
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(4):2490-2497jtd.amegroups.com

Introduction

With the increasingly high incidence and mortality rates 
of esophageal cancer (1-4), standard multidisciplinary 
therapy consisting of esophagectomy and perioperative 
therapy is highly recommended, while has not been well 
established. Preoperative fluorouracil-based chemotherapy 
and chemoradiotherapy are two mainly accepted standard 
therapies for patients diagnosed as local advanced 
esophageal cancer (5-7). However, the prognosis of the 
patients with esophageal cancer remains unsatisfactory, and 

conflicting results of well-designed and powered studies 
failed to show significant survival benefits in patients with 
standard neoadjuvant or adjuvant therapies (8-10). For 
the reasons above, studies focusing on new perioperative 
therapies have been receiving increasing attentions, when 
the antitumor possibility of aspirin emerged.

Powered evidences have been raised in past decades 
showing that regular low dose aspirin use may reduce the 
morbidity and mortality of cancers (11-17), mainly including 
gastrointestinal cancer, breast cancer, prostate cancer. There 
are growing evidence in recent years suggesting that aspirin 

Review Article

Aspirin acts in esophageal cancer: a brief review

Weiming Hao1, Yaxing Shen2, Mingxiang Feng2, Hao Wang2, Miao Lin2, Yong Fang2, Lijie Tan2

1Shanghai Medical College, 2Department of Thoracic Surgery, Zhongshan Hospital, Fudan University, Shanghai 200032, China

Contributions: (I) Conception and design: Y Shen, L Tan; (II) Administrative support: M Feng; (III) Provision of study materials or patients: H Wang, 

M Lin; (IV) Collection and assembly of data: Y Shen, W Hao; (V) Data analysis and interpretation: W Hao; (VI) Manuscript writing: All authors; (VII) 

Final approval of manuscript: All authors.

Correspondence to: Yaxing Shen, MD. Department of Thoracic Surgery, Zhongshan Hospital, Fudan University, 180 Fenglin Road, Shanghai 200032, 

China. Email: shen.yaxing@zs-hospital.sh.cn.

Abstract: Improved survival in esophageal cancer patients with regular aspirin use have been reported. 
However, with conflicting experimental results existed, an explicit definition on the role of aspirin as an 
adjuvant chemotherapy of esophageal cancer remains unestablished. We have summarized the current 
epidemiologic trials evidence over antitumor effect of aspirin in esophageal cancer in the past decades, and 
most of the clinical data supports that long-term regular aspirin use could reduce the mortality and improve 
the survival in patients with esophageal cancer. Although most of the clinical trials of aspirin on esophageal 
cancer are designed focusing on the prediagnosed chemo-preventive role, other than the post-diagnosed 
therapeutic role, it has been suggested by some studies that aspirin use as an adjuvant treatment after the 
standard surgery in esophageal cancer may benefit more. In the meanwhile, post diagnosed aspirin use may 
lead to lower risk of hemorrhage and other side effects of NSAIDs. Potential involved molecular pathways 
in the antitumor activities of aspirin are under studied worldwide for years and the possible mechanisms 
so far are reviewed in this article as cyclooxygenase (COX)-dependent pathways and COX-independent 
pathways, involving anti-inflammatory activity, apoptosis, platelet deactivation, PIK3CA mutation specificity 
and heparanase-related microenvironment changes of tumor cells. NOSH-aspirin has been developed as 
a succedaneum of aspirin with a wider application ranges by reducing the risk of hemorrhage in aspirin 
users. Further clinical and basic studies are suggested focusing on whether regular aspirin use as an adjuvant 
treatment prolongs survival and prevents recurrence in patients with esophageal cancer. 

Keywords: Aspirin; esophageal cancer; adjuvant chemotherapy; cyclooxygenase; PIK3CA mutation; heparanase; 

NOSH-aspirin

Submitted Jan 06, 2018. Accepted for publication Feb 27, 2018.

doi: 10.21037/jtd.2018.03.110

View this article at: http://dx.doi.org/10.21037/jtd.2018.03.110

2497



2491Journal of Thoracic Disease, Vol 10, No 4 April 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(4):2490-2497jtd.amegroups.com

could reduce the mortality in patients with esophageal 
cancer, especially after diagnosed or treated by standard 
therapy like esophagectomy (11,18,19). In spite of many 
efforts made, the molecular mechanisms of antitumor effect 
of aspirin remain unclear. Hereby we make a review of the 
recent clinical and biological evidences on the antitumor 
effect of aspirin in esophageal cancer, especially in patients 
who have received esophagectomy, and have a further 
discussion on the possible antitumor mechanisms of aspirin.

Aspirin and esophageal cancer

Antitumor effect of aspirin 

As a salicylic acid drug, aspirin has been widely used 
for anti-inflammation, analgesia and prevention of 
cardiovascular disease. Its new role in antitumor field has 
only become apparent recently. In 1988, the study of Kune 
et al. (20) showed a significantly lower risk in developing 
colon cancer in patients with regular aspirin use than non-
users which indicates the possibility of the association 
between aspirin and malignant tumors. Rothwell and his 
colleagues evaluated the cancer death based on several 
clinical trials (11,15,21-23) and found an aspirin-related 
improvement of overall survival in the participants [odds 
ratio (OR) 0.85, 95% confidence interval (CI), 0.76–0.96; 
P<0.05]. Among cancer patients who had taken low dose 
aspirin for over 5 years, a significant decrease of cancer risk 
was stated, and the antitumor effect of aspirin was positively 
correlated to the duration of drug use (21).

Antitumor effect of aspirin in patients with esophageal 
cancer 

With these inspiring results in colorectal cancer, the 
association between aspirin and esophageal cancer receives 
more and more attention this century. In 2003, a systematic 
meta-analysis of nine studies (two cohorts, seven case 
controls) containing 1,813 cases indicated a protective role 
of aspirin for esophageal cancer, both esophageal squamous 
cell carcinoma (ESCC) and esophageal adenocarcinoma  
(OR =0.5, 95% CI, 0.38–0.66) (24). Later in 2006, a 
hospital-based case control study with consistent frequency 
and duration of drug use of aspirin designed by Jayaprakash 
et al. found a significantly lower risk of esophageal cancer 
in regular aspirin users compared to non-users (OR =0.54; 
95% CI, 0.36–0.86) (25). Studies on antitumor effect of 
aspirin are focusing on the prevention both of occurrence 

and recurrence of the disease, and it has been showed post 
diagnosed aspirin use is more likely to be associated with 
higher survival rates in patients with esophageal cancer (26). 
In this regard, it is suggested aspirin could be developed as 
an adjuvant treatment in patients with cancer (18).

Aspirin as adjuvant treatment in patients with esophageal 
cancer

Studies on antitumor strategies in other solid tumors such 
as colorectal cancer, has recommend aspirin as adjuvant 
chemotherapy after potentially curative surgeries (19). In 
patients with esophageal cancer, Liu and his colleges had 
evaluated the antitumor effect of aspirin as an adjuvant 
treatment in 1,716 patients in China who had underwent 
esophagectomy for ESCC or adenocarcinoma (18). The 
result of their study supported, although not confirmed, that 
aspirin could be used in patients with esophageal cancer as 
an adjuvant chemotherapy following the standard surgery.

van Staalduinen et al. also reported that aspirin works 
better as an adjuvant chemotherapy than neoadjuvant 
therapy based on analysis of overall mortality. In patients 
who had undergone esophagectomy, the risk ratio of the 
group followed by aspirin treatment versus non-aspirin use 
group was 0.40 (95% CI, 0.20–0.79) while in the patients 
who received no esophagectomy the risk ratio was 0.45 
(95% CI, 0.31–0.66). Moreover, the survival in patients 
who had only received post-diagnosis aspirin treatment 
was better than those had received both pre-diagnosis and 
post-diagnosis aspirin treatment, which could be explained 
by the hypothesis that the tumor in pre-diagnosis users 
has survived in presence of aspirin in plasma, it would 
also survive the similar dose after post-diagnosis aspirin 
treatment (26). As for the difference based on different 
histological types of esophageal cancer, Staalduinen et al. 
studied two major histological types of esophageal cancer 
in 560 patients observational study and made a stratified 
survival analysis in the aspirin use group, which showed 
that participants with ESCC [risk ratio (RR) 0.34, 95% CI, 
0.18–0.63; P<0.001] are under lower risks of cancer death 
compared to the participants with adenocarcinoma (RR 
0.43, 95% CI, 0.28–0.65; P<0.001). It is not clear which 
mechanism contributes to this difference.

However, conflicting results have been reported in the 
oncological efficacy of aspirin. Another two large cohort 
studies in England (27) contained 4,654 esophageal cancer 
patients and 3,833 gastric cancer patients showed that the 
cancer mortality proportions of participants surviving 1 year 
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were similar in aspirin users versus non-users after diagnosis 
with esophageal cancer (48% vs. 50% in England and 49% 
vs. 46% in Scotland, respectively) and this nonsignificant 
result may be explained by the short duration of aspirin use 
[pooled adjusted hazard ratio (HR), 1.03; 95% CI, 0.85–1.25].

To get more convincing evidence, a multicenter, double-
blind, phase III randomized controlled trial with four 
parallel cohorts of breast, colorectal, gastro-esophageal 
and prostate cancer has been in progress in the United 
Kingdom (28). In this trial, some participants with standard 
potentially curative treatment for esophageal cancer, which 
refers to surgery with standard neo-adjuvant or adjuvant 
therapy, or only primary chemoradiotherapy, will receive 
regular different dose of aspirin as an adjuvant therapy. 
Higher quality of data and more reliable results are expected 
on this 5-year long trial named ADD-Aspirin investigating 
whether long-term regular aspirin use as adjuvant treatment 
would prolong survival and reduce mortality and recurrence 
in non-metastatic cancer patients.

Barrett's esophagus and aspirin 

Barrett's esophagus is convinced to be a precursor of 
esophageal adenocarcinoma (29). The risk of developing 
into esophageal adenocarcinoma in Barrett's esophagus 
patients was 11.3 times higher than general population 
(95% CI, 8.8–14.4) (30). Although it is reported effective 
of aspirin in reducing the incidence of Barrett’s esophagus-
derived esophageal adenocarcinoma (31), epidemiological 
evidences of aspirin on the risk of Barrett’s esophagus 
remain inadequate to reach a definitive conclusion (32). 
Another nested case-control study failed to demonstrate 
the association between aspirin or non-aspirin NSAIDs 
and esophageal cancer (33). These findings indicate that 
the targeting procedures of antitumor activity of aspirin 
may be the neoplastic progression from Barrett’s esophagus 
to adenocarcinoma or the metastasis of tumor cells other 
than the development into Barrett’s esophagus from normal 
epithelial tissue. 

In vitro and in vivo, Piazuelo et al. examined whether aspirin 
exert antitumor activity in esophageal adenocarcinoma. 
They found that in vitro cells, proliferation and migration of 
human esophageal adenocarcinoma cells were significantly 
inhibited and the apoptosis of the cells was promoted (P<0.05) 
by aspirin. In vivo, the progression of the esophageal cancer 
was lower in aspirin use mice than the non-aspirin use group. 
Maximum tumor inhibition in this study was 92% (low-dose 
group) and 85% (high-dose group), respectively (31). 

Antitumor mechanisms of aspirin

COX-dependent mechanisms

Inhibition of cyclooxygenase (COX)-2
Epidemiological studies showed that approximately 25% 
of different types of tumor attribute to multi-determined 
chronic inflammation (34). One broad biological effect 
of aspirin is anti-inflammation based on the inhibition of 
cyclooxygenase (mainly including COX-1 and COX-2), for 
which reason it is earliest theorized that inhibition of COX-
2 may be involved in the antitumor activity of aspirin (35). 
Chronic inflammation can activate specific transcription 
factors, which may participate in esophageal carcinogenesis 
through affect the activities of NF-κB and MAPK (36). 
NF-κB could inhibit the growth of cells through regulates 
kinases like IκB kinase, p38 MAPK, extracellular signal-
regulated kinase, and cell-cycle-dependent-protein kinases 
(CDK) (36-38). Therefore, it is speculated that aspirin 
participates in the inhibition of inflammation-related 
carcinogenesis. Supporting clinical results has been reported 
showing that compared with the general population, regular 
aspirin users as well as other nonsteroidal anti-inflammatory 
(NSAIDs) drug users are under lower risks of developing 
esophageal adenocarcinoma (39).

In 1999, Zimmermann et al. (40) examined the expression 
of COX-2 in ESCC and esophageal adenocarcinoma and 
found positive COX-2 expression in most of the ESCC and 
adenocarcinoma cells. COX-2-derived prostaglandin E-2 
(PGE-2) promotes the proliferation and apoptosis of cancer 
cells through different molecular pathways, including 
MAPK, PI3K and cAMP/PK pathways (41). As a COX-
2 inhibitor, aspirin may not only affect the inflammatory 
pathologies but decrease the proliferation of different types 
of cancer cells through these interrelated signaling pathways 
as well. Furthermore, COX-2 has also been shown to be 
related to the development from Barrett's esophagus to 
esophageal adenocarcinoma (42,43), which explains why 
the probable targeting procedures in antitumor activity 
of aspirin is the neoplastic progression from Barrett’s 
esophagus to adenocarcinoma other than the development 
into Barrett's esophagus from normal epithelial tissue (33).

The experiments in vitro and in vivo are made to evaluate 
the effect of aspirin in esophageal adenocarcinoma cells, 
which found decreasing levels of PGE-2 both intracellularly 
and in cell culture supernatants and supports the correlation 
of COX-2 dependent mechanisms and the antitumor effects 
of aspirin (31). 

On the contrary, some other studies got results which 
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cannot be well explained by the inhibition of COX-2  
mechanism. Studies of van Staalduinen et al. (26) noticed 
that non-aspirin NSAIDs have no significant effects 
on survival or mortality of cancer patients, only does 
the aspirin have, which suggested an aspirin-specific 
antitumor effect. Moreover, the aspirin drug concentration 
required for antitumor use in tumor cells is much higher 
than the concentration required to inhibit COX-1 or  
COX-2 expressions (44). It has been validated in vitro 
that aspirin could regulate proliferation and apoptosis of 
cancer cells through pathways irrespective to COX-1 or  
COX-2 (45). These findings above indicate that inhibition 
of cyclooxygenase may not be the only mechanism, or even 
the main mechanism involved in the antitumor activity of 
aspirin.

Inhibition of COX-1 and platelet activation
Aspirin is considered be able to diminish the metastatic 
potential through inhibites COX-1 expression in platelet. 
It can affect the platelet activations and further decrease 
the secretion of growth factors involved in the epithelial-
mesenchymal transition of the tumor cells in circulation (46). 
Based on the mechanisms above, the COX-1 inhibitors 
could down-regulate the activation of platelets to affect the 
tumor progression (47). Platelets can help the tumor cells 
get rid of the immune elimination and make it easier for the 
tumor cells to arrest at the endothelium, accelerating the 
formation of a secondary lesions (47-49). Further, platelet 
aggregation can protect tumor cells from immunological 
attack in the circulation (49). The vascular endothelial 
growth factor (VEGF) from platelets accounts for 80% of 
the whole VEGF in circulation (50). The decrease in serum 
VEGF could not only reduce the angiogenesis to disturb 
the nutrients delivery to tumor cells, but also impede the 
formation of an appropriate microenvironment of the 
metastatic cells (51).

Based on five case-control studies (15), it was found that 
in aspirin users the cancer was less likely to have distant 
migration than in non-users. In the contrast, no difference 
in frequency in these studies has been seen between 
regional spread of esophageal cancer and local disease only, 
which further indicates that aspirin is more likely to affect 
the metastasis of tumor rather than the growth of primary 
cancer. 

COX-independent mechanisms

Since more and more studies of aspirin and non-aspirin 

NSAIDs suggest that the antitumor effect seems to be aspirin-
specific (26,52), new plausible mechanisms based on COX-
independent biological effects of aspirin are raised recently.

PIK3CA mutation
Liao and his colleagues have reported two cohort studies 
of 964 patients with colorectal cancer and divided them 
into two groups based on PIK3CA types. According to 
their studies, longer survival was thought to be related 
with regular aspirin use in the colorectal cancer patients 
with mutated type of PIK3CA (HR for cancer death =0.18, 
95% CI, 0.06–0.61; P<0.001), but not in the patients with 
wild type of PIK3CA (HR =0.96, 95% CI, 0.69–1.32;  
P=0.76) (53). This finding shows a clue related to varieties 
of PIK3CA in the antitumor activity of aspirin.

Mutation of PIK3CA can be found in several cancers, 
including esophageal cancer (54,55). It is speculated that 
PIK3CA mutations resulted in attenuation of apoptosis 
in tumor cells and promoted tumor invasion (54). 12.5% 
mutation in PIK3CA gene was reported in a cohort of 96 
Chinese patients with esophageal SCC (55).

P I K 3 C A  e n c o d e s  a  c a t a l y t i c  s u b u n i t  o f  t h e 
phosphatidylinositol 3-kinases (PI3Ks) (54) and can 
phosphorylate phosphatidylinositol 4,5-bisphosphate 
(PIP2). As one of the downstream effector protein kinase of 
PIP2 phosphorylation, AKT plays a crucial role in the cell 
proliferation, apoptosis and motility (56). It is reported AKT 
activates in PIK3CA mutation and up regulates the cell 
proliferation (54). Over activated effects of AKT pathway 
in PIK3CA mutated individuals has been set up in mouse 
models first, showing strong activation in AKT pathway (57). 
In vivo, AKT activated RAS-induced senescence is found to 
be related with promoted progression of tumor (58). 

Preclinical data on mice experiments shows that aspirin 
inhibits PI3 kinase activity by affecting COX-2 dependent 
mechanisms, supporting that the antitumor effect of aspirin 
might varies in different PIK3CA types (59). It is speculated 
that mutations of PIK3CA may influence the antitumor 
effects of aspirin as adjuvant treatment through regulating 
cell apoptosis and tumorigenesis (53). Furthermore, the 
results in a 96 cases observational study in China reported 
12.5% mutation of PIK3CA in patients with ESCC (55), 
we may suspect that the PIK3CA status is also related 
to the antitumor effect of aspirin in ESCC and further 
investigations on esophageal cancer are suggested.

Heparanase
A recent study of Dai and her colleges suggested heparanase 
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participating in the antitumor activity of aspirin through 
affecting the metastasis and angiogenesis of tumor cells (60).

Heparanase works as a glucuronidase and degrades the 
heparan sulfate chain of heparan sulfate proteoglycans on 
the tumor cell surface and in the extracellular matrix (61). 
As the only heparan sulfate degrading endoglycosidase 
involved in extracellular matrix metabolism, the level of 
heparanase determines tumor cells microenvironment and 
thus facilitates the invasion and metastases of them (62).

Heparanase-based anti-metastatic and anti-angiogenic 
activities of aspirin were illustrated in Dai’s study supporting 
by experiments in vivo and in vitro: aspirin acts upon 
heparanase and inhibits its enzymatic activities in cancer 
cells. For the anti-metastatic effect, aspirin could inhibit 
heparanase-related cell metastasis and invasion activities, 
which is proved to be COX-independent. For the anti-
angiogenic effect, aspirin down-regulates heparanase-
related VEGF levels which decreases tumor angiogenetic 
activity. They further verified the binding sites for aspirin in 
heparanase as Lys159 and Glu225, which may propose new 
inhibitors of heparanase by binding to these two sites (60).

Heparanase-based anti-metastatic and anti-angiogenic 
activities of aspirin may contribute to the explanation of 
the role of aspirin as adjuvant treatment in patients already 
having cancer other than as primary preventive method.

Side effects

As in the studies on cardiovascular disease, it is also 
concerned that the application of aspirin in cancer 
prevention or treatment may be limited by the side effects 
of this drug, particularly serious hemorrhage. Based on 
cohort studies and randomized clinical trials, Cuzick  
et al. concluded that regular aspirin use increases the risks 
of serious gastrointestinal bleeding (RR =3.1, 95% CI, 
2.8–3.3), gastric or duodenal ulcer (RR =1.68, 95% CI, 
1.51–1.88) and hemorrhage stroke in high-risk patients  
(RR =1.22 ,  95% CI,  1 .03–1.44)  (52) .  There  are 
studies showed that the increased risk was mainly 
non-fatal bleedings, though. The incidence of fatal 
bleeding seems even lower in patients with aspirin 
versus those taking placebo drugs (OR =0.32, 95% CI, 
0.12–0.83, P<0.05) (22). A few studies have evaluated 
the bleeding risk of  aspirin use for antitumor as 
follows: Din’s study showed no major bleedings were 
observed in patients taking NSAIDs regularly for  
antitumor (63); Liu also noted no side effects in participants 
with cancer, neither in the aspirin use group or the placebo 

group (18). The risk is thought to be related to the dosage 
of daily aspirin use and duration of treatment with this drug.

Moreover, concerned of the side effects of aspirin, Lee 
et al. has developed a safer aspirin succedaneum, NOSH-
aspirin, a nitric oxide and hydrogen sulfide releasing  
hybrid (64). The cell growth inhibitory effects of NOSH-
aspirin showed in their studies were dose-dependent and 
led to inhibitions of cell proliferation significantly. In 
xenografts, tumor volume decreased strikingly: colorectal 
cancer 89%, P=0.005; breast cancer 91%, P=0.006; 
pancreatic cancer 75%, P=0.003 (65).

The dosage of aspirin for antitumor use, an important 
point for both the antitumor effects and risk of bleeding, 
remains another controversy. The dosage of aspirin for 
antitumor effect varies from study to study. The daily dose 
of aspirin reported in Liu et al. study (18) was 50 mg per 
day, and it should be reduced to 25 mg per day in patients 
complaining any gastric discomfort. In ADD-aspirin  
trials (26), the patients under 75 years old are divided into 
three groups taking either 100 mg aspirin per day, 300 mg 
aspirin per day or placebos, while patients over 75 years old, 
are having either 100 mg aspirin or placebo. Consistency 
of aspirin taking shows better effect on reducing the risk 
of cancer (66). Rothwell et al. study used low dose aspirin 
for over 5 years and resulted a significantly reduction of 
cancer risk (21). The data on the dosage of aspirin use for 
antitumor effect by now is too limited to assess the dosage 
risks or duration risks. Further studies on the dosage would 
be necessary if the therapeutic role of aspirin in antitumor is 
confirmed.

Conclusions

Different clinical studies with well-quality evidences 
strongly indicate that aspirin plays a role in inhibiting 
the development of malignancy. Aspirin shows potentials 
to decrease the invasion and metastasis of tumor cells 
as chemo-treatment, especially adjuvant treatment of 
esophageal cancer. Conceivable mechanisms of the 
antitumor effect of aspirin involve COX-dependent 
pathways and COX-independent pathways, including COX-
1, COX-2 related pathways, PIK3CA/AKT pathway, and 
heparanase-mediated mechanism, which may contribute to 
the antitumor activity of aspirin separately or interactively. 
NOSH-aspirin has been developed as a succedaneum of 
aspirin to reduce the risk of hemorrhage and other side 
effects in aspirin users. Further molecular biochemistry 
investigation and high quality clinical trials are highly 
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suggested on the antitumor effect of aspirin in patients with 
esophageal cancer.
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