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Abstract

Background—There have been few studies of sufficient size to address the relationship between 

glioma risk and the use of aspirin or non-steroidal anti-inflammatory drugs (NSAIDs), and results 

have been conflicting. The purpose of this study was to examine the associations between glioma 

and aspirin/NSAID use, and to aggregate these findings with prior published studies using meta-

analysis.

Methods—The Glioma International Case-Control Study (GICC) consists of 4,533 glioma cases 

and 4,171 controls recruited from 2010–2013. Interviews were conducted using a standardized 

questionnaire to obtain information on aspirin/NSAID use. We examined history of regular use for 

≥6 months and duration-response. Restricted maximum likelihood meta-regression models were 

used to aggregate site-specific estimates, and to combine GICC estimates with previously 

published studies.

Results—A history of daily aspirin use for ≥6 months was associated with a 38% lower glioma 

risk, compared to not having a history of daily use (adjusted meta-OR=0.62, 95% CI=0.54–

0.70).There was a significant duration-response trend (p=1.67×10−17), with lower ORs for 

increasing duration of aspirin use. Duration-response trends were not observed for NSAID use. In 

the meta-analysis aggregating GICC data with five previous studies, there was a marginally 

significant association between use of aspirin and glioma (mOR=0.84, 95% CI=0.70–1.02), but no 

association for NSAID use.
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Conclusion—Our study suggests that aspirin may be associated with a reduced risk of glioma.

Impact—These results imply that aspirin use may be associated with decreased glioma risk. 

Further research examining the association between aspirin use and glioma risk is warranted.
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Introduction

Several studies have evaluated associations between various cancers and the use of non-

steroidal anti-inflammatory drugs (NSAIDs) (1). With the exception of gastrointestinal tract 

cancers, these findings have been inconsistent (2,3). With regard to glioma, many studies 

have reported lack of association with overall NSAID use but relatively few studies have 

examined aspirin use separately from other NSAIDs, despite the fact that these drugs have 

different mechanisms of action.

NSAIDs inhibit prostaglandin production via suppression of the cyclooxygenase (COX) 

enzyme. While most other NSAIDs are reversible competitive COX inhibitors, aspirin acts 

through a non-competitive mechanism, irreversibly acetylating a residue in the COX active 

site, resulting in inhibition of the enzyme. These differences in mechanism between aspirin 

and non-aspirin NSAIDs (NA-NSAIDs) underlie the reason why aspirin is protective against 

cardiovascular disease, whereas other NSAIDs tend not to have a similar impact. Although 

there are credible hypotheses on how NSAID/aspirin use could potentially reduce cancer 

risk, neither an association nor a biological mechanism has been definitively established. 

Examining the impact of aspirin separately from NA-NSAIDs is important, as these drugs 

may have heterogeneous effects on cancer risk.

Regular aspirin use is more common than regular exposure to NA-NSAIDs, as low-dose 

aspirin is recommended for primary prevention of cardiovascular disease among older adults 

in the United States (U.S) (U.S. Preventive Services Task Force. Final Recommendation 
Statement: Aspirin Use to Prevent Cardiovascular Disease and Colorectal Cancer: Preventive 
Medication: https://www.uspreventiveservicestaskforce.org/Page/Document/

RecommendationStatementFinal/aspirin-to-prevent-cardiovascular-disease-and-cancer). 

Aspirin is not recommended for cardioprevention in Europe (4), which could lead to a lower 

prevalence of exposure in this population compared to the U.S. Using data from the Glioma 

International Case-Control Study (GICC) from 14 study sites across five countries, we 

examined the role of aspirin and NA-NSAIDs use on glioma risk. We investigated duration-

response relationships and associations by glioma grade. Although our study represents one 

of the largest international studies of these associations to date, we also sought to 

contextualize our findings in the broader literature by conducting a meta-analysis with 

results from previously published studies.
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Methods

Study Population

The GICC is a consortium with 14 recruitment sites in five countries; detailed information 

has been published previously (5). Cases were between 18 and 80 years old at diagnosis, 

with a histologically-confirmed, supra-tentorial glioma [fibrillary astrocytoma (International 

Classification of Disease, Oncology 3rd edition (ICD-O-3) code: 9420/3), protoplasmic 

astrocytoma (ICD-O-3 code: 9410/3), gemistocytic astrocytoma (ICD-O-3 code: 9411/3), 

oligodendroglioma (ICD-O-3 code: 9450/3), oligoastrocytoma (ICD-O-3 code: 9382/3), 

anaplastic astrocytoma (ICD-O-3 code: 9401/3), anaplastic oligodendroglioma (ICD-O-3 

code: 9451/3), anaplastic oligoastrocytoma (ICD-O-3 code: 9382/3), gliosarcoma (ICD-O-3 

code: 9442/3), or glioblastoma (ICD-O-3 code: 9440/3)]. All cases were recruited within 

one year of diagnosis.

Eligible controls were between 18 and 80 years old. Four sites recruited clinic-based 

controls (Duke, University of California San Francisco, University of Southern California 

and Mayo Clinic Rochester), seven sites recruited visitors accompanying patients (Brigham 

and Women’s Hospital, Case Western Reserve University, Columbia, Memorial Sloan-

Kettering Cancer Center, MD Anderson Cancer Center, NorthShore and United Kingdom 

[U.K.]), and three sites used population-based controls (Denmark, Sweden and Israel). 

Clinic-based controls, hospital visitor controls, and population controls were recruited 

through the clinic’s daily patient lists, in the ward/waiting areas of the hospitals, or through 

the country’s population registries. All sites received Institutional Review Board or ethical 

board approval to conduct the study, and written informed consent was obtained from all 

participants.

Data Collection

A common study protocol and questionnaire were used at all sites. The risk factor 

questionnaire collected information on demographics, past medical/medication history, and 

occupational history. Questionnaires were administered in-person (48% cases and 60.4% 

controls), by phone (26.3% cases and 15.5% controls), or through mailed self-administered 

forms (20.2% cases and 21.2% controls)., Participants were asked whether they used NA-

NSAID and/or aspirin at least one year prior to their brain tumor diagnosis or enrollment. If 

so, the participants were asked if they had taken these medications for a total of ≥6 months. 

Frequency of use (daily, weekly, or monthly) and the cumulative duration of use (how many 

years/months total these medications were used at the reported frequencies) were recorded. 

Self-reported information on usual dose, brand used most frequently, and reason for use was 

also collected. Because of the high level of variability, analyses were not conducted by 

brand.

Regular NA-NSAID use was defined as the use at least once per week for ≥6 months. 

Because many individuals take aspirin for cardioprevention, the sample size could support 

analyses of daily aspirin use, whereas at least weekly NA-NSAID use was examined as an 

exposure of interest because daily use was less common (<10% of participants used NA-

NSAIDs daily).
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Statistical Analysis

The overall analysis plan (including sensitivity analyses) and population demographics by 

study site have been published previously (5). We compared cases and controls on relevant 

characteristics, overall, by study site, by control types (visitor, clinic, or population-based), 

and by tumor grade (high-grade: grade IV; lower-grade: grade II/III) among cases. 

Exposures included: daily aspirin use for a total of ≥6 months (cumulative), weekly NA-

NSAID use for a total of ≥6 months (cumulative), reason for use, and duration of use (<6 

months or not reported; ≥6 months to ≤2 years; >2 years to ≤5 years; >5 years to ≤10 years 

or >10 years).

Analyses were conducted both in the overall study population and stratified by tumor grade. 

Site-specific odds ratios (ORs), along with corresponding 95% Wald confidence intervals 

(95% CIs) were calculated using unconditional logistic regression adjusted for age and sex. 

Sites with less than five cases or controls in the exposed or unexposed groups were not 

included in the meta-analyses.

Meta-analysis ORs (Meta-ORs) were calculated using two-stage random-effects restricted 

maximum likelihood (REML) modeling to aggregate estimates across study sites. The I2 

statistic assessed the percentage of variability in the effect estimates due to heterogeneity. 

The τ2 statistic and the heterogeneity test p-value were calculated to evaluate the inter-site 

variance. Forest plots were generated as a visual representation of the site-specific estimates. 

Analyses were conducted using SAS 9.2 (SAS Institute, Cary, NC) and R version 3.1.2.

Due to small sample sizes, analyses of specific drug types were performed by pooling the 

data from sites. The analyses of regular use of aspirin combined all aspirin-containing 

products, because only small numbers of participants used brands that combined salicylic 

acid with other ingredients.

Sensitivity analyses included running models with and without proxy responses to ensure 

that there were no meaningful discrepancies in ORs. After we observed that cases were more 

likely than controls to have used aspirin/NA-NSAIDs for headache, we also performed 

sensitivity analyses excluding those participants who took aspirin/NA-NSAIDs for 

headache. We also performed separate meta-analyses to examine potential differences 

between sites with different control types. Most analyses examined at least weekly use of 

NA-NSAIDs (daily and weekly combined); therefore, daily use was also examined 

separately as a sensitivity analysis.

Meta-Analysis with Previous Studies

Articles reporting previous association analyses between glioma and aspirin or NA-NSAIDs 

were identified through literature search, using PubMed (Figure S1). Keywords used to 

identify these studies included: (“Aspirin”[Mesh] OR “Anti-Inflammatory Agents, Non-

Steroidal”[Mesh] OR “Analgesics”[Mesh]) AND (“Brain Neoplasms”[Mesh] OR “Glioma”

[Mesh] OR “Glioblastoma”[Mesh]). Additional studies were identified by reviewing the 

references of studies identified via PubMed. Case-control or cohort studies that investigated 

the relationship between NSAIDs and glioma were included in the meta-analysis. Articles 
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that reported on overlapping patient populations or did not specifically examine glioma were 

excluded.

We reviewed all included studies and abstracted the following information: author’s names, 

publication year, country, study design, number of participants, exposure definition, tumor 

type (i.e., glioma or glioblastoma), covariates, and risk estimates with corresponding 95% 

CIs. Studies examining NSAIDs varied in the formulations included in this category, and in 

one case (6), these drugs included aspirin.

Meta-ORs were calculated using REML modeling to aggregate estimates across studies. 

Heterogeneity among studies was assessed using Cochran’s Q and I2 statistics. For the 

purposes of meta-analysis, hazard ratios and risk ratios from cohort studies were considered 

equivalent to ORs. Funnel plots and corresponding rank correlation tests and regression 

asymmetry tests were used to assess publication bias in prior studies

Results

Table 1 presents the population characteristics of the GICC study by case-control status and 

glioma grade. Age and sex were similarly distributed between cases and controls. Grade IV 

cases had an older age at diagnosis than grade II/III cases and were more likely to be male. 

Approximately 11% of cases and of controls reported experiencing migraines.

History of aspirin use.

There were 1,641 participants who took aspirin daily for ≥6 months: 764 (19.0%) cases and 

877 (22.7%) controls (Table 2). Figure 1 presents the association between history of regular 

aspirin use and glioma risk across all sites. The overall mOR was 0.62 (95% CI=0.54–0.70). 

Of the 12 sites included, ten site-specific ORs were in the inverse direction, and four were 

statistically significant. The two ORs in adverse direction were not statistically significant. 

We found decreasing ORs with increasing duration of regular aspirin use 

(ptrend=1.67×10−17). Results stratified by grade were similar to each other and to the overall 

effect estimates (ORGradeIV=0.57, 95% CI=0.49–0.66; ORGradeII/III=0.61, 95% CI=0.50–

0.74).

The three major indications for aspirin use were headaches, muscle/joint aches, and 

cardioprevention. Cases were more likely to have taken aspirin for headache. We conducted 

a sensitivity analysis excluding those who took aspirin for headaches. The relationship 

between aspirin use and glioma remained unchanged (mORSensitivity=0.60, 95% CI=0.47–

0.76).

History of non-aspirin NSAID use.

Among cases, 542 (13.9%) reported history of regular NA-NSAID use, compared to 533 

(14.6%) among controls (Table 3). The mOR was borderline statistically significant 

(mOR=0.82, 95% CI=0.70–0.97; Figure 2). Of 11 study sites, six had ORs in the inverse 

direction, but only two were statistically significant. There were significantly protective ORs 

for regular use between six months and two years, and between five to ten years, but there 

was no discernible pattern (ptrend>0.05).
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While there was a significant association between regular NA-NSAID use and glioblastoma 

(ORGradeIV=0.73, 95% CI=0.61–0.86), there was no association with lower-grade glioma 

(ORGradeII/III=1.01, 95% CI=0.84–1.21).

Sensitivity analyses.

Neither questionnaire administration type nor the removal of proxy responses meaningfully 

altered the meta-regression results for NA-NSAIDs or aspirin. Differences in the association 

for regular aspirin use were found by control type, with associations being attenuated among 

population-based and visitor controls (Clinic-based OR=0.40, 95% CI=0.33–0.50; Visitor-

based OR=0.64, 95% CI=0.50–0.81; Population-based OR=0.97, 95% CI=0.77–1.24). Three 

of the four non-U.S. sites used population-based controls; thus, the OR restricted to non-

U.S. sites was similar to the population-based OR.

We repeated key analyses adjusting for educational level and results were not changed. We 

restricted the analysis to adults who were >50 years of age, and found that OR for regular 

aspirin use remained very similar to the overall mOR (ORadjusted=0.62; 95% CI=0.54–0.71).

Results of Meta-Analysis with Previous Studies—Figure S1 provides an overview 

of the literature review and selection process. A total of seven previous studies on NSAIDs/

aspirin and glioma were selected, and study characteristics are reported in Table S1.

Aspirin Use.

Data were available on regular use versus never use of aspirin from five previous studies (7–

12). When these results were combined with GICC, there was a marginally significant 

association between use of aspirin and glioma (mOR=0.84, 95% CI=0.70–1.02, Q=36.6, 

I2=84.0%, Figure S2A-B). When analysis was limited to studies conducted in the U.S. only 

(7–9), there was a significant inverse association between aspirin use and glioma 

(mOR=0.63, 95% CI=0.49–0.80, Q=46.0, I2=76.5%, Figure S3A-B).

Data on long-term aspirin use was available from GICC and four prior studies (8–11), 

though definition of long-term exposure varied by study (all ≥5 years of exposure). The 

mOR for long-term use was 0.64 (95% CI=0.47–0.85, Q=17.0, I2=74.8%, Figure S4A-B). 

Association between long-term aspirin use and glioblastoma was also significant, with mOR 

of 0.55 (95% CI=0.39–0.78, Q=9.0, I2=67.5%, Figure S5A-B).

NSAID Use.

Data were available on regular use versus never use of NSAIDs from six previous studies 

(8–10,12,13). When these results were combined with GICC, there was no significant 

association between use of NSAIDs and glioma (mOR=0.89, 95% CI=0.77–1.03, Q=34.1, 

I2=82.9%, Figure S6A-B). When the analysis was limited to the five studies (including 

GICC) that examined only NA-NSAIDs (8–10,12), the association was null (mOR=0.97, 

95% CI=0.87–1.08, Q=8.4, I2=58.6%, Figure S7A-B).
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Discussion

The date on the roles of aspirin and NA-NSAID use in glioma. We found that a history of 

daily aspirin use for at least six months was significantly associated with a reduced risk of 

glioma. Duration-response analyses suggested that longer durations of regular use were 

associated with stronger protective effects (ptrend=1.67×10−17). Results aggregated with 

previously published studies yielded relatively consistent findings for regular aspirin use, 

though the mOR was of borderline statistical significance. Although the mOR for regular 

use of NA-NSAIDs was also in the inverse direction and marginally significant, no clear 

trends were detectable with increasing duration of use, and aggregation with previous studies 

yielded null results. This study contributes new information on the associations between 

glioma and aspirin/NSAIDs, and our original findings are placed into the broader context of 

the existing literature through meta-analysis with previous studies. Additional research on 

the association between aspirin use and gliomagenesis is warranted, as a stronger 

understanding of this relationship could help clarify the role of inflammation in brain 

tumorigenesis.

Several studies have examined the role of NSAIDs in glioma risk, but there are relatively 

fewer studies that have investigated the role of aspirin, specifically. We found an adjusted 

mOR of 0.62 (95% CI=0.54–0.70) for the association between glioma and regular aspirin 

use. Similar to our study, a recent case-control study by Egan et al. reported an OR of 0.69 

(95% CI=0.56–0.87) for a history of regular aspirin use (defined as use at least twice a week 

for 12 consecutive months) for indications other than headache, as well as a significant 

duration-response relationship (8). An older case-control study by Ferris et al. (11) reported 

an OR of 0.68 (95% CI=0.49–0.96) for regular aspirin use (>6 months of at least twice 

weekly use) and glioma. The most recent meta-analysis of eight studies by Zhang, et al., 

found a meta-RR of 0.86 (95% CI=0.76–0.95) for the association between aspirin use and 

glioma (14). Some studies overlapped between this meta-analysis and those presented here, 

our results (mOR=0.84, 95% CI=0.70–1.02), which include our findings and Egan et al., are 

very similar to that of Zhang et al. (14). They also found a 10% decrease in CNS tumor risk 

for every three aspirin prescriptions (RR=0.90 per three prescriptions; 95% CI=0.85–0.95), 

but did not report a glioma-specific estimate.

Some studies have not detected an inverse association between aspirin use and glioma (10, 

11, 13, 16). An older meta-analysis of seven studies yielded null results (mOR=1.01; 95% 

CI=0.85–1.21) (15). The NIH-AARP study (12), which is a prospective cohort study, also 

did not observe an association, but this study lacked data on duration of use, meaning that 

participants who used aspirin regularly for only a few weeks could be lumped in the same 

exposure category as those who used it regularly for several years, potentially attenuating the 

association. Results from the Women’s Health Study, where patients were randomized to a 

100 mg dose of aspirin or placebo administered every other day, did not support an 

association between low-dose aspirin use and brain cancer risk (16). This study did not 

differentiate between gliomas and other types of brain tumors, and the results were based on 

only 31 incident brain tumors (17 in the aspirin group and 14 in the placebo group). 

Similarly, a case-control by Gaist et al. (10) reported an OR of 0.80 (95% CI: 0.53–1.21) for 

long-term use of low-dose aspirin, but this was based on only 31 total exposed cases (1.5% 
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exposure prevalence in the full study population). Such studies highlight the importance of 

large, adequately-powered case-control studies when investigating rare conditions, like 

glioma.

Previous studies on NSAID use and glioma have also yielded mixed results. Two relatively 

recent matched case-control studies that used prescription data found no associations 

between risk of glioma and COX-2 inhibitor/NSAID use, which was evaluated differently in 

each study (number of prescriptions versus defined daily dose) (10,17). However, these two 

studies used potentially overlapping study populations from the U.K. Clinical Practice 

Research Datalink. Another case-control study also reported no association between NA-

NSAID use and glioma among 2,688 cases and 18,848 population-based controls, using data 

from the Danish national registries (9). Similarly, a meta-analysis of 10 studies yielded null 

results (15). One of the first studies on NSAIDs and glioblastoma risk found a strong inverse 

association with a history of using at least 600 total pills (7) and reported similar results 

when examining specific NSAIDs separately (i.e., ibuprofen and aspirin). While this 

previous study was based on a relatively small number of cases (n=236), our study also 

found an association aggregated with four previous studies (mOR=0.97, 95% CI=0.87–

1.08), cumulatively imply between NA-NSAID use and glioblastoma risk. The borderline 

significant mOR and the lack of duration-response trends in the GICC study, in combination 

with the mOR from our results that a strong association is unlikely.

In general, direct comparisons of our findings to the previous literature are challenging 

because of substantial heterogeneity in the definitions of long-term exposure to aspirin/

NSAIDs across studies (e.g., by number of years but not accounting for daily use, or by high 

vs. low defined daily dose). Therefore, some of the inconsistencies between previous studies 

on aspirin/NSAIDs and glioma may be partly attributable to the wide variety of exposure 

assessment strategies and analysis units. Studies using self-reported exposure to aspirin/

NSAIDs may be subject to reverse causation, in that cases may be using NSAIDS more 

regularly in order to alleviate headaches or other brain tumor symptoms. However, such bias 

due to reverse causation would drive the OR towards a positive, not an inverse, association. 

Accounting for indication of use or omitting data from less than a year prior to diagnosis 

may reduce such bias. Another consideration when using self-reported data is the potential 

for poor recall among cases due to cognitive deficits. While prescription data (e.g., data used 

by Gaist, et al. or Bannon, et al.) are generally considered more accurate than self-report, 

such data are still not a direct measure of medication ingestion, and do not adequately reflect 

use of medications that can be purchased without a prescription. In some European 

countries, including the U.K., a substantial proportion of NSAID sales are over-the-counter 

(OTC), and studies using data exclusively from prescription registries would, therefore, be 

subject to exposure misclassification (11). Future studies should consider combining 

electronic health record and interview data to obtain a more complete picture of aspirin/

NSAID use. Given the relatively short median survival time of glioma, such a strategy may 

present challenges for retrospective or case-control studies. Although prospective studies 

may be able to incorporate a more comprehensive approach to exposure assessment, glioma 

is a rare outcome, and prospective studies are likely to be underpowered.
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The possibility of an inverse relationship between aspirin/NSAIDs and gliomagenesis is 

supported by in vitro studies (13,18–21), and several possible mechanisms have been 

proposed. One possibility is inhibition of COX-2, which has been shown to be upregulated 

in most high-grade gliomas (19). Inhibition of COX-2 by NSAIDs prohibits the production 

of prostaglandin E2 (PGE2). PGE2 induces the differentiation and expansion of myeloid-

derived suppressor cells (MDSCs), which can attenuate antitumor immunosurveillance. It 

has been hypothesized that blocking the COX-2 pathway may suppress gliomagenesis by 

inhibiting MDSCs (21). There are also COX-2 independent pathways through which aspirin/

NSAIDs may potentially confer a protective effect. NSAIDs may also inhibit the growth of 

glioblastoma cells by up-regulating the cell cycle inhibitor p21 and a major prostaglandin 

catabolic enzyme (15-hydroxyprostaglandin dehydrogenase) (20). One other potential 

mechanism is gentisic acid, a metabolite of aspirin which blocks binding of fibroblastic 

growth factor and has been found to inhibit growth of glioblastoma in vivo (22). Since the 

findings of most epidemiologic studies on aspirin/NSAIDs remain mixed, additional in vitro 
and in vivo studies are warranted.

Our study has some limitations inherent to multisite consortia. There is a significant amount 

of site-to-site heterogeneity, and we have provided site-specific ORs, in addition to mORs. 

Different control types and questionnaire administration methods were used between sites. 

While an ideal control group would capture members of the underlying source population 

from which the cases originated, this would not be entirely feasible in the GICC study 

because glioma cases were recruited from several large referral centers, where the source 

population includes a combination of both national and international patients. Therefore, the 

underlying source population for the cases cannot be easily defined or identified. In fact, 

most of the GICC U.S. sites were tertiary-care and/or referral centers, which serve 

international patient populations. Additionally, because none of the U.S. sites utilized 

population-based controls, we are unable to disentangle whether the null OR in non-U.S. 

sites is attributable entirely to control type or whether it may also partly be explained by the 

relatively low exposure prevalence in the non-U.S. sites.

To help address some of the concerns related to differing control types, we conducted a 

series of sensitivity analyses (5) to examine findings by these differences. The association 

between aspirin and glioma was strongest when comparing cases to clinic-based controls, 

implying the possibility of bias. However, most site-specific ORs were in the inverse 

direction, including some with non-clinic controls, and only two site-specific ORs were 

above 1.0 (not statistically significant). Additionally, when clinic-based controls were 

excluded, the mOR for aspirin use remained statistically significant and inversely associated 

(mOR=0.82, 95% CI=0.69–0.96). However, we cannot discount the possibility that our 

findings may be influenced by selection bias related to control recruitment strategy.

Another common limitation in case-control studies of glioma is the use of proxy 

respondents. However, the proportion of proxy responses in our study is low (<10%), and 

their exclusion did not meaningfully impact our findings.

Because of the guidelines related to cardioprevention in the U.S., our sample size could 

support analyses of daily aspirin use, but we were unable to examine daily NA-NSAID use 
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(<10% of participants used NA-NSAIDs daily). Therefore, regular NA-NSAID use was 

defined as weekly use for at least 6 months. Being unable to examine daily use of NA-

NSAIDs constitutes another limitation of our study.

With regard to the meta-analysis of GICC data with prior studies, the observed association 

between aspirin use and glioma was stronger when limited to studies conducted in the U.S. 

(mOR=0.63, 95% CI=0.49–0.80) than when international studies were included. Exposure 

prevalence of daily or weekly aspirin use is much lower in countries in which aspirin is not 

routinely recommended for cardioprevention (4). While this can impact statistical power in 

non-U.S. studies, it also implies that individuals who do take aspirin regularly in these 

countries are unlikely to be generalizable to the rest of the population. It is possible that the 

cardiopreventive guidelines in the U.S. differentially increase the probability that controls 

take aspirin regularly, compared to individuals who have other health complications. Our 

findings should be interpreted cautiously and in the milieu of current knowledge about 

potential biologic mechanisms that may underlie such an association.

Conclusions

Although many studies, including ours, do not strongly support the role of NA-NSAIDs in 

glioma prevention, our findings are relatively consistent with previous studies that report an 

approximately 30% lower glioma risk associated with a history of aspirin use (8,11). The 

duration-response trend in aspirin use was also significant providing a strong rationale for 

further investigation. Future studies can bolster the literature by utilizing more 

comprehensive exposure assessment strategies and examining each NSAID separately in 

order to account for differences in COX-2 selectivity or pharmacological properties.
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Figure 1. 
Forest plot representing the meta-analysis of aspirin use and glioma risk by study sites.
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Figure 2. 
Forest plots representing the meta-analysis of non-aspirin NSAIDs and glioma risk by study 

sites.
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Table 1.

Demographic characteristics of the Glioma International Case Control Study by glioma grade.

Cases Controls P-value Grade IV Cases
^

Grade II and III Cases
^

N % N % N % N %

Sex 0.0099

Male 2679 59.1 2351 56.37 1728 62.29 916 54.30

Female 1854 40.9 1820 43.63 1046 37.71 771 45.70

Diagnosis/enrollment age 0.0327

18–29 years 308 6.79 294 7.05 62 2.24 228 13.52

30–39 years 521 11.49 473 11.34 108 3.89 398 23.59

40–49 years 813 17.94 680 16.30 417 15.03 384 22.76

50–59 years 1150 25.37 1079 25.87 796 28.7 338 20.04

60–69 years 1239 27.33 1098 26.32 993 35.8 238 14.11

70–80 years 502 11.07 547 13.11 398 14.35 101 5.99

Education* < 0.0001

High School or less 1126 27.67 911 22.47 716 28.66 392 25.99

Some college 1104 27.13 1293 31.89 651 26.06 433 28.71

Bachelor’s degree 1020 25.06 955 23.55 595 23.82 409 27.12

Advanced degree 808 19.85 892 22.00 530 21.22 268 17.77

Missing 12 0.29 4 0.10 6 0.24 6 0.40

Race/ethnicity < 0.0001

Non-Hispanic white 4163 91.84 3691 88.49 2577 92.9 1522 90.22

Non-Hispanic black 71 1.57 139 3.33 41 1.48 26 1.54

Asian 84 1.85 87 2.09 35 1.26 48 2.85

Hispanicy 162 3.57 224 5.37 93 3.35 67 3.97

Other 38 0.84 26 0.62 22 0.79 15 0.89

Missing 15 0.33 4 0.10 6 0.22 9 0.53

Migraines 0.5964

Yes 478 10.54 465 11.15 262 9.44 203 12.03

No 3982 87.85 3634 87.13 2470 89.04 1455 86.25

Missing 73 1.61 71 1.70 42 1.51 29 1.72

^
Sum of grade II & III and grade IV cases does not equal total number of cases, due to cases with unclassified tumors

*
Education information was not collected by one study site (The Institute of Cancer Research, London, UK)
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Table 3.

Duration of weekly or daily NA-NSAIDs use and risk of glioma

Duration group
Case (n=3891) Control (n=3651)

OR
1 95% Confidence Intervals P

2
N % N %

No weekly or daily use 3349 91.61 3118 88.91 1

Missing duration or <6 months
3 140 1.96 97 1.90 1.12 0.84–1.49 0.430

>=6 months–≤2 years 100 1.83 120 2.75 0.70 0.52–0.93 0.010

>2 years–≤5 years 107 1.7 97 2.15 0.95 0.71–1.27 0.720

>5 years–≤10 years 95 1.48 119 2.53 0.62 0.46–0.83 0.001

>10 years 100 1.42 100 1.76 0.80 0.60–1.08 0.150

1
Adjusted for sex, age, race, education, and study centers

2
Ptrend>0.05

3
A total of 166 participants were missing duration of use: 110 cases and 56 controls
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