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Abstract

Background
Aspirin, widely used for the prevention of cardiovascular disease, could reduce the risk of many types of cancer,
including colorectal, breast, and pancreatic cancer. Concerns have also been linked to bladder cancer(BCa), but
relevant studies on the effects of aspirin on the occurrence or prognosis of BCa are inconsistent or even
controversial. Meanwhile, existing studies focusing on Chinese populations are relatively uncommon, especially for
Northeast China. Therefore, this study aims to assess the association of aspirin use with the occurrence and
prognosis of BCa in Northeast China.

Methods
First, we investigated the association between aspirin use and BCa risk in a retrospective cohort study including
1087 patients with BCa from 2002 to 2019 and 1100 healthy persons in the same period as controls. Subsequently,
we quanti�cationally combined the results with those from the published literature evaluating aspirin intake and its
effects on the occurrence and prognosis of BCa by meta-analysis after searching the PubMed, Embase, Cochrane
Library, and Google Scholar databases up to March 1, 2020.

Results
The results of our case-control study demonstrated that the regular use of aspirin was not associated with a reduced
incidence of BCa (OR = 1.17, p = 0.311). Strati�ed analyses of sex showed that aspirin intake did not lead to a lower
risk of BCa in male patients (OR = 1.25, p = 0.230) or in female patients (OR = 0.90, p = 0.744). Signi�cant correlations
were not found in the age subgroup analysis dividing age into younger or greater than 65, with a pooled OR estimate
of 1.25 (p = 0.230) and 0.899 (p = 0.744). In 230 patients who relapsed from the 1087 BCa patients above, no
signi�cant relationship was found in the aspirin group (RR = 1.19, p = 0.360), and the sex strati�cation resulted in the
same conclusion; however, in people younger than 68, aspirin seemed to have protective effects (RR = 0.60, p = 
0.030). In addition, we performed a meta-analysis after searching several databases, and 10 articles involving 12441
BCa cases met the eligibility criteria, contributing to the analysis of aspirin intake and the incidence of BCa. The
combined results indicated that aspirin intake was not associated with the occurrence of BCa (OR = 1.03, p = 0.221).
In the subgroup analysis, aspirin intake did not reduce the risk of BCa in male patients (OR = 1.08, p = 0.163), female
patients (OR = 0.92, p = 0.441), Asian patients (OR = 1.07; p = 0.088), European patients (OR = 1.12, p = 0.390), or
North American patients (OR = 0.99, p = 0.839). At the same time, the study type did not in�uence the lack of a
connection between aspirin intake and the risk of BCa in the cohort study (OR = 1.05; p = 0.176) and case-control
study (OR = 1.01; p = 0.797). To explore the impact of aspirin intake on the prognosis of patents with BCa, 8 articles
involving 3250 BCa cases were eligible. The combined results showed that patients with aspirin intake did not have
a signi�cantly lower risk of BCa recurrence than those without aspirin intake (HR = 0.94, p = 0.718), and a consistent
conclusion was also reached for overall survival (HR = 1.04, p = 0.879) and cancer-speci�c survival (HR = 0.98, p = 
0.980) by subgroup analysis.

Conclusions
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Both our retrospective study and literature meta-analysis suggested a lack of a relevant association between the use
of aspirin and the risk and prognosis of BCa. Thus, additional long-term follow-up prospective research is warranted
to clarify the association of aspirin with BCa incidence and prognosis.

Background
Bladder cancer (BCa) is the 11th most common cancer in the world. The global age-standardized incidence rate per
100,000 persons/year is 2.2 for women and 9.0 for men [1, 2]. According to the National Cancer Institute, the
estimated numbers of new BCa cases and deaths in the USA alone (2014) will be 74,690 and 15,580, respectively [3,
4]. In China, the incidence and mortality rates have increased gradually in the past few years. According to the NCCR
of China 2015 annual report, the overall incidence of BCa was 7.68/105[5, 6]. Among patients with super�cial or non-
muscle invasive tumors after transurethral resection or perfusion therapy, 70% would experience recurrence, and 10–
20% would show progression to muscle-invasive tumors [7, 8]. Due to the unfavorable prognosis of muscle-invasive
cancer, the treatment involves multiple modalities, including radical surgery, radiotherapy, and chemotherapy.
However, nearly half of these patients develop metastases and die within 3 years [7, 9]. The occurrence or recurrence
of BCa is a molecular biological change or process that is in�uenced by occupational factors, non-occupational
factors, and genomics and proteomics factors [10]. Other non-occupational factors, including cigarette smoking [11],
drinking water used for washing or cleaning drinking water used for washing or cleaning [12], the consumption of
substances with nitrate and nitrite content [13], alcohol consumption[14], and special drug intake[15, 16], have also
been associated with BCa but are less well established. Therefore, early detection strategies and prognosis
monitoring are extremely important for reducing mortality from BCa.

Aspirin, a typical non-steroidal anti-in�ammatory drug, has been widely used for pain, fever and cardiovascular
disease [17, 18]. In recent years, a large number of studies have suggested that aspirin has a potential preventive
effect in several types of cancers [18–20]. The antitumor activity of aspirin is thought to be based mainly on 2
different mechanisms. First, aspirin may interfere with carcinogenesis by inhibiting the target of cyclooxygenase
(COX), which is produced in response to in�ammation and leads to angiogenesis and reduced apoptosis. As one of
two isoforms, the level of COX-2 may not only increase the malignant stemness properties of BCa cells but also be
related to high-grade and advanced-stage BCa patients [21, 22]. Second, aspirin plays roles in promoting apoptosis
or inhibiting the proliferation of tumor cells by interfering with the pathway independent of COX-2 as an anticancer
agent.Aspirin inhibits the growth of PI3K mutant breast cancer by activating AMPK and inhibiting mTORC1 signaling
independent of COX-2 and IKK-β/NF-κB[23]. Furthermore, aspirin inhibited the proliferation of neuroblastoma cells,
upregulated p21Waf1 and regulated Rb1 to promote differentiation through a Cox-independent mechanism [24].

Since aspirin has obvious preventive effects on other tumors, its role in BCa has also received attention. The �ndings
about the impact of aspirin intake and the incidence and mortality of BCa have been inconclusive. Moreover, there
are few studies on the relationship between aspirin intake and BCa in mainland China, especially in Northeast China.
To explore whether the use of aspirin is associated with an altered risk of BCa, we conducted a case–control
analysis by enrolling 1087 patients with BCa. To avoid bias from single-center study results, we further completed a
meta-analysis of eligible literature by searching electronic journals or databases for documents before March 1,
2020 to investigate the connection between aspirin intake and the incidence and prognosis of BCa, which helps to
further determine whether the use of aspirin has a preventive effect on BCa and provides a basis for further
exploration of the role of aspirin in the future.

Materials And Methods
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Retrospective Study

Study population
This study was approved by the institutional review committee of the Second A�liated Hospital of Dalian Medical
University and included 1087 patients with BCa, including 993 males and 194 females, who underwent surgery from
January 2002 to January 2019. Among them, the average age was 68 years old, ranging from 49 to 84 years old,
and 230 patients experienced recurrence of BCa. The control group consisted of 1100 healthy people of similar age
without any history of cancer. Sex, age, pathological stage, pathological grade, pathological lymph node status,
distant metastasis, recurrence, and type of surgery were extracted from clinical and pathological data.

Inclusion and exclusion criteria
The inclusion criteria included the following: (1). All patients with BCa were con�rmed by pathological biopsy or
surgical biopsy, and pathological features, including stage, grade, lymph node metastasis and distant metastasis,
were clear. (2). No previous medical history or self-report of other urinary system diseases, including cystitis, kidney
stones and kidney cancer. (3). Aspirin users were de�ned as those who used drugs twice or more weekly for 1 month
or more. Non-users are subjects who had never used the drug or had used it < 1 month so far. The indication for the
use of aspirin (i.e., analgesic or cardiovascular disease, cerebrovascular disease prevention) was also recorded [25–
27]. (4). Patients were strati�ed according to aspirin intake for most (50% or more) of the interval between diagnosis
and the date of the �rst tumor recurrence or last follow-up. (5). Recurrence is de�ned as visual and/or biopsy
evidence of a tumor con�rmed by cystoscopy or urine cytology.

The exclusion criteria were as follows: (1). Unable to obtain accurate medication records, demographic data and
patient characteristics. (2). Identi�cation of a history of exposure to carcinogens. (3). Patients on clopidogrel,
warfarin, or statins alone or in combination with other �brin clotting inhibitors. (4). Aspirin use was contraindicated.

Statistical analysis
SPSS version 13.0 (SPSS Inc., Chicago, USA) was used for analysis. The associations between aspirin intake and
clinicopathological parameters were evaluated by the chi-square test. Continuous data and frequency data were
analyzed by Fisher’s exact test. Adjusted odds ratios (ORs) or relative risks (RRs) and the corresponding 95%
con�dence intervals (CIs) were calculated by binomial logistic regression analysis for the occurrence or relapse of
BCa in association with aspirin intake. After SPSS analysis, the p value of the above parameters was obtained. A p
value less than 0.05 was considered statistically signi�cant.

Meta-analysis

Search Strategy
The study retrieved articles from the PubMed, Embase, Cochrane Library, and Google Scholar databases published
before March 1, 2020, to identify relevant studies evaluating aspirin intake and its effects on the occurrence and
prognosis of BCa using the following medical subject headings that include all spelling variations: "bladder cancer”
and "aspirin", "occurrence", “risk” and “prognosis”, “survival” and “recurrence”. Without national and linguistic
restrictions, after reviewing the duplicate data, the two reviewers independently screened the titles and abstracts,
excluding articles that were not associated with our research, reviews, and related animal experiments and
maximizing data quality.

Selection Criteria
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Studies satisfying the following criteria were included in our analysis: (1) the histologic type of the tumors was
urothelial carcinoma of the bladder by histologic or pathologic examination; (2) the association between aspirin
intake and the risk of BCa or prognosis of patients with BCa was investigated; and (3) su�ciency of data for the
calculations of OR/RR/hazard ratio (HR), 95% CI and P value. Accordingly, the following exclusion criteria were
applied: (1) studies in the form of reviews, letters to the editor, commentaries, or case reports that lacked original
data; (2) molecular biology research that explored the impact of aspirin on cancer cell lines and animal models; and
(3) studies in which the HR/OR/RR and its standard error could not be collected based on the given information.

Data extraction
After the full-text evaluation, the two authors extracted the data separately for further qualitative and quantitative
analysis to increase the authenticity of the data. For the selected articles, we extracted data from each study,
including the �rst author, publication time, region, type of study, number of participants, median age, follow-up,
HR/OR/RR, and adjustment factors.

Statistical analysis
The Stata 12.0 statistical software package (StataCorp, College Station, TX, USA) was used for all data analyses. We
calculated the OR/RR/HR with a 95% CI for dichotomous outcomes. The Q test was used to qualitatively assess the
statistical heterogeneity and judge the p-value. The I2 value in the I2 test describes the proportion of the total
variation due to heterogeneity rather than sampling errors, and I2 > 50% or p < 0.05 indicates a high degree of
heterogeneity. In these cases, the random-effects model was used; otherwise, there was no heterogeneity, and the
�xed-effects model was used. The potential bias was assessed by a funnel plot and Egger’s test, and when the
funnel plot was symmetrically distributed, there was no signi�cant bias. Conversely, if the funnel plot exhibits
skewness and asymmetry, this indicated bias.

Results

Retrospective Study

Association of aspirin intake and risk of bladder cancer
A total of 1087 patients with BCa and 1100 controls were recruited into our study. Among the controls and the cases
identi�ed as BCa, the patients who used aspirin accounted for 8.92% of the total number of patients with BCa and
7.72% of the control group. The analysis showed that the regular use of aspirin was not associated with a reduced
incidence of BCa (OR = 1.17, 95% CI = 0.863–1.59, p = 0.311). Moreover, we performed subgroup analyses strati�ed
by sex, we found that there was no correlation between aspirin intake and the risk of BCa in male patients (OR = 1.25,
95% CI = 0.866–1.81, p = 0.230) and female patients (OR = 0.90, 95% CI = 0.473–1.71, p = 0.744). We also found that
there was no correlation between aspirin intake and the risk of BCa in patients 65 years or younger (OR = 1.25, 95%
CI = 0.87–1.81, p = 0.230) and patients over 65 years (OR = 0.90, 95% CI = 0.47–1.71, p = 0.744).

Aspirin intake and clinicopathological characteristics of bladder
cancer
A total of 1087 patients with newly developed BCa were identi�ed from 2002 to January 2019 and divided into the
aspirin group and the non-aspirin group. Their characteristics, including sex, age, pathological stage, pathological
grade, pathological lymph node status, distant metastasis, recurrence, and type of surgery, are displayed in Table 1.
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Of these patients, the male to female ratio was 893:194, and there were 529 patients aged 68 or greater. There were
343 patients (31.6%) with pathologic stage T2-T4 and 629 patients (62.1%) with high grade G2 to G3. Positive lymph
nodes were present in 72 patients (6.7%), and distant metastasis was present in 32 patients (3%). All patients had a
de�nite type of surgery, and 823 underwent TURBT (75.7%), 31 underwent partial resection (2.9%), and 233
underwent radical prostatectomy (21.4%). Among them, 230 patients (21.2%) experienced relapsed. Notably, an
obvious association was identi�ed between age only and the risk of BCa (p = 0.002).

Association of aspirin intake and the recurrence of bladder cancer
Of the 1087 patients, 230 patients experienced recurrence of BCa. Among these patients, there was no signi�cant
difference in the number of recurrences between the aspirin group (1.500 ± 0.159; N = 24) and the non-aspirin group
(1.403 ± 0.058; N = 206). Additionally, we did not �nd an association between aspirin intake and the recurrence of
BCa (RR = 1.19; 95% CI = 0.82–1.72; p = 0.360). Strati�ed analysis by sex showed that there was no correlation
between aspirin intake and the recurrence of BCa for both male patients (RR = 1.12; 95%CI = 0.75–1.68; p = 0.580)
and female patients (RR = 1.61; 95% CI = 0.66–3.90; p = 0.290) Furthermore, in exploring whether age affects the
related results, strati�ed analysis by age showed that aspirin intake was signi�cantly associated with the recurrence
of BCa in patients who were < 68 years of age (RR = 0.60; 95% CI = 0.39–0.94; p = 0.030), indicating that the aspirin
group had a 40% lower recurrence rate than the non-aspirin group. However, for patients over 68 years old, the
difference was not signi�cant (RR = 0.87; 95% CI = 0.50–1.53; p = 0.640).

Meta-analysis

Study Identi�cation and Selection
The selection process for the association of aspirin intake with the risk and prognosis of BCa is presented in Fig. 1.
Initially, the database search retrieved 161 relevant publications. After screening the titles, abstracts and full texts of
these articles, we excluded duplicate studies and other studies for various reasons (reviews/editorials,
animal/molecular biology studies, or not relevant to our analysis). Thus, in the �nal analysis, we included ten studies
about the relation of aspirin intake and risk of BCa and eight studies about the relation of aspirin intake and
prognosis of patients with BCa based on the inclusion criteria.

Characteristics of the studies
The characteristics of the ten included trials [28–37] about the relation of aspirin intake and risk of BCa are provided
in Table 2. These trials were published between 1989 and 2018. Two results were extracted from each of the two
literatures, while the remaining articles contained only one available result.and a total of 13 research results were
obtained including this article. Of the thirteen included studies, nine were conducted in the USA[30–33, 35–37], two
in China[28]including this study, one in Italy[29], and one[34] in Spain. Among all studies enrolled, seven were cohort
studies[28, 30, 32, 36, 37], and six were case-control studies[29, 31, 33–35] containing this study. The sample size of
the trials ranged from 839 to 612509, with a total of 12441 patients with BCa. The characteristics of the eight
included trials regarding the impact of aspirin intake on the prognosis of patients with BCa are presented in Table 3.
The selected studies were published between 2004 and 2018. Seven studies originated from the USA [38–44] and
only one was from Italy [45]. The sample size of the trials ranged from 43 to 100139, and the mean/median follow-
up durations varied from 31.4 months to over 10 years. Among the eight studies enrolled, four were cohort studies,
and four were case-control studies.

Association between aspirin intake and the risk of bladder cancer
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Overall analysis
Thirteen studies reported the effect estimates of the association between aspirin intake and the occurrence of BCa.
One study reported signi�cant positive associations, and the other twelve studies reported a nonsigni�cant positive
relationship. The �xed-effects model was applied because the test for heterogeneity was not signi�cant (I2 = 11.8%,
p = 0.326). We found that patients with aspirin intake did not have a signi�cantly lower risk of BCa than those
without aspirin intake (OR = 1.03, 95% CI = 0.98–1.09, p = 0.221). This result exhibited a low probability of publication
bias, as determined by Egger’s test (p = 0.828, Figure. 2B).

Subgroup analysis by sex
As a slight degree of heterogeneity was found (I2 = 0.0%, p = 0.793), so a �xed-effects model was used. The results
indicated no correlation between aspirin intake and BCa in either the male population (OR = 1.08, 95% CI = 0.97–1.19,
p = 0.163) or the female population (OR = 0.92, 95% CI = 0.73–1.14, p = 0.441). Both Begg’s test (p = 0.851) and
Egger’s funnel plot asymmetry test (p = 0.888) indicated that there was no signi�cant publication bias(Fig. 3).

Subgroup analysis by research region
Overall, 13 studies were included in this analysis (two were from Asia, two were from Europe and 9 were from North
America.). Meta-analysis using a �xed-effects model suggested that aspirin intake had no signi�cant in�uence on
the prevention of BCa in Asian populations (OR = 1.07, 95% CI = 0.99–1.15, p = 0.088), European populations (OR = 
1.12, 95% CI = 0.87–1.43, p = 0.390) and North American populations (OR = 0.99, 95% CI = 0.92–1.07, p = 0.839).
There was no evidence of signi�cant publication bias by inspection of the funnel plot and formal statistical tests
(Egger’s test, p = 0.627; Begg’s test, p = 0.807; Fig. 4).

Subgroup analysis by study type
Within 7 cohort studies (Fig. 5), aspirin intake was not linked to a decreased risk of BCa (OR = 1.05, 95% CI = 0.98–
1.12, p = 0.176). There was no evidence for heterogeneity (I2 = 11.8%, p = 0.326). Moreover, when the data collected
from 6 case-control studies [16, 17] were pooled (Fig. 5), there was no statistically signi�cant association between
aspirin administration and BCa (OR = 1.01, 95% CI = 0.93–1.10, p = 0.797). Begg’s test (p = 0.807) and Egger’s test (p 
= 0.627) showed that the funnel plot distribution was symmetrical and that there was no signi�cant publication bias.

The impact of aspirin intake on the prognosis of patients with
bladder cancer

Aspirin intake and the survival of patients with bladder cancer
Among 6 studies including a total of 1502 patients with survival data, 4 studies investigated the relationship
between aspirin intake and overall survival (OS) in BCa patients, and 2 studies reported cancer-speci�c survival
(CSS). The random-effects model was used (Fig. 6), as higher heterogeneity was detected among these studies (P-
value for heterogeneity < 0.001; I2 = 66.8%). No signi�cantly decreased levels of OS were observed in BCa patients
who consumed aspirin compared with the controls, with a combined HR of 1.04 (95% CI = 0.62–1.76, p = 0.879).
Similarly, aspirin intake had no signi�cant effects on the CSS of BCa patients (HR: 0.98, 95% CI = 0.25–3.92, p = 
0.980).

Aspirin intake and recurrence of patients with bladder cancer
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Six studies that reported the effect estimates of the association between aspirin intake and the recurrence of BCa
were included. The random-effects model was applied, as the test for heterogeneity was signi�cant (I2 = 71.2%, p = 
0.004). We found that patients with aspirin intake did not have a signi�cantly lower risk of BCa recurrence than those
without aspirin intake, as shown in Fig. 3A (HR = 0.94, 95% CI = 0.66–1.34, p = 0.718).This result exhibited a low
probability of publication bias, as determined by Egger’s test (p = 0.463, Fig. 6B).

Discussion
Aspirin is a non-steroidal anti-in�ammatory drug with a long history. It is suitable for antipyretic and analgesic use
and is widely used in the prevention of cardiovascular thrombosis [18]. Recent studies have found that the long-term
regular use of aspirin can signi�cantly reduce the incidence of colorectal cancer, gastric cancer, liver cancer and
other malignant tumors and improve the survival of patients with its anticancer effects [46–49]. The mechanism of
action of aspirin in terms of signaling pathways is as follows.  Apoptosis-related signaling pathway: NF-κB
dissociates with inhibitor IK-B to enter the nucleus and activates antiapoptotic genes, which inhibits the apoptosis of
tumor cells under the stimulation of in�ammation and angiopoietin. Aspirin inhibits the activity of IKK by directly
acting on it, thus preventing the activation of NF-κB and reducing the level of NF-κB [50–52]. Moreover, two
important apoptosis-related genes, bcl-2 and Bax, have opposite antiapoptotic functions. By downregulating the
expression of bcl-2 and upregulating the level of Bax, aspirin stimulates the death effect factor to increase caspase-3
activity and thereby promote cancer cell apoptosis [53–55].  Cell proliferation-related pathway: The P13K/Akt
signaling pathway widely exists in cells and is a signal transduction pathway involved in the regulation of cell
growth, proliferation and differentiation. Aspirin can irreversibly inhibit cyclooxygenase, thereby inhibiting the
production of thromboxane A2 in platelets and inhibiting the P13K/Akt signaling pathway, thereby blocking or
alleviating in�ammation [56, 57]. Moreover, aspirin can inhibit the mTOR signaling pathway and transcription factors
and activate the apoptosis-related proteins caspase-3 and Bim, thereby inhibiting cell proliferation and inducing cell
apoptosis [58, 59].  Autophagy-related pathway: AMPK not only directly inhibits the mTOR signaling pathway but
also regulates the activity of ULK1 through phosphorylation, which is related to activating autophagy. Aspirin inhibits
the growth and proliferation of cancer cells by targeting the AMPK pathway to affect autophagy [60–62].

A population-based case-control study analyzed data from 376 BCa cases and 463 controls in New Hampshire and
found that aspirin signi�cantly reduced the risk of BCa, especially for tumors containing TP53 mutations (Fortuny J)
[33]. Similarly, Castelao J et al illustrated that there was a nonsigni�cant trend towards increased BCa risk in people
with a longer duration of painkillers than in people who do not use painkillers, and regarding the effect of the
correlation of different types of analgesics and BCa risk on the direction and strength of the obvious difference,
aspirin showed weaker role [35]. However, in a cohort study by Genkinger JM et al [32].In the USA, there was no
association between the frequency and dose of aspirin and BCa risk, which was not altered by known risk factors
such as age, smoking or total �uid intake. Furthermore, a population-based cohort study using a database from the
Hong Kong Hospital authority tracked 612509 subjects for 14 years, and the results showed that the long-term use of
low-dose aspirin is associated with a lower risk of various cancers, including esophageal cancer, pancreatic cancer
and stomach cancer, except for bladder, kidney and prostate cancer [28]. To compensate for the lack of related
research focusing on the population in Northeast China, we performed a retrospective study to explore the
association of aspirin intake and risk of BCa and found that the regular use of aspirin was not associated with a
reduced risk of BCa. Moreover, subgroup analyses strati�ed by sex showed that there was no correlation between
aspirin intake and the risk of BCa in male patients and female patients. Although the �ndings suggested possible
relationships between aspirin intake and the risk of cancer at the site of the colon, breast, and liver [46, 48, 49],
studies of aspirin use and the risk of BCa have yielded mixed results. Several case-control studies have suggested a
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reduced risk of BCa among aspirin users, while other studies have indicated no association. Therefore, we conducted
meta-analyses and found that patients with aspirin intake did not have a signi�cantly lower risk of BCa than those
without aspirin intake after combining ten included studies with 10000 patients. Subgroup analysis by research
region also suggested that aspirin intake had no signi�cant in�uence on the prevention of BCa in Asian populations,
European populations (OR = 1.115, 95% CI = 0.870–1.431, p = 0.390) and North American populations.

Although the antitumor properties of aspirin have attracted increasing attention from scholars, the results regarding
the impact of aspirin use on the prognosis of BCa are inconsistent. In terms of the effects of aspirin on tumor
recurrence, a case-control study from Italy and a retrospective study from the USA showed a signi�cant association
between aspirin and recurrence in patients with BCa (Pastore A, Gee JR) [40, 45]. In the former (Pastore A) [45], the
results suggest that long-term aspirin use may reduce the risk of tumor recurrence in patients with NMIBC. In a more
detailed analysis, fewer patients with aspirin experienced recurrence, and there were fewer lesions with recurrence.
For the latter (Gee JR) [40], the 5-year RFS of aspirin users was 64.3%, which was signi�cantly higher than that of
non-aspirin users (26.9%), even after multivariate analysis adjusted for other factors. Considering the effect of
aspirin on the survival rate of cancer patients, Lyon TD's study [39] found that daily aspirin signi�cantly improved
survival outcomes after radical resection, including CSS, OS and MFS. It has also been observed that patients
receiving low-dose aspirin had signi�cantly better outcomes than patients receiving high-dose aspirin and those
without aspirin. In contrast, a cohort study from the United States found no signi�cant association between aspirin
use and the overall survival of BCa patients [43].In addition, a prospective study by Singla N et al [44]. showed that
the use of aspirin does not affect the survival of patients with any tumors, including CSS, OS, recurrence-free survival
and cystectomy-free survival, regardless of the dose (81 or 325 milligrams a day). In response to these mixed
�ndings, we performed a meta-analysis to investigate the impact of aspirin intake on the prognosis of patients with
BCa and found that aspirin had no signi�cant effects on the OS and CSS of BCa patients. In addition, patients with
aspirin intake did not have a signi�cantly lower risk of BCa recurrence than those without aspirin intake. Until now,
available data have not supported a connection between aspirin exposure and the prognosis of BCa despite few
prior studies.

Our limitations are as follows: one limitation is that this case-control study is a single-center study, which may lead
to certain bias or heterogeneity. To the greatest extent possible to avoid such shortcomings or loopholes, we
performed a meta-analysis to investigate the relationship between aspirin intake and the risk and prognosis of BCa.
Some included studies did not provide available values of HR, RR or OR from multivariate analysis, so we performed
calculations from the univariate data and compared them through formula calculations. The statistical methods we
used cannot replace all the research methods, and the conclusions we obtained without correlation are limited to the
scope of our research, which may have some statistical errors [63, 64]. Second, we only focused on researching
patients who regularly consumed aspirin. Due to the limited available information from clinical data, strati�cation
analysis according to different doses or durations was not conducted. Moreover, other confounding factors affecting
the occurrence or prognosis of BCa, including a history of cigarette smoking, alcohol consumption, etc., were not
adjusted in our study.

The above factors may in�uence the results regarding the connection between the risk of BCa and the use of aspirin
[10], which will be one of the focuses of our future research. Third, both our case-control study and meta-analysis
showed no differences between aspirin intake and the risk and prognosis of BCa. However, previous in vitro studies
have shown that aspirin may play a role as a chemopreventive agent in the OH-BBN/BDF BCa model [65], which
suggests that there is heterogeneity between human epidemiological experiments and in vitro cell experiments, and
the experimental scheme needs to be improved.
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Conclusion And Outlook
Our clinical data studies and meta-analyses did not reveal an effective correlation between aspirin and BCa, but we
are not able to deny that there were studies suggesting a protective effect from aspirin. A possible explanation for
these inconsistent results might be that clinical cohort studies consider patients or individuals as a whole, while
molecular biology experiments, a powerful approach in investigating the relationship between exposure and disease
risk, have noted that aspirin has an effect on BCa, primarily at the cellular level. It is key to construct a virtual
simulated human microenvironment to explore whether aspirin can prevent or monitor BCa. Although aspirin has
been predicted to be protective against a variety of tumors, differences in tumor origin and tissue speci�city are
bound to in�uence the results. In the case of BCa, multicenter, large-sample, prospective studies are also needed.
Advances in cancer biology clearly indicate that the development of malignant tumors is the result of complex
interactions and the integration of gene expression, proteome and metabolome changes, involving genetics,
microbes, diet, drugs [66, 67] and other factors such as different living conditions, exposure factors and ethnic
differences [68]. In the age of precision oncology, individual cancer treatment should be personalized based on
genetic and environmental factors. In addition, aspirin, as a sensitizer, can increase the therapeutic effect of
chemotherapy for cancers of the colon and stomach, while there are few studies in the urinary system, which will be
a promising research direction. As a continuation of this study, it is necessary to further explore the information of
pathological examinations, immune parameters, tumor molecular markers and other aspects from the database. If
aspirin's effect on BCa is determined, it would represent an important bene�t for the use of NSAIDs and provide a
new dimension for BCa treatment, which contributes greatly to the development of human health care.

Declarations
Ethics approval and consent to participate

This study was approved by the institutional review committee of the Second A�liated Hospital of Dalian Medical
University and written informed consent was obtained from each patient or their next of kin.

Consent to publication

Not applicable.

Availability of data and materials

All data generated or analysed during this study are included in this published article [and its supplementary
information �les].

Competing interests

The authors declare that they have no competing interests.

Funding

This study was supported by the National Natural Science Foundation of China(31800787),the Doctoral Research
Startup Foundation of Liaoning Province(20180540020),the Natural Science Foundation of Liaoning
Province(LQ2017025),the Medical Scienti�c Research Project of Dalian City(1812038).

Authors’ contributions



Page 11/23

Conception and design: Bo Fan and Xiancheng Li 

Development of methodology: Huidan Jin and Bo Fan

Acquisition of data (acquired and managed patients, provided facilities, review of literature, etc.): Hong Luo, Zhifei
Yun and Man Sun

Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): Hong Luo and Bo
Fan

Writing, review, and/or revision of the manuscript: Bo Fan ,Hong Luo and Huidan Jin

Administrative, technical, or material support (i.e., reporting or organizing data, constructing databases): Bo Fan,
Mengfan Sun and Man Sun

Study supervision: Zhifei Yun and Rui Zhao

All authors have read and approved the �nal manuscript.

Acknowledgements

We would like to thank all members of the study team, the patients and their family for their contributions with our
work.

References
1. Dobruch J, Daneshmand S, Fisch M, Lotan Y, Noon AP, Resnick MJ, et al. Gender and Bladder Cancer: A

Collaborative Review of Etiology, Biology, and Outcomes. Eur Urol. 2016;69(2):300–10.

2. Antoni S, Ferlay J, Soerjomataram I, Znaor A, Jemal A, Bray F. Bladder Cancer Incidence and Mortality: A Global
Overview and Recent Trends. Eur Urol. 2017;71(1):96–108.

3. Smith ND, Prasad SM, Patel AR, Weiner AB, Pariser JJ, Razmaria A, et al. Bladder Cancer Mortality in the United
States: A Geographic and Temporal Analysis of Socioeconomic and Environmental Factors. J Urol.
2016;195(2):290–6.

4. Galsky MD. Bladder cancer in 2017: Advancing care through genomics and immune checkpoint blockade. Nat
Rev Urol. 2018;15(2):71–2.

5. Pang C, Guan Y, Li H, Chen W, Zhu G. Urologic cancer in China. Jpn J Clin Oncol. 2016;46(6):497–501.

�. Liu X, Jiang J, Yu C, Wang Y, Sun Y, Tang J, et al. Secular trends in incidence and mortality of bladder cancer in
China, 1990–2017: A joinpoint and age-period-cohort analysis. Cancer Epidemiol. 2019;61:95–103.

7. Alfred Witjes J, Lebret T, Compérat EM, Cowan NC, De Santis M, Bruins HM, et al. Updated 2016 EAU Guidelines
on Muscle-invasive and Metastatic Bladder Cancer. Eur Urol. 2017;71(3):462–75.

�. van Kessel K, van der Keur KA, Dyrskjøt L, Algaba F, Welvaart N, Beukers W, et al. Molecular Markers Increase
Precision of the European Association of Urology Non-Muscle-Invasive Bladder Cancer Progression Risk Groups.
Clin Cancer Res. 2018;24(7):1586–93.

9. Masic S, Smaldone MC. Treatment delays for muscle-invasive bladder cancer. Cancer. 2019;125(12):1973–5.

10. Oţelea MR, Jinga V, AŞC R, Pleşea IE, Petrescu AN, Mitrache LE, et al. Occupational exposure to urinary bladder
carcinogens - risk factors, molecular mechanisms and biomarkers. Rom J Morphol Embryol. 2018;59(4):1021–



Page 12/23

32.

11. Zeegers MP, Kellen E, Buntinx F, van den Brandt PA. The association between smoking, beverage consumption,
diet and bladder cancer: a systematic literature review. World J Urol. 2004;21(6):392–401.

12. Villanueva CM, Cantor KP, Grimalt JO, Malats N, Silverman D, Tardon A, et al. Bladder cancer and exposure to
water disinfection by-products through ingestion, bathing, showering, and swimming in pools. Am J Epidemiol.
2007;165(2):148–56.

13. Barry KH, Jones RR, Cantor KP, Beane Freeman LE, Wheeler DC, Baris D, et al. Ingested Nitrate and Nitrite and
Bladder Cancer in Northern New England. Epidemiology. 2020;31(1):136–44.

14. Masaoka H, Matsuo K, Sawada N, Yamaji T, Goto A, Shimazu T, et al. Alcohol consumption and bladder cancer
risk with or without the �ushing response: The Japan Public Health Center-based Prospective Study. Int J
Cancer. 2017;141(12):2480–8.

15. Hu J, Chen JB, Cui Y, Zhu YW, Ren WB, Zhou X, et al. Association of metformin intake with bladder cancer risk
and oncologic outcomes in type 2 diabetes mellitus patients: A systematic review and meta-analysis. Med
(Baltim). 2018;97(30):e11596.

1�. Tuccori M, Filion KB, Yin H, Yu OH, Platt RW, Azoulay L. Pioglitazone use and risk of bladder cancer: population
based cohort study. BMJ. 2016;352:i1541.

17. Capodanno D, Angiolillo DJ. Aspirin for Primary Cardiovascular Risk Prevention and Beyond in Diabetes
Mellitus. Circulation. 2016;134(20):1579–94.

1�. Song Y, Zhong X, Gao P, Zhou C, Shi J, Wu Z, et al. Aspirin and Its Potential Preventive Role in Cancer: An
Umbrella Review. Front Endocrinol (Lausanne). 2020;11:3.

19. Risch HA, Lu L, Streicher SA, Wang J, Zhang W, Ni Q, et al. Aspirin Use and Reduced Risk of Pancreatic Cancer.
Cancer Epidemiol Biomarkers Prev. 2017;26(1):68–74.

20. Stopsack KH, Gonzalez-Feliciano AG, Peisch SF, Downer MK, Gage RA, Finn S, et al. A Prospective Study of
Aspirin Use and Prostate Cancer Risk by TMPRSS2:ERG Status. Cancer Epidemiol Biomarkers Prev.
2018;27(10):1231–3.

21. Moyad MA. An introduction to aspirin, NSAids, and COX-2 inhibitors for the primary prevention of cardiovascular
events and cancer and their potential preventive role in bladder carcinogenesis: part II. Semin Urol Oncol.
2001;19(4):306–16.

22. Nath N, Vassell R, Chattopadhyay M, Kogan M, Kash� K. Nitro-aspirin inhibits MCF-7 breast cancer cell growth:
effects on COX-2 expression and Wnt/beta-catenin/TCF-4 signaling. Biochem Pharmacol. 2009;78(10):1298–
304.

23. Henry WS, Laszewski T, Tsang T, Beca F, Beck AH, McAllister SS, et al. Aspirin Suppresses Growth in PI3K-Mutant
Breast Cancer by Activating AMPK and Inhibiting mTORC1 Signaling. Cancer Res. 2017;77(3):790–801.

24. Pozzoli G, Petrucci G, Navarra P, Marei HE, Cenciarelli C. Aspirin inhibits proliferation and promotes
differentiation of neuroblastoma cells via p21Waf1 protein up-regulation and Rb1 pathway modulation. J Cell
Mol Med. 2019;23(10):7078–87.

25. Di Maso M, Bosetti C, La Vecchia C, Garavello W, Montella M, Libra M, et al. Regular aspirin use and
nasopharyngeal cancer risk: A case-control study in Italy. Cancer Epidemiol. 2015;39(4):545–7.

2�. Wang Y, Shen C, Ge J, Duan H. Regular aspirin use and stomach cancer risk in China. Eur J Surg Oncol.
2015;41(6):801–4.



Page 13/23

27. Khalaf N, Yuan C, Hamada T, Cao Y, Babic A, Morales-Oyarvide V, et al. Regular Use of Aspirin or Non-Aspirin
Nonsteroidal Anti-In�ammatory Drugs Is Not Associated With Risk of Incident Pancreatic Cancer in Two Large
Cohort Studies. Gastroenterology. 2018;154(5):1380–90.e5.

2�. Tsoi K, Ho J, Chan F, Sung J. Long-term use of low-dose aspirin for cancer prevention: A 10-year population
cohort study in Hong Kong. Int J Cancer. 2019;145(1):267–73.

29. Guercio V, Turati F, Bosetti C, Polesel J, Serraino D, Montella M, et al. Bladder cancer risk in users of selected
drugs for cardiovascular disease prevention. Eur J Cancer Prev. 2019;28(2):76–80.

30. Shih C, Hotaling JM, Wright JL, White E. Long-term NSAID use and incident urothelial cell carcinoma in the
VITamins and Lifestyle (VITAL) study. Urol Oncol. 2013;31(8):1689–95.

31. Daugherty SE, Pfeiffer RM, Sigurdson AJ, Hayes RB, Leitzmann M, Schatzkin A, et al. Nonsteroidal
antiin�ammatory drugs and bladder cancer: a pooled analysis. Am J Epidemiol. 2011;173(7):721–30.

32. Genkinger JM, De Vivo I, Stampfer MJ, Giovannucci E, Michaud DS. Nonsteroidal antiin�ammatory drug use and
risk of bladder cancer in the health professionals follow-up study. Int J Cancer. 2007;120(10):2221–5.

33. Fortuny J, Kogevinas M, Zens MS, Schned A, Andrew AS, Heaney J, et al. Analgesic and anti-in�ammatory drug
use and risk of bladder cancer: a population based case control study. BMC Urol. 2007;7:13.

34. Fortuny J, Kogevinas M, Garcia-Closas M, Real FX, Tardón A, Garcia-Closas R, et al. Use of analgesics and
nonsteroidal anti-in�ammatory drugs, genetic predisposition, and bladder cancer risk in Spain. Cancer Epidemiol
Biomarkers Prev. 2006;15(9):1696–702.

35. Castelao JE, Yuan JM, Gago-Dominguez M, Yu MC, Ross RK. Non-steroidal anti-in�ammatory drugs and bladder
cancer prevention. Br J Cancer. 2000;82(7):1364–9.

3�. Schreinemachers DM, Everson RB. Aspirin use and lung, colon, and breast cancer incidence in a prospective
study. Epidemiology. 1994;5(2):138–46.

37. Paganini-Hill A, Chao A, Ross RK, Henderson BE. Aspirin use and chronic diseases: a cohort study of the elderly.
BMJ. 1989;299(6710):1247–50.

3�. Lipsky MJ, Badalato GM, Motamedinia P, Hruby GW, McKiernan JM. The effect of �brin clot inhibitors on the
immunomodulatory e�cacy of Bacillus Calmette-Guérin therapy for non-muscle-invasive bladder cancer.
Urology. 2013;81(6):1273–8.

39. Lyon TD, Frank I, Shah PH, Tarrell R, Cheville JC, Karnes RJ, et al. The Association of Aspirin Use with Survival
Following Radical Cystectomy. J Urol. 2018;200(5):1014–21.

40. Gee JR, Jarrard DF, Bruskewitz RC, Moon TD, Hedican SP, Leverson GE, et al. Reduced bladder cancer recurrence
rate with cardioprotective aspirin after intravesical bacille Calmette-Guérin. BJU Int. 2009;103(6):736–9.

41. Boorjian SA, Berglund RK, Maschino AC, Savage CJ, Herr HW. Fibrin clot inhibitor medication and e�cacy of
bacillus Calmette-Guerin for bladder urothelial cancer. J Urol. 2009;182(4):1306–12.

42. Jacobs EJ, Newton CC, Gapstur SM, Thun MJ. Daily aspirin use and cancer mortality in a large US cohort. J Natl
Cancer Inst. 2012;104(16):1208–17.

43. Ratnasinghe LD, Graubard BI, Kahle L, Tangrea JA, Taylor PR, Hawk E. Aspirin use and mortality from cancer in a
prospective cohort study. Anticancer Res. 2004;24(5B):3177–84.

44. Singla N, Haddad AQ, Passoni NM, Meissner M, Lotan Y. Anti-in�ammatory use may not negatively impact
oncologic outcomes following intravesical BCG for high-grade non-muscle-invasive bladder cancer. World J Urol.
2017;35(1):105–11.



Page 14/23

45. Pastore A, Palleschi G, Fuschi A, Silvestri L, Al Salhi Y, Costantini E, et al. Can daily intake of aspirin and/or
statins in�uence the behavior of non-muscle invasive bladder cancer? A retrospective study on a cohort of
patients undergoing transurethral bladder resection. BMC Cancer. 2015;15:120.

4�. Drew DA, Cao Y, Chan AT. Aspirin and colorectal cancer: the promise of precision chemoprevention. Nat Rev
Cancer. 2016;16(3):173–86.

47. Cheung KS, Chan EW, Wong A, Chen L, Seto WK, Wong I, et al. Aspirin and Risk of Gastric Cancer After
Helicobacter pylori Eradication: A Territory-Wide Study. J Natl Cancer Inst. 2018;110(7):743–9.

4�. Simon TG, Ma Y, Ludvigsson JF, Chong DQ, Giovannucci EL, Fuchs CS, et al. Association Between Aspirin Use
and Risk of Hepatocellular Carcinoma. JAMA Oncol. 2018;4(12):1683–90.

49. Skelin M, Javor E, Lucijanic M. Aspirin Use and the Risk of Cancer. JAMA Oncol. 2019;5(6):912–3.

50. Huo X, Zhang X, Yu C, Cheng E, Zhang Q, Dunbar KB, et al. Aspirin prevents NF-κB activation and CDX2
expression stimulated by acid and bile salts in oesophageal squamous cells of patients with Barrett's
oesophagus. Gut. 2018;67(4):606–15.

51. Fu J, Xu Y, Yang Y, Liu Y, Ma L, Zhang Y. Aspirin suppresses chemoresistance and enhances antitumor activity of
5-Fu in 5-Fu-resistant colorectal cancer by abolishing 5-Fu-induced NF-κB activation. Sci Rep. 2019;9(1):16937.

52. Liao D, Zhong L, Duan T, Zhang RH, Wang X, Wang G, et al. Aspirin Suppresses the Growth and Metastasis of
Osteosarcoma through the NF-κB Pathway. Clin Cancer Res. 2015;21(23):5349–59.

53. Lai MY, Huang JA, Liang ZH, Jiang HX, Tang GD. Mechanisms underlying aspirin-mediated growth inhibition
and apoptosis induction of cyclooxygenase-2 negative colon cancer cell line SW480. World J Gastroenterol.
2008;14(26):4227–33.

54. Gu Q, Wang JD, Xia HH, Lin MC, He H, Zou B, et al. Activation of the caspase-8/Bid and Bax pathways in aspirin-
induced apoptosis in gastric cancer. Carcinogenesis. 2005;26(3):541–6.

55. Ding JH, Yuan LY, Huang RB, Chen GA. Aspirin inhibits proliferation and induces apoptosis of multiple myeloma
cells through regulation of Bcl-2 and Bax and suppression of VEGF. Eur J Haematol. 2014;93(4):329–39.

5�. Shen DS, Yang YJ, Kong XJ, Ma N, Liu XW, Li SH, et al. Aspirin eugenol ester inhibits agonist-induced platelet
aggregation in vitro by regulating PI3K/Akt, MAPK and Sirt 1/CD40L pathways. Eur J Pharmacol. 2019;852:1–
13.

57. Signorello MG, Leoncini G. Regulation of cAMP Intracellular Levels in Human Platelets Stimulated by 2-
Arachidonoylglycerol. J Cell Biochem. 2016;117(5):1240–9.

5�. Abdelmonsif DA, Sultan AS, El-Hadidy WF, Abdallah DM. Targeting AMPK. mTOR and β-Catenin by Combined
Metformin and Aspirin Therapy in HCC: An Appraisal in Egyptian HCC Patients. Mol Diagn Ther.
2018;22(1):115–27.

59. Chen Z, Wang C, Dong H, Wang X, Gao F, Zhang S, et al. Aspirin has a better effect on PIK3CA mutant colorectal
cancer cells by PI3K/Akt/Raptor pathway. Mol Med. 2020;26(1):14.

�0. Hernández C, Barrachina MD, Vallecillo-Hernández J, Álvarez Á, Ortiz-Masiá D, Cosín-Roger J, et al. Aspirin-
induced gastrointestinal damage is associated with an inhibition of epithelial cell autophagy. J Gastroenterol.
2016;51(7):691–701.

�1. Zhao Q, Wang Z, Wang Z, Wu L, Zhang W. Aspirin may inhibit angiogenesis and induce autophagy by inhibiting
mTOR signaling pathway in murine hepatocarcinoma and sarcoma models. Oncol Lett. 2016;12(4):2804–10.

�2. Din FV, Valanciute A, Houde VP, Zibrova D, Green KA, Sakamoto K, et al. Aspirin inhibits mTOR signaling,
activates AMP-activated protein kinase, and induces autophagy in colorectal cancer cells. Gastroenterology.



Page 15/23

2012;142(7):1504–.e3.

�3. Fan B, Zhang H, Jin H, Gai Y, Wang H, Zong H, et al. Is Overexpression of Ki-67 a Prognostic Biomarker of Upper
Tract Urinary Carcinoma? A Retrospective Cohort Study and Meta-Analysis. Cell Physiol Biochem.
2016;40(6):1613–25.

�4. Czachorowski MJ, Amaral AF, Montes-Moreno S, Lloreta J, Carrato A, Tardón A, et al. Cyclooxygenase-2
expression in bladder cancer and patient prognosis: results from a large clinical cohort and meta-analysis. PLoS
One. 2012;7(9):e45025.

�5. Rao KV, Detrisac CJ, Steele VE, Hawk ET, Kelloff GJ, McCormick DL. Differential activity of aspirin, ketoprofen
and sulindac as cancer chemopreventive agents in the mouse urinary bladder. Carcinogenesis.
1996;17(7):1435–8.

��. Goodman B, Gardner H. The microbiome and cancer. J Pathol. 2018;244(5):667–76.

�7. Yang Y, Misra BB, Liang L, Bi D, Weng W, Wu W, et al. Integrated microbiome and metabolome analysis reveals a
novel interplay between commensal bacteria and metabolites in colorectal cancer. Theranostics.
2019;9(14):4101–14.

��. Miller KD, Goding Sauer A, Ortiz AP, Fedewa SA, Pinheiro PS, Tortolero-Luna G, et al. Cancer Statistics for
Hispanics/Latinos, 2018. CA Cancer J Clin. 2018;68(6):425–45.

Tables
Table1. Association between aspirin intake and clinico-pathological characteristics of BCa in 1087 Chinese patients 
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  Regular Aspirin use Total P Value

No Yes

Gender       0.357

Male 810 83 893  

Female 180 14 194  

Age, years       0.002

Less than 68 523 35 558  

68 or Greater 467 62 529  

Pathologic stage       0.713

Tis-T1 676 68 744  

T2-T4 314 29 343  

Pathologic grade       0.702

G1 421 37 458  

G2 186 20 206  

G3 383 40 423  

Lymph node status       0.938

No 924 91 1015  

N1 46 4 50  

N2 17 2 19  

N3 3 0 3  

Distant metastasis       0.471

             M0 962 93 1055  

             M1 28 4 32  

Recurrence       0.365

             No 784 73 857  

             Yes 206 24 230  

Type of surgery       0.177

TURBT 757 66 823  

Partial cystectomy 27 4 31  

Radical cystectomy 206 27 233  

 TURBT:  Transurethral resection of bladder tumor

Table2. Main characteristics of individual studies included in the meta-analysis on impact of aspirin intake on risk of BCa.
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First author
(year)

Region Study
type

Study
period

Age Total
number

BCa
Cases

Frequency of use Adjusted
HR/RR/OR

(95% CI)

Adjustments

Tsoi K KF
(2018)

China Cohort
study

2000-
2013

67.5 612509 5291 More than 6 moths 1.06 (0.98-
1.14)

Age, gender

Guercio V
(2017)

Italy Case
control

2003-
2014

67 1355 690 At least for a week
for more than 6

months

1.21 (0.87-
1.68)

Age, gender, education, tobacco
smoking, diabetes

Shih C
(2013)

USA Cohort
study

2000-
2010

50-
76

77048 385 1–3 days/week or
<4 years

0.86 (0.63-
1.17)

Age, gender, race, smoking status,
education, family history of bladder

cancer, analgesic use
 ≥4days/week and

≥4 years
1.16 (0.88-

1.53)
Age, gender, race, smoking status,
education, family history of bladder

cancer, analgesic use
 Daugherty SE

(2011)
USA Case

control
1995-
1997
1993-
2001
1994-
1998

63.5 508842 2489 >2 times per week Male:
1.06 (0.95-

1.18)
Female 

0.92 (0.73-
1.18)

Gender, smoking status, stage, grade

Genkinger JM
(2007)

USA Cohort
study

1986-
2002

40-
75

49448 607 ≥2 tablets per week 0.99 (0.83–
1.18)

Age, smoking status, region, BMI

Fortuny J
(2007)

USA Case
control

1997-
2000

25-
74

839 376 4 times per week
during a month or

more

0.60 (0.40–
0.90)

Ages, sex, grades, stage, Use of tobacco,
alcohol 

Fortuny J
(2006)

Spain Case
control

1997-
2000

20-
80

1987 958 2 or more times
weekly for ≥1

month

1.00 (0.70-
1.50)

Ages, gender, region, education, smoking
status

Castelao JE
(2000)

USA Case
control

1987-
1996

58 3028 1514 2 or more times a
week for 1 month or

longer

0.85 (0.66–
1.09)

Ages, gender, race, use of  tobacco

Schreinemachers
and Everson

(1994)

USA Cohort
study

1982-
1987

25-
74

12668 35 More than 1 time
per month

1.06 (0.54-
2.09)

Ages, gender , race, education, smoking
status, alcohol use, poverty index, BMI,

arthritis(ever)
Pagaini-Hill

(1989)
USA Cohort

study
1981-
1988

73 13987 Male :74
Female:22

More than 1 time
per day

Male 
1.12 (0.63-

1.99)
Female 

0.89 (0.26-
3.10)

Ages, gender -

 BMI: Body mass index
 

 

Table3. Main characteristics of eligible studies collected in the meta-analysis on effect of aspirin intake on prognosis of BCa.
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First author
(year)

Region Study type Study
period

Age Total 
number

BCa
cases

Frequency of use Reported
endpoints

Adjustments

Singla N
(2017)

USA prospective 2006-2012 73/NR 203 99 81 mg vs. 325 mg daily
 
 

CSS:3.14
(0.37-26.91)

OS:1.91 (0.69-
5.27) 

RFS:1.05(0.64-
1.74)

 

Age stage grade
BMI history of
tobacco use

charlson
comorbidity

score  concomitant
CIS tumor size
tumors number

Lyon TD
(2018)

USA Cohort
study

2007-2016 50-59 1061 1061 Low:25,
81or162mg,high:325or650mg

 

CSS: 0.64
(0.45-0.89)
OS: 0.70

(0.53-0.93)
 

Age ECOG  BMI
use  stage

pathological node
pos periop blood

transfusion
Pastore A

(2015)
Italy case control

method
2008 -2013 62.2 574 574 ≥20 mg daily for at least 2

years
RFS: 0.74
0.452-1.239

Age grade stage
smokers

Lipsky MJ
(2013)

USA Retrospective 2001-2011 68+/-12
73+/-9

224 224 NR RFS:
2.41(1.08-5.35)

Age, stage, grade,
tumor

multifocality,
tumor recurrence
status, concurrent

interferon
 administration

Jacobs
EJ

(2012)

USA Cohort
study

1997-2008 older
than

60 years
of age

100139 302 ≥1 tablet per day OS:0.75 (0.48-
1.16)

Age, gender,
smoking,

education, BMI,
race, analgesic
use, physical

activity, history of
heart disease,

stroke, diabetes,
hypertension,
cholesterol-

lowering use,
history of
colorectal
endoscopy

Ratnasinghe
LD

(2004)

USA Cohort study 1982-84
1986,1987,1992

25-74 22794 40 Any use in the past 30 days
or the past 6 months

OS: 3.36 (1.03-
10.97)

Gender, race,
education,
smoking,

socioeconomic
status, BMI

Boorjian SA
(2009)

USA Retrospective 1990-2006 65|69 907 907 NR RFS:
0.91(0.751.10) 

Age stage grade

Gee JR
(2009)

USA Retrospective 1991-2003 72|63 43 43 81 or 325 mg aspirin RFS:0.179
(0.062-0.516)

Sex maintenance
BCG presence of

CIS papillary
tumor present
pure papillary
tumor current

smoker history of
smoking history of

bladder cancer
                   

BMI: Body mass index

ECOG: Eastern Cooperative Oncology Group

BCG: Bacillus Calmette-Guerin

CIS: Carcinoma in situ

 

Figures
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Figure 1

Flow diagram for the selection of articles.
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Figure 2

Forest plot (A) and funnel plot (B) showing the relationship between aspirin intake and the risk of bladder cancer in
the overall analysis. The x-coordinate scale of solid lines perpendicular to the X-axis is 1. Each horizontal line
segment parallel to the X-axis represents a con�dence interval of the research results. The wider the con�dence
interval is, the longer the horizontal line segment. The small square in the middle of the horizontal line represents the
position of the point estimate of the OR, and the size represents the weight of the study, which represents the
percentage of the results of each study in the overall results. The intersection of the horizontal segment and the solid
vertical line indicates that the study results are not statistically signi�cant. Diamonds represent the overall effect of
the estimate using the Mantel-Haenszel �xed-effects model. The visual examination of the funnel plot showed no
obvious asymmetry, indicating that the publication bias was small and that the effect on the combined effect was
negligible.
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Figure 3

Forest plot (A) and funnel plot showing the association of aspirin intake and the risk of bladder cancer in subgroup
analysis by sex. The intersection of the horizontal segment and the solid vertical line indicates that the results are
not statistically signi�cant in each subgroup. Diamonds represent the overall effect of the estimate using the Mantel-
Haenszel �xed-effects model. The visual examination of the funnel plot showed no obvious asymmetry, indicating
that the publication bias was small and that the effect on the combined effect was negligible.

Figure 4

Forest plot (A) and funnel plot showing the association of aspirin intake and the risk of bladder cancer in subgroup
analysis by region. The intersection of the horizontal segment and the solid vertical line indicates that the results are
not statistically signi�cant in each subgroup. Diamonds represent the overall effect of the estimate using the Mantel-
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Haenszel �xed-effects model. The visual examination of the funnel plot showed no obvious asymmetry, indicating
that the publication bias was small and that the effect on the combined effect was negligible.

Figure 5

Forest plot (A) and funnel plot showing the association of aspirin intake and the risk of bladder cancer in subgroup
analysis by research type. The intersection of the horizontal segment and the solid vertical line indicates that the
results are not statistically signi�cant in each subgroup. Diamonds represent the overall effect of the estimate using
the Mantel-Haenszel �xed-effects model. The visual examination of the funnel plot showed no obvious asymmetry,
indicating that the publication bias was small and that the effect on the combined effect was negligible.

Figure 6
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Forest plot (A) and funnel plot (B) showing the relationship between aspirin intake and the prognosis of patients with
bladder cancer, which included relapse-free survival, overall survival and cancer-speci�c survival. The intersection of
the horizontal segment and the solid vertical line indicates that the results are not statistically signi�cant in each
subgroup. Diamonds represent the overall effect of the estimate using the Mantel-Haenszel random-effects model.
The visual examination of the funnel plot showed no obvious asymmetry, indicating that the publication bias was
small and that the effect on the combined effect was negligible.


