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Simple Summary: The impact of aspirin use after the diagnosis of colorectal cancer is unknown.
Among others, PIK3CA mutational status was proposed as a molecular biomarker for the response to
adjuvant aspirin therapy. The aim of this study was to retrospectively analyze whether the PIK3CA
and KRAS mutational status had an impact on overall survival in patients with colorectal cancer
and aspirin use. In a retrospective study, we obtained KRAS and PIK3CA mutational status in a
cohort of 153 patients with a first diagnosis of colorectal cancer receiving tumor surgery with curative
intent. Clinicopathological data and survival data were assessed using patient records and reporting
registers. We observed a significant 10-year overall survival benefit in patients with aspirin use and
combined wild-type PIK3CA and mutated-KRAS tumors (HR = 0.38; 95% CI = 0.17–0.87; p = 0.02).
Our data indicated a benefit of aspirin usage particularly for patients with combined wild-type
PIK3CA and mutated-KRAS tumor characteristics.

Abstract: The impact of aspirin use after the diagnosis of colorectal cancer is unknown. Among
others, PIK3CA (phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha) mutational
status was proposed as a molecular biomarker for the response to adjuvant aspirin therapy. However,
prognostic data on aspirin use after a colorectal cancer diagnosis in relation to KRAS mutational
status is limited. In a single-center retrospective study, we obtained KRAS and PIK3CA mutational
status in a cohort of 153 patients with a first diagnosis of colorectal cancer receiving tumor surgery
with curative intent. PIK3CA mutational status was determined by pyrosequencing, and KRAS
mutational status was determined by next-generation sequencing. Clinicopathological data and
survival data were assessed using patient records and reporting registers. We observed a significant
10-year overall survival benefit in patients with aspirin use and combined wild-type PIK3CA and
mutated-KRAS tumors (HR = 0.38; 95% CI = 0.17–0.87; p = 0.02), but not in patients without aspirin
use. Our data indicate a benefit of aspirin usage particularly for patients with combined wild-type
PIK3CA and mutated-KRAS tumor characteristics.
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1. Introduction

With 1.4 million new cases per year, colorectal cancer is one of the most common
cancers worldwide. Moreover, colorectal cancer is one of the most common causes of
cancer-related death, with almost 700,000 deaths per year [1]. Therefore, it is of interest to
understand the molecular mechanisms of cancer development and metastasis to identify
new therapeutic approaches.

Retrospective analyses suggest a superior clinical outcome for patients with regular
use of aspirin after diagnosis of colorectal cancer [2–7]. Aspirin is a commonly prescribed
drug in Western societies, and its indication includes prevention and therapy of coronary
artery disease and stroke [8,9]. Nevertheless, the long-term use of aspirin may provoke
side effects such as intracranial and gastrointestinal bleeding, stomach ulcers, and renal
impairment [10]. Therefore, it is highly desirable to identify those colorectal cancer patients
with an expectable overweight of benefits [11,12]. Several possible biomarkers have been
suggested, including the PIK3CA (phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic
subunit alpha) mutational status [13–17]. Some studies indicated a favorable survival or
longer recurrence-free survival of aspirin users with mutated-PIK3CA tumors [13,14], while
others reported increased survival of aspirin users with wild-type PIK3CA tumors [17]. Two
other independent studies did not point to survival differences with regard to PIK3CA mu-
tations and aspirin use [15,16]. Prognostic data on aspirin use after diagnosis of colorectal
cancer in relation to KRAS mutational status is limited.

The mechanisms by which aspirin could prolong survival in patients with colorectal
cancer have not been clarified. The prognosis-improving effect in various solid tumors
appears to be mediated on the one hand by inhibition of cyclooxygenase, and on the other
hand via cyclooxygenase-independent signaling pathways [18,19]. In animal models, it has
been shown that inhibitors of cyclooxygenase hamper both tumor growth and metastasis
in colorectal cancers [20,21]. In addition, it has been demonstrated experimentally that
inhibition of cyclooxygenase-2, which is overexpressed in a large number of colorectal can-
cers, leads to reduced production of prostaglandin E2 (PGE2), which favors cell migration,
angiogenesis, and reduced apoptosis [22–24].

The aim of this work was to examine whether PIK3CA mutational status and KRAS
mutational status could indeed augment the effect of aspirin on the survival of patients
with colorectal cancer.

2. Materials and Methods
2.1. Patient Cohort

We performed a retrospective single-center analysis at the university clinic in Marburg,
Germany. Therefore, we used a database consisting of 336 patients with histologically
proven diagnoses of sporadic colorectal cancer that underwent curative surgical resection
at the university clinic of Marburg in 2003/2004. For 266 of those 336 patients, tissue for
DNA analysis was available; 113 of these patients had to be excluded because they had
been diagnosed with stage IV (UICC classification) with no resectable metastases, had a
secondary tumor, or did not have sufficient clinical information (information on aspirin
intake/survival data). Finally, the study cohort consisted of 153 patients (Figure 1).

Information on aspirin use was obtained from the case files or the primary care
physician; and information on survival data from the case file, primary care physician,
or register of residence. Aspirin use was defined as regular use of low-dose aspirin
(100–300 mg) during most weeks after a diagnosis of colorectal cancer, whereas nonuse of
aspirin was defined as no regular use of aspirin during most weeks. The indications for
aspirin use included primary or secondary prevention of cardiovascular disease.

Paraffin-embedded tissue blocks were provided by the pathology archive of the
Institute of Pathology of the university clinic of Marburg. The study was performed
according to the guidelines of the local ethics committee (no. 98/20).
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Figure 1. Flowchart illustrating patient-exclusion criteria leading to the final study cohort of 153 pa-
tients. CRC = colorectal cancer.

2.2. Detection of PIK3CA Mutations

Genomic DNA was isolated from paraffin-embedded tumor tissue samples (QIAamp
DNA Mini Kit, Germantown, MD, USA), and DNA amplification was performed by poly-
merase chain reaction (PCR) with primers from Nosho et al. [25]. Point mutations in
exon 9 and 20 of PIK3CA were analyzed by pyrosequencing. The PCR was performed in
a 50 µL volume containing 4 µL of template DNA (50 ng/µL), 1×PCR-Buffer, MgCl2,
10 mM (each 2.5 mM) deoxynucleoside triphosphate (dNTP), 10 µM forward-biotin
primer, 10 µM reverse primer, and 1.25 U Platinum Taq DNA polymerase (Life Tech-
nologies, Carlsbad, CA, USA). PCR conditions were as follows: 95 ◦C, 11 min; 45 cy-
cles of 95 ◦C, 30 s; 54 ◦C, 30 s; 72 ◦C, 30 s; then 72 ◦C, 5 min. PCR products were
sequenced by pyrosequencing (PyroMark® Q24, Qiagen, Germantown, MD, USA) us-
ing the Therascreen® kit (Qiagen, Germantown, MD, USA) according to the manufac-
turer’s instructions with primers from Nosho et al. [25]. The different pyrosequencing
primers for PIK3CA exon 9 were 9-RS1, 5′-ccatagaaaatctttctcct-3′ (mutations: c.1634A>G,
c.1636C>A); 9-RS2, 5′-tagaaaatctttctcctgct-3′ (mutations: c.1633G>A, c.1624G>A)′; 9-RS3,
5′-ttctccttgcttcagtgattt-3′ (mutation c.1624G>A); and for PIK3CA exon 20: 20-RS, 5′-gttgtccag
ccacca-3′ (mutations:c.3140A>G, c.3140A>T, c.3129G>T, c.3139C>T).

2.3. Detection of KRAS Mutations

The human KRAS locus corresponding to codons 4 to 16 was amplified from ge-
nomic DNA isolated from tumor microdissections. Each sample was tagged with a
unique 8-nucleotide barcode combination using 12 different forward (5′-AAT[barcode]
TTATAAGGCCTGCTGAAAATGACTGAA-3′) and eight different reverse (5′-AAT[barcode]
TGAATTAGCTGTATCGTCAAGGCACT-3′) primers per 96-well plate. PCR products from
a single 96-well plate were pooled and purified, and an indexed sequencing library was
prepared using the IonXpress Plus Fragment Library Prep Kit in combination with the
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IonXpress Barcode Adapters 1–16 Kit (Life Technologies, Carlsbad, CA, USA). The quality
of sequencing libraries was verified on a Bioanalyzer DNA High Sensitivity chip (Agilent,
Santa Clara, CA, USA); subsequently, libraries were pooled and quantified by qPCR. Se-
quencing was carried out on the IonTorrent PGM (Life Technologies, Carlsbad, CA, USA)
according to the manufacturer’s recommendations. After demultiplexing and removal of
the tag sequences using Cutadapt v1.7 (TU Dortmund, Dortmund, DE, Germany), reads
were aligned to Ensembl v70 (European Bioinformatics Institute, Hinxton, UK) using
Bowtie 2 (version 2.0.0-beta7, JHU, Baltimore, MD, USA). Variants in the KRAS coding
region were obtained using VarScan 2 (version 2.3.5, WUSTL, St. Louis, MO, USA), using a
minimum variant frequency of 2.5% and minimum read coverage of 2000.

2.4. Statistical Analysis

Statistical analysis was performed using Statistical Package for Social Sciences software
(SPSS® v23 (IBM, Armonk, NY, USA)) and Prism Software version 6.0 (GraphPad Software,
San Diego, CA, USA). Age (years), sex, tumor location, histological grade, T-size, lymph
nodes, metastasis, UICC stage, PIK3CA status, KRAS status, survival at 5 years, survival at
10 years, survival time (days), and presence of two mutations were checked for significant
differences between ASS users and ASS nonusers by use of a Mann–Whitney test. Fisher’s
exact test and a logrank (Mantel-Cox) test were used to test for differences in overall
survival; p < 0.05 was considered statistically significant.

3. Results
3.1. Patients

The study group consisted of 153 patients with histologically proven diagnosis of
colorectal cancer. The follow-up of the study group was until death or up to 120 months.
Table 1 summarizes the baseline characteristics of the patients with colorectal cancer
according to aspirin use or nonuse after diagnosis, and the presence or absence of tumor
PIK3CA mutation.

Mutations in the PIK3CA gene were found in 15.7% of all patients. Of all mutations
in the PIK3CA gene, there were 6 mutations in exon 20 and 18 mutations in exon 9. There
were no double mutations (exon 9 and exon 20). The most common mutation was the
c.1633G>A mutation in exon 9, followed by the c.1624G>A mutation in exon 9 and the
c.3140A>G mutation in exon 20. Mutations in the KRAS gene were found in 56.9% of all
patients. The most common mutation was the glycine/aspartate substitution in codon 13
(p.G13D, 31%), followed by the glycine/aspartate substitution in codon 12 (p.G12D, 26%).
Aspirin was taken by 34% of the patients in daily dosages of 100–300 mg. The 10-year
overall survival of the entire study cohort was 43.8%.

Tumor mutations in the KRAS gene were equally distributed between patients with
wild-type PIK3CA tumors and patients with mutated-PIK3CA tumors: An additional KRAS
mutation was found in 13/24 (54%) of the mutated-PIK3CA tumors and in 74/129 (57%) of
the wild-type PIK3CA tumors (Fisher’s exact test, p = 0.82). A total of 34% of the patients
with wild-type PIK3CA tumors and 33% of the patients with a tumor mutation in the
PIK3CA gene took aspirin regularly after the diagnosis of colorectal cancer.

The subgroups with mutated-PIK3CA tumors and wild-type PIK3CA tumors and the
subgroups with mutated-KRAS tumors and wild-type KRAS tumors were similar according
to the baseline characteristics (mean age at diagnosis, sex, tumor location, stage of disease,
tumor grading, and aspirin use before diagnosis; p > 0.1 for all comparisons).

Moreover, the subgroups with and without aspirin use were similar according to the
baseline characteristics (mean age at diagnosis, sex, tumor location, stage of disease, and
mutational status; p > 0.1 for all comparisons).
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Table 1. Baseline characteristics of patients with colorectal cancer, according to PIK3CA (phosphatidylinositol-4,5-
bisphosphate 3-kinase, catalytic subunit alpha) mutational status and regular use or nonuse of aspirin after diagnosis.

Characteristics
All Patients

(n = 153)
Wild-Type PIK3CA Mutant PIK3CA

No Aspirin Use Aspirin Use No Aspirin Use Aspirin Use

Sex—no. (%)

Male 90 (59%) 46 (54%) 26 (59%) 11 (69%) 7 (88%)

Female 63 (41%) 39 (46%) 18 (41%) 5 (31%) 1 (12%)

Age—year 69.9 ± 7.7 68.8 ± 11.6 71.6 ± 7.6 69.4 ± 9.0 72.4 ± 5.0

Tumor location—no. (%)

Rectum 46 (30%) 25 (29%) 17 (39%) 3 (19%) 1 (13%)

Distal colon 68 (44%) 42 (49%) 15 (34%) 6 (38%) 5 (63%)

Proximal colon 39 (25%) 18 (21%) 12 (27%) 7 (44%) 2 (25%)

Disease stage—no. (%)

I 39 (25%) 22 (26%) 10 (23%) 4 (25%) 3 (37%)

II 53 (35%) 31 (36%) 16 (36%) 5 (31%) 1 (13%)

III 56 (37%) 29 (34%) 16 (36%) 7 (44%) 4 (50%)

IV 5 (3%) 3 (4%) 2 (5%) 0 (0%) 0 (0%)

Tumor differentiation—no. (%)

G1 5 (3%) 2 (2%) 1 (2%) 0 (0%) 2 (25%)

G2 133 (87%) 73 (86%) 41 (93%) 15 (94%) 4 (50%)

G3 15 (10%) 10 (12%) 2 (5%) 1 (6%) 2 (25%)

KRAS

Wild-type 66 (43%) 41 (48%) 14 (32%) 8 (50%) 3 (38%)

Mutant 87 (57%) 44 (52%) 30 (68%) 8 (50%) 5 (62%)

3.2. Aspirin Use and Survival in the Cohort of 153 Patients

With regard to all 153 patients, patients with regular use of aspirin (n = 52) did not
show significantly improved 10-year overall survival compared to patients without regular
use of aspirin (n = 101) (HR = 0.77; 95% CI = 0.5–1.22; p = 0.29; Figure 2).

Figure 2. Overall survival among patients with colorectal cancer according to regular use or nonuse
of aspirin after diagnosis. The panel shows overall survival among patients with regular use of
aspirin and those with nonuse of aspirin.
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3.3. Aspirin Use and Survival According to PIK3CA und KRAS Mutational Status

Among all patients with regular use of aspirin, we found patients with wild-type
PIK3CA tumors to harbor a significant overall survival advantage as compared to patients
with mutated-PIK3CA tumors (HR = 0.33; 95% CI = 0.05–0.62; p < 0.01). This survival advan-
tage was not evident among the patients without aspirin use (HR = 0.78; 95% CI = 0.38–1.51;
p = 0.43). A combined examination of the mutational status in the KRAS and PIK3CA genes
revealed clear differences in the absolute 10-year survival rates among patients who regu-
larly used aspirin (Figure 3A) but less differences among patients without regular aspirin
use (Figure 3B).

Figure 3. Overall survival among patients with colorectal cancer according to PIK3CA and KRAS mu-
tational status and regular use or nonuse of aspirin after diagnosis. WT = wild-type, Mut. = mutated.
(A,B) show overall survival among all combinations of mutational status in patients with regu-
lar use of aspirin (A) and nonuse of aspirin (B), respectively, while (C,D) show overall survival
among patients with combined wild-type-PIK3CA and mutated-KRAS tumors compared to other
PIK3CA/KRAS genotype combinations (except PIK3CA-WT/KRAS-Mut.).

When reviewing the combined PIK3CA and KRAS mutational status of patients with
regular aspirin use, a significant overall survival benefit for patients with combined wild-
type PIK3CA and mutated-KRAS tumors was observed (HR = 0.38; 95% CI = 0.17–0.87;
p = 0.02; Figure 3C, Table 2). This survival advantage was not observed in patients without
aspirin use (HR = 0.95; 95% CI = 0.58–1.57; p = 0.84; Figure 3D, Table 2).
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Table 2. The 10-year overall survival among patients with regular use or nonuse of aspirin after diagnosis of colorectal
cancer according to PIK3CA and KRAS mutational status.

Aspirin Use Number of Patients Dead at 10 Years after
Diagnosis

Alive at 10 Years after
Diagnosis p-Value

Yes 0.02

PIK3CA-WT/KRAS-Mut. 31 12 (39%) 19 (61%)

Other PIK3CA/KRAS genotype
combinations (except

PIK3CA-WT/KRAS-Mut.)
21 14 (67%) 7 (33%)

No 0.84

PIK3CA-WT/KRAS-Mut. 45 26 (58%) 19 (42%)

Other PIK3CA/KRAS genotype
combinations (except

PIK3CA-WT/KRAS-Mut.)
56 34 (61%) 22 (39%)

The p-values were calculated with the use of a logrank test.

4. Discussion

We found that patients with regular aspirin use after the diagnosis of colorectal
cancer and combined wild-type PIK3CA and mutated-KRAS tumors showed a significant
survival benefit. Several studies have investigated a potential correlation between PIK3CA
mutational status and benefit from postdiagnosis aspirin use [13–17]. Some studies have
indicated a better survival or longer recurrence-free survival of aspirin users with mutated-
PIK3CA tumors [13,14], while others found a favorable survival of aspirin users with
wild-type PIK3CA tumors [17]. Two other studies did not point to survival differences with
regard to PIK3CA mutational status and aspirin use [15,16]. To the best of our knowledge,
our study is the first report that describes a positive effect of aspirin usage in a cohort of
colon cancer patients in the context of both PIK3CA- and KRAS-mutational status.

Colorectal cancer is a heterogeneous group of diseases, and it can be assumed that
combinations of prognostic factors and not individual biomarkers alone influence the
response to therapy, such as an “adjuvant” therapy with aspirin [11,12]. A possible expla-
nation for the divergent results of the studies [13–17] concerning the PIK3CA mutational
status, aspirin use, and overall survival could be that the patient cohorts of the studies
differed with regard to further molecular tumor markers. When comparing the patient
collective of this work with the patient collectives of similar works, differences in tumor
location and KRAS mutational status were found [13–17]. This could indicate that patient
collectives differed in terms of molecular tumor properties. In this study, 25% of the pa-
tients had a right-sided colorectal cancer and 57% showed KRAS mutations, whereas the
proportion of patients with a right-sided colorectal cancer in the study of Liao et al. [13]
was significantly higher (45%), and the number of KRAS mutations was significantly lower
(35%) [13]. Left-sided colorectal cancers as compared to right-sided colorectal cancers show
a different distribution of mutations and harbor a divergent prognosis [26]. For example,
the incidence of microsatellite instability and mutations in the BRAF gene is increasing
from the rectum to the proximal colon [26,27]. The patient cohorts in the different papers
could therefore differ with regard to the molecular background. Unfortunately, based on
the available data, it was not possible to compare this.

A possible alternative explanation for our findings could be that there are other
biomarkers that predict response to aspirin and correlate with the KRAS or PIK3CA muta-
tional status. Large prospective randomized studies are required to evaluate the response to
“adjuvant” therapy with aspirin in colorectal cancer by considering various combinations
of possible biomarkers.

Furthermore, it is important to understand the underlying molecular mechanism of
how aspirin could improve the prognosis of colorectal cancer to detect relevant biomarkers.
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It has recently been shown that the interaction between KRAS and the PIK3CA catalytic
subunit p110α decreases significantly after the addition of aspirin, and leads to an inhibition
of cell proliferation and a cell-cycle arrest in the G0/G1 phase [28]. Thus, aspirin may inhibit
cell growth of leiomyoma cells by regulating the K-Ras-p110α interaction. In particular,
cells with overexpressed KRAS displayed an increased K-Ras-p110α interaction [28].

It is not clear whether these molecular mechanisms also play a role in colorectal cancer
cells. Due to the inhibition of the K-Ras-p110α interaction by aspirin, it would be plausible
that especially patients with simultaneous occurrence of mutated-KRAS and wild-type
PIK3CA tumors could benefit from aspirin use. Further studies are required to determine
if these signaling pathways play a role in patients with colorectal cancer in the context of
aspirin use.

Besides signal transduction changes induced by aspirin, autophagy may also be
modulated [29–33]. Whether changes in autophagy or its signal modulation via the classical
inhibition of COX (cyclooxygenase) or even ERK (extracellular signal-regulated kinase)
was causative for the described effect needs to be addressed in prospective clinical trials.

Of note, although the total number of analyzed patients was rather small, the benefit
of aspirin use in patients with combined wild-type PIK3CA and mutated-KRAS tumors
was clearly denoted. The frequency of PIK3CA mutations in our study fit well with the
data presented by others, and the clinical and pathological data matched very well with
the published data [13–17,34,35]. Nevertheless, because of the small numbers of patients in
some subgroups, we must be cautious in interpreting our data. However, our data call for
larger randomized trials, especially since some of some of the trials included only patients
with mutated-PIK3CA tumors.

This was a unicentric German study, and thus may be biased by single-center experi-
ence. Recent data indicated a distinct treatment response to chemotherapy particular in
German versus non-German patients with rectal adenocarcinoma [36]. Our data from an
unicenter German patient cohort may therefore not be representative for patients from
other countries, and warrant further exploration in a prospective study.

Taken together, these data suggest that the shared consideration of both the PIK3CA
and KRAS mutational status could play an important role. These data must be confirmed in
larger prospective clinical trials. This is especially critical, as some clinical trials recruit col-
orectal cancer patients into aspirin trials only in case the tumors harbor PIK3CA mutations
(see: clinicaltrials.gov, NCT02467582).

5. Conclusions

In summary, the results of this work suggest that patients with a combination of
wild-type PIK3CA and mutated-KRAS tumors in particular benefit from aspirin use after
diagnosis of colorectal cancer. The results of this study conclusively underline that the roles
of the PIK3CA and KRAS mutational status as potential predictive markers for adjuvant
therapy with aspirin in patients with colorectal cancer require prospective studies.
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