They found
improved overall survival (OS) and cancer-specific
survival (CSS) in aspirin users in PIK3CA-mutated
CRC [HR 0.54 (0.31-0.94)] but not in wild type
PIK3CA [13]. This study included 161 PIK3CA
mutant patients, 66 of whom used aspirin regularly.
This finding was reproduced by Domingo and col-
leagues who studied a clinical trial cohort of stages
2 and 3 CRC patients and demonstrated improved
recurrence-free survival (RFS) associated with aspi-
rin use in PIK3CA-mutated CRC [HR 0.11 (0.001—
0.832)], but again not in those with wild type PIK3CA
[17]. In total 104 patients had PIK3CA mutation
and 14 of those used aspirin regularly. However, in
a recently published study, Reimers and colleagues
did not confirm this association and found no
improvement in survival of PIK3CA mutant patients
who took aspirin as compared to wild type patients.
They included a cohort of 100 PIK3CA mutant
patients, 27 of whom took aspirin regularly [18].

While aspirin has relatively low toxicity compared
to chemotherapy and targeted agents, it is known to
increase the risk of gastrointestinal and cerebral
bleeding [19]. Confirmation of PIK3CA mutations
as a predictive biomarker will help optimize patient
selection and avoid exposure in those unlikely to
benefit from aspirin use.

The current study combines data from two large
academic institutions and examines a large group of
PIK3CA-mutated CRC patients. We undertook this
study to confirm the assocation between regular
aspirin use and improved survival.

Material and methods
Patient population

This study involved collaboration between Royal
Melbourne Hospital (RMH) in Melbourne, Australia
and Moffitt Cancer Center (MCC) in Tampa, FL,
USA. Patients with CRC harboring a somatic
PIK3CA mutation were identified for analysis.

At RMH, a cohort of 1019 consecutive CRC
patients diagnosed between 1996 and 2009 were
identified using a prospective multisite, multidisci-
plinary comprehensive CRC database (ACCORD,
Biogrid Australia). At MCC and consortium sites,
468 CRC patients diagnosed between 1998 and 2010
were identified as part of a multi-institutional obser-
vational study (Total Cancer Care Protocol) [20].

RMH patients had PIK3CA testing by Sanger
Sequencing of exons 9 and 20 as previously described
[14]. MCC patients had testing done on DNA
extracted from fresh frozen tissue. PIK3CA (part of
a 1321 gene target set) was captured using a custom
Agilent SureSelect design. Next Generation Sequenc-
ing using the Illumina GAIIx platform was performed
with 50-100X average coverage. The BWA/GATK
pipeline identified variants and indels. Normal vari-
ants were filtered using the 1000 Genomes Project
Database; variants identified with an MAF<0.01
were retained. PIK3CA mutations at multiple sites
were included.

Data collection

Databases at both sites prospectively collected clini-
copathological data and survival data. Data regard-
ing regular aspirin use were collected retrospectively
through chart review. Aspirin users were defined as
those patients with documentation in the medical
record of taking at least 75 mg of aspirin daily at the
time of CRC diagnosis.

Statistical analysis

Baseline patient characteristics were compared using
the Kruskal-Wallis test for continuous variables and
Fisher’s exact test for categorical variables. Survival
distributions and median follow-up were estimated
using the Kaplan-Meier method. Univariate and
multivariate hazard ratios were estimated using Cox
proportional hazards regression. Variables selected
for multivariate models included aspirin, age, stage,



cancer centre and primary site. These calculations
were performed using the ‘survival’ library in the R
statistical computing environment (version 2.13.2).
p-Values of <0.05 were considered significant.

Results

A total of 185 PIK3CA mutant CRC patients were
identified. From 1019 patients at RMH, 112 (11%)
had a PIK3CA mutation at exon 9 or 20. At MCC,
73 (16%) of 468 patients had a PIK3CA mutation, of
which 40 (9%) were within exons 9 and 20. There
were slight differences in the patient populations
between RMH and MCC: the RMH cohort was older
(median age 74 vs. 69 years, p=0.039) and had a
higher proportion of metastatic disease (28% vs. 18%,
p=0.001) as described in Supplementary Table I
(to be found online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.990158).

Overall, median follow-up was 54 months and
median OS was 70 months. Differences in baseline
characteristics between aspirin users and non-users
are outlined in Table I. Of the 185 patients, 49 (26%)
used aspirin regularly, while 136 (74%) were non-
users. The majority of aspirin users (n= 157, 85%)
were taking between 81 mg and 100 mg of aspirin
each day, with the remainder taking 150 mg (n = 26)
or 325 mg (n=2). Aspirin users were significantly
older (median age 74 years vs. 70 years, p = 0.009)
and had a significantly higher proportion of left-sided
cancers (59% vs. 35%, p = 0.006). There was no dif-
ference in stage distribution between aspirin users
and non-users.

Regular aspirin use was not associated with sig-
nificant improvements in OS in CRC patients in uni-
variate and multivariate analyses (multivariate HR
0.96, p =0.86; Figure 1, Table II). However, there was

Table I. Baseline characteristics of patients with PIK3CA-mutated
CRC comparing aspirin use to non-use.

Aspirin Aspirin
Total use non-use  p-Value

Number 185 49 136

Median age (years) 72 74 70 0.009

Median follow-up 54 53 54 0.10

(months)

Cancer center 0.40
RMH 112 27 55% 85 63%

Moffitt 73 22 45% 51 38%

Primary site 0.006
Right-sided 107 20 41% 87 64%
Left-sided 77 29 59% 48 35%
Unknown 1 0 0% 1 1%

AJCC Stage 0.52
1 8 2 4% 6 4%

2 66 16 33% 50 37%
3 67 22 45% 45  33%
4 44 9 18% 35 26%
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a trend towards benefit for aspirin use in CSS (multi-
variate HR 0.60, p = 0.14; Figure 2, Table II). Increas-
ing age and stage were associated with significantly
poorer OS, with stage also associated with poorer
CSS. Left-sided cancers trended towards better OS
and CSS, although this was not significant. There was
no significant survival difference between MCC and
RMH. In addition, the lack of survival advantage asso-
ciated with regular aspirin use was observed consis-
tently across both centers (Supplementary Table II, to
be found online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2014.990158).

Similarly, aspirin use did not result in improved
OS, CSS or RFES in patients with stage 2 and 3 disease
(Table III). In stage 4 disease, there was a trend towards
improved OS and CSS with aspirin use in univariate
analyses (HR 0.40, p =0.06; Supplementary Figure 1,
to be found online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.990158).

A subset analysis of the 152 patients with muta-
tions in exons 9 and 20 was also conducted. In this
subgroup, median OS was 70 months and median
follow-up 59 months. Findings within this subgroup
were consistent with the entire cohort; there was
no significant association between aspirin use and
improved OS or CSS (Supplementary Tables III-V,
to be found online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.990158).

Discussion

Aspirin has been reported to reduce the incidence of
CRC and to improve survival in CRC patients [11].
Due to increased rates of bleeding complications,
there has been caution in including aspirin in
standard of care guidelines for CRC prevention and
survivorship. A predictive biomarker may enhance
patient selection for aspirin therapy. In this study, we
sought to confirm the previously reported association
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Figure 1. Overall survival for patients with PIK3CA mutated
CRC: Aspirin use versus non-use across all stages.
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Table II. Univariate and multivariate overall and cancer-specific survival analyses for patients with

PIK3CA mutated CRC.

Opverall survival

Univariate Multivariate
HR 95% CI p-Value HR 95% CI p-Value

Aspirin use 0.96 0.58, 1.57 0.86 0.95 0.55, 1.63 0.85
Age (decades) 1.37 1.10, 1.71 0.006 1.41 1.10, 1.81 0.009
Stage

1/2 1 1

3 2.16 1.18, 3.93 0.012 2.33 1.26, 4.31 0.007

4 4.31 2.38,7.80 <0.001 4.65 2.53, 8.55 <0.001
Cancer center (Moffitt referent) 1.62 0.99, 2.66 0.055 1.32 0.79, 2.21 0.30
Primary site (right referent) 0.72 0.45, 1.14 0.16 0.64 0.39, 1.05 0.08

Cancer-specific survival
Univariate Multivariate
HR 95% CI p-Value HR 95% CI p-Value

Aspirin use 0.60 0.34, 1.16 0.14 0.66 0.31, 1.38 0.27
Age (decades) 1.09 0.85, 1.41 0.51 1.06 0.77, 1.45 0.72
Stage

1/2 1 1

3 2.93 1.12,7.65 0.028 3.08 1.17, 8.10 0.023

4 11.83 4.92, 28.47 <0.001 12.46 5.14, 30.22 <0.001
Cancer center (Moffitt referent) 1.62 0.88, 2.98 0.12 1.33 0.69, 2.53 0.39
Primary site (right referent) 0.75 0.42, 1.32 0.32 0.62 0.35,1.13 0.12

between PIK3CA mutations and improved survival
with regular aspirin use in a large sample of PIK3CA-
mutated CRC [13,17]. Our study did not demon-
strate a significant association between regular aspirin
use and improved OS, CSS or RFS, in PIK3CA-
mutated CRC patients.

Our study had some differences from previously
published work. Both the Liao and Domingo studies
used DNA extracted from paraffin-embedded tissue.
Our study used a combination of fresh frozen and
paraffin-embedded tissue. While paraffin-embedded
tissue may be subject to degradation, it is unlikely to
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Figure 2. Cancer-specific survival for patients with PIK3CA
mutated CRC: Aspirin use versus non-use across all stages.

have an effect on sequencing results [21]. The
PIK3CA mutation rate for exons 9 and 20 in our
population was 10.2%, similar to the 11.6% found
in the Domingo study [17]. The Liao study had a
higher mutation rate of 16.7% [13].

In our study, 26% of patients used aspirin regu-
larly, compared to 41% in the Liao study and 13%
in the Domingo study. Our aspirin use rate is similar
to a recent study which reported 28% aspirin use in
the community setting [22]. Aspirin users were older
in our study, likely reflecting that aspirin is often pre-
scribed for cardiovascular disease (or risk factors)
which are more prevalent with increasing age. This
was also observed in the Domingo study, but not in
the Liao study [13,17]. It is possible that the cohort
of health professionals studied by Liao was more
health conscious and vigilant with preventative med-
icine [23], thus explaining the higher proportion of
aspirin use and the lack of age difference between
users and non-users.

While the Liao study noted a difference in stage
at diagnosis, our study did not: Liao reported 41%
stage 1 cancer in aspirin users compared to 20% in
non-users [13]; our study demonstrates 4% stage 1
in both groups. This discrepancy in stage distribution
may reflect higher rates of bowel cancer screening
amongst the health conscious health professionals.
We did find that left-sided cancers were more
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Table III. Overall, cancer-specific and recurrence-free survival for patients with PIK3CA-mutated CRC
— Aspirin use versus non-use (per stage).

Overall survival Cancer-specific survival Recurrence-free survival

HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value

Stage 2 (n=66) 2.41 0.94,9.16 0.06 1.79 0.28,13.7 0.49 1.34 0.22,5.81 0.67
Stage 3 (n=67) 1.14 0.54,2.50 0.74 0.87 0.28,2.71 0.82 0.85 0.30,2.40 0.76
Stage 4 (n=44) 0.40 0.21,1.00 0.06 0.40 0.21,1.00 0.06 - - -

common in aspirin users. While this is consistent
with previous studies that demonstrated regular aspi-
rin use significantly reduces the incidence of proxi-
mal colon cancer but not distal colon cancer [11], a
difference in primary tumor site was not observed in
either the Liao or Domingo studies [13,17].

Though our cohort was selected for PIK3CA
mutants, it arose from an unselected patient popula-
tion which represents real world patients, and thus
differs in some respects from the clinical trial cohort
examined in the Domingo study and the health pro-
fessional cohort examined in the Liao study. Differ-
ences in age, co-morbidities, primary tumor site,
stage-distribution and possibly tumor biology may be
one explanation as to why our study did not confirm
the previously reported survival advantage associated
with aspirin use in PIK3CA mutant CRC.

Our study is subject to the inherent biases associ-
ated with retrospective studies. Aspirin use data was
not prospectively collected and duration of aspirin
use or compliance was not available; this is a major
limitation of our study, as aspirin use documented in
the chart at diagnosis may not accurately reflect
actual aspirin use leading up to and following diag-
nosis. Though aspirin use was not associated with
improved OS in our patients, there was a trend
towards improvement in CSS which suggests that the
aspirin users may have had benefit but it was negated
by the comorbidities for which they were taking aspi-
rin. Again, this reflects a real world population where
comorbidities or even compliance with medication
are often significant issues. Another limitation of our
study is the lack of data regarding the use of systemic
chemotherapy or radiotherapy. In addition, our study
included non-exon 9 and 20 PIK3CA mutations, the
significance of which remains to be elucidated; how-
ever, we have demonstrated that our findings remain
consistent even when limited to mutations in exons
9 and 20. We also recognize that the differences in
platforms used to identify PIK3CA mutations within
this study and compared to previous studies may
impact the results. Finally, we did not analyze patients
with wild type PIK3CA which was out of the scope
of this work. These factors, along with a shorter
median follow-up (54 months compared to 61.5
months and 153 months for the Domingo and Liao

studies, respectively), may also have contributed to
the differences between our findings and those previ-
ously reported [13,17]. However, our study popula-
tion of 185 PIK3CA mutant CRC patients is similar
in size to both that of the Liao study (n=161) and
the Domingo study (n = 104) and our cohort repre-
sents a generalizable population with CRC patients
from two different continents and from a wide range
of academic and community treatment settings.

Aspirin has a role in the treatment of CRC that
has not yet been fully defined. It has been suggested
that PIK3CA mutation location and interaction of
PIK3CA and KRAS mutations could affect out-
comes [24]. In addition, the role of aspirin use
before or after the diagnosis of CRC might affect
the genetics of the disease [25]. As next generation
sequencing becomes more widespread and larger
patient cohorts are assembled, future work can
better define the role of aspirin in personalized
CRC care.

Conclusions

Our study was not able to confirm the previously
reported OS or CSS benefits associated with aspirin
use in PIK3CA mutant CRC patients across all
stages, despite studying a similarly sized population
to previous publications. However, aspirin remains
an exciting therapy for future investigation both
because of cost and its relatively benign side effect
profile. In order to determine the validity of PIK3CA
as a predictive biomarker for aspirin use as an anti-
cancer agent, a prospective randomized study design

is warranted.
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