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A B S T R A C T   

Several clinical and preclinical studies have shown that nonsteroidal anti-inflammatory drugs 
(NSAIDs), particularly aspirin, reduce the incidence of various cancer types. However, there is 
still a lack of literature evaluating the overall association between multiple cancer morbidities 
and NSAIDs. Thus, we conducted an umbrella review to evaluate the quality of evidence, validity, 
and biases of the existing systematic reviews and meta-analyses on the relationships between 
NSAIDS and multiple tumor incidence outcomes. We found that NSAIDs might be associated with 
a decreased risk of several cancers, including the central nervous system, breast, esophageal, 
gastric, head and neck, hepatocellular, cholangiocarcinoma, colorectal, endometrial, lung, ovary, 
prostate, and pancreatic cancers, but regular intake of any dose of non-aspirin NSAIDs (NA- 
NSAIDs) could increase the incidence of kidney cancer. However, most of included studies are 
evaluated as low quality according to our evidence assessment. Furthermore, due to the potential 
side effects, such as hemorrhage, digestive symptoms and peptic ulcer, it is still not recommend to 
use NSAIDs regularly to prevent cancers.   

1. Introduction 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are a group of compounds with unrelated chemical structures and different 
mechanisms. More than 100 of them have been studied, many of which have been approved for clinical application. They have been 
used worldwide for treating cardiovascular events, rheumatic immune diseases, and other painful conditions, owing to their potent 
anti-inflammatory, analgesic, and antipyretic activities [1]. Among the causes of death worldwide, cancer accounts for a large pro-
portion at all income levels, according to the Cancer Mondial Database, especially in developing countries [2]. Data from the United 
States Cancer Statistics (USCS) reveal approximately one in every five deaths was due to cancer, and nearly 600 patients had cancer for 
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every 100,000 people in 2019 [3]. Owing to this increasing burden, topics related to the prevention and treatment of cancers have 
received much attention globally. 

Several clinical and preclinical studies have detected that NSAIDs, especially aspirin, can reduce the incidence of various types of 
cancer as they decrease the level of inflammatory mediators around cancer cells [4–8]. However, several studies have reported that 
NSAIDs have no significant advantage in reducing the morbidity of some cancer types [9,10]. Although the associations between 
NSAID intake and various cancer incidences have been assessed in an increasing number of studies, including many systematic reviews 
and meta-analyses of diverse quality, there is still a lack of comprehensive literature evaluating the overall connection between 
multiple cancer morbidities and NSAIDs. In addition, the dose-response relationship between NSAID intake and cancer risk remains 
inconsistent in studies with different exposures. To comprehensively evaluate the quality of evidence, possible biases, and validity of 
the associations between different types of NSAIDs and diverse cancer outcomes, we conducted an umbrella review of the evidence 
according to existing systematic reviews and meta-analyses. 

2. LITERATURE and methods 

2.1. Literature search 

Systematic reviews and meta-analyses in databases, including PubMed, Embase, Web of Science, and the Cochrane Database of 
Systematic Reviews, were searched using the following strategies: (Non-steroidal anti-inflammatory drugs OR Nonsteroidal anti- 
inflammatory drugs OR Nonsteroidal anti-inflammatory agents OR Nonsteroidal anti-inflammatory analgesics OR NSAIDs OR 
NSAID OR NSAIAS OR NSAIA) AND (systematic review OR meta-analysis). The 2020 Sign Guidance was also referenced in the 
literature search [11,12]. Two independent investigators (PZW and YH) screened titles and abstracts and selected eligible articles 
through a full-text review. A third investigator (LRL) resolved discrepancies between the two investigators during the selection pro-
cess. Our study is registered on PROSPERO (Number: CRD42023417591). 

2.2. Umbrella review methods 

After excluding studies inconsistent with our criteria, existing data from systematic reviews and meta-analyses were searched and 
evaluated by referring to umbrella methods [13,14]. We also excluded systematic reviews without meta-analyses because of a lack of 
data on the analysis of different NSAID doses in participants. 

2.3. Eligibility criteria 

In our review, NSAIDs were defined as a group of drugs that can inhibit cyclooxygenase (COX) to prevent arachidonic acid (AA) 
from transforming into prostanoids. We included systematic reviews with meta-analyses published in English that evaluated overall 
NSAIDs and individual drugs. Other categories of studies (cohort studies, case-control studies, randomized controlled trials [RCTs], 
nonrandomized controlled trials [NRCTs], reviews, case reports, and letters) were excluded. The baseline characteristics of the par-
ticipants were not used as screening criteria. If a meta-analysis reported the incidence of two or more cancers, we extracted the data for 
each outcome separately. For studies with similar cancer outcomes, we selected a larger number of participants. We excluded analyses 
that only reported the total cancer incidence because the cancer data could not be extracted separately through subgroup analysis. 
Meta-analyses involving animals and laboratories were also excluded. 

2.4. Data extraction 

PZW and BC independently extracted the following data from included studies: 1) name of the first author, 2) year of publication, 3) 
category of exposure (categories of NSAIDs), 4) outcome, 5) the number of included studies, 6) the number of participants in each 
study, 7) study design (case-control, cohort, RCT, and NRCT), 8) follow-up time, 9) type of comparisons (highest versus lowest, any 
versus never, and increment or reduction of any dose of NSAIDs), 10) the estimated summary effect (RR, relative risk; OR, odds ratio) 
and corresponding 95 % confidence intervals (CIs), and 11) journal name. If the meta-analyses reported various doses of NSAIDs (low-, 
medium-, or high-dose), we chose the data of the groups with higher-dose intakes. 

2.5. Data analysis 

We extracted related data and estimated the summary effect with the 95 % CI reported in each meta-analysis, if available [11]. If an 
article included meta-analyses of both cohort and case-control studies and the analysis was performed separately without an overall 
outcome, we extracted the data by study design. The I2 test and Cochran’s Q test were performed to estimate the heterogeneity among 
the studies, and Egger’s test was performed to calculate the publication bias in every study [15]. Statistical significance was set at P <
0.10 for Egger’s test and test for heterogeneity. For other tests, a P < 0.05 was regarded as significant. In addition, if meta-analyses 
presented dose-response relationships, we extracted the associations as much as possible. 
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2.6. Assessment of methodological quality of included studies and quality of evidence 

AMSTAR was used to evaluate the methodological quality of the included articles using 11 items, which has been reported as a valid 
standard for assessing the quality of systematic reviews and meta-analyses [16–18]. In addition, we evaluated the strength of the 
evidence for each outcome presented in the umbrella review using the Grading of Recommendations, Assessment, Development, and 
Evaluation (GRADE) classification system. The evidence classifications were divided into “high,” “moderate,” “low,” and “very low” 
quality to make recommendations [19]. 

3. Results 

3.1. Characteristics of meta-analyses 

A flowchart of the literature screening and selection procedures is shown in Fig. 1. We identified 7691 articles, and finally, 80 meta- 
analyses were conducted based on the criteria above. Twenty unique cancer outcomes were extracted from the eligible studies. Because 
of the large number of meta-analyses that evaluated aspirin separately, subgroup analyses of aspirin NSAIDs and non-aspirin NSAIDs 
(NA-NSAIDs) were also conducted. The associations between NSAID intake and cancer incidence are shown in Table 1. Table 2 shows 
the related information for aspirin NSAIDs and NA-NSAIDs. 

3.2. Associations between total NSAIDs and cancer incidence 

3.2.1. Significant associations 
In total, 36 independent meta-analyses presented the relationship between NSAIDs without classification and cancer rates, 

including 14 unique cancer outcomes. A secondary study involving 38 primary articles revealed that NSAIDs may decrease the risk of 
breast cancer without a linear relationship [20]. Overall, NSAID use could reduce the incidence of central nervous system (CNS) 
tumors, accompanied by a significant dose-response relationship. This meta-analysis demonstrated that increasing the cumulative 100 
defined daily doses of NSAIDs resulted in a 5 % decrease in CNS tumor risk (RR = 0.95, 95 % CI = 0.92–0.98, P = 0.003), and the 
proportion reached 6 % after increasing the duration of NSAID intake by 2 years (RR = 0.94, 95 % CI = 0.92–0.98, P = 0.001). 
However, the results did not show a positive association with meningiomas [21]. Another meta-analysis found that the risk of 
esophageal squamous cell carcinoma (ESCC) was significantly decreased by 52 % in patients exposed to NSAIDs compared to that in 
controls [22]. In addition, a meta-analysis reported that the incidence of ESCC could be slightly lower when NSAIDs were used once or 
more daily than when used less than once, and no difference was found after comparing two groups with different duration categories 
and methods of obtaining exposure data. In addition, NSAIDs are positively associated with the prevention of gastric cancer without a 
clear linear association, especially in non-cardiac gastric tumors [23]. Furthermore, NSAID use could be associated with a significantly 
lower incidence of oropharyngeal, laryngeal, and other head and neck cancers. A dose-relationship meta-analysis reported that an 
increase of 2 prescriptions/week of NSAIDs resulted in a 4 % decrease in head and neck cancer risk with statistical significance (RR =
0.96, 95 % CI = 0.94–0.99, P < 0.001) [24]. The highest dose of NSAID consumption also correlated with a lower risk of both incidence 

Fig. 1. Flowchart of the systematic search and selection process.  
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and recurrence of hepatocellular carcinoma than did the lowest dose of NSAID intake [25]. 
A meta-analysis involving 123,384 patients found that NSAID intake decreased the risk of prostate cancer by 11 % with apparent 

heterogeneity, but long-term NSAID use (>5 years rather than >4 years) reduced morbidity (RR = 0.882, 95 % CI = 0.785–0.991, P =
0.035, I2 = 27.40 %). In addition, subgroup analysis revealed that studies performed in North America and Europe demonstrated a 
stronger association than those performed in other continents did; however, the risk of advanced prostate cancer or prostate cancer 
with a Gleason score ≥7 did not decrease after NSAID use [26]. Finally, the overall use of NSAIDs was associated with an 18 % 
decreased risk of squamous cell carcinoma (SCC) of the skin compared to that of never using them, with the analysis showing sig-
nificant heterogeneity [27]. The relationship between overall NSAID use and non-SCC skin cancers did not show a positive result in 
other studies. 

3.2.2. Non-significant associations 
No significant association was observed between NSAIDs and the risk of pancreatic cancer [28], cholangiocarcinoma [29], colo-

rectal cancer [30], melanoma [31], non-Hodgkin’s lymphoma (NHL) [32], or lung cancer [33]. 

3.3. Associations between aspirin use and cancer incidence 

3.3.1. Significant associations 
Aspirin intake was associated with a 6 % decrease in the overall risk of breast cancer without a linear relationship [34]. However, a 

subgroup analysis based on different hormone receptor statuses revealed that aspirin could only decrease the incidence of breast 
cancer in patients with estrogen receptor (ER)- or progesterone receptor (PR)-positive and in situ cancers. In addition, another sub-
group analysis observed that a regular dose of aspirin (325 mg) and a duration of use >3 years were significantly associated with a 
decreased risk. In addition, aspirin can decrease the risk of cholangiocarcinoma, except in the ampulla of Vater cancer [29]. A 
meta-analysis also reported that the highest aspirin intake was associated with a 26 % decreased risk of colorectal cancer compared 
with that of the lowest intake [35]. Dose-response analysis revealed that aspirin use and colorectal cancer risk had a nonlinear 
relationship in that every 75 mg/d increase in consumption was related to a 10 % decrease in risk. In addition, there was also a 
nonlinear relationship between colorectal cancer incidence and the frequency of aspirin use, in that greater aspirin use per week 

Table 1 
Associations between overall NSAIDs and cancer outcomes.  

Outcome Study No. of 
cases/ 
total 

MA 
metric 

Estimates 95%CI No. of 
studies 

Cohort Case- 
control 

Effects 
model 

I2; Q 
test P 
value 

Egger 
test P 
value 

Significant associations 
Breast cancer Takkouche, B, 

2009 
87,421/ 
2,625,742 

RR 0.88 0.84–0.93 38 22 16 Random 82 %; 
<0.001 

0.34 

CNS cancer Zhang T,2017 19,394/ 
667,085 

RR 0.89 0.81–0.95 12 4 8 Random 55.8 %; 
0.000 

0.001 

Esophageal cancer Sun, 2011 1103/NA OR 0.58 0.47–0.72 7 0 7 Fixed 0 %, 
0.57 

0.90 

Gastric cancer Tian, 2010 3215/ 
548,267 

RR 0.76 0.70–0.82 15 4 11 Fixed 38.6 %, 
NA 

0.01 

Head and neck 
cancer 

Shi, 2017 12,637/ 
653,828 

RR 0.84 0.76–0.93 11 4 7 Random 70.5 %, 
0.000 

0.245 

Liver cancer Pang, 2017 3225/ 
809,886 

HR 0.81 0.69–0.94 7 3 4 Random 66.6 %, 
<0.001 

0.564 

Prostate cancer Shang, 2018 123,384/ 
379,057 

RR 0.89 0.81–0.98 17 7 10 Random 94.00 
%, 
0.000 

0.185 

Skin cancer Muranushi, 
2014 

6004/ 
198,009 

RR 0.82 0.71–0.94 8 3 5 Random 64.5 %, 
0.003 

0.25 

Non-significant associations 
Pancreatic cancer Zhang, 2015 2298/ 

45,877 
OR 0.97 0.86–1.10 5 1 4 Random 0.0 %; 

0.451 
0.413 

Cholangiocarcinoma Lapumnuaypol, 
K,. 2019 

NA/ 
9,200,653 

OR 0.79 0.28–2.21 2 1 1 Random 57.0 %; 
0.13 

NA 

Colon cancer Harewood, 
2021 

8003/ 
681,830 

NA 0.83 0.65–1.06 3 3 0 Random 64.4 %; 
0.06 

NA 

Melanoma Li, 2013 90,343/ 
930,659 

RR 1.00 0.93–1.07 11 6 5 Random 17.5 %; 
0.272 

NA 

Non-Hodgkin’s 
lymphoma 

Bernatsky, S, 
2007 

5794/ 
40,501 

OR 0.93 0.74–1.14 7 1 6 Random NA NA 

Lung cancer Xu, 2012 3635/ 
52,913 

OR 0.8 0.63–1.03 6 0 6 Random 94 %, 
<0.001 

NA 

MA, meta-analysis; CI, confidence interval; RR, relative risk; NA, not available; OR, odds ratio; NHL, non-Hodgkin lymphoma; CNS, central nervous 
system. 
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Table 2 
Associations between Aspirin, NA-NSAIDS and cancer outcomes.  

Outcome Study No. of cases/total MA 
metric 

Estimates 95%CI No. of studies Cohort Case- 
control 

Effects 
model 

I2; Q test P 
value 

Egger test P 
value 

Aspirin 
Significant associations 
Digestive system cancer 

incidence 
Bosetti C, 2020 211,318/NA RR 0.73 0.69–0.78 113 37 76 Random 86.0 %; 

<0.001 
NA 

Breast cancer Ma, 2021 99,769/2,060,592 RR 0.94 0.91–0.97 42 27 15 Random 67.0 %; 
<0.001 

0.016 

Cholangiocarcinoma Lapumnuaypol, 
2019 

NA/9,200,653 OR 0.56 0.32–0.96 5 1 4 Random 98.0 %; 0.00 0.42 

Colorectal cancer Ye,2013 18,750/NA RR 0.74 0.64–0.83 12 12 0 Fixed 0.0 %; 0.545 0.119 
Endometrial cancer Zhang, 2016 11,998/485,290 RR 0.93 0.88–0.99 12 6 6 Random 0.0 %; 0.550 0.125 
Esophageal cancer Sivarasan N, 2013 2969/238,644 OR 0.671 0.526–0.856 9 1 8 Random 75.0 %; NA 0.05 
Gastric cancer Win TT, 2020 NA OR 0.64 0.54–0.76 21 10 11 Random 96.0 %; 

<0.001 
NA 

Liver cancer Wang, 2022 41,953+NA/3,305,888 OR 0.54 0.44–0.66 18 16 2 Random 96.0 %; 
<0.001 

0.501 

Lung cancer Friederike, 2016 15,572/1,736,915 RR 0.87 0.79–0.95 20 7 10 Random 74.4 %; 
<0.001 

0.0001 

Ovary cancer Zhang, 2016 15,163/499,950 RR 0.89 0.83–0.96 22 8 14 Random 22.5 %; 
0.168 

0.004 

Prostate cancer Shang, 2018 2,788,562/107,524,011 
(+NA) 

RR 0.93 0.89–0.96 34(1cross- 
section) 

17 16 Random 79.5 %; 0.00 0.537 

Pancreatic cancer Bosetti C, 2020 12,193/NA RR 0.78 0.68–0.89 15 7 8 Random 84.0 %; 
<0.001 

0.216 

Non-significant associations 
Bladder cancer Zhang, 2013 8422/800,139 RR 1.02 0.91–1.14 11 6 5 NA 48.7 %; 

0.035 
0.686 

CNS cancer Liu, 2014 8704/442,933 RR 1.01 0.84–1.21 7a(1RCT) 2 4 Random 78.8 %; 
<0.001 

0.644 

Head and neck cancer Tang, 2016 13,827/362,307 OR 0.93 0.79–1.10 10 2 8 Random 60.5 %; 
0.002 

0.255 

Kidney cancer Choueiri, T, 2014 6665/345,554 RR 1.10 0.95–1.28 13 5 8 Random 65.5 %; 
<0.001 

0.86 

Melanoma Li, 2013 NA/434,908 RR 0.97 0.86–1.08 10(1RCT) 5 4 Random 66.8 %; 
0.001 

0.672 

Skin cancer Muranushi, 2014 4663/120,278 RR 0.88 0.75–1.03 6 3 3 Random 63.7 %; 
0.017 

0.854 

NA-NSAIDS 
Significant associations 
CNS cancer Zhang, 2017 NA RR 0.86 0.78–0.94 10 NA NA Random 54.9 %; 

0.001 
1.000 

Colorectal cancer Tomic, T, 2019 NA/1,286,773 OR 0.74 0.67–0.81 23 10 13 Random 75.9 %; 
<0.001 

0.08 

Esophageal cancer Sun, 2011 877/NA OR 0.55 0.42–0.72 5 0 5 Random 2.2 %; 0.39 1.000 
Gastric cancer Tian, 2010 NA RR 0.81 0.74–0.90 6 NA NA Fixed 33.7 %; NA 0.134 
Kidney cancer Toni K, 2013 2230/303,067 RR 1.25 1.06–1.46 5 2 3 Random 27.3 %; 0.24 0.41 

(continued on next page) 
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Table 2 (continued ) 

Outcome Study No. of cases/total MA 
metric 

Estimates 95%CI No. of studies Cohort Case- 
control 

Effects 
model 

I2; Q test P 
value 

Egger test P 
value 

Skin cancer Muranushi, 2015 4449+NA/103,363 RR 0.85 0.78–0.94 7(1RCT) 3 3 Random 0.0 %; 0.628 0.548 
Non-significant associations 
Bladder cancer Zhang, 2013 5663/764,146 RR 0.87 0.73–1.05 6 3 3 Random 79.3 %; 

0.001 
0.118 

Breast cancer María, 2015 NA RR 1.03 0.99–1.08 10 8 2 Random 43.6 %; NA 0.416 
Endometrial cancer Verdoodt, 2016 3275/389,301 RR 0.94 0.83–1.05 6 6 0 Random 22.4 %; 

0.265 
0.211 

Head and neck cancer Saka-Herran, 2021 7663/1,217,905 OR 0.92 0.76–1.11 8 3 5 Random 82.0 %; 
<0.001 

NA 

Liver cancer Liu, 2022 NA HR 0.95 0.80–1.15 4 4 0 Random 56.9 %; 
0.073 

NA 

Lung cancer Xu, 2012 4066/26,310 OR 0.88 0.67–1.16 5 0 5 Random 93.0 %; 
<0.001 

NA 

Melanoma Li, 2013 5197+NA/431,382 RR 0.98 0.88–1.08 8 4 4 Random 59.1 %; 
0.017 

0.265 

Ovary cancer Baandrup, 2013 9280/528,403 RR 0.94 0.84–1.06 16 6 10 Random 63.4 %; 
<0.01 

0.91 

Pancreatic cancer Zhang, 2015 981/118,444 RRc 1.08 0.89–1.31 3 2 1 Random 0.0 %; 0.676 NA 
Prostate cancer Shang, 2018 NA RR 1.00 0.91–1.10 15 7 8 Random 94.5 %; 

0.000 
0.953 

NA-NSAIDS, Non-aspirin nonsteroidal anti-inflammatory drugs; MA, meta-analysis; CI, confidence interval; RR, relative risk; NA, not available; OR, odds ratio; CNS, central nervous system. 
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correlated with a stronger risk reduction when the frequency of use was under seven times (twice per week: RR = 0.92, 95 % CI =
0.88–0.95; seven times per week: RR = 0.82, 95 % CI = 0.78–0.87; more than seven times per week: RR = 0.82, 95 % CI = 0.78–0.87). 
For the relationship between colorectal cancer risk and duration of aspirin use, participants with longer aspirin use tended to exhibit 
stronger risk reduction (5 years: RR = 0.90, 95 % CI = 0.88–0.92; 10 years: RR = 0.82, 95 % CI = 0.78–0.86; 20 years: RR = 0.67, 95 % 
CI = 0.61–0.73). Moreover, aspirin might have a preventive effect, as the highest aspirin dose intake could decrease the risk of 
endometrial cancer by 7 % [36]. Subgroup analysis also detected a nonlinear association, where using aspirin twice per week could 
induce a 3 % decreased risk of endometrial cancer (RR = 0.97; 95 % CI = 0.95–0.99), but there was no significant difference between 
the duration of aspirin use and the risk of endometrial cancer. Another analysis demonstrated a significant 33 % reduction in 
esophageal cancer risk with aspirin use [37]. The same study revealed that a higher frequency of aspirin use might provide a greater 
chemoprevention effect (≤7 tablets/week: OR = 0.808, 95 % CI = 0.677–0.963, P = 0.017; >7 tablets/week: OR = 0.737, 95 % CI =

Table 3 
Assessments of AMSTAR scores and GRADE classification for each outcome.  

Outcome Author and year Category AMSTARa Score GRADEb quality 

Significant associations 
Breast cancer Takkouche, B, 2009 Overall NSAIDsd 8 very low 
CNSc cancer Zhang T,2017 Overall NSAIDs 8 low 
Esophageal cancer Sun, 2011 Overall NSAIDs 7 very low 
Gastric cancer Tian, 2010 Overall NSAIDs 9 very low 
Head and neck cancer Shi, 2017 Overall NSAIDs 9 moderate 
Liver cancer Pang, 2017 Overall NSAIDs 9 very low 
Prostate cancer Shang, 2018 Overall NSAIDs 10 very low 
Skin cancer Muranushi, 2014 Overall NSAIDs 7 very low 
Digestive system cancer incidence Bosetti C, 2020 Aspirin 7 very low 
Breast cancer Ma, 2021 Aspirin 9 low 
Cholangiocarcinoma Lapumnuaypol, 2019 Aspirin 9 very low 
Colorectal cancer Ye,2013 Aspirin 8 moderate 
Endometrial cancer Zhang, 2016 Aspirin 9 very low 
Esophageal cancer Sivarasan N, 2013 Aspirin 6 very low 
Gastric cancer Win TT, 2020 Aspirin 9 very low 
Hepatocellular carcinoma Wang, 2022 Aspirin 8 very low 
Lung cancer Friederike, 2016 Aspirin 8 very low 
Ovary cancer Zhang, 2016 Aspirin 9 low 
Prostate cancer Shang, 2018 Aspirin 10 very low 
Pancreatic cancer Bosetti C, 2020 Aspirin 8 very low 
CNS cancer Zhang, 2017 NA-NSAIDse 9 low 
Colorectal cancer Tomic, T, 2019 NA-NSAIDs 9 very low 
Esophageal cancer Sun, 2011 NA-NSAIDs 7 very low 
Gastric cancer Tian, 2010 NA-NSAIDs 9 very low 
Kidney cancer Toni K, 2013 NA-NSAIDs 8 very low 
Skin cancer Muranushi, 2015 NA-NSAIDs 7 low 
Non-Significant associations 
Pancreatic cancer Zhang, 2015 Overall NSAIDs 8 low 
Cholangiocarcinoma Lapumnuaypol, K,. 2019 Overall NSAIDs 9 very low 
Colon cancer Harewood, 2021 Overall NSAIDs 10 very low 
Melanoma Li, 2013 Overall NSAIDs 9 very low 
Non-Hodgkin’s lymphoma Bernatsky, S, 2007 Overall NSAIDs 5 very low 
Lung cancer Xu, 2012 Overall NSAIDs 7 very low 
Bladder cancer Zhang, 2013 Aspirin 7 very low 
CNS cancer Liu, 2014 Aspirin 9 low 
Head and neck cancer Tang, 2016 Aspirin 9 very low 
Kidney cancer Choueiri, T, 2014 Aspirin 8 very low 
Melanoma Li, 2013 Aspirin 9 very low 
Skin cancer Muranushi, 2014 Aspirin 9 very low 
Bladder cancer Zhang, 2013 NA-NSAIDs 7 very low 
Breast cancer María, 2015 NA-NSAIDs 7 very low 
Endometrial cancer Verdoodt, 2016 NA-NSAIDs 8 very low 
Head and neck cancer Saka-Herran, 2021 NA-NSAIDs 9 very low 
Hepatocellular carcinoma Liu, 2022 NA-NSAIDs 8 very low 
Lung cancer Xu, 2012 NA-NSAIDs 9 very low 
Melanoma Li, 2013 NA-NSAIDs 9 very low 
Ovary cancer Baandrup, 2013 NA-NSAIDs 6 very low 
Pancreatic cancer Zhang, 2015 NA-NSAIDs 8 very low 
Prostate cancer Shang, 2018 NA-NSAIDs 10 very low  

a AMSTAR, a measurement tool to assess systematic reviews. 
b GRADE, Grading of Recommendations Assessment, Development, and Evaluation. 
c CNS, central nervous system. 
d NSAIDs: nonsteroidal anti-inflammatory drugs. 
e NA-NSAIDs:non-aspirin nonsteroidal anti-inflammatory drugs. 
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0.608–0.894, P = 0.002). 
Overall, aspirin use was correlated with a lower risk of gastric carcinoma [38]. However, a positive correlation was found only in 

case-control studies (OR = 0.54, 95 % CI = 0.39–0.74) and not in cohort studies (OR = 0.77, 95 % CI = 0.58–1.02). In addition, a 
shorter duration (<5 years, OR = 1.01, 95 % CI = 0.72–1.43) of aspirin intake might have a weaker protective effect on gastric cancer 
than a long duration would (>5 years, OR = 0.67, 95 % CI = 0.34–1.31). However, there was no significant difference between low- 
and high-dose aspirin intake in reducing gastric cancer risk. In addition, the highest intake of aspirin was associated with a significant 
reduction in the risk of hepatocellular carcinoma by 46 % [39]. Stronger associations were detected by studies performed in Asia than 
in Western countries in the subgroup analysis (Asia: OR = 0.53; Western: OR = 0.58). Furthermore, aspirin use has been shown to 
decrease the risk of lung cancer [40]. A stratified analysis demonstrated that case-control studies showed a more protective rela-
tionship than did cohort studies (case-control: RR = 0.74, 95 % CI = 0.60–0.90; cohort: RR = 0.99, 95 % CI = 0.93–1.06). However, an 
adverse association with small cell lung cancer was found in the cohort studies (RR = 1.31, 95 % CI = 1.08–1.59). Moreover, the 
highest frequency of aspirin use could result in a decrease in ovarian cancer risk by 11 % in all studies [41] without a dose-response 
relationship. Another study showed a 7 % risk reduction in prostate cancer risk with aspirin intake [26], especially in advanced cancer, 
with a Gleason score of >7. Stronger associations were detected in studies performed in North America than in those performed in 
Europe. In addition, daily usage (≥1 pill/day) was associated with a significantly reduced incidence of prostate cancer (RR = 0.875, 95 
% CI = 0.792–0.967), but evidence demonstrated that long-term aspirin intake could not decrease the risk of prostate cancer. 
Furthermore, regular aspirin intake was correlated with a 22 % lower pancreatic cancer risk than was non-intake [42], and pooled 
analysis of the same study detected that regular aspirin use might have a protective effect against overall digestive cancer (RR = 0.73, 
95 % CI = 0.69–0.78). 

3.3.2. Non-significant associations 
There was no relationship between aspirin use and the risk of some cancers, including bladder cancer [43], CNS cancer [44], head 

and neck cancer [45], melanomas [31], kidney cancer [46], and skin cancer [27]. 

3.4. Associations between NA-NSAIDs use and cancer incidence 

3.4.1. Significant associations 
Studies on 16 types of cancer have reported a relationship between NA-NSAID use and cancer incidence. NA-NSAID intake was 

linearly associated with a lower risk of CNS cancer. A dose-response analysis showed that every 3-prescription increase in NA-NSAID 
use was associated with a 7 % decrease in CNS tumor risk, and every 2-year increase in the duration of NA-NSAID use decreased CNS 
tumor incidence by 8 % with statistical significance [21]. Moreover, regular use of NA-NSAIDs was related to a 26 % decreased risk of 
colorectal cancer in the general population aged forty or older [47], and high-dose NA-NSAIDs had a better protective effect than did 
low-dose NA-NSAIDs. NA-NSAIDs can also reduce esophageal cancer morbidity [48]. Statistically significant decreased risks (45 %) 
were detected in the highest NA-NSAID use group without a linear relationship. Furthermore, NA-NSAID intake was correlated with a 
lower risk of gastric cancer [23]. Regular use of NA-NSAIDs could reduce the incidence of gastric cancer by 19 %. The highest uti-
lization of NA-NSAIDs was also associated with a 15 % decreased risk of skin cancer without a dose-response relationship compared to 
that in non-users [27]. However, except for cutaneous squamous cell carcinoma, studies involving other types of skin cancers and 
NA-NSAIDs have not been reported. In addition, regular or any other frequency of NA-NSAID use correlated with a 25 % increased risk 
of kidney cancer (RR = 1.25, 95 % CI = 1.06–1.46). A stronger association was reported with high-dose and (RR = 1.56, 95 % CI =
1.11–2.19) [46] long duration of intake (RR = 2.92, 95 % CI = 1.71–5.01), especially in the female group (RR = 3.51, 95 % CI =
1.83–6.74). 

3.4.2. Non-significant associations 
No significant associations were detected between NA-NSAID use and the risk of bladder cancer [43], breast cancer [49], endo-

metrial cancer [50], head and neck cancer [51], hepatocellular carcinoma [52], lung cancer [33], melanoma [31], ovarian cancer 
[53], pancreatic cancer [28], and prostate cancer [26]. 

3.5. Heterogeneity of subgroups 

Among the studies that analyzed overall NSAID intake, eight meta-analyses reported a Q-test P-value of <0.10. Three meta- 
analyses reported a low heterogeneity (I2 < 25 %). Seven meta-analyses reported moderate-to-high levels of heterogeneity (I2 

25%–75 %), and three studies reported high levels of heterogeneity. One meta-analysis did not show the I2 statistic, and two studies did 
not report a specific Q-test P-value. 

With regard to studies focused on aspirin, a Q-test P-value of <0.10 was reported in 14 meta-analyses and was deficient in two 
studies. A very high level of heterogeneity (I2>75 %) was observed in eight meta-analyses. The other eight meta-analyses reported 
moderate-to-high levels of heterogeneity. Three meta-analyses reported a low heterogeneity. 

Among the studies on NA-NSAIDs, nine meta-analyses reported a Q-test P-value of <0.10. Four studies reported a low percentage in 
the I2 test, indicating low levels of heterogeneity, and high levels of heterogeneity were found in five studies. Six meta-analyses re-
ported moderate-to-high levels of heterogeneity. Two studies did not report the Q-test P-value in the body text. 
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3.6. Publication bias of included meta-analyses 

With regard to studies focused on overall NSAIDs, seven meta-analyses did not report significant publication bias, and two meta- 
analyses detected significant publication bias, including those on CNS cancer and gastric cancer. Five studies did not test for publi-
cation bias. Among the studies on aspirin, 12 meta-analyses did not report significant publication bias. Significant publication bias was 
observed in five studies, including overall cancer, breast cancer, esophageal cancer, lung cancer, and ovarian cancer. Two meta- 
analyses lacked Egger’s test for publication bias. In addition, among the studies on NA-NSAIDs, eleven meta-analyses did not 
detect apparent publication bias, four studies did not conduct tests, and only one study that focused on colorectal cancer reported 
significant publication bias. 

3.7. AMSTAR evaluation of included studies 

For studies on overall NSAIDs, the median AMSTAR score was 8.5 (range, 5–10; IQR, 7.5–9), and the median AMSTAR score of 
studies on aspirin was 9 (range, 7–10; IQR, 8–9); regarding meta-analyses focused on NA-NSAIDs, the median AMSTAR score was 8 
(range, 6–10; IQR, 8–9). Detailed AMSTAR evaluations of each outcome are presented in Supplementary Tables S2, S3, and S4. 

3.8. GRADE evaluation of included studies 

Regarding the quality of evidence for cancer outcomes in different categories of NSAIDs with the GRADE classification, only two 
cancer outcomes were identified as “moderate,” and the vast majority of included articles were rated as “very low” or “low.” This is 
because most of the analyses did not include the characteristics of the excluded primary studies, which is one of the critical domains. 
Furthermore, potential bias and limited width or breadth could have affected the evaluation of the included studies. The detailed 
GRADE scores of all types of NSAIDs are presented separately in Supplementary Tables S5, S6, and S7, and the summarized information 
of the AMSTAR and GRADE evaluation for each outcome is presented in Table 3. 

4. Discussion 

4.1. Major findings and interpretation 

This umbrella review identified 80 meta-analyses with unique outcomes as follows: 37 related to overall NSAIDs, 75 related to 
aspirin, and 41 related to NA-NSAIDs. Our results revealed that overall NSAID use was associated with a decreased risk of breast, CNS, 
esophageal, gastric, head and neck, liver, prostate, and skin cancers. Aspirin use was associated with a decreased risk of breast, 
cholangiocarcinoma, colorectal, endometrial, esophageal, gastric, liver, lung, ovarian, prostate, pancreatic, and digestive system 
cancers. In addition, NA-NSAID intake might reduce the incidence of CNS, colorectal, esophageal, gastric, and skin cancers but might 
increase the risk of kidney cancer. Dose-response analyses revealed that increasing the cumulative 100 defined daily doses or duration 
of overall NSAID use for 2 more years was associated with a 5 % and 6 % decrease in CNS tumor risk, respectively, whereas every 2 
prescriptions/week increment of overall NSAID use could decrease the risk of head and neck cancer by 4 %. Furthermore, a dose- 
response meta-analysis also detected that every three prescription increments or 2-year increments of NA-NSAID intake was related 
to a reduction in the incidence of CNS tumor risk by 7 % and 8 %, respectively. The summarization of positive outcomes were shown in. 

Chronic inflammation is associated with several malignancies. Previous studies reported that approximately 20 % of all cancer 
cases are characterized by chronic inflammation or autoimmunity in the same location [54]. In addition, low-grade generalized 
inflammation caused by pathogens or chronic wasting diseases can promote many different cancers, including stomach, prostate, and 
breast malignancies [55,56]. Successful tumor initiation depends on two main interdependent events: the alteration of genes or 
signaling pathways involved in tumor regulation and the process of cell growth after malignant transformation. Inflammation can 
significantly increase the number of macrophages and neutrophils and the levels of reactive oxygen and nitrogen species, which can 
effectively induce the accumulation of mutations in normal tissues. Furthermore, inflammation can induce the dedifferentiation of 
epithelial cells into tumor-initiating stem-like cells [57,58]. Moreover, inflammation can affect cancer immunosurveillance or elim-
ination, increasing the probability of tumor cell survival and proliferation [59]. Tumor cells surrounding stromal and inflammatory 
immune cells form the tumor microenvironment (TME), where cancer cells can conduct tissue repair and regeneration [57,60,61]. In 
the TME, enhanced expression of inflammation-related indicators has been shown to indicate a higher grade of inflammation induced 
by primary or metastatic tumors [62,63]. Owing to the important influence of inflammation at all stages of tumorigenesis, agents with 
anti-inflammatory effects have been widely studied, and epidemiological evidence has demonstrated that NSAIDs have potential 
advantages in cancer prevention and enhancement of the therapeutic efficacy of cancer drugs (such as cytotoxic agents or targeted 
agents) [64]. NSAIDs include diverse chemicals with different structures, which can decrease prostaglandins by inhibiting COX en-
zymes and other signal pathways, including phosphodiesterase (PDE), nuclear factor kappa-light-chain-enhancer of activated B cells 
(NF-κB), and Akt pathways [65,66]. 

COX enzymes, also known as prostaglandin-endoperoxide synthases, catalyze the synthesis of prostaglandins (PGs), thromboxane, 
and prostacyclin by utilizing arachidonic acid [67,68]. COX enzymes have three isomers: COX-1, COX-2, and COX-3. COX-1 is 
constitutively and universally expressed in many tissues and maintains homeostasis in the internal environment [69]. COX-3 is 
abundantly expressed in the brain and tumor tissues, with unclear enzyme activity [70]. In contrast, COX-2 expression is limited to 
inflammatory tissues and is usually overexpressed at the site of inflammation. Previous studies have proven that COX-2 expression is 
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upregulated in multiple malignancies, including colon and gastric carcinomas [68,71]. COX-2 exerts cancer-promoting effects by 
increasing the synthesis of PGs, especially PGE2. Overproduction of PGE2 can improve the proliferative ability and apoptosis resistance 
of tumor cells. Moreover, angiogenesis in cancer tissues and the development of the TME are facilitated by PGE2 accumulation [65]. 
Therefore, COX-2 inhibition may prevent carcinogenesis. Aspirin and COX-2 selective NSAIDs (COXIBs) can effectively inhibit the 
activity of COX-2 to reduce the concentration of PGs. Aspirin is a covalent inhibitor that acetylates the catalytic subunits of COX 
enzymes, resulting in an irreversible loss of function. COXIBS can specifically inhibit the activity of the COX-2 enzyme, and some 
studies have reported that COXIBs provide more significant protection against cancer than non-selective NSAIDs [66]. In addition, 
acetaminophen inhibits COX-3, which may protect against cancer [72]. Moreover, owing to the association between COX enzymes and 
angiogenesis, NSAIDs can delay cancer development by inhibiting the activity of COX isoforms. Studies have shown that ibuprofen and 
aspirin inhibit angiogenesis in various cancer types, including colorectal, breast, and gastric cancers [66,73–75]. 

In addition to COX, several other mechanisms explain the association between NSAIDs and cancer incidence. NF-κB is involved in 
the inflammatory process and tumor tissue development. Aspirin, diclofenac, and sulindac can inhibit the activation of the NF-κB 
pathway and reduce the risk of carcinogenesis [76–79]. Another pathway, PDK-1/Akt, is upregulated in many types of human cancers 
[80,81]. Aspirin and some COXIBs (such as celecoxib) can affect Akt signaling and promote apoptosis of cancer cells [82–84]. NSAIDs 
also affect the MAPK signaling pathway in various types of cancers to enhance their chemopreventive properties [66,85,86]. The β/δ 
isoform of peroxisome proliferator-activated receptors (PPARs) is reported to be associated with a higher risk of colon cancer, and 
NSAIDs may have potential cancer-preventing advantages by disrupting the interaction between PPAR-β/δ and its target DNA se-
quences [87,88]. PDEs, especially PDE5, are closely related to cancer development because of their ability to decrease the levels of 
cyclic nucleotides that inhibit the development of cancer cells. Studies have shown that PDE5 promotes tumorigenesis in some types of 
cancer, including lung and breast cancer. Several NSAIDs and derivatives (such as sulindac) can inhibit the expression of PDE5, 
resulting in higher levels of cyclic guanosine monophosphate (cGMP), a type of cyclic nucleotide that reduces cancer incidence [66,89, 
90]. In addition, the mammalian target of rapamycin (mTOR), a downstream effector of the Akt signaling pathway, can also be affected 
by NSAIDs. The mTOR pathway plays a key role in the metabolism of many tumors, including kidney cancer and melanoma [91–93]. 
Aspirin or some COXIBs can promote the apoptosis of some cancer cell lines or improve the efficacy of radiotherapy and targeted 
therapy by blocking the mTOR pathway [83,94,95]. In addition, decreasing the expression of mTOR can induce autophagy in cancer 
cells, resulting in the self-destruction of tumors [96]. Moreover, previous studies have shown that vascular endothelial growth factors 
(VEGFs) mainly regulate angiogenesis in tumor tissues and affect tumorigenesis and prognosis. Some NSAIDs can regulate the serum 
level of VEGF, which provides novel strategies for preventing certain cancers, such as breast and cervical cancers [65,97]. Further-
more, the expression of a unique gene known as the NSAID-activated gene (NAG-1) can be upregulated by NSAIDs in numerous 
malignancies, such as ovarian and pancreatic cancers [98,99]. NAG-1 has antitumorigenic properties in several cancer types, including 
prostate and colorectal cancers [100–102]. 

Calcium (Ca2+) can control multiple cellular processes by regulating signaling pathways and Ca2+-associated proteins. Previous 
studies have reported the inhibition of Ca2+-related proteins in various malignancies [103,104]. NSAIDs such as celecoxib or indo-
methacin can regulate the level of cellular Ca2+ to prevent tumor metastasis or induce apoptosis in cancer cells [105,106]. In addition, 
as previously mentioned, the TME is extremely important in tumorigenesis and prognosis. The infiltration of various immune cells, 
such as tumor-linked macrophages and T cells, actively participates in this process. These immune cells can promote the tumorigenic 
capacity of cancer stem cells, remodel the tumor cell-extracellular matrix, and ultimately support tumorigenesis [107]. Evidence has 
shown that NSAIDs also regulate the activity of cancer-associated immune cells in TME. For example, low-dose aspirin intake con-
tributes to a low risk of breast cancer in mice with other malignancies undergoing radiotherapy [108]. Additionally, aspirin can in-
crease the levels of lymphocytes in cancer tissues to enhance tumor inhibition [109]. 

Several types of NSAIDs also play efficient roles against cancer through a unique mechanistic pathway independent of COX [110]. 
Thus, strategies focused on glycolysis in cancer cells may enhance the efficacy of immunotherapy using immune checkpoint inhibitors 
[111]. Diclofenac, a monocarboxylate NSAID, can reduce lactate secretion from tumor cells by inhibiting lactate transporters to 
improve T-cell destruction, which results in increased local antitumor immune reactions. Moreover, this kind of NSAID also has a direct 
anti-cancer effect because it improves arginase activity and downregulates VGEF expression [112,113]. 

Tumorigenesis and prognosis induced by the TME are related to carbonic anhydrase (CA). CA is an enzyme that regulates the 
conversion of carbon dioxide, and some isozymes, such as IX and XII, are overexpressed in tumor tissues and associated with the 
promotion of tumor cell metastasis [114,115]. Some NSAIDs, including valdecoxib and celecoxib, potently inhibit CA IX and even-
tually weaken tumor cell invasion and adhesion [66]. 

Studies have also elucidated the specific mechanisms underlying the cancer-fighting ability of NSAIDs at the genetic level. Previous 
studies have shown that individual variations in the chemopreventive processes of several malignancies are associated with germline 
variations, particularly single nucleotide polymorphisms (SNPs). For example, SNP rs1799853 and variant alleles of other genes such 
as CYP2C9, ODC1, and UGT1A6 are involved in aspirin metabolic pathways, and by consuming aspirin, their carriers can eventually 
decrease their risk of colon cancer [116]. Another study reported that individuals with the SNP rs2965667 variant allele on chro-
mosome 12p12.3 near the microsomal glutathione S-transferase 1 (MGST1) gene could also have a protective association between 
colon cancer risk and regular aspirin or NA-NSAID use [117]. In addition, there is evidence that polymorphisms in or near the IL16 
gene can regulate the secretion of inflammatory cytokines and enhance the chemopreventive effects of NSAIDs in colorectal malig-
nancies [118]. These findings may provide a new perspective on cancer prevention strategies. 

Although our study found that NSAIDs have significant tumor-preventive advantages in some types of cancers, their side effects 
should not be ignored. The use of NSAIDs is often associated with gastrointestinal tract adverse effects, including nausea, vomiting, and 
epigastric pain, owing to the inhibition of COX enzyme activity. In addition, approximately 38 % of patients who frequently consume 
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NSAIDs are diagnosed with peptic ulcer [119]. Furthermore, NSAIDs inhibit thromboxane synthesis in platelets and increase the risk of 
hemorrhage. Studies have also found that NSAIDs can result in new-onset hypertension or aggravation of hypertension-related 
symptoms [120]. Consequently, for patients with allergies to NSAIDs or who have been diagnosed with diseases such as heart fail-
ure, peptic ulcer bleeding, and perforation, the intake of NSAIDs needs to be strictly evaluated and regulated. 

4.2. Strengths and limitations 

This umbrella review is the latest comprehensive overview of published studies on the relationship between the incidence of 
multiple cancers and the use of different types of NSAIDs [121]. Standard methods, including AMSTAR and GRADE, were used to 
assess the methodological quality of the included studies and the strength of their evidence. Two independent investigators conducted 
a literature review and extracted data to summarize the findings on the morbidity of various cancers. Most meta-analyses did not detect 
significant publication bias, except for overall cancer and CNS cancer incidence. However, we acknowledge several potential limi-
tations of our umbrella review. First, there were few meta-analyses involving RCTs, so the evidence grade of most studies was 
considered low or very low quality according to the GRADE classification. Second, the basic demographic characteristics of the patients 
in every study included were hardly analyzed and adjusted for by the original authors. Therefore, other confounding factors, such as 
smoking, exercise, and daily meat and vegetable intake, may also affect the association between NSAID use and cancer incidence. 
Third, when conducting research, most meta-analyses chose “ever used” versus “not used” as the standard measure of NSAID intake; 
however, the specific definition of “ever NSAID utilization” is different. Due to this diversity, we were unable to summarize the overall 
dose-response relationship between NSAID use and cancer risk. Finally, only published meta-analyses were included in our umbrella 
review, which may have resulted in incomplete outcomes. Moreover, owing to the small number of primary meta-analyses, this review 
did not include a detailed discussion of several recent research directions, including genetic polymorphisms, nanoformulations, and/or 
the combination of gene therapies and NSAIDs. Therefore, the current evidence does not support the regular use of NSAIDs to prevent 
cancer before performing general examinations and evaluations in healthy individuals or patients. 

5. Conclusions 

In this review, we found that NSAID use, especially aspirin intake, was associated with a decreased incidence of a range of cancers 
and was not significantly associated with harmful effects that increase the risk of other cancers, except for kidney cancer. However, 
given the side effects of NSAIDs, such as hemorrhage and gastrointestinal reactions, some patients have absolute or relative contra-
indications. In addition, several outcomes are still controversial because part of included studies are evaluated as low quality based on 
our evidence assessment. Therefore, it is still too early to recommend that people with no disease regularly consume NSAIDs to prevent 
cancer. Moreover, because of several possible limitations of our study, more high-quality prospective studies are required to under-
stand better the relationship between NSAID intake and multiple cancer outcomes, such as genetic polymorphisms and 
nanoformulations. 
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