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ABSTRACT

Background: Aspirin, a non-steroidal anti-inflammatory drug and platelet inhibitor, has been shown to reduce cancer inci-
dence, lower metastatic rates and improve survival in certain cancer types. However, data on the effect of aspirin on prognosis
in pancreatic ductal adenocarcinoma (PDAC) are limited. Therefore, we conducted a retrospective, single-center study to
evaluate the impact of aspirin use on disease characteristics and survival in PDAC patients.

Materials and methods: The study analyzed data from all consecutively treated PDAC patients over a 6-year period.
Operability, Tumor-Node-Metastasis (TNM) stage, and survival endpoints were compared between patients who had used
aspirin for 2 or more years prior to their diagnosis (ASA > 2) and those who did not (ASA 0).

Results: A total of 182 patients were included. In the ASA > 2 group, significantly fewer patients had metastatic disease at
diagnosis, and a significantly larger proportion presented in the operable stages, compared to the ASA 0 group. No signifi-
cant differences were observed between the two groups in the T or N stages, overall survival, disease-free survival, or time to
progression-free survival.

Conclusions: Although long-term aspirin use did not influence survival endpoints, it was associated with a significantly lower
probability of demonstrable distant metastases at diagnosis and a higher rate of resectable disease. This finding warrants
further research to explore new therapeutic approaches for the treatment of PDAC.
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Introduction

Pancreatic cancer, with pancreatic ductal adeno-
carcinoma (PDAC) being the most common form,
is the fifth leading cause of cancer-related deaths in

Europe and the United States [1, 2].Its incidence has
risen in recent decades, and with advances in on-
cology extending survival for other cancers, PDAC
is projected to become the second leading cause of
cancer deaths by 2030 [3]. The Czech Republic is
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one of the most affected countries globally, with
an age-standardized incidence of 9.3/100,000
and a mortality rate of 8.9/100,000 [4, 5].

The prognosis of patients with PDAC remains
poor, with a 5-year survival between 5-10%, despite
improvements in surgical techniques and mod-
ern chemotherapy regimens [1, 6]. Contributing
factors to this low survival rate include late di-
agnosis due to the absence of effective screening
programs to aid early detection, early disease re-
currence after curative surgical resection, resis-
tance to standard chemotherapy and radiotherapy,
and limited success with modern targeted therapies
and immunotherapy.

Aspirin, a non-steroidal anti-inflammatory drug
and platelet inhibitor, is recommended for the pre-
vention of cardiovascular events in patients with
atherosclerotic vascular disease [7]. However, cur-
rent guidelines emphasize individualized use due
to potential complications, especially gastrointesti-
nal bleeding [8].

Several studies have demonstrated aspirin’s ef-
fects on cancer development and progression. It
has been associated with a reduced risk of devel-
oping various malignancies, especially tumors of
the gastrointestinal tract [9, 10]. Aspirin has also
been linked to reduced mortality rates in can-
cer patients, with most clinical data derived from
colorectal and breast cancers [11]. A reduction in
the risk of distant metastasis has been observed in
some cancers, notably colorectal cancer, but also in
other malignancies, such as breast or esophageal
cancer [12-14].

The potential of aspirin to reduce the risk of
PDAC has been discussed in the literature for
many years, with some studies confirming this ef-
fect [15-17], while others not [18-20]. However,
considerably less data exists on the effect of as-
pirin use on prognosis in PDAC patients. To
date, only three published studies have evaluat-
ed the effect of aspirin use in PDAC patients, but
these studies included only those who had under-
went primary surgery [21-23]. Additionally, one
large retrospective analysis from a cancer regis-
try studied the effects of aspirin use in PDAC but
also included patients with other gastrointestinal
malignancies [24].

Therefore, this single-institution retrospective
study was conducted to evaluate the effect of aspi-
rin use on tumor characteristics at the time of di-

agnosis and disease prognosis in all patients treated
for PDAC.

Materials and methods

The analyzed cohort included all consecutive pa-
tients regardless of age or sex, with histologically
or cytologically confirmed pancreatic adenocar-
cinoma treated in the University Hospital Hradec
Kralové (UHHK) and diagnosed within a 6-year
period between January 2011 and December 2016.
The diagnosis of PDAC was either made at UHHK
or patients were referred for treatment from oth-
er centers. Standard diagnostic procedures were
performed in accordance with internationally
and nationally accepted guidelines and included
ultrasound and iodine contrast-enhanced com-
puted tomography (CT) of the pelvis, abdomen,
and chest. Tumor tissue for histological evaluation
was obtained by surgical resection, endoscopic
ultrasound (EUS) with biopsy, or biopsy of liv-
er metastases under CT guidance. If material for
histological verification could not be obtained,
cytological verification was accepted (using either
EUS or paracentesis/thoracocentesis). The diagno-
sis was established after histopathological or cyto-
pathological confirmation. Hematological and bio-
chemical laboratory blood tests, including liver
function tests and baseline CA 19-9 tumor mark-
er levels, were performed on all patients. In cas-
es of biliary obstruction, endoscopic retrograde
cholangiopancreatography with stent placement
was performed. Based on the standard diagnostic
procedures mentioned above, the Tumor Node
Metastasis (TNM) staging was determined ac-
cording to the American Joint Committee on
Cancer/ International Union Against Cancer stag-
ing system, 7" edition. Treatment and post-treat-
ment follow-up of all patients adhered to con-
temporary national and international guidelines,
considering the extent of the disease, the patient’s
biological status, any secondary diseases, and their
individual preferences.

The inclusion criteria required clear documen-
tation of aspirin use (or lack thereof) including
details on dosage and duration of therapy. Patients
who had used aspirin for > 2 years prior to their
PDAC diagnosis were assigned to the “ASA > 2”
group, while those who had not used aspirin or
any other antiplatelet therapy, or had used aspirin
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for < 2 years were assigned to the “ASA 0” group.
The aspirin dosage used by all patients was 100 mg
once daily, with indications for aspirin use varying
between patients, including primary cardiovascu-
lar prevention and secondary prevention for cardi-
ac or cerebrovascular comorbidities. Additionally,
patients’ medical records needed to include com-
prehensive details of their past medical and phar-
macological history as well as previous therapeutic
and surgical interventions. The exclusion criteria
included multiple malignancies, a history of other
malignancies with or without medical and/or sur-
gical interventions, neuroendocrine tumors (NET)
of the pancreas, tumors of uncertain histology
possibly originating from other tissues, and histo-
logically unverified tumors. Additionally, patients
with poorly documented medical histories or in-
sufficient data regarding aspirin use, its dosage or
duration were also excluded. Patients were not ex-
cluded based on any treatment modality for their
current PDAC, nor for any other non-malignant
co-morbidities. All patients underwent standard
PDAC treatment according to national and inter-
national guidelines, irrespective of whether they
had received aspirin therapy.

The study compared the following characteris-
tics and survival endpoints between the ASA > 2
and ASA 0 groups: operability, TNM stages, overall
survival (OS) [time from diagnosis to death], pro-
gression-free survival (PFS) [time from diagnosis
to progression or death], and disease-free survival
DFS [time from curative resection to recurrence or
death]

The impact of aspirin therapy on metastatic risk
was further assessed separately in subgroups of pa-
tients stratified according to primary tumor loca-
tion (head vs. body and tail of the pancreas).

Data were systematically collected by reviewing
the patient registry from the Department of Clinical
Oncology and Radiotherapy, selecting the diagno-
sis timeframe (2011-2016), and evaluating revised
medical records available through the computer-
ized hospital information system (NIS).

Statistical analysis
Statistical analysis for this study was performed
using NCSS Statistical Software 2022. Prior to con-
ducting the main analyses, the normality of contin-
uous variables was assessed using the Shapiro—Wilk
test. For normally distributed data, parametric tests

were applied, while non-normally distributed data
were analyzed using non-parametric tests.

Logistic regression analysis was employed to
compare operability and N and M stages between
the ASA > 2 and ASA 0 groups. This analysis was
conducted using binary data.

The results were reported as odds ratios (OR)
with 95% confidence intervals (CI). A p-value
of < 0.05 was considered statistically significant.

Linear regression analysis was used to compare
the T stage between the two groups. The results
were reported as regression coeflicients with 95%
CL and a p-value of < 0.05 was considered statisti-
cally significant.

Survival endpoints OS, PFS, and DFS were an-
alyzed using the log-rank test. Kaplan—Meier
survival curves were generated for visualization,
and hazard ratios (HR) with 95% CI were report-
ed. A p-value of < 0.05 was considered statistically
significant.

Results

During the defined period, 333 patients were
treated or consulted for PDAC at UHHK. Of these,
151 patients were excluded from the analysis for
the following reasons: history of NET (34 patients),
multiple malignancies (58 patients), tumors of
uncertain histology (12 patients), histologically
unverified tumors (41 patients; typically for poor
performance status), and poorly documented or
insufficient data regarding aspirin use (6 patients).
A total of 182 patients (55% of the initial cohort)
met the inclusion criteria and were included in this
study. A flowchart outlining the selection process
is presented in Figure 1. The patient and treatment
characteristics are shown in Tables 1 and 2; 154
patients were assigned to the ASA 0 group and 28
were assigned to the ASA > 2 group.

Aspirin and tumor operability

Aspirin use was associated with a higher like-
lihood of tumor operability. In the ASA 0 group,
only 25% of the 154 patients presented with opera-
ble tumors at diagnosis, while 75% presented with
inoperable tumors. In contrast, in the ASA > 2
group, 46% of patients presented with operable tu-
mors and 54% were inoperable (Fig. 2A). Logistic
regression analysis revealed a statistically sig-
nificant association, with p-value 0.026 [haz-
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Pancreatic ductal adenocarcinoma

(n=333)

Exluded (n=151):
- neuroendocrine tumour (n = 34)
« multiple malignancies (n = 58)

A 4

- tumour of uncertain histology (n = 12)
- histologically unverified tumour (n = 41)
- insufficient data (n = 6)

Enrolled
(n=182)

A

A 4

ASA use for 2 years or more
(n=28)

No ASA use or less than 2 years
(n=154)

Figure 1. Flowchart of patients selected for analysis. ASA — aspirin

Table 1. Patient characteristics — Tumor-Node—-Metastasis (TNM) classification 7 edition

Characteristic N % Characteristic N %
Patients 182 Stage
Median age, years (range) 66 (37—86) 1A 1
Sex 13} 7
Male 100 55 HIA 1
Female 82 45 1 = &
. . 1 44 24
Primary tumor location
\% 9% 52
Head 120 66
Body and tail 62 34 Grade
8 4
T stage
- 5 : 2 47 26
T2 27 15 3 8 49
T3 74 Y 4 2 !
T4 79 43 X 35 19
N stage Operability
NO 41 23 Yes 52 29
N1 141 77 — 130 I
M stage Aspirin use
MO 87 48 > 2 years 28 15
M1 95 52 < 2years 154 85
ard ratio (HR): 2.55, 95% confidence interval reduction in aspirin users. A correlation test was
(CI): 1.12-5.84; power of the test = 0.36). Using performed to rule out potential bias, demonstrat-
Pearson’s Chi-squared test (power of the test 0.61), ing no significant correlation between age and tu-
the p-value was 0.023 indicating a 28% relative risk mor operability.
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Table 2. Treatment characteristics

Treatment \ %
Surgical resection 49

Adjuvant chemotherapy 23 47
Adjuvant chemoradiotherapy 7 14
No adjuvant treatment 19 39

Palliative chemotherapy
Yes 115 63
No 67 37

Aspirin and TNM stage

Aspirin use was associated with a decreased
risk of metastatic disease. In the ASA 0 group,
88 patients (57%) presented with metastasis (M1
stage) at diagnosis, while 66 patients (43%) pre-
sented with no metastasis at diagnosis (MO stage).
In the ASA > 2 group, however, 7 patients (25%)
presented with M1 stage, while 21 (75%) presented
with MO stage (Fig. 2B). This difference was statis-

tically significant (logistic regression: HR: 0.25 95%
CIL: 0.10-0.62, p = 0.002; power of the test > 0.80;
relative risk reduction = 56%). The reduction of
metastatic risk with aspirin use was observed
across primary tumor locations: head of the pan-
creas (HR: 0.28, 95% CI: 0.08—0.91; p = 0.03; pow-
er of the test = 0.7) and body/tail of the pancreas
(HR: 0.18, 95% CI: 0.03-0.82; p = 0.03; power of
the test = 0.7).

Aspirin use was not significantly associated with
a difference in T (p = 0.2) or N stages (p = 0.94).

Survival analysis
The log-rank test did not show significant
OS benefit in the ASA > 2 group compared with
the ASA 0 group (HR: 1.10; 95% CI: 0.72-1.68;
p = 0.66) (Fig. 3A). OS was also compared sepa-
rately for operable and inoperable PDAC patients
in the two groups (ASA > 2 and ASA 0), but no

significant difference was observed.

ASA0

140

120 75%

100

[o:]
o

60 115

Number of patients

25%
40

20 39

n 100 ASAOQ

Inoperable Operable

ASA >2

16 54%
14 46%

Number of patients

13

Inoperable Operable

0
20 57%

80
70 43%

60
50
88
40

30

Number of patients

66

20
10
0

MO M1
25 ASA >2

75%

20

15

10 21

Number of patients

25%

MO M1

Figure 2. Proportion of patients with inoperable disease (A) and distant metastases (B). Patients in the ASA > 2 group were
more likely to have inoperable disease (p = 0.026) and evidence of distant metastases (p = 0.002). ASA — aspirin
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60% -
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0%
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100%
90%
80%

70%

Aspirin
- ASAD
- ASAz2

Progression-free survival
8
E3

20%

10%

0% N - - T v T T T T + T T -
0 6 12 18 24 30 36 42 485 54 60 66 72 78 B4 90 96
Months

Number At Risk

Aspirin = ASAQ 154 75 40 31 23 14 12 8 7 7 6 6 6 3 1 0 0O
Aspirin = ASAz2 28 12 ¢ 4 2 2 2 2 1 1 1 1 1 1 0 0 0

100%
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60% -

Aspirin
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50%

40%

Disease-free survival

30%

20%

10%
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o
@

Number At Risk

Aspirin = ASA 0 39 3 29 17 15 10 & 6 5 5 § 5 S5 3 1 € 0
Aspirin = ASAz2 5 2 2 1 1 1 1 1 1 1 1 1 1 0o 0 o0

Figure 3. Overall survival (OS) and progression-free survival (PFS) in all patients (A) and (B), and disease-free survival (DFS)
in operated patients (C). Kaplan—Meier survival curve shows no significant difference in OS (p = 0.66), PFS (p = 0.99) or DFS
(p = 0.2) between patients in the ASA > 2 group (dashes) and the ASA 0 group (full line). ASA — aspirin
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DFS was analyzed in patients with resect-
ed PDAC using the log-rank test. No signif-
icant difference in DFS was found between
the ASA > 2 group and the ASA 0 group (HR:
1.59 95% CI: 0.68-3.74; p = 0.2) (Fig. 3B).
Progression-free survival (PFS) was similarly ana-
lyzed using the log-rank test, and no significant dif-
ference was observed between the ASA > 2 group
and the ASA 0 group (HR: 1.0; 95% CI: 0.66—1.50);
p = 0.99) (Fig. 3C).

Discussion

Data on the effect of aspirin use on the prognosis
of PDAC are still insufficient. Three retrospective
studies investigated the impact of aspirin on sur-
vival following pancreatic surgery for PDAC. One
study reported an association between aspirin use
and improved disease free-survival (DFS) [21],
while another noted better DFS, hematogeneous
metastasis-free survival, and overall survival (OS)
in patients taking aspirin [22]. However, a third
study did not find any association between aspirin
use and OS or DFES [23]. A retrospective analysis of
data from the Eindhoven Cancer Registry found no
significant difference in OS among 25 of 692 PDAC
patients treated with aspirin before and after their
cancer diagnosis. This outcome was most likely due
to the small sample size. However, when the analy-
sis was limited to the 195 patients who used aspirin
prior to their PDAC diagnosis, the effect on OS was
statistically significant compared to those not tak-
ing aspirin [24].

This single-center retrospective study demon-
strates that patients with PDAC who had used
aspirin for >2 years before diagnosis were almost
twice as likely to present with operable tumors. To
our knowledge, this is the first study to specifically
demonstrate the effect of aspirin use on metastasis
and operability in pancreatic adenocarcinoma.

Numerous studies, particularly on gastrointes-
tinal adenocarcinomas, have shown that aspirin,
a unique irreversible cyclooxygenase-1 inhibi-
tor, may play a role in reducing tumor incidence
and progression through its inhibition of platelet
function [25]. The reciprocal relationship between
cancer and platelets has been well-documented
in preclinical research for several decades [26].
Tumor cells have the ability to activate platelets
through a process known as tumor cell-induced

platelet aggregation [27]. In the tumor microen-
vironment, platelets promote tumor growth by
paracrine production of several growth factors,
including platelet-derived growth factors A and B,
insulin-like growth factor I, platelet factor 4, vas-
cular endothelial growth factor, and transforming
growth factor-p [28]. Platelets can also regulate
tumor proliferation by direct interaction with
tumor cells [26]. Additionally, activated platelets
facilitate tumor cell invasion and dissemination
by promoting epithelial-mesenchymal transi-
tion [29], a process by which tumor cells acquire
a mesenchymal phenotype enabling them to enter
the circulation [30].

Preclinical data suggest that platelets play a piv-
otal role in aiding metastasis at distant sites by pro-
moting the formation of the early metastatic niche
[31]. This is achieved by secreting chemokines,
which recruit host cells (including granulocytes)
that are necessary for creating the extracellular ma-
trix [32], and by releasing several pro-angiogenic
factors essential for tumor neovascularization [33].
Some of these pro-angiogenic factors have clinical
relevance as predictors of cancer progression [34].

Although preclinical studies have long suggested
that aspirin may influence cancer metastasis [35,
36], clinical evidence supporting this effect remains
limited. A reduced risk of initial distant metasta-
ses has been reported in breast cancer and prostate
cancer patients taking aspirin [37, 38]. Patients
with stage II and III triple-negative breast cancer
using aspirin had shown improved DFS and a low-
er risk of metachronous distant metastases [13].
Additionally, aspirin use following the diagnosis
of stage I, II, or III colorectal cancer was associat-
ed with a lower risk of cancer-specific and overall
mortality [39]. A meta-analysis of five randomized
trials comparing aspirin use versus non-use for
preventing vascular events also addressed the im-
pact of aspirin on distant metastasis. The analysis
found that aspirin use reduced the risk of cancer
with distant metastasis in all solid tumors (HR:
0.64, 95% CI: 0.48-0.84, p = 0.001), particularly
in adenocarcinomas (HR: 0.54, 95% CI: 0.38-0.77,
p = 0.0007). However, this reduction was not sta-
tistically significant in non-adenocarcinomas (HR:
0.82, 95% CI: 0.53-1.28, p = 0.39). And while this
effect was statistically significant for colorectal
cancer (HR: 0.36, 95% CI: 0.18-0.74, p = 0.005),
non-significant trends were observed for other gas-
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trointestinal cancers (HR: 0.39, 95% CI: 0.12-1.23,
p =0.07) [14].

In this study, aspirin use was associated with
a significant reduction in metastatic disease at di-
agnosis (56% relative risk reduction) but did not
influence either T-stage or N-stage. These findings
suggest that the increased likelihood of operability
with aspirin use may be attributed to a reduction in
metastatic spread via the hematogenous route rath-
er than through lymph node invasion.

Patients with PDAC that affects the head of
the pancreas typically present in earlier, more treat-
able, or curable stages, largely due to the symptoms
caused by biliary obstruction. In contrast, those
with tumors located in the body or tail of the pan-
creas tend to present at more advanced stages due
to a lack of specific early symptoms [40]. We, there-
fore, analyzed whether the reduction of metastatic
disease associated with aspirin use was consistent
across different tumor localizations. We hypothe-
sized that if aspirin reduced metastatic risk even in
tumors located farther from the head of the pan-
creas, it may indeed play a role in slowing tumor
dissemination independent of tumor location
and time of presentation. We observed that aspirin
use was associated with a significant reduction in
metastatic risk regardless of the primary tumor’s
location. This finding supports the hypothesis that
aspirin may delay or inhibit metastasis, as evi-
denced by its effect on tumors that are usually dis-
covered at more advanced stages.

In this study, use of aspirin for > 2 years was
not associated with significant changes in OS, PFS,
or DES. However, one important limitation was
the relatively small sample size, which may limit
the ability to accurately draw conclusions regard-
ing survival endpoints. As such, whether the use of
aspirin had a role in preventing or delaying recur-
rence in operable patients remains inconclusive.

Additionally, survival analyses, when consid-
ering aspirin use, may be heavily influenced by
the fact that a large proportion of the patients using
aspirin have cardiac or cerebrovascular comorbidi-
ties naturally creating a bias towards worsened sur-
vival. To tackle this bias, future studies should strat-
ify patients based on the indication for aspirin use,
differentiating between primary or secondary pro-
phylaxis, as well as distinguish cancer-related mor-
tality from deaths due to other causes. Moreover,
it would be beneficial to evaluate patients’ perfor-

mance statuses and determine whether their car-
diovascular comorbidities interfered with their
qualification and adherence to standard adjuvant
and palliative systemic therapies compared to those
without these morbidities.

Although our study did not show a significant
survival benefit of aspirin use in PDAC patients,
likely due to the above-mentioned limitations, our
data indicates that aspirin or related agents may
indeed offer a clinical and therapeutic advantage
by increasing the likelihood of presenting at cur-
able or treatable stages possibly through delaying
the metastatic process. Therefore, larger, prospec-
tive studies to evaluate aspirin’s impact on survival
endpoints as well as recurrence prevention or de-
lay are justified. Furthermore, our data may shed
light on the crucial relationship between platelets
and metastasis in PDAC by supporting the hypoth-
esis that aspirin may reduce metastatic spread like-
ly through platelet inhibition. Given the established
preclinical and clinical evidence, this platelet-can-
cer relationship is an area currently under growing
scrutiny in oncologic research, with novel implica-
tions emerging regarding its potential role in aid-
ing cancer diagnostics, prognostication, and iden-
tifying therapeutic targets. Taken together, these
findings highlight the need for further studies in-
vestigating platelet interactions in cancer and me-
tastasis to improve the current understanding of
the mechanisms involved in the metastatic process
and identify strategies to influence them.

Conclusions

This retrospective study demonstrated that pa-
tients with PDAC who have used aspirin for > 2
years prior to diagnosis had a significantly higher
likelihood of presenting at operable stages. Aspirin
use was associated with a lower risk of presenting
with metastasis at diagnosis, regardless of tumor
location with respect to the head of the pancreas.
However, aspirin use did not significantly impact
T or N stages, suggesting that it influences hema-
togenous spread rather than lymphatic. This aligns
with existing data on the mechanism of aspirin’s
anti-metastatic effect, which involves interfering
with platelets’ central role in supporting hematog-
enous metastasis. Given the very poor prognosis of
PDAC, our findings emphasize the importance of
further preclinical and clinical research aimed at
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influencing the formation of metastases in pancre-
atic cancer.
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