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Abstract

Objective: The 5-year survival rate of patients with esophageal squamous cell cancer (ESCC) is
very low. However, long-term aspirin use has been suggested to have an adjuvant therapeutic
effect. We therefore investigated the effect of long-term aspirin use before ESCC diagnosis on
postoperative patient survival.

Methods: We carried out a retrospective cohort study of patients who underwent esophageal
cancer resection in our hospital from 2008 to 2018. Patients were divided into an aspirin group
(n=79) and control group (n=79), and were followed up until December 2019. We analyzed
the clinicopathological and follow-up data of the patients during hospitalization, and the
cyclooxygenase-2 (COX-2) protein expression levels by immunohistochemistry, and related
these to postoperative survival.

Results: Patients who took aspirin had significantly lower survival rates than those who did not.
COX-2-negative patients had better survival than patients with either low or high COX-2 expres-
sion levels. T stage was the only independent predictor of survival in patients who took aspirin.
Conclusions: Long-term regular use of aspirin before diagnosis had an adverse effect on post-
operative survival in patients with ESCC. Different COX-2 protein expression levels were asso-
ciated with significantly different postoperative survival rates, with COX-2-positive patients
having the poorest survival.

3*Hebei Medical University, 361 East Zhongshan Road
05001 I, Hebei Province, China

'"Hebei Medical University Third Affiliated Hospital, 139 Corresponding author:

Zigiang Road, Shijiazhuang 050000, Hebei Province, China Junfeng Liu, Hebei Medical University Fourth Affiliated
2Hebei Medical University Fourth Affiliated Hospital and Hospital and Hebei Provincial Tumor Hospital, |2 Jiankang
Hebei Provincial Tumor Hospital, 12 Jiankang Road, Road, Shijiazhuang City, Hebei 05001 I, China.
Shijiazhuang 050000, Hebei Province, China Email: LiuJunfeng008@ 126.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0001-7880-7232
mailto:LiuJunfeng008@126.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605221089799
journals.sagepub.com/home/imr

Journal of International Medical Research

Keywords

Aspirin, esophageal squamous cell carcinoma, cyclooxygenase-2 expression, survival analysis,

independent risk factor, long-term use

Date received: 31 August 2021; accepted: 8 March 2022

Introduction

Esophageal squamous cell carcinoma
(ESCC) is the most common malignant
lesion of the esophagus. The prognosis is
typically poor, with a 5-year overall surviv-
al (OS) rate of approximately 20%." China
has among the highest incidence and mor-
tality rates of ESCC, with particularly high
incidences in certain areas of the Taihang
Mountains in southern Hebei Province, such
as Shexian and Cixian in Handan City.> Even
after surgical resection, the 5-year survival
rate is only approximately 30%.°

Aspirin is the oldest and most widely
used antipyretic, analgesic, and anti-
inflammatory drug.* It is commonly used
for the prevention of coronary artery dis-
ease and cerebrovascular disease.’ Aspirin
can reportedly inhibit the proliferation of
cancer cells, promote cancer cell apoptosis,
and reduce the morbidity and mortality of
malignant tumors.®® Its anti-tumor effects
are mainly achieved via inhibition of
cyclooxygenase-2 (COX-2), which can pro-
mote the synthesis of prostaglandin (PG) by
arachidonic acid (AA). PGs accordingly
promote the proliferation of cancer cells,
enhance tumor invasion and metastasis,
and inhibit the occurrence of apoptosis.”'

In a previous prospective study,'' we
showed that using aspirin for more than
12 months after esophagectomy for cancer
improved the 5-year survival rate of
patients with T2NOMO stage discase.
However, we did not examine the effects
of aspirin use before surgery or evaluate
the extent of COX-2 expression in cancer
tissues. The current study therefore aimed

to investigate the associations of long-term
use of aspirin before cancer resection and
COX-2 tissue expression levels with postop-
erative survival.

Materials and methods

Research subjects

This was a single-center retrospective
cohort study. Patients aged >18 years who
underwent esophagectomy for ESCC in the
Department of Thoracic Surgery, Fourth
Hospital, Hebei Medical University from
January 2008 to June 2018 were included
in the study, irrespective of sex or their
acceptance of neoadjuvant or postoperative
adjuvant therapy.

All patients underwent esophagectomy
for cancer. The esophagus and peri-
esophageal fat tissues and lymph nodes
were resected via left thoracotomy. The
stomach was mobilized, and the lymph
nodes along the celiac artery, common
hepatic artery, splenic artery, and left
gastric artery were removed through
diaphragm incision. The total stomach
was used as an esophageal substitute.
Esophagogastric anastomosis was per-
formed in the upper thorax if the cancer
was located in the lower and middle third
of the esophagus, and in the left neck if the
cancer was located in the upper third of
the esophagus. The reporting of this study
conforms to the STROBE guidelines.'?

Patients were divided into two groups:
Group A, including ESCC patients who
had used aspirin 50 to 100mg/day for
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more than 3 months for various non-
cancer-related reasons before diagnosis,
and Group P, including patients who had
not taken long-term aspirin or any type of
non-steroidal  anti-inflammatory  drug
(NSAID) before diagnosis. “Long-term”
aspirin use was defined as the continuous
use of aspirin for more than 3 months, for
at least 5 days a week. The predictive vari-
ables that required matching included sex,
age, smoking and drinking history, and
history of hypertension/coronary heart dis-
ease/diabetes. We carried out 1:1 propensity
score matching using the statistical software
SPSS 26.0 (IBM Corp., Armonk, NY,
USA) to obtain the same numbers of
patients in both groups.

Clinicopathological and follow-up data

All medical records of the enrolled patients
were reviewed using the case retrieval
system of the Fourth Hospital of Hebei
Medical University, and followed up at
the Follow-up Center of the Fourth
Hospital of Hebei Medical University. The
Esophageal Cancer Research Follow-up
Questionnaire (2018 Edition) was designed
with reference to previous cohort studies
combined with disease characteristics, and
information was collected according to the
content of the questionnaire.'* '3

All patients were followed-up by a mail-
out questionnaire or telephone call at
6-monthly intervals until either death or
censoring on the date when the patient
was last known to be alive. Any patient
who failed to respond to two consecutive
follow-up reminders was defined as ‘lost
to follow-up’, and these individuals were
considered to be dead at the date of the
first mail-out when calculating survival
outcomes. The follow-up deadline was
31 December 2019. The study was approved
by the Ethics Committee of the Fourth
Hospital of Hebei Medical University
and conducted in accordance with the

Declaration of the World Medical
Association of Helsinki. All follow-ups
were approved by the patient verbally or
in writing, and all patients provided signed
informed consent. The follow-up data were
kept strictly confidential, and all patient
details were de-identified.

Immunohistochemistry (IHC)

Retrieval of pathological sections and staining.

Formalin-fixed paraffin-embedded tissue
blocks were obtained from the Department
of Pathology, the Fourth Hospital of Hebei
Medical University, and cut into 4-um-thick
sections. The sections were stained
using the streptavidin-peroxidase method,
as described previously.'® COX-2 mouse
monoclonal antibody was obtained from
Hangzhou Huaan Biotechnology Co., Ltd.
(Cat#: RTI1159; Hangzhou, China) and
used at a dilution of 1:100.

Evaluation of staining results. The extent of
staining was assessed by two pathologists
using the modified German Immune
Scoring System.'” The number of positive
cells and the overall intensity of the
immune response were each scored sepa-
rately by two pathologists. Positive staining
was defined as clear yellow or brown par-
ticles that were clearly located in the cyto-
plasm (0 points: no staining; 1 point: weak
staining; 2 points: moderate staining; and 3
points: strong staining) and the percentage
of positive cells was calculated as the pro-
portion of positive cells within 100 cells in a
single field of view under the microscope
(0 point: no positive cells; 1 point: 1% to
10% positive cells; 2 points: 11% to 50%
positive cells; 3 points: 51% to 80% positive
cells; and 4 points: 81% to 100% positive
cells). The final score was calculated by
multiplying the scores of the two variables:
a final score of 0 was negative, 1 to 3 was a
low positive, and >4 points was a high pos-
itive. The final result for each patient was
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the average of the final scores according to
the two pathologists.

Statistical analysis

Patients in Group A provided the bench-
mark group and were propensity score
matched with non-users in a 1:1 ratio.
Descriptive  statistical analysis of the
cohort and comparison of COX-
2-positivity rates between the groups were
carried out by % tests. OS was defined as
the time from randomization to death from
any cause, and disease-free survival (DFS)
was defined as the time from randomization
to disease recurrence or distant metastasis.
Survival curves were generated using the
Kaplan—Meier method and assessed with
log-rank tests for univariate survival analy-
sis. Multivariate survival analysis was
then performed using Cox regression to
calculate hazard ratios and 95% confidence
intervals for the associations between
baseline patient characteristics and survival.
A P value <0.05 was considered statistically
significant. All analyses were performed
using SPSS 26.0 software (IBM Corp.).

Results

Patients

A total of 2310 patients underwent esoph-
agectomy for ESCC in the Department of
Thoracic Surgery, Fourth Hospital, Hebei
Medical University, from January 2008 to
June 2018, of whom, 301 (13.0%) were lost
to follow-up and 140 (6.1%) were patholog-
ically non-SCC. The remaining 1869 cases
were included in the study. Eighty-one
patients met the criteria and were included
in Group A, of whom two were subsequent-
ly excluded because of an inability to
perform sectioning and staining. The
remaining 79 cases were included in
the final analysis. Propensity matching

produced 79 matched pairs for Groups
A and P.

The clinicopathological data of the two
groups of patients were subjected to
descriptive statistical analysis (Table 1).

IHC staining results

COX-2 protein expression levels in ESCC
tissues in both groups are shown in
Table 2. COX-2 expression was significant-
ly lower in tissues from aspirin users com-
pared with non-users (y>=7.67, P=0.02).
Representative THC staining images are
shown in Figure 1.

Survival analysis

Comparison of survival and recurrence between
the two groups. The mean (£ standard devi-
ation) follow-up time of all patients was
68 +7.16 months and the mean survival
time was 51.0£9.35 months. At the end
of the follow-up period, there had been 45
deaths in Group A (57.0%) and 35 deaths
in Group P (44.3%), and this difference was
not statistically significant. However, the 1-,
3-, and S-year survival rates and median
survival time (P =0.02) were all significant-
ly higher in the group A compared with the
group P. However, there was no significant
difference in recurrence rates or recurrence
time between the two groups (Table 3,
Figure 2).

Comparison of survival rates in relation to COX-2
expression levels. Survival analysis was per-
formed according to COX-2 protein expres-
sion levels. COX-2 expression levels were
significantly related to long-term survival
rates, with higher COX-2 expression levels
associated with shorter OS (P =0.001) and
DFS (P=0.05). The specific results are
shown in Table 4 and Figure 3.

Survival analysis of Group A ESCC patients. We
conducted survival analysis of patients in
Group A (aspirin users) according to their
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Table I. Clinicopathological information in patients with esophageal squamous cell carcinoma.

Variable Group Group A Group P #* P-value

Sex Male 54 53 0.03* 0.86
Female 25 26

Age, years <60 23 20 0.29° 0.59
>60 56 59

History of smoking Yes 40 38 0.10% 0.75
No 39 41

History of alcohol use Yes 50 49 0.03* 0.87
No 29 30

History of hypertension Yes 55 58 0.28° 0.60
No 24 21

History of CHD Yes 16 6 5.28° 0.02
No 63 73

History of diabetes Yes [ 12 0.05° 0.82
No 68 67

Tumor location Upper 1/3 thoracic segment 7 8 0.08* 0.96
Middle 1/3 53 52
Lower 1/3 19 19

Tumor size, cm <5/ 43 51 1.68% 0.20
>5 36 28

Degree of differentiation Undetermined and 71 73 0317 0.58

well differentiated
Moderate and poorly 8 6
differentiated

T stage Tis I 3 6.34% 0.18
Tl I5 14
T2 18 13
T3 39 48
T4 6 |

N stage NO 52 57 3.58% 0.31
NI 19 16
N2 5 6
N3 3 0

TNM stage 0 2 3 0.70* 0.87
| 17 17
Il 37 40
11l 23 19

Lymph node metastasis Yes 27 22 0.74* 0.39
No 52 57

LNR 0 52 57 4.37° 0.1
>0 to <0.1 I 15
>0.1 16 7

Margin-positive Yes 5 3 0.53* 0.47
No 74 76

Vascular tumor invasion Yes 6 2 2,117 0.15
No 73 77

(continued)
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Table I. Continued.

Variable Group Group A Group P »? P-value
Neural tumor invasion Yes 9 6 0.66° 042
No 70 73
Neoadjuvant Yes 5 2 .35 025
radiochemotherapy No 74 77
Postoperative complication  Yes 22 21 0.03* 0.86
No 57 58
Postoperative No adjuvant therapy 42 40 11.98* 0.0l
neoadjuvant therapy Radiotherapy alone 2 12
Chemotherapy alone 22 23
Radiochemotherapy 13 4

*Expected count of 0 cells (0.0%) <5; minimum expected count 25.50.

CHD, coronary heart disease; LNR, lymph node ratio.

Table 2. Staining results.

Group A Group P Total

Negative (0 points)
Low (I-3 points)

27 (34.2%)
36 (45.6%)

12 (15.2%) 39
47 (59.5%) 83

High (>4 points) 16 (20.3%) 20 (25.3%) 36
Total 79 79 158
P 7.67°

P value 0.02

*Expected count of 0 cells (0.0%) <5; minimum expected
count 18.00.

COX-2 protein expression levels. COX-2
expression was significantly associated
with long-term OS in these patients
(P=0.02) but there was no significant dif-
ference in DFS among the different COX-2
expression groups. The 5-year DFS rates
were all 0%, irrespective of the COX-2
expression level. The detailed results are
shown in Table 5 and Figure 4.

Analysis of independent risk factors in ESCC
patients taking aspirin. Univariate analysis
suggested that tumor size (P=0.03), T
stage (P <0.01), N stage (P=0.02), TNM
stage (P=0.02), and vascular invasion
(P=0.02) were significantly associated
with OS. However, age, sex, smoking histo-
ry, alcohol consumption history, and tumor

location were not associated with OS. These
significant factors were then entered into
Cox regression analysis, and multivariate
analysis identified T stage as the only inde-
pendent prognostic factor. The detailed
results are shown in Tables 6 and 7 and
Figures 5 and 6.

Discussion

The development of cancer is a complex
process that is affected by a variety of fac-
tors. Expression levels of COXs and the
production of AA metabolites, such as
PGs, have been shown to be closely related
to the occurrence, development, and out-
come of various cancers.'®' COX-2 is a
rate-limiting enzyme for PG synthesis.
PGs are inflammatory signaling mediators
that can regulate cell survival and growth,
promote cancer cell proliferation, enhance
tumor immune invasion, and induce the
formation of cancer stem cell-like cells.?*!
We previously*® found that higher COX-2
expression levels in tumor tissues of patients
with esophageal cancer (EC) were correlated
with lower S5-year survival rates. COX-2
expression is thus considered to be an indica-
tor of a poor prognosis in patients with EC.

The current study aimed to clarify the
effect of regular long-term aspirin use



Jiang et al.

o i e
.0 100um
[ 3

o

Figure I. Immunohistochemical staining of cyclooxygenase-2 (COX-2) in esophageal squamous cell
carcinoma tissues. Negative COX-2 staining at (a) x 10 and (b) x20 magnification. Low COX-2 protein
expression at (c) x 10 and (d) x20 magnification. High COX-2 protein expression at (e) x 10 and

(f) <20 magnification.

Table 3. Comparison of survival and recurrence.

Group A Group P P-value

|-year survival rate (%) 91.0 974

3-year survival rate (%) 52.8 738

5-year survival rate (%) 374 54.6

Median survival time (months) 37 75 0.02
|-year recurrence rate (%) 70.0 61.9

3-year recurrence rate (%) 10.0 14.3

5-year recurrence rate (%) 0.0 4.8

Median recurrence time (months) 20 19 0.95
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Figure 2. Survival functions in patients with esophageal squamous cell carcinoma. (a) Overall survival (OS)
and (b) disease-free survival (DFS) in patients with (Group A= 1) and without aspirin (Group P=0).

Table 4. Survival analysis of patients with esophageal squamous cell carcinoma according to

cyclooxygenase-2 protein expression levels.

Cyclooxygenase-2 protein expression

Negative Low High P-value
|-year survival rate (%) 974 95.1 94.4
3-year survival rate (%) 81.6 61.3 46.7
5-year survival rate (%) 60.3 50.0 21.0
Median survival time (months) 94 68 36 0.001
|-year recurrence rate (%) 62.5 72.2 60.0
3-year recurrence rate (%) 37.5 1.1 0.0
5-year recurrence rate (%) 12.5 0.0 0.0
Median recurrence time (months) 20 20 16 0.05
(a) Survival functions (b) Survival functions
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Figure 3. Overall survival (OS) and disease-free survival (DFS) in relation to cyclooxygenase-2 (COX-2)
expression levels in patients with esophageal squamous cell carcinoma. (a) OS and (b) DFS in patients with

different COX-2 protein expression levels (0 = negative, | = low, 2 = high).
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Table 5. Survival analysis of patients with esophageal squamous cell carcinoma in Group A according to

cyclooxygenase-2 protein expression levels.

Cyclooxygenase-2 protein expression

Negative Low High P-value

|-year survival rate (%) 96.3 88.6 875 0.02
3-year survival rate (%) 77.1 4]1.4 333
5-year survival rate (%) 522 41.4 16.7
Median survival time (months) 65 30 35
|-year recurrence rate (%) 50.0 90.0 50.0 0.56
3-year recurrence rate (%) 16.7 10.0 0.0
5-year recurrence rate (%) 0.0 0.0 -
Median recurrence time (months) 9 21 12

[a) Survival functions (b, Survival functions

[7]

L negative
i - e "

Cumulative Survival

a2 high

a0

0S {month)

Cumulative Survival

02| 1 negatve
high |

DFS (month)

Figure 4. Overall survival (OS) and disease-free survival (DFS) in relation to cyclooxygenase-2 (COX-2)
expression levels in patients in Group A with esophageal squamous cell carcinoma. (a) OS and (b) DFS in
patients in Group A with different COX-2 protein expression levels (0 = negative, | =low, 2 = high).

before diagnosis on the prognosis of ESCC
patients, and the effect of different COX-2
expression levels on patient survival.
We conducted a detailed survival analysis
and compared survival rates between
aspirin-users and non-aspirin users, as well
as between patients with different COX-2
expression levels. We found that the
median survival rate was significantly
higher in non-aspirin users than in aspirin
users, suggesting that long-term aspirin use
before diagnosis had an adverse effect on
the survival of patients with ESCC.
Aspirin, also known as acetylsalicylic
acid, can be wused as an analgesic,

antipyretic, and anti-inflammatory drug.
However, the results of numerous studies
on the effects of long-term low-dose aspirin
use before diagnosis on cancer survival
have been mixed. Schneider et al.*?
concluded that regular use of aspirin had
a protective effect in patients with on
esophageal adenocarcinoma, especially in
people with gastroesophageal reflux dis-
ease. Jonsson et al.** analyzed the use of
low-dose aspirin before diagnosis and
found that use of aspirin 1 year before diag-
nosis reduced the scope of the tumors and
metastatic disease in patients with colorec-
tal cancer and lung cancer, suggesting that
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Table 6. Univariate analysis of overall survival in cyclooxygenase-2 (COX-2) negative and positive groups

among patients with esophageal squamous cell carcinoma in group A.

Median survival time (months)

Negative Low High
Variable Group COX-2 COX-2 COX-2 P-value
Sex Male 65 28 51 0.38
Female = =2 35
Age, years <60 = 28 35 0.92
>60 50 30 51
History of smoking Yes 57 30 = 0.8l
No 74 29 36
History of alcohol use Yes 43 15 51 0.20
No 65 30 36
History of hypertension Yes 65 30 37 0.63
No 57 15 36
History of CHD Yes = 14 37 0.75
No 57 30 36
History of diabetes Yes 65 35 22 0.83
No 57 28 37
Tumor location Upper 1/3 thoracic 54 14 37 0.82
segment
Middle 1/3 65 28 51
Lower 1/3 74 30 35
Tumor size, cm <5 = 30 36 0.03
>5 43 26 51
Degree of differentiation Undetermined and 65 30 37 0.13
well differentiated
Moderate and poorly 35 14 36
differentiated
T stage TI+T2 65 68 - 0.00
T34+ T4 54 20 35
N stage NO 74 30 37 0.02
NI 65 26 -
N2+ N3 30 I5 36
TNM stage 0+1 = 30 32 0.02
Il 43 68 51
11l = 15 22
Lymph node metastasis Yes 65 17 36 0.07
No 74 30 37
LNR 0 = =< = 0.05
>0 to <0.I = - -
>0.1 = = =
Margin-positive Yes 54 14 51 0.95
No 65 29 36
Vascular tumor invasion Yes 29 15 14 0.02
No 65 30 36
Neural tumor invasion Yes - - - 0.82
No _C _C _C

(continued)



Jiang et al.

Table 6. Continued.

Median survival time (months)

Negative Low High
Variable Group COX-2 COX-2 COX-2 P-value
Neoadjuvant Yes - 22 3 b
radiochemotherapy No 65 30 37
Postoperative complication  Yes 74 30 51 0.79
No 57 29 36
Postoperative No adjuvant therapy = - = 0.55
neoadjuvant therapy Chemotherapy alone ~ -¢ - =

Radiochemotherapy

?If the estimate had been censored, it would be limited to the longest survival time; Pno pooled comparison because at
least one layer had no valid cases for every factor level; “no statistical analysis because all cases censored

CHD, coronary heart disease; LNR, lymph node ratio.

Table 7. Regression analysis of multivariate Cox model for overall survival in patients with
esophageal squamous cell carcinoma in group A.

Variable Hazard ratio 95% Confidence interval | value
Tumor size 1.30 0.68-2.49 0.43
T stage 2.12 1.41-3.20 <0.001
N stage 1.83 0.88-3.83 0.11
TNM staging 0.70 0.35-1.37 0.70
Vascular tumor invasion 2.00 0.74-5.26 0.18

aspirin use could be beneficial in these types
of tumors.

Other researchers have proposed differ-
ent views. Staalduinen et al.>> compared the
survival effects of taking aspirin and other
NSAIDs before and after the diagnosis of
EC, and found that only aspirin use after
diagnosis was significantly related to sur-
vival. Li et al.?® analyzed the survival bene-
fits of aspirin before and after the diagnosis
of colon cancer, and showed that the sur-
vival benefit of aspirin after diagnosis was
limited to patients with positive COX-2
expression and PIKCA mutations. Their
data suggested no association between
pre-diagnosis use of aspirin and colon
cancer mortality. Araujo et al.?’ also con-
cluded that taking aspirin before diagnosis
was not related to all-cause or cancer-

specific mortality in EC patients, but was
related to an increased risk of metastasis.
The current study indicated that long-
term, pre-diagnosis aspirin use could lead
to poor postoperative survival among
ESCC patients. This result, showing that
long-term use of low-dose aspirin had an
adverse effect on cancer survival, appears
to contradict previous results regarding
the anti-tumor mechanism of aspirin.
These apparently contradictory results
may be due to several factors. First, the
patients included in the currents study all
needed long-term aspirin use for various
chronic diseases. The clinicopathological
data indicated differences between the two
patient groups in terms of the history of
coronary heart disease, which would also
affect patient survival to some certain
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Figure 5. Significant factors affecting overall survival (OS) according to univariate analysis. (a) Tumor length
(I=<5em, 2=>5cm); (b) T staging (I =TI+ T2, 3=T3+T4); (c) N staging (I =NO, 2=NI,
3 =N2+ N3); (d) TNM staging (I =stage |, 2 =stage Il, 3 =stage Ill); and (e) vascular tumor invasion

(0=no, | =yes). COX-2, cyclooxygenase-2.

extent. Second, aspirin can affect platelet
function,®® and its long-term use can aggra-
vate bleeding tendencies. Aspirin has dem-
onstrated adverse survival effects in other
studies. Yokoyama et al.> found that low-
dose aspirin failed to reduce the incidence
of cancer or cancer mortality in an elderly
Japanese population, while McNeill et al.*°

found that all-cause mortality was higher
among elderly people who took aspirin
every day compared with elderly people
who received placebo, and the main cause
of death was related to cancer.

Finally, we also considered changes in
the tumor cells themselves. Carcinogenesis
involves aberrant gene expression and
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Figure 6. Cox regression analysis of overall survival (OS) in patients in Group A with esophageal squamous
cell carcinoma. 0 = cyclooxygenase-2 (COX-2) negative, | = COX-2 weak positive, 2= COX-2 strong

positive.

changes in many signaling pathways. We
observed lower COX-2 protein expression
levels in the aspirin-user group, probably
related to inhibition of the COX pathway
by aspirin. In addition, further analysis of
the subgroup of patients taking aspirin
showed that negative COX-2 expression
was associated with higher survival than
either low or high COX-2 expression
levels. This suggests that the prognosis of
patients with long-term pre-diagnosis aspi-
rin use was dependent on their COX-2
expression status. Hu et al®' indicated
that overexpression of COX-2 in EC tissues
was associated with poor OS, supporting
the theory that increased COX-2 levels
may be a prognostic indicator for EC.
This study had some limitations. It was a
single-center retrospective cohort study.
Most of the patients lived in the local and
nearby areas, and the patients’ recall of pre-
vious exposure to aspirin may have been
biased (information bias). In addition, the
nature of the study also contributed to the
small number of enrolled cases. The preven-
tive use of aspirin may take many years to

improve patient survival, and it is therefore
necessary to expand the sample size and
extend the follow-up time. In addition,
some patients continued to take aspirin for
underlying diseases after surgery; however,
this was not recorded and the impact of post-
operative aspirin use was not included in the
analysis. Further prospective randomized
controlled experimental studies are therefore
needed to clarify the role of aspirin.

Conclusions

The results of this study indicated that
long-term, regular use of aspirin before
diagnosis may have an adverse effect on
postoperative survival in patients with
ESCC patients, but not on DFS.
Postoperative survival times differed signif-
icantly in relation to COX-2 expression
levels, and ESCC patients who did not use
aspirin or with negative COX-2 protein
expression had better survival rates. Depth
of tumor invasion was the only independent
predictor of postoperative survival in ESCC
patients who took aspirin before diagnosis.
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