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Abstract

Aspirin’s treatment effect in breast cancer (BRCA) is not clear. We retrospectively studied 1227 patients with
BRCA who used aspirin or did not. We found regular high-dose (325 mg) aspirin use after diagnosis may confer
better treatment benefit. Also, PIK3CA may serve as a biomarker for aspirin treatment in patients with BRCA
but requires further assessment in future studies.

Background: Studies suggest regular aspirin use decreases breast cancer (BRCA) risk, with high doses exerting an
“anti-cancer” effect. Despite reports suggesting aspirin’s protective role in BRCA, no findings on aspirin dose as-
sociation(s) with treatment outcomes have been reported, nor have any molecular subtype associations by which
aspirin influences outcomes been elucidated. To interrogate aspirin’s effect and determine which populations may
benefit from its use, we retrospectively explored data from 1227 patients with BRCA. In this population, 32 used high-
dose aspirin (325 mg), 121 used low-dose aspirin (81 mg), and 1074 used no aspirin before and/or after diagnosis.
Patients and Methods: Several association tests were performed to examine the correlations of clinical variables and
PIK3CA mutations from 45 patients with BRCA who used 81 mg of aspirin daily. Kaplan-Meyer survival curves and the
log-rank test were utilized to compare survival outcome differences for aspirin dose, usage history, and PIK3CA
mutation status. Cox proportional hazards models were used to compute the multivariate hazard ratio (HR) for death.
Results: Patients who regularly used high-dose aspirin (325 mg) had better survival outcomes than those who used
low-dose aspirin (81 mg) (HR, 0.094; 95% confidence interval [Cl], 0.014-0.62; P = .014). Patients who used aspirin
post-diagnosis only achieved significant benefits in overall survival (HR, 0.082; 95% ClI, 0.023-0.3; P = 1.39E-04).
Also, a subgroup of patients in the low-dose, long-term aspirin group with a PIK3CA mutation showed a small
beneficial effect (HR, 0.37; 95% CI, 0.04-3.25; P = .37). Conclusion: High-dose aspirin after diagnosis may confer
BRCA treatment benefits. Future studies should assess the comprehensive mechanism of aspirin for the PIKSCA
mutant subgroup in a large study.
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Multiple studies suggest that using aspirin regularly is linked
to reducing the risk of cancer development,l’2 metastatic adeno-
carcinoma,” and mortality for various cancer types,4 including
breast cancer (BRCA).”” In fact, a meta-analysis of 33 studies
involving 1,916,448 patients found a reduced BRCA risk among
aspirin users.” Although reports suggest aspirin has a protective
role in BRCA prevention,q additional research must determine
evidence-based standards for using aspirin during treatment. First,
no reports have addressed influences on aspirin dose and treat-
ment effects. Second, differences in aspirin’s effects that may arise
owing to patients’ history of aspirin use before and after diagnosis
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have yet to be reported. Third, the potential molecular mecha-
nisms by which aspirin may inhibit BRCA progression and
treatment response have not yet been clarified.

The PIK3CA mutation predicts a beneficial effect for nonste-
roidal anti-inflammatory drugs (NSAIDs) in patients with colo-
rectal cancer, having pathways potentially involving platelets,
inflammation, cyclooxygenase 2, hormones, or PI3 kinase.'’ Liao
et al showed that regularly using aspirin 325 mg was associated with
better colorectal cancer-specific survival and overall survival in pa-
tients whose tumors were PIK3CA-mutated. Similar benefits were
not seen in patients whose tumors were wild-type PIK3CA."
Although Henry WS et al reported that aspirin suppresses cell
growth in PIK3CA-mutant BRCA,'” no current reports show the
clinical benefits of aspirin in patients with BRCA with PIK3CA
mutations. "

To address the above limitations, we analyzed the effects of
aspirin dose and aspirin usage history on the survival of 1227 pa-
tients with BRCA treated at the Augusta University Cancer Center.
We also examined the prognostic value of PIK3CA mutation status
from formalin-fixed, paraffin-embedded (FFPE) tissues of 45 pa-
tients who had consistently used low-dose aspirin (81 mg) daily.
Our purpose was to provide proof-of-concept justification for a
larger study that could ultimately lead to the modification of current
BRCA treatment practices.

Materials and Methods
Data Description and Study Design

The current study was performed according to a protocol
approved by the Augusta University of Science and Technology
Institutional Ethics Committee. A flowchart for the study design is
summarized in Supplemental Figure 1 (in the online version), and
the description of Tables and Figures is summarized in
Supplemental Table 1 (in the online version).

A cohort of 1227 patients with BRCA, treated from 2002 to
2013 at the Augusta University Cancer Center, was included in our
retrospective analysis. Patients included those who were 81-mg daily
aspirin users (n = 121), 325-mg daily users (n = 32), and those
reporting no aspirin usage (n = 1074). Participants were excluded if
distant metastases were observed at diagnosis, if they were male
patients with BRCA, had a history of other malignancies, and/or
had severe deficiencies in clinical and follow-up data. All patients
provided written informed consent.

Target Sequencing of PI3K in Human BRCA Panel

From our cohort of patients with BRCA who had taken 81 mg of
aspirin daily, we selected FFPE tissues from 45 patients who had
taken aspirin prior to diagnosis for target sequencing. Data collec-
tion, tissue sample handling, and data analysis were carried out as
previously described'“; however, gene sequencing was completed at
the Augusta University Cancer Center Shared Core Facility. DNA
samples were extracted from FFPE tissues and analyzed using a
GeneRead DNA FFPE kit (Qiagen), and were sequenced on a
Miseq sequencer (Illumina).

Statistical Analysis
To assess associations with categorical variables, either the % or

Fisher’s exact tests were performed. To assess associations with

continuous variables, # tests or analysis of variance tests were per-
formed. All P-values were 2-sided.

Survival outcome differences for aspirin dose and usage history
effects were compared by using a log-rank test; survival curves were
estimated using the Kaplan-Meier product-limit method."” The P-
value from the log-rank test to compare group-difference was dis-
played in each survival figure respectively. To adjust for clinical
confounders such as age, grade, and stage, multivariate Cox pro-

1¢ were used to determine the hazard ratio

portional hazards models
(HR) for death according to aspirin use. Starting points post-
diagnosis were calculated from the date of the patient’s first
aspirin dose during treatment to either the date of the most recent

follow-up contact or death.

Assessment of Aspirin Use and PIK3CA Mutations

To better utilize our limited resources, we focused on PIK3CA
sequencing only in patients who were taking aspirin in our cohort
and compared their overall survival with patients from the Molec-
ular Taxonomy of Breast Cancer International Consortium
(METABRIC) cohort, who were not treated with aspirin. The
METABRIC dataset contains around 2000 genomic/transcriptomic
profiles of BRCAs with long-term clinical follow-up data.'”"® To
investigate the association between aspirin treatment and PIK3CA
mutation status (mutant or wild-type) on survival, we used
METABRIC data only as an external historical control (reference).

To reduce selection bias for the current cohort, we used the pro-
pensity score matching method, "’ matching patients with an aspirin
treatment to the control group at a 1:2 ratio. We performed nearest
neighbor matching via R package MatchIt*® to model the probability
of each patient receiving the aspirin treatment, and then used pre-
dicted “probabilities” to balance the sample for clinical treatment
confounders. The “probability” or “propensity” scores of each patient
were estimated by logistic regression and adjusted by clinical variables,
including age, race, histology, grade, stage, estrogen receptor (ER)/
progesterone receptor (PR)/human epidermal growth factor receptor
2 (HER?2) status, and treatment. The use of a linear combination of
covariates to obtain a single score attempts to mimic randomization by
balancing a group of patients who used aspirin with patients who did
not. To test the main hypothesis on the prognostic effect of aspirin use
in the presence of PIK3CA mutation status, we interpreted results
cautiously, given the nature of subgroup analyses.

Results

Comparisons between low and high-dose aspirin were made
using a mixture of patients whose first aspirin consumption was
both before and after BRCA diagnosis (Figure 1). Then, a more in-
depth comparison between aspirin use before and after BRCA
diagnosis versus after diagnosis only was conducted, using a mixture
of patients taking both 325-mg and 81-mg aspirin (Figure 2).
Furthermore, the comparisons between PIK3CA mutate and wild-
type status for non-aspirin and 81-mg (low-dose aspirin) treatment
groups were performed in the patients with hormone receptor-
positive (HRﬂ/HERZ—negative (HER2™) subtype (Figure 3).
Additional comparisons include overall survival analyses of low-dose
(81 mg) aspirin use after diagnosis versus non-aspirin use (see
Supplemental Figure 2A in the online version) and aspirin use after
diagnosis versus long-term (see Supplemental Figure 2B in the
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Treatment Effect of Aspirin on BRCA Patients With PIK3CA Mutation

Figure 1
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(A) and Cancer-free Survival (P = .34) (B). Patients Who Used High-dose Aspirin Daily Showed a Better Overall Survival than

Those Who Used Low-dose Aspirin Daily. Cancer-free Survival did Not Show Statistical Significance, But It May be Owing to
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Abbreviation: ASA = aspirin.

Figure 2 Survival Using Aspirin After Breast Cancer Diagnosis Versus Before and After Diagnosis. Comparison by Log-rank Test for
Patients Who Used Aspirin Before and After Breast Cancer Diagnosis Versus Patients Who Used Aspirin Only After Diagnosis:

Overall Survival (P = .0176) (A) and Cancer-free Survival (P = .272) (B). Results Show Patients Who Used Aspirin Long-term
Had a Poor Overall Survival and Cancer-free Survival. These Aspirin Use History Comparisons Are From a Mixture of Patients
Who Took High- (325 mg) and Low- (81 mg) Dose Aspirin
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Figure 3
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Overall Survival Comparison for PIK3CA Mutation Status in HR*/HER2~ BRCA Subtype. Overall Survival Comparison for

HR"/HER2~ Patients With PIK3CA-Mutated and Wild-type Tumor in: Non-Aspirin Treatment Group (P = .0199) (A) and 81
mg Daily Aspirin Treatment Group (P = .34) (B) by Log-rank test
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Abbreviations: HER2~ = Human epidermal growth factor receptor 2-negative; HR* = hormone receptor-positive; MUT = mutated; WT = wild-type.

online version) respectively, as well as overall survival by PIK3CA
mutation status regardless of BRCA subtypes (see Supplemental
Figure 3 in the online version).

Patient Characteristics

Baseline characteristics were obtained for all 1227 patients with
BRCA enrolled in the Augusta University Cancer Center,
including both aspirin users and non-aspirin users. Supplemental
Table 2 (in the online version) displays this information. Table 1
provides baseline characteristics for the 45 patients who used 81
mg of aspirin, including their PIK3CA mutation status. Among
45 patients, 3 of them were lost to follow-up and removed from
survival analysis (see Supplemental Figure 4 in the online version).
At an overall median follow-up of 27 months (interquartile range,
11.5-55 months) and a cancer-free median follow-up of 21
months (interquartile range, 8.8-35.1 months), patients with a
mutated-PIK3CA had fewer than 5 deaths. Therefore, we also
used the Fisher’s exact test to examine associations between
PIK3CA mutation statuses with survival outcomes, as log-rank
test or Cox regression analysis may not yield a robust statistical
analysis for small sample sizes.

Characteristics of 90 matched non-aspirin users from the
METABRIC'” cohort, along with their tumor PIK3CA mutation
data (presence or absence), are summarized in Supplemental
Table 3 (in the online version). The standardized absolute mean
differences for the majority of covariates are less than 0.1 after
matching in the METABRIC, which means the covariates are
balanced for comparison in 2 cohorts (see Supplemental Figure 5 in
the online version). The proportion of mutated-PIK3CA tumors in

our study cohort was similar to that reported for the METABRIC
cohort for both aspirin and non-aspirin users. As shown in Table 1,
our cohort’s proportion of mutated-PIK3CA tumors was 44.4%
(20 of 45 patients) among patients who used aspirin; it was 43.2%
(37 of 90 patients) for METABRIC cohort patients who did not

use aspirin.

Associations of Aspirin Use and Survival According to
Different Daily Doses

Survival analysis for patients with BRCA enrolled in our study
confirmed previously published findings, showing a beneficial
effect with the daily use of 325 mg of aspirin. Figure 1 shows the
overall survival (Figure 1A) and cancer-free survival (Figure 1B)
for patients using or not using aspirin. Our results revealed that
high-dose aspirin usage (325 mg daily) led to marginally
improved benefits than did daily, low-dose 81 mg of aspirin (HR,
0.26; 95% CI, 0.06-1.10; P = .066) in overall survival. Findings
from a multivariate Cox regression model showed a near marginal
trend toward significance (HR, 0.30; 95% CI, 0.06-1.61; P =
.16), after adjusting for confounders such as age, race, tumor
stage, histology, grade, ER/PR/HER?2 status, and treatment types.
Consistent with observations of an aspirin dose effect in the

21,22
treatment of colorectal cancer,

this trend suggests that a high
daily dose of aspirin can exert an anti-cancer effect in combina-
tion with standard BRCA treatment regimes. Of note, cancer-free
survival did not show statistical significance in our evaluation
(P = .34, log-rank test). This may be owing to short follow-up
time, as the Kaplan-Meier curve trend suggests a potential pro-

tective role for aspirin use in BRCA.
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Table 1 Baseline Characteristics of 45 Patients With Breast Cancer with 81-mg Daily Use of Aspirin by PIK3CA Mutation Status

PIK3CA Mutant PIK3CA WT Odds Ratio
(n = 20), n (%) (n = 25), n (%) (95% CI) P Value
Mean age, y (SD) 64.15 (11.63) 65.88 (12.75)
Race 77
White 10 (50) 14 (56) 0.79 (0.20-2.99)
Black 10 (50) 11 (44)
IHC Subtypes 18
HR*/HER2~ 18 (90) 16 (64)
HR*/HER2™ 1) 3(12)
ER™, PR™, HER2* 1(5) 2 (9
ER™, PR, HER2™ (TNBC) 0 4 (16)
Grade .99
1 6 (30) 7 (28)
2 (30) (28)
3 8 (40) 10 (40)
Tumor Stage 22
T 7 (35) 8 (32)
T2 8 (40) 14 (56)
T3 2 (10) 3(12)
T4 3 (15) 0(0)
Histology Type .62
IDC 14 (70) 19 (76)
ILC 1(5) 3(12)
MC 2 (10) 1(4)
Mixed 3 (15) 2 (9
Treatment Types, Yes
Chemotherapy 7 (35) 11 (44) 1.44 (0.37-5.89) .76
Radiotherapy 9 (45) (20) 0.31 (0.06-1.36) 1
Hormonal therapy 14 (70) 13 (52) 0.47 (0.11-1.86) .36
Aspirin Before/After Diagnosis 0.43 (0.11-1.65) .23
After 7 (35) 14 (56)
Before and after 13 (65) 11 (44)
Median survival time, mos 19.5 40.9
Vital Status 0.53 (0.099-2.51) 15
Death 4 (20) 8 (32)
Alive 16 (80) 17 (68)
Median cancer-free time, mos 20.4 27.4
Cancer Status 5.54 (0.49-294.7) .16
Yes 4 (20) 1(4)
No 16 (80) 23 (96)

The Fisher’s exact or analysis of variance tests were used for group difference comparisons.

Abbreviations: Cl = confidence interval; ER = estrogen receptor; IDC = invasive ductal carcinoma; IHC = immunohistochemistry; ILC = invasive lobular carcinoma; MC = medullary carcinoma;

PR = progesterone receptor; TNBC = triple-negative breast cancer; WT = wild-type.

Treatment Effect Comparison of Aspirin Use Before and
After Diagnosis

Figure 2A shows that patients who used both high and low-dose
aspirin before and after cancer diagnosis experienced a significantly
poor overall survival, in comparison to those who used aspirin post-
diagnosis (HR, 2.66; 95% CI, 1.15-6.14; P = .02). Cancer-free
survival shows a similar trend in Figure 2B, although the P-value

is not statistically significant (HR, 2.54; 95% CI, 0.45-14.3; P =

(linical Breast Cancer October 2019

.27). After multivariate adjustment for clinical variables, including
age, race, grade, stage, histology, ER/PR/HER2 status, and treat-
ment types, the HR for overall survival of patients using aspirin
before and after their BRCA diagnosis, as compared with those who
used aspirin only afterward, was 12.2 with a 95% CI of 3.37-54.8
and a P-value = 1.39E-04. Multivariate analysis also showed that
high-dose aspirin use is significantly associated with better overall

survival than low-dose (HR, 0.094; 95% CI, 0.014-0.62; P =



Yunyun Zhou et al

Table 2 Multivariate Cox Regression Analysis Adjusted for Other Clinical Variables

No. Patients

Aspirin Before/After Diagnosis

After 74

Before and after 74
Aspirin Dose, mg

81 121

325 32
Age, y 153
Race

White 72

Black 80
Grade

1 42

2 40

3 63

4 8
Stage

T0 28

T 55

T2 43

T3 23

T4 4
ER

Negative 37

Positive 116
PR

Negative 41

Positive 112
HER2

Negative 131

Positive 22
Chemotherapy

No 99

Yes 54
Radiotherapy

No 80

Yes 73
Hormonal Therapy

No 74

Yes 79

Hazard Ratio (95% Cl) P Value
Reference
12.2 (3.37-54.8) 1.39E-04***
Reference
0.095 (0.014-0.62) 014*
1.10 (1.03-1.19) 5.91E-03**
Reference 236
1.93 (0.65-5.09)
Reference
0.25 (0.06-0.81) .0506
0.17 (0.03-0.76) .0378*
6.81E-06 (2.13E-62-2.18E+-51) .858
Reference
4.26E+03 (1.97E-45-9.18E+51) .883
4 47E+03 (2.074E-45-9.65E+-51) 882
7.58E+4-03 (3.51E-45-1.64E+52) 875
1.27E+06 (5.68E-43-2.85E+54) .805
Reference
8.46E-02 (6.44E-03-1.11) .060
Reference
0.66 (6.55E-02-6.55) 719
Reference
1.20 (0.26-5.54) 819
Reference
0.21 (3.42-122.4) 9.42E-04**
Reference
0.47 (0.14-1.54) 210
Reference
6.78 (0.97-47.3) .053

Results show that patients will not benefit (HR, 12.2; P = 1.39E-04) from aspirin prescription during the cancer treatment if they used aspirin before.

Abbreviation: Cl = confidence interval.
*P < .05, **P < .01, ***P < .001.

.014). Also, there is no interaction between aspirin dose and use
history as shown in Supplemental Tables 4A and 4B (in the online
version). Table 2 displays a full description of this analysis, con-
firming previous findings that high-dose aspirin provides a better
treatment effect.

In addition, multivariate Cox regression analyses was performed
to compare the survival difference between aspirin use before and

after diagnosis in the HR*/HER2™ subtype group adjusted by

other confounders including age, race, grade, stage, histology, and
treatment types. We also found a poor prognosis for patients
continuously using aspirin before and after diagnosis (HR, 12.9;
95% CI, 1.97-84.3; P = 7.6E-03) when compared with patients
using aspirin only after diagnosis in the HR*/HER2™ subtype. Our
study suggests there may be a beneficial effect of aspirin use after
BRCA diagnosis; this interpretation will require validation in future

studies.
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To further explore the treatment benefit observed for patients
who took low-dose aspirin only after diagnosis, we compared this
group of patients with those who never took aspirin. Using a 1:2
ratio, we conducted a propensity score matching for treated and
untreated patients. The final group of matched patients included 62
patients treated with an 81-mg daily aspirin dose compared with
124 patients receiving no aspirin treatments. Survival analyses
indicated a trend for better survival among patients using aspirin
versus those who did not (HR, 0.646; 95% CI, 0.30-1.40; P =
.267) (see Supplemental Figure 2A in the online version). Of in-
terest, survival analyses also indicated that low-dose aspirin use after
diagnosis carries a significantly better prognosis (HR, 0.317; 95%
CI, 0.13-0.78; P = .012) than continuous use before and after
diagnosis, as shown in Supplemental Figure 2B (in the online

version).
For 12 of the 32 patients taking high-dose (325 mg) aspirin after
diagnosis, no detrimental effect was observed (P = .26; Fisher’s

exact test) as shown in Supplemental Table 4C (in the online
version). Statistical power is limited in this study, owing to the small
sample size for the 325-mg group and the relatively short follow-up
time (31.5 month median follow-up time) post-diagnosis.

Aspirin Use and Survival According to PIK3CA Mutation
Status

No significant difference in overall survival was observed for
patients treated with low-dose aspirin in the mutant PIK3CA and
wild-type PIK3CA groups as a whole, as shown in Supplemental
Figure 3 (in the online version). However, Figure 3A shows that
patients with the HR*/HER2™ subtype with PIK3CA mutation
were associated with poor overall survival in the aspirin non-use
group (HR, 5.48; 95% CI, 1.11-26.95; P = .037). Either es-
trogen receptor-positive (ER") or progesterone receptor-positive
(PR") tumors are defined as HR', which are responsive to
hormonal therapy. Figure 3B shows the overall survival for HR*/
HER2™ patients with a PIK3CA mutation was slightly improved
for the aspirin use group, though not significantly, in comparison
to the PIK3CA wild-type group (HR, 0.37; 95% CI, 0.04-3.25;
P = 37).

Discussion

Aspirin is among the most widely used NSAIDs for pain
treatment,”” fever, and inflammation, and is used primarily to
prevent heart disease and stroke. Recent epidemiologic studies
indicated that regular high- or low-dose aspirin use is associ-
ated with a reduced risk for various cancers, including colon,

4,6,21,22,24
breast, and other cancers.™” '

Studies have suggested that
aspirin may mediate PIK3CA mutation activities in patients
with colon cancer; however, its effects are unknown in patients
with BRCA.

An in vitro study shows that aspirin suppresses growth in
PIK3CA-mutant BRCA by activating AMPK while inhibiting
mTORCI signaling.'” Neither aspirin’s potential benefit for
patients with a PIK3CA mutation nor the daily dosage needed
to maximize treatment effects has been reported for patients

with BRCA. Our study sought to identify populations with
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BRCA that may benefit from aspirin use at optimal doses and
molecular interactions, to improve the overall survival of
patients.

In patients with a PIK3CA mutation taking 81 mg of aspirin, we
observed no improvements that could provide useful prognostica-
tion in this sampled population of patients with BRCA. However,
we observed a slight association between low-dose aspirin and
improved survival among patients with the HR*/HER2™ subtype
with PIK3CA-mutated tumors. Our results, which confirm recently
reported findings that low-dose aspirin is only beneficial for the
HR*/HER2™ subpopulations,24 suggest that this benefit accrues
within a molecular subtype level.

Likely, aspirin’s anti-tumor effect through PIK3CA-related
gene activation is useful in differing molecular subgroups, such
as ER, PR, and HER2 status.>>**° Confirmation of these findings
is evidenced in previous studies, which indicate that the PIK3-
CA—mutation-related gene signature can predict the usefulness
of adding everolimus to letrozole in ER* BRCA treatments.”’
Also, PIK3CA mutation accelerates HER2-driven transgenic
mammary tumors, is associated with trastuzumab-resistant
BRCA, and links to worse survival.?®>° All these studies
further confirmed our conclusion that aspirin benefits the hor-
monal responsive group with PIK3CA mutations, but not for the
HER2" group.

Additionally, the current study’s results show that patients
benefit more from high-dose (325 mg daily) than low-dose (81
mg daily) aspirin, irrespective of aspirin use or non-use before
diagnosis in treating breast cancer. This indicates that any bene-
ficial aspirin effects are dose-dependent and corroborate with
findings on aspirin’s dose dependence effects.”"”" In tandem with
those studies, our findings strongly suggest that aspirin’s effects on
activating the signaling pathway require higher drug concentra-
tions. Furthermore, our results show that patients who only use
aspirin post-diagnosis may confer a better treatment response than
patients who used aspirin pre- and post-diagnosis. Li et al have a
similar observation in colorectal cancer.’” Potential explanations
include mechanisms of aspirin’s protective roles, which may differ
before and after cancer, through activation of various pathways in
cancer initiation and metastasis.” Aspirin may prevent cancer
metastasis by inhibiting epithelial-mesenchymal-transition (EMT)
in circulating tumor cells.”® Direct platelet-tumor cell contacts
may activate tumor growth factor-B/SMAD and nuclear factor-kB
(NFKB) pathways in cancer cells, resulting in the acquisition of
EMT phenotype. This markedly reduces inhibition of cytotoxic
T-lymphocytes-mediated tumor cell lysis, leading to metas-
tasis.”>** The protective role of aspirin for patients who used
aspirin before tumor initiation may stem from the inhibition of
cyclooxygenase, involved in prostaglandin synthesis and modu-
lating inflammatory response. Owing to immune system changes
in the tumor microenvironment, we speculate the inflammatory
response for patients who used aspirin long-term is not as sensitive
as those who never used aspirin before chemotherapy or hormonal
treatments. Moreover, the adverse effects of aspirin toxicity, such
as gastrointestinal tract bleeding, should be considered for patients
using aspirin long-term. The current study suggests that aspirin



will have an optimal benefit as a chemo-preventative agent after
diagnosis.

A lack of specificity with respect to patients’ duration of aspirin use
(including intervals of aspirin use to address other conditions) prior to
diagnosis poses a limitation to this study. Comprehensive studies with
large sample sizes and regarding molecular mechanisms related to
aspirin are currently being planned. Study limitations also include a
narrow collection of molecular data measurements during cohort
enrollment. For example, the limited number of tissue samples from
patients using 325 mg of aspirin in our study precluded our ability to
explore the potential influence of molecular mechanisms for beneficial
findings in this subgroup. Thus, future studies should seek to decipher
interactions between aspirin doses and PIK3CA regulatory mecha-
nisms for particular subtypes in the sufficiently powered, randomized
clinical trials. However, a sufficient understanding of any potentially
beneficial effects in BRCA treatment using aspirin in combination
with other therapy cannot be achieved with any lone biomarker as-
sessments.” Moreover, as complicated molecular interaction
mechanisms are likely involved in BRCA development and responses
to various treatment regimes, further biological validation and more
in-depth data mining are necessary to better characterize aspirin’s role
in supporting better cancer outcomes.

Conclusions

Our study provides evidence that a beneficial effect accrues by
utilizing high-dose aspirin in combination with BRCA treatment
regimes. Our findings show improved overall survival with 325-mg
daily aspirin use, in comparison to an 81-mg aspirin dose taken
continuously before and after BRCA diagnosis. However, long-term
aspirin users appear to have a poorer prognosis than non-aspirin
users. We found an improved, though not significant, overall sur-
vival for HRY/HER2™ BRCA patients with PIK3CA mutations
when treated daily with 81 mg of aspirin. Significant activations of
the PIK3CA signaling pathway in HR*/HER2™ subtypes require
further exploration from larger sample size. Our findings suggest
that further exploration of aspirin use within the same cohort for
patients with PIK3CA-mutant BRCA should be conducted in
future studies.

Clinical Practice Points

e Many studies reported aspirin’s protective role in BRCA.
However, aspirin’s dose effect in BRCA treatment, patients'
history of aspirin uses, and potential molecular targeted by
aspirin have not been clarified.

e In this project, we found that using 325-mg high-dose aspirin
after diagnosis is associated with better overall survival in com-
parison with 81-mg low-dose aspirin. We also found an
improved overall survival for patients with HR*/HER2™ BRCA
with PIK3CA mutations, which suggested the potential role of
aspirin in PIK3CA signaling pathway.

e The current study suggested aspirin will have an optimal benefit
as a chemo-preventative agent in BRCA treatment. Future
studies with larger sample size should be planned to confirm
these findings.
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Supplemental Figure 1 | Project Design Overview
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Abbreviations: ASA = aspirin; METABRIC = Molecular Taxonomy of Breast Cancer International Consortium; WT = wild-type.

Supplemental Figure 2 Survival Analyses Comparisons for Low-dose (81 mg) Aspirin. A, The Overall Survival Comparison for Patients
With 81-Mg Daily Use After Diagnosis Versus Patients Who Never Took Aspirin Before. B, The Overall Survival

Comparison for Patients With 81-Mg Daily Use After Diagnosis Versus Patients Who Used 81 mg of Aspirin
Long-term. Patients With Missing Survival Information Were Excluded for Analysis
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Supplemental Figure 3 Overall Survival Stratified by PIK3CA Mutation Status. Overall Survival Comparison Stratified by PIK3CA

Mutation Status in Aspirin Non-use and 81-Mg Regular Group: Aspirin Non-Use Group (n = 90) (A); Aspirin 81
mg Regular Use Group (n = 42, After Removing 3 Cases With Missing Survival Time) (B)
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Abbreviations: MUT = mutant; WT = wild-type.

Supplemental Figure 4 Survival Status Over Time (Median Follow-Up Time, 27 Months)
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Supplemental Figure 5 Absolute Standardized Differences Before and After Propensity Score Matching for the Dataset From Our
Cohort and METABRIC. This Plot Shows That Balance Was Improved on Almost All Variables After Adjustment,

Bringing the Majority of Covariates Below the Threshold of 0.1 for Standardized Absolute Mean Differences,
Which Indicted Small Differences Between the Aspirin Using (Our Cohort) and Without Using (METABRIC
Cohort) Groups in the Matched Samples
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Abbreviations: ER™ = estrogen receptor-positive; IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; HER2* = human epidermal growth factor receptor 2-positive; METABRIC =
Molecular Taxonomy of Breast Cancer International Consortium; PR™ = progesterone receptor-positive.
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Supplemental Table 1 ' Summary of Tables and Figures

Summary of Results
Patient cohorts

Study design
Prognostic evaluation for dosage effect comparison

Prognostic evaluation for aspirin used history comparison

Prognostic evaluation for PIK3CA mutation status comparison

Survival status over time
Likelihood ratio test between aspirin dose-effect and history

2 + 2 table for patient groups

Covariate balance plot after matching

Supplemental Table 2. Patient characteristics for all 1227 patients in the study
Table 1. Patient characteristics for 45 patients with PIK3CA mutation status
Supplemental Figure 1. Project design overview

Figure 1. Overall survival and cancer-free survival comparison for different
daily aspirin dosage: 325 mg, 81 mg, no aspirin
Figure 2. Overall survival and cancer-free survival comparison for patients
who used aspirin before and after diagnosis versus patients who only used
aspirin after diagnosis
Supplemental Figure 2A. Overall survival comparison for 81-mg daily aspirin
use versus non-use after the breast cancer diagnosis

Supplemental Figure 2B. Overall survival comparison for 81-mg aspirin
use after diagnosis versus long-term (before and after diagnosis) use

Table 2. Multivariate Cox regression analysis for patients who used aspirin
before and after diagnosis with patients who only used aspirin after diagnosis

Figure 3. Overall survival and cancer-free survival comparison of PIK3CA
mutation status for 45 patients treated by 81-mg daily dosage

Supplemental Figure 3. Patients who used 81 mg of aspirin and non-aspirin
users overall survival comparison stratified by PIK3CA mutation status

Supplemental Table 3. Patient characteristics for matched non-ASA patients
with PIK3CA mutation status from METABRIC dataset

Supplemental Figure 4. Survival status over time of de-identified patient data

Supplemental Table 4A. Likelihood ratio test for model comparison. Model 1

included the major effect of dose and aspirin use history; Model 2 included

the major effect and the dose x history interaction term. Results showed no
difference between the 2 models.

Supplemental Table 4B. 2-by-2 table for the number of patients in each of the
two sets of groups. Group A represents patients taking aspirin after diagnosis.
Group B + A represents patients taking aspirin before and after diagnosis.
Supplemental Table 4C. 2-by-2 table for the survival status of patients in the
325-mg aspirin group
Supplemental Figure 5. Summary plot of covariate balance before and after
propensity score matching for our cohort and METABRIC cohort

Abbreviation: METABRIC = Molecular Taxonomy of Breast Cancer International Consortium.
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Supplemental Table 2 Patient Characteristics of Augusta University Cancer Center Study Cohorts from 2002 to 2013

Our Cohort
Age, y
Race
White
Black
Asian
IHC Subtypes
HR*/HER2~
HR*/HER2™
ER™, PR™, HER2*
ER™, PR™, HER2™ (TNBC)
Grade

w NN =

4
Tumor Stage
T0
T
T2
T3
T4
Histology Type
IDC
DCIS
ILC
MC
Mixed
Treatment Types, Yes
Chemotherapy
Radiotherapy
Hormonal therapy
Surgery
Median survival time, mos
Vital status
Death
Alive
Median cancer time, mo
Cancer status

325 mg ASA
(n = 32), n (%)

59.34 (10.32)

12 (38)

81 mg ASA
(n = 121), n (%)

63.54 (11.61)

60 (50)
60 (50)

Non-ASA
(n = 1074), n (%)

58.46 (12.40)

604 (56)
454 (42)

Our sampled population included 1227 patients with breast cancer. Characteristics of patients include 121 patients using 81 mg of aspirin daily and 32 patients using 325 mg daily.

Abbreviations: ASA = aspirin; Cl = confidence interval; DCIS = ductal carcinoma in situ; ER = estrogen receptor; IDC = invasive ductal carcinoma; IHC = immunohistochemistry; ILC = invasive

lobular carcinoma; MC = medullary carcinoma; PR = progesterone receptor; TNBC = triple-negative breast cancer.

Clinical Breast Cancer October 2019

362.¢5



Treatment Effect of Aspirin on BRCA Patients With PIK3CA Mutation

Supplemental Table 3 Summary of METABRIC Cohort Patients’ Characteristics

PIK3CA Mutant (n = 37), n (%) PIK3CA WT (n = 53), n (%)

Mean age, y 66.24 (15.73) 60.81 (14.68)
IHC Subtypes

HR*/HER2~ 29 (78.4) 26 (49.1)

HR*/HER2™ 3(8.1) 7(13.2)

ER™, PR™, HER2* 2 (5.4) 10 (18.9)

ER™, PR™, HER2™ (TNBC) 3(8.1) 10 (18.9)
Grade

1 12 (32) 5(9)

2 9 (24) 14 (26)

3 16 (43) 34 (64)
Tumor Stage

T 6 (16) 14 (26)

T2 25 (68) 29 (55)

T3 4 (11) 8 (15)

T4 2 (5 24
Histology Type

IDC 34 (92) 46 (87)

ILC 2 (5) ()]

Mixed 1(3) 12
Treatment Types, Yes

Chemotherapy 11 (30) 23 (43)

Radiotherapy 38 8 (15)

Hormonal therapy 20 (54) 25 (47)
Median survival time, mos BE 39.7
Vital Status

Death 9 (24) 15 (28)

Alive 28 (76) 38 (72)

Summary of aspirin non-use in matched groups from the METABRIC cohort, according to PIK3CA mutation status.
Abbreviations: ER = estrogen receptor; IDC = invasive ductal carcinoma; IHC = immunohistochemistry; ILC = invasive lobular carcinoma; METABRIC = Molecular Taxonomy of Breast Cancer
International Consortium; PR = progesterone receptor; TNBC = triple-negative breast cancer; WT = wild-type.

Supplemental Table 4A ' Likelihood Ratio Test for Model Comparison

Model Description Degrees of Freedom Log Likelihood XZ P Value (>x2)
Model 1 Dose + history 2 —96.151
Model 2 Dose + history + 3 —95.718 0.8664 .352

dose x history

There is no interaction between aspirin dose effect and aspirin use history (P = .352) in Model 2, with a dose x history interaction term compared with Model 1. It means no difference for the 2
models with or without the interaction term for aspirin dose effect (high vs. low dose) and aspirin-use history (before and after diagnosis).
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Supplemental Table 4B ' 2 by 2 Table for Patient Groups

Aspirin Dose Group A Group B + A
81 mg 62 56
325 mg 12 18

A 2-by-2 table for the number of patients in each of the 2 sets of groups.

Group A represents patients taking 81-mg and 325-mg daily doses of aspirin after diagnosis.

Group B + A represents patients taking 81-mg and 325-mg daily doses of aspirin before and after diagnosis.

There are no significant differences between the groups of patients in the 2 sets based on the Fisher’s exact test, with a P-value of .31.

Supplemental Table 4C ' 2 by 2 Table for Vital Status in 325-mg Aspirin Group

Survival Status for 325-mg Aspirin Group

Vital Status Group A Group B + A
Death 0 3
Alive 12 15

No detrimental effect was observed (P = .26).

Statistical power is limited in this study, owing to the small sample size.

Group A represents patients taking 81-mg and 325-mg daily doses of aspirin after diagnosis.

Group B + A represents patients taking 81-mg and 325-mg daily doses of aspirin before and after diagnosis.

Clinical Breast Cancer October 2019 | 362.e7



	Aspirin Treatment Effect and Association with PIK3CA Mutation in Breast Cancer: A Biomarker Analysis
	Introduction
	Materials and Methods
	Data Description and Study Design
	Target Sequencing of PI3K in Human BRCA Panel
	Statistical Analysis
	Assessment of Aspirin Use and PIK3CA Mutations

	Results
	Patient Characteristics
	Associations of Aspirin Use and Survival According to Different Daily Doses
	Treatment Effect Comparison of Aspirin Use Before and After Diagnosis
	Aspirin Use and Survival According to PIK3CA Mutation Status

	Discussion
	Conclusions
	Clinical Practice Points

	Acknowledgments
	Disclosure
	Supplemental Data
	Disclosure
	References
	Supplemental Data


