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Abstract: Background: Aspirin use has been associated with improved survival rates in various cancers.
However, it remains unclear if aspirin confers a survival benefit on patients with nasopharyngeal
carcinoma (NPC). The aim of this study was to assess the associations between aspirin use and
survival in different stages of NPC. Methods: This is a 10-year retrospective cohort study of NPC
patients. A total of 565 NPC patients were recruited after we performed a 1:4 propensity score match
between aspirin users and non-users. Cox regression models with adjusted covariates were employed
to evaluate factors that influence the survival rate of NPC patients. Results: The Kaplan-Meier analysis
revealed that the overall survival (p < 0.0001) and disease-specific survival (p < 0.0001) rates of
180-day aspirin users increased. Increased survival rates were also observed in 180-day aspirin users
with Stages IIl and IV, T, N1 and 2, and N3 categories. Cox regression models indicated that factors,
including aspirin use (univariate: HR = 0.28, 95% CI = 0.14-0.55, p < 0.001; multivariate: HR = 0.23,
95% CI = 0.12-0.46, p < 0.001), were independent prognostic factors for survival. Conclusions: Aspirin
use for more than 180 days is associated with an increased survival rate and is a positive independent
prognostic factor in NPC.

Keywords: nasopharyngeal carcinoma; low-dose aspirin; overall survival rate; disease-specific
survival rate; 10-year follow-up time
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1. Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor in the head and neck areas. Unlike
other head and neck cancers, NPC is characterized by increased invasiveness and metastasis [1-4].
Clinical presentation of NPC is highly varied and often results in delayed or missed diagnosis due to its
anatomical position [5,6]. NPC is largely undetected and diagnosis is delayed until the tumor reaches
an advanced stage, at which time distal-organ metastasis is common. It is estimated that 30-60% of
patients diagnosed with NPC will develop metastatic cancers, which account for the vast majority of
NPC deaths [2,6,7].

Although NPC is rare in most parts of the world, it has a higher regional incidence in Asia than
in Western countries [2,8,9]. The incidence rates of NPC in Southern China and Southeast Asia are
among the highest in the world [2,8,9]. Approximately 25-50 cases per 100,000 individuals are reported
each year in these regions, while Europe and North America have the lowest incidence rates of fewer
than one case per 100,000 individuals each year. In Taiwan, the incidence rate is about 5-10 cases
per 100,000 individuals each year, which is considered to be an intermediate risk for NPC [2,8,9].
Considering NPC prevalence is classified as intermediate, and treatment advancement trials for NPC
are relatively low compared to other cancers that are common in Taiwan, such as colorectal, lung,
and liver cancers [10], we sought to examine the association between aspirin use and the survival rates
of patients with NPC in our healthcare system in order to improve the prognosis and outcome for
patients with late-stage NPC [8,11,12].

Despite the fact that the five-year survival rate for people diagnosed with early-stage NPC is
72%, the survival rate is dramatically lower in patients with late-stage NPC due to its anatomical
position as it relates to detection and management [2,13]. Furthermore, radiotherapy (RT) or concurrent
chemoradiotherapy (CCRT) are the standard treatments for NPC that are effective in helping patients
with early-stage NPC control their disease [6]. However, the effectiveness of these therapies in treating
patients with late-stage NPC is very limited [2,6,7]. Consequently, treatments that can improve NPC
survival rates are highly desirable.

Aspirin is widely used as a drug to prevent cardiovascular diseases and has been shown to
possess anti-inflammatory properties [14]. The anti-inflammatory properties of aspirin exert favorable
effects on managing the challenges of survivorship in various cancers [15-17]. A prolongation of
survival among aspirin users was seen across different tumor types, such as colorectal, gastrointestinal,
and other cancers [18-26]. In addition, several retrospective studies demonstrated that cancer patients
who have taken aspirin might be at a lower risk of developing metastatic cancer [21,27]. Nevertheless,
despite the growing number of randomized controlled trials and meta-analyses of these studies that
demonstrate the benefits of aspirin in various cancers [18-27], the effect of aspirin on NPC has not
been explored.

Our interest in evaluating the potential of aspirin to improve the clinical outcomes of NPC patients
increased owing to the fact that it improves the survival and cancer management in patients with
other cancers [18-27]. In order to understand whether there is an association between increased
survival rates in NPC and aspirin use, we used a database from Chang Gung Memorial Hospital to
conduct a cohort study with a long follow-up period (10 years) to analyze overall survival (OS) and
disease-specific survival (DSS) rates [28].

2. Results

2.1. Demographic and Clinical Characteristics of the Study Cohort

The cohort was comprised of a total of 2666 patients who were diagnosed with NPC in Chang
Gung Memorial Hospital, Taiwan, between January 2007 and December 2017. Figure 1 shows a flow
chart of the cohort study design for statistical analysis. Among the 2666 NPC patients, a total of
463 patients were not recruited after applying the exclusion criteria. We further performed propensity
score matching (Table S1) to avoid an imbalanced covariate distribution between aspirin users and
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non-users: A total of 565 patients were recruited for this cohort study, of which 113 were identified as
aspirin users, and 452 were non-users after their diagnosis of cancer.

2007/01/01-2017/12/31
NPC
n=2666

Exclusion criteria :

1. AJCC Stage IVc or missing data on stage of
cancer, n=290.

2. Post-diagnostic aspirin use<180days, n=114.

3. Morphology codes for nasopharyngeal
malignancies other than 8010, 8020, 8070,
8071, 8072 and 8082, n=38.

4. Age<20, n=21.

A 4

2007/01/01-2017/12/31

NPC
n=2203
[ Aspirin 2180 Days, n=113 ] [ None, n=2090 ]

\/

PSM
Aspirin: None=1:4

n=565
Analyzed

Figure 1. Flowchart of NPC patient inclusion and exclusion in the study cohort from the Chang Gung
Memorial Hospital database. A total of 2666 patients diagnosed with NPC were recruited for this study.
Aspirin users (>180 days) were matched with non-users (None) based on a 1:4 propensity score (PSM),
resulting in a final inclusion of 565 patients with NPC for data analysis.

Demographics and clinical characteristics from these 565 NPC patients, such as age, sex,
AJCC stages of cancer, treatments, lifestyle risk factors, and comorbidities, are summarized in
Table 1. In brief, the age, sex, AJCC stages of cancer, and lifestyle risk factors did not differ between
the aspirin users and non-users (Table 1). There were significantly higher numbers of aspirin users
with comorbidities, such as cerebrovascular accident (CVA), diabetes mellitus (DM), hypertension,
and hyperlipidemia, compared to non-users. However, the proportion of NPC patients with atrial
fibrillation (i.e., atrial flutter) was similar between aspirin users and non-users. Treatments included
CCRT, RT, chemotherapy (CT), and non-treatment, and were significantly different between the two
groups (i.e., by comparing the proportions, which include CCRT, RT, CT and none treatments, between
the two groups) (Table 1).
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Table 1. Demographic and clinical characteristics of the study cohort (1 = 565).

Low-Dose Aspirin

Cohort

Variables Non-Users Users > 180 Days p-Value
1 = 565 n =452 n=113
Mean age at diagnosis, years 51.8 52.0 51.0 0476
(IQR) (45.64-60.3) (45.3-60.0) (47.0-61.5) ’
Sex
Female 93 (16.5%) 73 (16.2%) 20 (17.7%) 0,691
Male 472 (83.5%) 379 (83.8%) 93 (82.3%) :
Age
<60 years 420 (74.3%) 340 (75.2%) 80 (70.8%) 0.335
>60 years 145 (25.7%) 112 (24.8%) 33 (29.2%) :
Stages of Cancer (AJCC) @
Tand II 231 (40.9) 183 (40.5%) 48 (42.5%)
Mand IV® 334 (59.1) 269 (59.5%) 65 (57.5%) Lol
Cancer Recurrence
No 508 (89.9%) 404 (89.4%) 104 (92.0%) 0.402
Yes 57 (10.1%) 48 (10.6%) 9 (8.0%) ’
Mortality
Alive 381 (67.4 0/0) 285 (63.1 0/o) 96 (85.0 o/o) <0.001 *+*
Dead 184 (32.6%) 167 (36.9%) 17 (15.0%)
Causes of Death
Alive 381 (67.4%) 285 (63.1%) 96 (85.0%)
Dead due to NPC 125 (22.1%) 116 (25.7%) 9 (8.0%) <0.001 ***
Other Causes of Dead 59 (10.4%) 51 (11.3%) 8 (7.1%)
Treatments
CCRT 470 (83.2%) 365 (80.8%) 105 (92.9%)
RT 80 (14.2%) 73 (16.2%) 7 (6.2%) 0,006 *
CT 9 (1.5%) 8 (1.8%) 1 (0.9%) ’
No 6 (1.1%) 6 (1.3%) 0 (0.0%)
Lifestyle Risk Factors
Smoking
No 332 (58.8%) 260 (57.5%) 72 (63.7%) 0.232
Yes 233 (41.2%) 192 (42.5%) 41 (36.3%) ’
Betel nuts consumption
No 455(80.5%) 363(80.3%) 92(81.4%) 0.791
Yes 110(19.5%) 89(19.7%) 21(18.6%) ‘
Alcoholic beverages
No 384 (68.0%) 304 (67.3%) 80 (70.8%) 0471
Yes 181 (32.0%) 148 (32.7%) 33 (29.2%) ’
Comorbidities
CVA
No 451 (79.8%) 406 (89.8%) 45 (39.8%) <0.001 ***
Yes 114 (20.2%) 46 (10.2%) 68 (60.2%)
DM
No 490 (86.7%) 409 (90.5%) 8 (71.7%) <0.001 ***
Yes 75 (13.3%) 43 (9.5%) 32 (28.3%)
Hypertension
No 434 (76.8%) 378 (83.6%) 56 (49.6%) <0.001 ***
Yes 131 (23.2%) 74 (16.4%) 57 (50.4%)
Atrial fibrillation (flutter)
No 559 (98.9%) 448 (99.1%) 111 (98.8%) 0.442
Yes 6 (1.1%) 4 (0.9%) 2 (1.8%) ’
Hyperlipidemia
No 389 (68.8%) 366 (81.0%) 23 (20.4%) .
Yes 176 (31.2%) 8 (19.0%) 90 (79.6%) =L

Abbreviations: IQR interquartile range; CCRT concurrent chemoradiotherapy; RT radiotherapy; CT chemotherapy;
CVA cerebrovascular accident; DM diabetes mellitus; * AJCC Cancer Staging 7th Edition; b Stages IVa and IVb only;
*p <0.05; *** p < 0.001.

2.2. Univariate and Multivariate Analyses of Independent Prognostic Factors for Survival

Regarding the influence of prognostic factors on survival rates, the univariate Cox regression
analysis showed that various clinical variables, including age (HR<40 vs. 60 =2.05, 95% CI = 1.43-2.95,
p < 0.001), AJCC stages of cancer (HRgtages1andIIvs. stagesmand v = 3.88, 95% CI =2.45-6.15,
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p< 0.001), CT (HR CT treatment vs. CCRT standard NPC treatment = 29.63, 95% CI = 12.14-72.34, p< 0.001),
and aspirin use (HRaspirin non-usersvs. users = 0.28, 95% CI = 0.14-0.55, p<0.001) were
significantly associated with the survival rate, while patient sex (HRfemalesvs. males = 1.26,
95% CI = 0.76-2.11, p = 0.372) and RT (HRRT treatment vs. CCRT standard NPC treatment = 078,
95% CI =0.44-1.39, p = 0.405) were not significantly related to survival. The multivariate Cox
regression analysis, the results of which were similar to those of the univariate
analysis, indicated that the factors of age (HR<govs 60 =2.11,95% CI=1.45-3.09,p < 0.001),
A]CC stages of cancer (HRstages Iand Il vs. stages [lTand IV = 4.02, 95% CI =2.43-6.67, p < 0001),
CT (HRCT treatment vs. CCRT standard NPC treatment = 25.34, 95% CI = 9.83-65.32, p< 0.001) and aspirin
use (HRaspirin non-users vs. users = 0.23, 95% CI = 0.12-0.46, p < 0.001) were still significantly associated
with survival. In contrast, patient sex (HR = 1.08¢emales vs. males, 95% CI = 0.64-1.82, p = 0.773) and RT
(HRRT treatment vs. CCRT standard NPC treatment = 1.29, 95% CI = 0.67-2.48, p = 0.454) were not independent
prognostic factors for survival (Table 2).

Table 2. Univariate and multivariate Cox proportional hazards models of prognostic factors for

NPC survival.
Variabl Cohort Hazard Ratio (95%CI)
auianies n =565 Univariate p-Value Multivariate p-Value
Sex
Female 93 (16.5%) 1 0372 ) })8 0773
Male 472 (835%) 126 (0.76-2.11) 0640-182)
Age
<60 years 420 (74.3%) 1 1
>60 years 145(257%)  205(143295  <0001™* 519145309  <0001°
Stages of Cancer
(AJCC) @
land II 231 (40.9) 1 . 1 o
I and IV ® 334 (59.1) 388 (245-615) 0001 402 243-667) <0001
Treatments
CCRT 470 (83.2%) 1 1
RT 80 (142%) 078 (0.44-1.39) 0.405 € 1.29 (0.67-2.48) 0.454°
. 29.63 e d 2534 ot
e (L) (12.14-72.34) <L (9.83-65.32) <00
Aspirin Use
No 452 (80.0%) 1 1
>180 days 113 (20.0%) 028 (0.14-055) <0001 023 (0.12-046) <0001

Abbreviations: 95% CI 95% confidence interval; CCRT concurrent chemoradiotherapy; RT radiotherapy;
CT chemotherapy; * AJCC Cancer Staging 7th Edition; b Stages IVa and IVb only; ¢ Comparing RT to CCRT;
4.f Comparing CT to CCRT; *** p < 0.001.

Comorbidities were also additionally adjusted in univariate and multivariate Cox regression
analyses after considering aspirin use in the 113 patients may be attributable to the comorbidities
related to cardiovascular diseases in our study (Table S2). Age, AJCC stages of cancer, CT treatment,
and aspirin use were still significantly associated with survival regardless of adjustment with (Table S2)
or without comorbidities (Table 2). In addition, we further evaluated the influence of each of the
comorbidity on the association between aspirin use and NPC cancer survival (Table S3). The HR of
aspirin use was calculated by taking either each of the comorbidity or all of the comorbidities into
account (Table S3). After the adjustments, our results showed that the HRs of aspirin use varied from
0.19 to 0.40 with p-values lesser or equal to 0.022, indicating that the comorbidities tended to slightly
alter the associations between aspirin use and NPC cancer survival. Overall, our results demonstrated
that aspirin use is still an independent prognostic factor for NPC survival.

2.3. Survival Analyses

In this cohort of patients, there were a total of 184 deaths (32.6%) in 565 patients. Regarding aspirin
use, there were 17 (15%) deaths in the 113 patients who were aspirin users and 184 (32.6%) deaths
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in the 448 patients who were non-users (Table 1). We performed a Kaplan-Meier survival analysis
to further evaluate whether low-dose aspirin use (100 mg/day) for more than 180 days is associated
with an increased OS rate in patients of all ages with NPC after a diagnosis of cancer. We performed a
Kaplan—-Meier survival analysis to further evaluate whether low-dose aspirin use (100 mg/day) for
more than 180 days is associated with an increased OS rate in patients of all ages with NPC after
a diagnosis of cancer. The Kaplan-Meier survival analysis demonstrated that patients with NPC
who received aspirin for at least 180 days had better survival rates compared to non-users (Figure 2).
Similarly, aspirin users also had significantly better DSS rate when we applied Kaplan-Meier survival
curves to analyze the NPC-specific survival rate in this cohort study (Figure 3). Interestingly, in contrast
to patients with NPC who received aspirin for at least 180 days, patients who only received aspirin
for either 30-89 days or 90-179 days had no significantly higher DSS rate compared to non-users
(Figure S1).

1.0 N

p < 0.0001

0.8
0.6 . Aspirin

-1 None

0.4

0.2

Cumulative Survival (OS)

0.0

01 2 3 456 7 8 9 100 1
Years

Survival Rates (%)
Cohort
Variable Years p-value
n =565

Aspirin Use

=180 days 113(20.0%) 99.1 960 895 863 799 709 620 620 620 620
<0.0001****
None 452(80.0%) 89.7 811 702 616 549 485 485 424 424 424

Figure 2. Kaplan—-Meier survival curve of OS rates between aspirin users (>180 days) and non-users.
The median OS rates of aspirin non-users (None) was about 5.9 years, and the estimated 5- and 10-year
OS rates were 54.9% and 42.4%, respectively. Although median survival was not reached for aspirin
users (>180 days), estimated 5- and 10-year OS rates were 79.9% and 62.0%, respectively. **** indicates
p <0.0001.

Survival benefits associated with at least 180 days of aspirin use were observed in patients with
Stages Il and IV NPC (p < 0.001), while no statistical significance was observed in patients with Stages
Iand II NPC (p = 0.302) (Table 3). We also evaluated the effect of aspirin on the survival rates of NPC
patients in the T and N categories. Aspirin treatment outcomes for NPC patients in either T (T1 and
2 and T3 and 4) (Table 4) or N (N1 and 2 and N3) category (Table 5) in terms of survival rates were
significantly improved. Overall, these stratifiable analyses also suggested that patients with late-stage
NPC were the most likely to benefit from aspirin use when patients received aspirin for more than
180 days after NPC diagnosis.
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2 06 1 None
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[
S 0.4
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s 0.2
£
=
o 0.0
012345617389 10 1
Years
Survival Rates (%)
Cohort
Variable Years p-value
n=565
1 2 3 4 -} 6 4 8 9 10
Aspirin Use
=180 days 113(20.0%) 100.0 99.0 93.6 922.1 90.1 84.0 735 735 735 735 <0.0001**
None 452(80.0%) 9223 87.0 78.0 711 66.9 59.1 59.1 559 55.9 559 =

7 of 13

Figure 3. Kaplan—Meier survival curve of DSS rates between aspirin users (> 180 days) and non-users.
The estimated 5- and 10-year DSS rates of aspirin non-users (None) were 66.9% and 55.9%, respectively.
The estimated 5- and 10-year DSS rates of aspirin users (=180 days) were 90.1% and 73.5%, respectively.
**** indicates p < 0.0001.

Table 3. Comparing mortality rates between aspirin users (> 180 days) and non-users in patients

(n = 565) with Stages I and II and IIT and IV NPC.

Low-Dose Aspiri -Val
ice ow-Dose Aspirin X2 Aspitin S p-Value
_J 565 Non-Users Users > 180 Non-Users Non?Users Stages I and II
"= n =452 Days n =113 vs. Users vs. Il and IV 2
vs. Users
Stages I and II
Alive 146 (79.8%) 41 (85.4%)
Dead due to NPC 20 (10.9%) 2 (4.2%) 2.395 0.302
Other Causes of o o i
Dead 17 (9.3%) 5 (10.4%) <0.001
Stages Il and IV 2
Alive 139 (51.7%) 55 (84.6%)
Dead due to NPC 96 (35.7% 7 (10.8%
Other Causes of e :12 6°/; 3((4 6% )) st <L
Dead . o . o

Abbreviation: vs.

versus. ? Stages IVa and IVb only; **** p < 0.001.
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Table 4. Comparing mortality rates between aspirin users (>180 days) and non-users in patients
(n = 333) with a subdivision of Stages IIl and IV NPC in the T category.

a Low-Dose Aspirin p-Value
Rlazessan sl Non-Users P Users > 180 Days Aspirin Non-Users T1 and 2 vs.
n =333 n =268 n =65 vs. User T3 and 4
T1 and 2
Alive 53 (62.4%) 23 (88.5%)
Dead due to NPC 25 (29.4%) 3 (11.5%) 0.014 *
OtherDiz‘éses of 7 (8.2%) 0 (0.0%) <0.001 ***
T3 and 4
Alive 86 (47.0%) 32 (82.1%)
Dead due to NPC 71 (38.8%) 4 (10.3%) 0,001 ***
Other Causes of 26 (14.2%) 3.(7.7%) <t
Dead ’ '

Abbreviation: vs. versus; ? Stages IVa and IVb only; ® One patient with missing data on T category of cancer;
*p < 0.05; *** p < 0.001.

Table 5. Comparing mortality rates between aspirin users (>180 days) and non-users in patients
(n = 333) with a subdivision of Stages IIl and IV NPC in the N category.

a Low-dose Aspirin p-value
S AR Non-Users P Users > 180 Days Aspirin Non-Users Comparing
@Sk n =268 n=65 vs. Users NO, N1 and 2, and N3
NO
Alive 9 (52.9%) 3 (75.0%)
Dead due to NPC 5(29.4%) 0 (0.0%) 0.293
Other Causes of o .
Dead 3 (17.6%) 1 (25.0%)
N1 and 2 .
Alive 105 (56.1%) 37 (90.2%) <0.001
Dead due to NPC 59 (31.6%) 3 (7.3%) <0.001 ***
Other Causes of 23 (12.3%) 1(2.4%) :
Dead ’ ’
N3
Alive 25 (39.1%) 15 (75.0%)
Dead due to NPC 32 (50.0%) 4 (20.0%) 0.017*
Other Causes of 7 (10.9%) 1(5.0%)
Dead ' ’

Abbreviation: vs. versus; ? Stages [Va and IVb only; P One patient with missing data on N category of cancer.
*p < 0.05; **p < 0.001.

3. Discussion

Aspirin is relatively safe and affordable and can help ease the burden of long-term medical
care of diseases. It has shown promising beneficial effects for treatments across a broad range of
diseases [15-27,29,30]. Indeed, aspirin use has been shown to make significant advances in reducing
the risk of developing cancers and cancer-related deaths over the past few years. [15-27]. Its valuable
role as a treatment for cancer has been widely documented in many cancer-related studies [15-27].
Despite studies that specifically demonstrate the adverse effects of aspirin [14-26], there has been
increasing interest in the role of aspirin in various cancer treatments [15-25].

Due to detection and management limitations, late-stage NPC is considered to be a serious
health problem in Taiwan and is the leading cause of cancer-related death [2,6-13]. It is not known
whether use of low-dose aspirin after the diagnosis of NPC is associated with OS and DSS rates in
patients with NPC. To address this gap, therefore, we conducted this study by collecting data from
the Chang-Gung healthcare system, which provided comprehensive data of real-world patients in
a clinical practice. The primary advantages of using this database are that we were ensured high
follow-up rates of patients for a longer period of time (10 years), and because of the data-quality
needed for this retrospective study [28], we had the ability to control potential selection bias with the
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following covariates: age, AJCC stages of cancer and treatments. Hence, in this retrospective analysis,
we followed-up with patients with NPC at different stages after their diagnosis for a 10-year period,
instead of only five years, and in sufficient numbers to gather accurate statistics on long-term OS and
DSS rates.

In this study, we attempted to minimize the bias between aspirin users and non-users by
using a propensity score match at a 1:4 ratio. As one of the results from this matching, the baseline
patient characteristics revealed that the patients who had aspirin prescribed were more likely to have
comorbidities related to cardiovascular diseases, such as CVA, DM, hypertension, and hyperlipidemia,
compared to non-users (Table 1). This result was unsurprising and was expected due to our study
design, given that aspirin is known to have beneficial effects in persons with cardiovascular diseases;
therefore, those who were identified as aspirin users in our cohort study were usually thus because of
prevalent comorbidities related to cardiovascular diseases. Conversely, those recruited NPC patients
who were non-users did not have cardiovascular-related comorbidities, and thus might have been less
likely to take aspirin after their cancer diagnosis. This finding is consistent with other studies that
have demonstrated that aspirin users who are recruited for retrospective studies display significantly
more comorbidities related to cardiovascular diseases at their baseline [25,26,29], which suggests that
our adopted approach of using a propensity score match at a 1:4 ratio for this study was reliable and
reflective of clinical scenarios. In addition, our results suggested that aspirin use is a good prognostic
factor for NPC survival after carefully considering and adjusting for the potential sources of bias and
confounding effects in different models (Table 2, Table S2-54).

We observed that aspirin use for at least 180 days after diagnosis of NPC positively affected
10-year OS and DSS rates (Figure 2, Figure 3, Figure S1); this effect was most pronounced for patients
with late-stage NPC (Table 3). This was also true for subgroups of patients defined by a TN staging
system; our data showed that aspirin use after diagnosis was associated with increased survival rates
among NPC patients with either T (T1 and 2 and T3 and 4) (Table 4) or N (N1 and 2 and N3) category
(Table 5). Since the T category is associated with local containment of tumor, and the N category is
associated with distant metastasis, our data suggested that aspirin use showed beneficial effects for
patients related to either local containment of the tumor or distant metastasis. In addition, while this
database contained information for the duration of aspirin treatment, we were also able to test whether
there was any benefit of taking aspirin for 30-89 days, 90-179 days (Figure S1), or more than 180 days
(Figure 2, Figure 3, Figure S1). Our analyses suggested that there is only an improvement in the 10-year
survival rates (OS and DSS) for aspirin users who received aspirin more than 180 days. All of these
findings shed light on whether or not aspirin can be used as an additional cancer treatment, especially
in patients with late-stage NPC after careful consideration of risks related to side effects of aspirin,
such as hemorrhaging [15].

It has been suggested that age plays a role in cancer survival [31-35]. However, the influence of age
on cancer survival outcome is still considered controversial [31-35]. There are some studies that suggest
that a younger age at diagnosis has been demonstrated to be a significant poor prognostic factor for
cancer survival in a number of cancers [34,35], while other studies do not show this [31-33]. With respect
to NPC, our results were consistent with prior studies, in which age had a direct effect on NPC survival
rates [31-33]. Patient age showed statistical significance in both univariate and multivariate analyses
in our study (Table 2). Considering that elderly patients are more likely to have functional decline and
comorbidities, it is great to have less aggressive therapies or abbreviated treatment courses, which at
the same time still generate overall benefits and improve cancer management and survivorship in
elderly patients with NPC. Our findings identified factors, such as aspirin use, that are associated with
improved cancer survival rate, suggesting that this information can be used for future improvements
in NPC care, particularly for elderly patients with late-stage NPC.

Several studies have shown that aspirin use improves survival rates in the late-stage of various
types of cancers [15,24,26,27]. However, the precise mechanism that underlies how aspirin affects
carcinogenesis and leads to clinically relevant improvements in survival rates remains elusive [14].



Cancers 2020, 12, 1551 10 of 13

Some mechanisms have been proposed as they relate to aspirin use to reduce cancer mortality [14].
For example, research suggests that aspirin regulates pro-inflammation through COX-2-dependent
pathways, which ultimately influences multiple pathways involved in tumor cell proliferation and
metastasis [14,36,37]. In fact, it has been suggested that a COX-2 pathway blockade could be a potential
anti-tumor treatment in patients with recurrent NPC [37]. In addition, gene mutations, such as PIK3CA
and BRAF, may also have an impact on the benefits of aspirin use for several types of cancer. [38,39].
Interestingly, a study showed higher expression of PIK3CA as being significantly associated with
advanced NPC, thereby suggesting that increased expression of PIK3CA may contribute to tumor cell
proliferation and metastasis [40]. Collectively, the evidence from these studies may not only explain our
findings, but also elicit some questions that are in need of further investigation; for instance, whether
aspirin use can benefit NPC patients with high COX-2 or PIK3CA expression. Perhaps, we also could
gather more information about the possible mechanisms of aspirin on NPC survival outcomes by
exploring databases such as Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO).
We anticipate that such studies will contribute to the future development of more effective cancer
treatments for patients with NPC.

4. Materials and Methods

4.1. Patient Recruitment

This cohort study was approved by the Institutional Review Board (IRB) of the Kaohsiung
and Chiayi branches of Chang Gung Memorial Hospital with reference numbers 202000714B0 and
201700253B0C602. The requirement for informed consent was waived, according to the nature of the
study design and IRB regulations. During the time period of 01/01/2007-12/31/2017, 2666 patients
diagnosed with nasopharyngeal malignancy (ICD10: C110, C111, C112, C113, and C119) in the Chang
Gung Research Database were identified. Exclusion criteria were AJCC Stage IVc or missing data on
stage of cancer (n = 290), aspirin use less than 180 days (n = 114), nasopharyngeal malignancies with
morphology codes other than 8010, 8020, 8070, 8071, 8072, and 8082 (1 = 38), and less than 20 years of
age (n = 21). In total, 2203 patients were analyzed in our study.

4.2. Statistical Analysis

Categorical data, such as sex, comorbidities, lifestyle risk factors, AJCC stages of cancer, etc.,
were tested by either a two-sided Fisher’s exact test or a Pearson’s chi-squared test. The normally and
non-normally distributed continuous data were analyzed using Student’s t-tests and Mann-Whitney
U tests, respectively. In order to minimize the confounding effect of groups that are comparable due to
non-randomized allocations, a 1:4 propensity score-matched study group (aspirin user vs. non-user)
was created using the Greedy method with a 0.25 caliper-width using NCSS 10 software (NCSS
Statistical Software, Kaysville, UT, USA) (Table S1) [41-47]. The propensity scores were calculated
using a logistic regression model with the following covariates: sex, age and AJCC stages of cancer.
After adjusting for these confounding factors, the Kaplan—-Meier method was used to evaluate the
effects of aspirin use in the primary outcome (DSS). A univariate analysis and Cox proportional-hazards
model were used to evaluate any parameters that could affect survival. All statistical analyses were
performed using SPSS Statistics V22.0 software for Windows (IBM Corp., Armonk, NY, USA). Statistical
significance was set for each analysis at p-values of <0.05.

5. Conclusions

In summary, we conducted 10-year cohort study using a database from Chang Gung Memorial
Hospital, which was an accurate reflection of diverse patient subgroups and representative of the
nation’s NPC cancer cases in Taiwan. Our findings indicated that OS and DSS rates exhibited significant
improvement in patients with NPC after aspirin use for more than 180 days. According to the univariate
and multivariate Cox regression analyses, which confirmed previous findings that factors, such as
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patient age and AJCC stages of cancer, are significantly associated with survival rates in patients
with NPC. Moreover, these analyses contribute additional evidence that suggests aspirin use is an
independent prognostic factor for improving survival rates. Taken together, these new understandings
will provide the opportunity to improve the management of cancer care and survivorship for patients
with late-stage NPC in Taiwan, as well as in the areas where NPC is endemic.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/6/1551/s1,
Figure S1: Kaplan-Meier survival curve of disease-specific survival (DSS) among 30-89-day, 90-179-day, >180-day
aspirin users and non-users., Table S1: Baseline Characteristics of NPC Patients Before and After Propensity-Score
Matching., Table S2: Univariate and multivariate Cox proportional hazards models of prognostic factors for NPC
survival (additionally adjusted for comorbidities)., Table S3: Cox proportional hazards models of aspirin use for
NPC survival., Table S4: Univariate and multivariate Cox proportional hazards models of prognostic factors for
survival of NPC patients with CCRT treatment (n=470).
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