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ABSTRACT
ASPIRIN USE IS ASSOCIATED WITH IMPROVED OUTCOMES IN INFLAMMATORY
BREAST CANCER PATIENTS
CHRISTOPHER JOHNS
The University of Texas Southwestern Medical Center, 2022

Supervising Professor: Dr. Nathan Kim, M.D. PhD

Purpose: Inflammatory breast cancer (IBC) is the most aggressive form of breast cancer and has
a high propensity for distant metastases. Our previous data suggested that aspirin (ASA) use may
be associated with reduced risk of distant metastases in aggressive BC; however, there are no

reported studies on the potential benefit of ASA use in patients with IBC.

Methods: Data from patients with non-metastatic IBC treated between 2000-2017 at two
institutions, were reviewed. Overall survival (OS), disease-free survival (DFS), and distant
metastasis-free survival (DMFS) were performed using Kaplan-Meier analysis. Univariate and

multivariable logistic regression models were used to identify significant associated factors.

Results: Of 59 patients meeting the criteria for analysis and available for review, 14 ASA users
were identified. ASA users demonstrated increased OS (p=.03) and DMFS (p=.02), with 5-year
OS and DMFS of 92% (p=.01) and 85% (p=.01) compared to 51% and 43%, respectively, for
non-aspirin users. In univariate analysis, pT stage, pN stage, and aspirin use were significantly
correlated (p < .05) with OS and DFS. On multivariable analysis, ASA use (HR=.11, C1 0.01-
0.8) and lymph node stage (HR=5.9, CI 1.4-25.9) remained significant for OS and DFS (aspirin

use (HR =0.13, CI 0.03-0.56) and lymph node stage (HR=5.6, ClI 1.9-16.4).



Conclusion: ASA use during remission was associated with significantly improved OS and
DMEFS in patients with IBC. These results suggest that ASA may provide survival benefits to
patients with IBC. Prospective clinical trials of ASA use in patients with high-risk IBC in

remission should be considered.
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CHAPTER 1
INTRODUCTION

It was estimated that there would be 281,550 new cases of female breast cancer (BC) in
the United States in the year 2021; additionally, it was estimated that there would be 43,600
deaths in women with BC [1]. In 2017, when incidence data were analyzed, BC was the leading
new cancer diagnosis in females, more than twice as frequently as the second leading diagnosis,
cancer of the lung and bronchus [1]. Of all breast cancers, inflammatory breast cancer (IBC) is
estimated to make up 1%-5% [2]. Although somewhat rare, IBC, which is one of the more
aggressive types of BC, tends to occur in younger women, and grows and spreads rapidly [3].
There is often no underlying mass and the peau d’orange erythematous and edematous
appearance typically cover more than half of the breast. Dermal lymphatic invasion is seen in
approximately 75% of cases but is not required for diagnosis. However, while dermal lymphatic
invasion is not required for diagnosis, pathologic confirmation of malignancy is. Compared to
other BC, IBC has a higher incidence in African American women and typically occurs at a
younger age [4]. Interestingly, it has been observed that women with IBC have had children at
younger ages than those with non-aggressive BC [5]. High body mass index is an additional risk
factor for IBC. Patients will typically receive neoadjuvant chemotherapy followed by surgery
and radiation therapy. IBC is typically first diagnosed at a locally advanced stage (stage I11), and
one-third of patients with IBC have distant metastases at the time of diagnosis [6].

For patients with stage Il disease, the 5-year survival rate was 56%. If the cancer has
spread to a distant part of the body (one-third of those diagnosed), the 5-year survival rate is

reduced to 19% [7, 8]. In comparison, this is a significantly worse outcome compared to other



locally advanced or metastatic BC patients which have a 5-year survival rate of 86% and 28%
respectively [7].

As expected, metastasis accounts for the majority of BC [9]. As a result, significant
efforts have been made to develop new therapeutic approaches for the treatment and prevention
of metastases.

It is widely known that the coagulation system is activated in most cancer patients [10].
The role of this system in tumor progression has been an area of ongoing research for several
years. Thus far, evidence has suggested that the body’s hemostatic system is involved in multiple
stages of tumor progression, including proliferation, angiogenesis, metastasis, and modulation of
innate immune responses [11-15]. Further research suggests that platelets play a crucial and
supportive role in metastasis [16-18]. One can postulate that platelet inhibition may interfere
with tumor metastasis, and several studies have suggested such a relationship [18] via both COX
and non-COX mechanisms [19-22].

Additionally, several preclinical and clinical studies have evaluated the benefits of
antiplatelet therapy, specifically aspirin (ASA). ASA use has been found to be associated with
improved outcomes and risk of distant metastasis in prostate [23, 24], colon [25], and breast
cancers [26-33]. Furthermore, results from a large multicenter prospective trial of ASA use in
high-risk BC in the United States are soon to be reported, but official findings are not yet
available [34]. Prospective trials are ongoing in other countries [35]. Unfortunately, no trial has
focused exclusively on patients with IBC.

Based on reports from our institution and others, we hypothesized that ASA use in
patients with IBC will also reduce distant metastases and improve overall survival. In our study,

we set out to determine whether patients with IBC, taking ASA in the remission period



(beginning within 2 years of diagnosis and lasting for a minimum of 60 days) and at high risk for

distant metastasis would have improved outcomes compared to non-aspirin users.



CHAPTER 2
METHODS
Study populations

The Institutional Review Board (IRB) approved the registry protocol (STU 052012-019)
at UT Southwestern, which permitted this study. A retrospective review of all patients diagnosed
with and treated for non-metastatic IBC at UT Southwestern Medical Center and Parkland
Hospital between 2000-2017 was performed.

To confirm the IBC diagnosis, all patients included in the analysis had cT4d stage disease
at presentation or recurrence (or documentation of characteristics of the inflammatory stage),
determined by individual chart review and confirmed by positive identification based on their
clinical documentation from all available and searchable medical records [3]. Patients who did
not respond to treatment and who had actively progressing cancer were excluded. Only patients
who had no evidence or progression of disease on imaging and clinical evaluation between the
end of therapy and the first follow-up period were considered to be in remission and were
analyzed. Charts were reviewed and data were recorded for each patient’s age, race, staging,
tumor markers, type of surgery, chemotherapy use, radiation therapy use, medication information
including ASA use, and other pertinent clinical data. HER2 positivity was defined as
immunohistochemistry (IHC) 3+ or IHC 2+ with concurrent fluorescence in situ hybridization
(FISH) amplification of HER2. Estrogen receptor (ER) and progesterone receptor (PR) were
considered positive with any IHC staining (e.g. 1-100%). All patients were staged according to
the American Joint Committee on Cancer (AJCC) 7th edition guideline. Disease free survival
(DFS), distant metastasis free survival (DMFS), and overall survival (OS) were determined

based on the time from the completion of the final therapy, excluding hormone therapy (e.g., end



radiation, chemotherapy, or surgery). OS was measured as the time from the last day of treatment
to death or last follow-up, and DFS was calculated from the last day of treatment to the
confirmation of recurrent disease in the ipsilateral breast, regional, or distant site (for DMFS).
For patients who remained alive and recurrence-free, data were censored on the date of the last
follow-up [28].

ASA use was the independent variable of interest. Patients were assigned to the ASA
group if more than 60 days of ASA use was found in their medical records between the date of
their diagnosis and two years thereafter. Those who used ASA prior to diagnosis and those who
started more than two years after diagnosis were not included, and were placed in the reference
group.

The criteria for ASA use for 60 days were made to identify patients consistently using
ASA and omit those taking it intermittently. Additionally, two years following diagnosis was the
time allowed to begin ASA use to provide adequate time for patients to start, but not too much

time, since this would introduce a confounding variable given the aggressiveness of IBC.

Statistical analysis

Comparisons between the ASA and reference groups were made using the y? test or
Fisher’s exact test for categorical variables, and the t-test for continuous variables. Kaplan—Meier
survival curves for OS, DFS, and DMFS were compared using log-rank tests. Univariate analysis
was performed using the Cox proportional hazards regression model with accepted major
prognostic factors including age, race, T-stage, N-stage, lymphovascular invasion, Ki-67, and
ASA use. Multivariable Cox proportional hazards regression analyses were conducted in a

stepwise fashion using the backward selection approach, in which candidate variables with p <

10



0.10 on univariate analyses were included in the initial multivariable models. The assumption of
proportionality was evaluated and was met for all variables in the Cox regression analysis. The
starting point of data collection was the date of treatment completion. Data were censored for
patients who were alive and recurrence-free at the last follow-up. Data were analyzed using R
version 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria). All statistical tests were

2-sided and significant was set at p < 0.05.
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CHAPTER 3
RESULTS
Patient Characteristics

The clinical and pathological characteristics of the 59 patients with IBC are described and
shown (Table 1a). A total of 45 patients did not meet the ASA criteria and were included in the
control group. Fourteen patients met the ASA criteria and were included in the ASA group. Of
the 14 ASA users, the median time that ASA use was started after diagnosis was 450 days
(range—20-625 days). Of the 14 patients who were aspirin users, information on the reason for
use was available for nine patients. Five patients were on ASA for cardiovascular issues, three
for cerebrovascular issues, one for arthritis and five were unknown. The most common dose was
81 mg, although three patients received 325 mg. The duration of ASA use varied, ranging from a
few months to many years. Six ASA users were administered ASA for cardiovascular diseases.
ASA has been shown to prolong survival in cardiovascular disease; however, the presence of
cardiovascular disease among some ASA users was not thought to be a confounding factor that
would improve survival.

The median age of the control group was 53.6, and 49.0 years for the ASA group. The
median (IQR) follow-up was 31.3 (14.9, 50.5) months for the control group and 62.6 (39.7,
110.5) months for the ASA group. Patient characteristics were similarly distributed between the
two groups, with no statistically significant differences. Systemic therapy regimens are described

and shown (Table 1b).

Effect of ASA use on DFS and OS
Univariate analysis was performed using known prognostic factors and ASA use to

investigate the potential impact of ASA use on DFS and OS (Table 2). For DFS, higher pT stage
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(p=.022), higher pN stage (p=.019), and lymph node positive on biopsy (cN+) (p=.006) were
significantly associated with worse outcomes when evaluating typical prognostic factors.
However, there was a statistically significant improvement in DFS with ASA administration
(p=.017, Figure 1). In the ASA group, only two patients had recurrence (14.3%) and 26 patients
(57.8%) in the control group.

There was also a significant difference in OS according to ASA use (Figure 1). In the
ASA group, there was only one death (7.1%), as opposed to 21 deaths in the control group
(46.7%). A significant reduction in the 5-year overall survival rate was observed in the ASA
group (92% in the ASA group vs. 51% in the control group, p=.01). For OS on univariate
analysis, higher pN stage (p=.011) and the presence of clinically positive lymph nodes on biopsy
(p=.011) were significantly associated with worse outcomes, whereas ASA use (p=.027) was
associated with improved OS. No other prognostic factors were significantly associated with OS.
From the univariate analysis, factors with p-values less than 0.1(PR, pT stage, pN stage, LN
positive on biopsy (cN+), and aspirin use), were further included in the multivariable Cox
regression analysis. ASA use was associated with significantly improved OS (p=.029) and DFS
(p=.008) in the multivariable analysis (Table 3). Multivariable analysis also demonstrated that
clinical node positive disease (positive lymph nodes on biopsy) status remained a significant risk
factor associated with worse DFS (p=.001) and OS (p=.007) (Table 3). Of the 59 patients, 22

died during the study period. Nineteen of the deaths were BC-specific.

Effect of ASA use on DMFS
Univariate analysis was performed to compare distant metastasis rates between the ASA
and control groups. A significant reduction in the 5-year rate of distant metastases was found in

the ASA group (85% vs. 43% in the ASA and control groups, respectively). A Kaplan-Meier

13



DMES curve was generated, showing this significant improvement (p=.01, Figure 1). A

multivariable analysis of DMFS was not performed. A total of 25 patients had distant metastases.
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CHAPTER 4
DISCUSSION AND CONCLUSIONS

Since the 1970s breast cancer therapy has continued to evolve. One of the areas of
ongoing research is the relationship between tumor growth, metastasis and anticoagulation, more
specifically anti-platelet medications or ASA. This relationship is based on the theory that
platelet aggregation assists metastasis by increasing the arrest of tumor cell emboli in the
circulation, as well as protecting tumor cells from immunological assault [36]. Thus, it is
postulated that ASA, by inhibiting COX-1, can theoretically block adhesion between platelets,
circulating tumor cells and the endothelium [37]. Further, additional non-COX effects are
theorized to be beneficial such as the effect ASA has on heparanase and as a result the potential
inhibition of metastasis and angiogenesis [38]

As evidence supports the role of platelets in supporting tumor growth and metastasis,
research into anti-platelet agents such as ASA, including low-dose ASA, to improve the outcome
of patients at high risk for distant metastases should be considered.

As early as the late 1960s, a link between cancer and platelets was noted [39] and the
potential role of platelets in promoting tumor growth and metastasis has been appreciated [18,
40-46]. Tumor cells have been shown to activate platelets, resulting in tumor cell-induced
platelet aggregation [47]. This collection of platelets around tumor cells may support growth and
metastasis. Following activation, through aggregation by tumor cells, and exposure to shear
stress, platelets release their stored contents, including proangiogenic factors such as vascular
endothelial growth factor (VEGF), platelet—derived growth factor (PDGF), and transforming
growth factor beta-1 (TGFP1). These factors play a significant role in angiogenesis and,

ultimately, invasive tumor growth and metastasis [46-52].
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Platelets can also protect tumor cells from immune destruction through a variety of ways,
including protection from NK cell-mediated lysis [15, 53], and transferring platelet major
histocompatibility complex class | molecules to tumor cells [54], suggesting a potential role for
ASA, or anti-platelet agents, in improving patients’ response to immune-mediated therapies.

Although different doses of ASA are often used in the clinical setting, the main function
of ASA when administered at lower doses (<100 mg) is platelet inactivation. Given that many
patients were being treated for the purpose of anti-platelet therapy, (the primary use in our
patient population) [55], this also supports that the improvement of outcome with ASA use seen
in our patients could be due to the contributory mechanism of limiting metastasis in aggressive
BC through platelet inhibition.

We have previously shown an association between aspirin use and outcomes in cancer
patients at risk for distant metastases. In 2013, and 2014 our group reported that ASA use was
associated with improved overall survival in patients with high-risk prostate cancer [23, 24] and
triple-negative BC. These effects were not noted in patients with breast or prostate cancer with a
lower risk of distant metastases. Similarly, improved results following regular ASA use after the
diagnosis of colorectal cancer have also been reported [25]. Additionally, in 2010, in over 4000
women diagnosed with stage I, I, or 111 BC and living at least one year after BC diagnosis, ASA
use was associated with a decreased risk of distant recurrence and BC death [26].

In this study, we examined a very high-risk BC population, specifically those with a
diagnosis of IBC. Our data showed that ASA use was associated with a reduction in distant
metastasis and was further associated with improvements in OS in a BC population at a higher

risk of distant metastases. Given the improvements seen in the 5-year distant metastasis rate in
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the ASA group, our findings offer further support for considering future studies of antiplatelet
therapy, specifically ASA, as an adjunctive therapy for IBC.

Many questions remain regarding aspirin use, some of which are being addressed in
randomized clinical trials [34, 35]. However, questions specific to the role of aspirin in
inflammatory breast cancer remain, including the dosage of aspirin needed in this population,
duration of use, optimal timing of therapy administration, and potential interactions with
systemic therapy. Biomarkers that may further predict the selectivity of aspirin is another
potential future area of study.

A significant limitation of our study was the small sample size of patients, given the rare
nature of the disease. Another limitation of this study is that it is retrospective, and this study has
the best hypothesis generation. We are reliant upon accurate documentation in the electronic
medical record. While this is not as much of an issue for certain objective measures, it is
certainly a challenge for subjective measures, such as recalling medication lists and ASA use.
Additionally, we were analyzing charts from up to 16 years ago which enhances the difficulty of
acquiring needed information. We hope that this and other studies will provide a basis for
consideration of prospective clinical trials that include and focus on ASA use in locally
advanced, non-metastatic IBC patients.

Another limitation in our study, is the nature of ASA use. Not only is it difficult due to
the retrospective aspect, but also because of the inability to ensure adherence. We relied on
documentation of compliance, but even when it was thoroughly documented, there is no way to
be certain that the ASA was actually administered or taken, or the frequency with which it was
taken. There is a spectrum of confidence in the actual amount of ASA use, depending on the

different situations of the patients, that is hard to accurately depict and measure.
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CONCLUSION

ASA administration initiated during the remission period was associated with
significantly improved OS, DFS, and DMFS in patients with IBC. These results suggest that
aspirin use may provide survival benefits for IBC patients at risk of distant metastases.
Prospective clinical trials of augmented ASA use in patients with high-risk IBC in remission

should be considered for development.
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Table 1la Patient and tumor characteristics

Aspirin use after diagnosis

. Yes (n= No (n = P
Variable 14) ( 45)( value
Age at diagnosis (years)

Mean+SD 50.5+14.9 53.2+11 0.541
Race
Black 4 (28.6) 9 (20.0) 0.881
White 6 (42.9) 23 (51.1)
Hispanic 3(21.4) 8 (17.8)
Asian 1(7.1) 5(11.1)
Race (dichotomous)
Black 4 (28.6) 9 (20.0) 0.485
Non-Black 10(71.4) 36 (80.0)
BMI
Mean+SD 33.1+8.4  29.6+7 0.172
Alcohol history
Current 7 (53.8) 10 (23.8) 0.082
Never 6 (46.2) 32 (76.2)
Tobacco history
Current 2 (15.4) 4 (9.5) 0.512
Never 8 (61.5) 32 (76.2)
Past 3(23.1) 6 (14.3)
ER
Positive 7 (50.0) 20 (45.5) 1
Negative 7 (50.0) 24 (54.5)
PR
Positive 7 (50.0) 17 (38.6) 0.593
Negative 7 (50.0) 27 (61.4)
Her2 IHC (dichotomous)*
Negative 7 (58.3) 32 (74.4) 0.3
Positive 5(41.7) 11 (25.6)
Triple negative
Yes 2 (14.3) 12 (27.3) 0.48
No 12 (85.7) 32 (72.7)
Ki-67 > 35%
Yes 8 (57.1) 32 (71.1) 0.345
No 6 (42.9) 13 (28.9)
LVI (biopsy)
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Yes
No
cT stage
T4d
cN stage
NO
N1
N2
N3
cN stage (dichotomous)
NO
N1/N2/N3
Stage (Clinical)
B
lnc
pT stage (dichotomous)
TO/Tis
T1/T2/T3/T4
pN stage
NO
N1
N2
N3
pN stage (dichotomous)
NO
N1/N2/N3
Complete response
CR (pTO/pTis and pNO)
Non-CR (others)
Chemotherapy
Neoadjuvant
Adjuvant
Both
Hormones
Yes
No

5 (50.0)
5 (50.0)

13 (100.0)

0(0.0)
10 (83.4)
1(8.3)
1(8.3)

0(0.0)
12 (100.0)

13 (92.9)
1(7.1)

4 (30.8)
9 (69.2)

5 (38.5)
4 (30.7)
3(23.1)
1(7.7)

5 (38.5)
8 (61.5)

3(23.1)
10 (76.9)

10 (76.9)
1(7.7)
2 (15.4)

7 (58.3)
5 (41.7)

21 (72.4)
8 (27.6)

39 (100.0)

3(7.8)
22 (56.4)
7 (17.9)
7 (17.9)

3(7.7)
36 (92.3)

36 (87.8)
5(12.2)

15 (35.7)
27 (64.3)

16 (38.1)
8 (19.0)
10 (23.9)
8 (19.0)

16 (38.1)
26 (61.9)

13 (37.1)
22 (62.9)

29 (65.9)
3(6.8)
12 (27.3)

14 (34.1)
27 (65.9)

0.254

N/A

0.839

0.727

0.497

0.773

0.183

(In parentheses are percentages)
LVI=Lymphovascular Invasion; CR=complete response

* Her2 positive was referred to a patient with Her2 IHC 3+ and/or Her2 Fish

amplified.

1 LN positive was referred to the number of LN greater than 0.
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Table 1b Systemic therapy regimens of all patients

Aspirin use after

diagnosis
. Yes P
Variable (n=14) No (n=45) value
NA AC+Taxol 7 (24.1) 20 (23.0) 0.462
NA FEC 1(3.4) 3(3.4)
NATC 3(10.3) 12 (13.8)
NA Carboplatin based 0 (0.0) 3(3.4)
NA Other 0(0.0) 2(2.3)
NA Trastuzumab+Pertuzumab 2(6.9) 10 (11.5)
NA Trastuzumab 3(10.3) 2 (2.3)
Adjuvant AC+Taxol 1(3.4) 0 (0.0
Adjuvant TC 0 (0.0) 2(2.3)
Adjuvant Capecitabine 0 (0.0) 7 (8.0)
Adjuvant Carboplatin based 0 (0.0) 1(1.5)
Adjuvant Trastuzumab 5(17.2) 12 (13.8)
Hormones 7(24.1) 14 (16.1)

(In parentheses are percentages)

NA=neoadjuvant; AC=Adriamycin/cyclophosphamide; FEC=5-
fluorouracil/epirubicin/cyclophosphamide; TC=Taxotere/cyclophosphamide
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Table 2 Univariate analysis of major prognostic factors and aspirin use with respect to DFS and
oS

Disease Free Survival Overall Survival

Variable
Hazard Ratio (95% C1) © Y3 Hazard Ratio (95% c1)  © vValue

Age at diagnosis (years)

Age 1.006 (0.975, 1.038) 0.715 1.007 (0.974, 1.042) 0.669
Race (dichotomous)

Non-Black Reference - Reference -

Black 0.761 (0.286, 2.022) 0.584 0.731 (0.247, 2.168) 0.573
BMI

BMI 0.966 (0.916, 1.019) 0.204 0.965 (0.910, 1.023) 0.228
Alcohol history

Never Reference - Reference -

Current 0.874 (0.360, 2.127) 0.767 0.636 (0.231, 1.754) 0.382
Tobacco history

Never Reference - Reference -

Current 0.756 (0.174, 3.277) 0.709 0.506 (0.067, 3.837) 0.51

Past 1.131 (0.380, 3.366) 0.825 1.126 (0.371, 3.415) 0.834
ER

Negative Reference - Reference -

Positive 1.286 (0.586, 2.820) 0.531 1.671 (0.701, 3.983) 0.247
PR

Negative Reference - Reference -

Positive 1.710 (0.777, 3.763) 0.182 2.159 (0.902, 5.166) 0.084
Her2 (dichotomous)

Negative Reference - Reference -

Positive 0.604 (0.224, 1.632) 0.32 0.373 (0.109, 1.283) 0.118
Triple negative

No Reference - Reference -

Yes 1.137 (0.452, 2.860) 0.785 1.375 (0.530, 3.567) 0.512
Ki-67 > 35%

No Reference - Reference -

Yes 0.644 (0.295, 1.402) 0.267 0.637 (0.271, 1.496) 0.3
LVI (biopsy)

No Reference - Reference -

Yes 1.655 (0.526, 5.206) 0.389 1.610 (0.427, 6.075) 0.482

pT stage (dichotomous)
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TO/Tis Reference

T1/T2/T3/T4 3.517 (1.200, 10.310)
pN stage (dichotomous)

NO Reference

N1/N2/N3 3.267 (1.218, 8.767)
Hormones

No Reference

Yes 1.142 (0.500, 2.606)
Clinically LN positive

No Reference

Yes 4.531 (1.551, 13.230)
Aspirin use after diagnosis

No Reference

Yes 0.171 (0.040, 0.727)

0.022

0.019

0.753

0.006

0.017

Reference
3.271 (0.955, 11.200)

Reference
6.675 (1.545, 28.850)

Reference
1.231 (0.531, 2.858)

Reference
6.716 (1.562, 28.870)

Reference
0.103 (0.014, 0.769)

0.059

0.011

0.628

0.011

0.027

DFS=disease free survival; OS=overall survival; Cl=confidence interval;
LVI=lymphovascular invasion; LN=lymph node

Table 3 Multivariate analysis of major prognostic factors and aspirin use with respect to DFS

and OS
DFS oS
. Hazard Ratio (95% Hazard Ratio (95% P
Variable
ClI) value CI) value
6.165 (2.071, 7.697 (1.761,
cN+ 18.351) 0.001 33.640) 0.007
Aspirin use 0.140 (0.032, 0.603) 0.008 0.106 (0.014, 0.797) 0.029

DFS=disease free survival; OS=overall survival; Cl=confidence interval, LN=lymph node
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Figure 1 The effect of aspirin use on disease free survival
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Figure 2 The effect of aspirin use on distant metastases free survival
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Figure 3 The effect of aspirin use on overall survival

1.00 -
0.75
g
e
=2
9 050
© —t —
o}
>
@]
0.25 1 =+ Non-Aspirin
p=0.012 i
== Aspirin
0.00 -
0 50 100 150

Follow-up time (Months)

27



REFERENCE:

10.

Siegel, R.L., et al., Cancer Statistics, 2021. CA Cancer J Clin, 2021. 71(1): p. 7-33.
Levine, P.H., et al., Inflammatory breast cancer: the experience of the surveillance,
epidemiology, and end results (SEER) program. J Natl Cancer Inst, 1985. 74(2): p. 291-7.
Dawood, S., et al., International expert panel on inflammatory breast cancer: consensus
statement for standardized diagnosis and treatment. Ann Oncol, 2011. 22(3): p. 515-523.
Woodward, W.A. and M. Cristofanilli, Inflammatory breast cancer. Semin Radiat Oncol,
2009. 19(4): p. 256-65.

Levine, P.H. and C. Veneroso, The epidemiology of inflammatory breast cancer. Semin
Oncol, 2008. 35(1): p. 11-6.

Linhares, S., et al., Inflammatory Breast Cancer in Pregnancy and Lactation. Adv Exp
Med Biol, 2020. 1252: p. 143-151.

Howlader N, N.A., Krapcho M, Miller D, Brest A, Yu M, Ruhl J, Tatalovich Z, Mariotto
A, Lewis DR, Chen HS, Feuer EJ, Cronin KA, SEER Cancer Statistics Review, 1975-
2017. 2019, National Cancer Institute: Bethesda, MD.

team, T.A.C.S.m.a.e.c. Inflammatory Breast Cancer. January 12, 2021; Available from:

https://www.cancer.org/cancer/breast-cancer/about/types-of-breast-cancer/inflammatory-

breast-cancer.html.

Scully, O.J,, et al., Breast cancer metastasis. Cancer Genomics Proteomics, 2012. 9(5): p.
311-20.
Nash, G.F., D.C. Walsh, and A.K. Kakkar, The role of the coagulation system in tumour

angiogenesis. Lancet Oncol, 2001. 2(10): p. 608-13.

28


https://www.cancer.org/cancer/breast-cancer/about/types-of-breast-cancer/inflammatory-breast-cancer.html
https://www.cancer.org/cancer/breast-cancer/about/types-of-breast-cancer/inflammatory-breast-cancer.html

11.

12.

13.

14.

15.

16.

17.

18.

19.

Lima, L.G. and R.Q. Monteiro, Activation of blood coagulation in cancer: implications
for tumour progression. Biosci Rep, 2013. 33(5).

Camerer, E., et al., Platelets, protease-activated receptors, and fibrinogen in
hematogenous metastasis. Blood, 2004. 104(2): p. 397-401.

Ruf, W., et al., Tissue factor and cell signalling in cancer progression and thrombosis. J
Thromb Haemost, 2011. 9 Suppl 1: p. 306-15.

Im, J.H., et al., Coagulation facilitates tumor cell spreading in the pulmonary vasculature
during early metastatic colony formation. Cancer Res, 2004. 64(23): p. 8613-9.
Palumbo, J.S., et al., Platelets and fibrin(ogen) increase metastatic potential by impeding
natural killer cell-mediated elimination of tumor cells. Blood, 2005. 105(1): p. 178-85.
Labelle, M., S. Begum, and R.O. Hynes, Direct signaling between platelets and cancer
cells induces an epithelial-mesenchymal-like transition and promotes metastasis. Cancer
Cell, 2011. 20(5): p. 576-90.

Ward, Y., et al., Platelets Promote Metastasis via Binding Tumor CD97 Leading to
Bidirectional Signaling that Coordinates Transendothelial Migration. Cell Rep, 2018.
23(3): p. 808-822.

Gay, L.J. and B. Felding-Habermann, Contribution of platelets to tumour metastasis. Nat
Rev Cancer, 2011. 11(2): p. 123-34.

Lucotti, S., et al., Aspirin blocks formation of metastatic intravascular niches by
inhibiting platelet-derived COX-1/thromboxane A2. J Clin Invest, 2019. 129(5): p. 1845-

1862.

29



20.

21.

22.

23.

24,

25.

26.

27.

Vallee, A., Y. Lecarpentier, and J.N. Vallee, Targeting the Canonical WNT/beta-Catenin
Pathway in Cancer Treatment Using Non-Steroidal Anti-Inflammatory Drugs. Cells,
2019. 8(7).

Lu, M., et al., Aspirin sensitizes cancer cells to TRAIL-induced apoptosis by reducing
survivin levels. Clin Cancer Res, 2008. 14(10): p. 3168-76.

Dai, X., et al., Aspirin Inhibits Cancer Metastasis and Angiogenesis via Targeting
Heparanase. Clin Cancer Res, 2017. 23(20): p. 6267-6278.

Jacobs, C.D., et al. Aspirin improves outcome in high risk prostate cancer patients
treated with radiation therapy. Cancer Biol Ther, 2014. 15, 699-706 DOI:
10.4161/cht.28554.

Choe, K.S., et al. Aspirin use and the risk of prostate cancer mortality in men treated
with prostatectomy or radiotherapy. J Clin Oncol, 2012. 30, 3540-4 DOI:
10.1200/JC0.2011.41.0308.

Chan, A.T., S. Ogino, and C.S. Fuchs Aspirin use and survival after diagnosis of
colorectal cancer. JAMA, 2009. 302, 649-58 DOI: 10.1001/jama.2009.1112.

Holmes, M.D., et al. Aspirin intake and survival after breast cancer. J Clin Oncol, 2010.
28, 1467-72 DOI: 10.1200/JC0O.2009.22.7918.

Murray, L.J., et al. Post-diagnostic prescriptions for low-dose aspirin and breast cancer-
specific survival: a nested case-control study in a breast cancer cohort from the UK
Clinical Practice Research Datalink. Breast Cancer Res, 2014. 16, R34 DOI:

10.1186/bcr3638.

30



28.

29.

30.

31.

32.

33.

34.

35.

Shiao, J., et al., Aspirin/antiplatelet agent use improves disease-free survival and reduces
the risk of distant metastases in Stage Il and 11 triple-negative breast cancer patients.
Breast Cancer Res Treat, 2017. 161(3): p. 463-471.

Chen, W.Y. and M.D. Holmes Role of Aspirin in Breast Cancer Survival. Curr Oncol
Rep, 2017. 19, 48 DOI: 10.1007/s11912-017-0605-6.

Huang, X.Z., et al. Aspirin and nonsteroidal anti-inflammatory drugs after but not before
diagnosis are associated with improved breast cancer survival: a meta-analysis. Cancer
Causes Control, 2015. 26, 589-600 DOI: 10.1007/s10552-015-0539-y.

Zhong, S., et al. Association between aspirin use and mortality in breast cancer patients:
a meta-analysis of observational studies. Breast Cancer Res Treat, 2015. 150, 199-207
DOI: 10.1007/s10549-015-3300-z.

Blair, C.K., et al. NSAID use and survival after breast cancer diagnosis in post-
menopausal women. Breast Cancer Res Treat, 2007. 101, 191-7 DOI: 10.1007/s10549-
006-9277-x.

Fraser, D.M., et al. Aspirin use and survival after the diagnosis of breast cancer: a
population-based cohort study. Br J Cancer, 2014. 111, 623-7 DOI:
10.1038/bjc.2014.264.

Chen, W.Y ., etal., ABC trial (A011502): A randomized phase 11l double-blinded
placebo-controlled trial of aspirin as adjuvant therapy breast cancer. Journal of Clinical
Oncology, 2020. 38(15_suppl): p. TPS600-TPS600.

Coyle, C., et al., ADD-ASPIRIN: A phase 11, double-blind, placebo controlled,

randomised trial assessing the effects of aspirin on disease recurrence and survival after

31



36.

37.

38.

39.

40.

41.

42.

43.

primary therapy in common non-metastatic solid tumours. Contemp Clin Trials, 2016.
51: p. 56-64.

Tsuruo, T. and N. Fujita Platelet aggregation in the formation of tumor metastasis. Proc
Jpn Acad Ser B Phys Biol Sci, 2008. 84, 189-98 DOI: 10.2183/pjab.84.189.

Lucotti, S., et al. Aspirin blocks formation of metastatic intravascular niches by inhibiting
platelet-derived COX-1/thromboxane A2. J Clin Invest, 2019. 129, 1845-1862 DOI:
10.1172/JC1121985.

Dai, X., et al. Aspirin Inhibits Cancer Metastasis and Angiogenesis via Targeting
Heparanase. Clin Cancer Res, 2017. 23, 6267-6278 DOI: 10.1158/1078-0432.CCR-17-
0242.

Davis, R.B., A. Theologides, and B.J. Kennedy, Comparative studies of blood
coagulation and platelet aggregation in patients with cancer and nonmalignant diseases.
Ann Intern Med, 1969. 71(1): p. 67-80.

Xu, X.R., et al., Platelets are versatile cells: New discoveries in hemostasis, thrombosis,
immune responses, tumor metastasis and beyond. Crit Rev Clin Lab Sci, 2016. 53(6): p.
409-30.

Meikle, C.K., et al., Cancer and Thrombosis: The Platelet Perspective. Front Cell Dev
Biol, 2016. 4: p. 147.

Labelle, M. and R.O. Hynes, The initial hours of metastasis: the importance of
cooperative host-tumor cell interactions during hematogenous dissemination. Cancer
Discov, 2012. 2(12): p. 1091-9.

Labelle, M., S. Begum, and R.O. Hynes, Platelets guide the formation of early metastatic

niches. Proc Natl Acad Sci U S A, 2014. 111(30): p. E3053-61.

32



44,

45.

46.

47.

48.

49,

50.

Y

52.

Franco, A.T., A. Corken, and J. Ware, Platelets at the interface of thrombosis,
inflammation, and cancer. Blood, 2015. 126(5): p. 582-8.

Leblanc, R. and O. Peyruchaud, Metastasis: new functional implications of platelets and
megakaryocytes. Blood, 2016. 128(1): p. 24-31.

Li, N., Platelets in cancer metastasis: To help the "villain" to do evil. Int J Cancer, 2016.
138(9): p. 2078-87.

Xu, X.R., G.M. Yousef, and H. Ni, Cancer and platelet crosstalk: opportunities and
challenges for aspirin and other antiplatelet agents. Blood, 2018. 131(16): p. 1777-17809.
Battinelli, E.M., et al., Anticoagulation inhibits tumor cell-mediated release of platelet
angiogenic proteins and diminishes platelet angiogenic response. Blood, 2014. 123(1): p.
101-12.

Mohle, R., et al., Constitutive production and thrombin-induced release of vascular
endothelial growth factor by human megakaryocytes and platelets. Proc Natl Acad Sci U
S A, 1997. 94(2): p. 663-8.

Battinelli, E.M., B.A. Markens, and J.E. Italiano, Jr., Release of angiogenesis regulatory
proteins from platelet alpha granules: modulation of physiologic and pathologic
angiogenesis. Blood, 2011. 118(5): p. 1359-69.

Farooqi, A.A. and Z.H. Siddik, Platelet-derived growth factor (PDGF) signalling in
cancer: rapidly emerging signalling landscape. Cell Biochem Funct, 2015. 33(5): p. 257-
65.

Johnson, K.E., et al., Tamoxifen Directly Inhibits Platelet Angiogenic Potential and

Platelet-Mediated Metastasis. Arterioscler Thromb Vasc Biol, 2017. 37(4): p. 664-674.

33



53.

54.

55.

Nieswandt, B., et al., Lysis of tumor cells by natural killer cells in mice is impeded by
platelets. Cancer Res, 1999. 59(6): p. 1295-300.

Placke, T., H.R. Salih, and H.G. Kopp, GITR ligand provided by thrombopoietic cells
inhibits NK cell antitumor activity. J Immunol, 2012. 189(1): p. 154-60.

Patrignani, P. and C. Patrono, Aspirin and Cancer. J Am Coll Cardiol, 2016. 68(9): p.

967-76.

34



VITAE
Christopher Johns was born in a small town in central Illinois. He grew up surrounded by a large
extended family and enjoyed participating in sports. He pursued his college education at
Brigham Young University where he majored in Finance in the Marriott School of Business.
Following graduation, he participated in Johnson & Johnson’s Finance Leadership Development
Program. He then moved to Texas to pursue his medical education at the University of Texas

Southwestern Medical School.

Permanent Address:
1531 Inspiration Drive

Dallas, Texas 75207

35



