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Abstract
Background: African Americans (AA) experience higher
incidence and mortality of lung cancer as compared with
European Americans (EA). Inﬂammation is associated with
lung cancer, many aspects of which differ between AA and EA.
We investigated whether use, frequency, and duration of the
anti-inﬂammatory drug aspirin were associated with lung
cancer risk and survival, separately among AA and EA
populations.
Methods: Using data from the Maryland Non–Small Cell
Lung Cancer (NSCLC) Case–Control Study (1,220 cases
[404 AA and 816 EA] and 1,634 controls [1,004 EA and
630 AA]), we estimated the adjusted odds ratios (OR) and
hazard ratios (HR) with 95% conﬁdence intervals (CI) of the
associations between aspirin use and NSCLC risk and survival, respectively.

Introduction
Lung cancer is the leading cause of cancer mortality in the
United States, accounting for more than 25% of all cancer deaths
(1, 2). Non–small cell lung cancer (NSCLC) constitutes 75% to
85% of all diagnosed lung cancers and includes adenocarcinoma,
squamous cell carcinoma, and large-cell carcinoma (3). Despite
advances in therapy, the 5-year survival for lung cancer cases is
only 16% (1). In the United States, racial differences in lung cancer
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Results: Any aspirin use (OR: 0.66; 95% CI, 0.49–0.89),
daily use of  1 tablet (OR: 0.68; 95% CI, 0.50–0.90), and use
for  3 years (OR: 0.61; 95% CI, 0.44–0.85) was associated
with lower NSCLC risk only among men, even after adjustment for covariates including body mass index and global
genetic ancestry. These variables were also associated with
improved survival, but only among AA (HR: 0.64; 95% CI,
0.46–0.91; HR: 0.61; 95% CI, 0.42–0.90; and HR: 0.60; 95%
CI, 0.39–0.92, respectively). Tylenol and other NSAIDs were
either associated with elevated or no NSCLC risk.
Conclusions: Aspirin use is associated with lower risk of
NSCLC among men and improved survival among AA.
Impact: Preventive regular aspirin use could be considered
among men and AA. Cancer Epidemiol Biomarkers Prev; 27(12);
1518–26. 2018 AACR.

risk and survival are observed between African Americans (AA)
and European Americans (EA; refs. 1, 4). AA experience incidence
rates 50% higher than their EA counterparts and worse survival
outcomes (2, 5). In searching for explanations for these health
disparities, investigators have considered cultural, socioeconomic, genetic, and biological differences, as well as differences in
tobacco exposure (6). Research has also focused on the role
of inﬂammation processes in lung cancer and differences between
AA and EA, which may contribute to the observed health
disparities (7).
The US Preventive Services Task Force recommends low-dose
aspirin for the primary prevention of cardiovascular disease
(CVD) and colorectal cancer in adults ages 50 to 59 years who
have a 10% or greater 10-year CVD risk, are not at increased risk for
bleeding, have a life expectancy of at least 10 years, and are willing
to take low-dose aspirin daily for at least 10 years (8–14)—current
data estimate daily aspirin use for the prevention of CVD at
approximately 30% (15). It is not yet clear whether such a
preventive effect exists for NSCLC.
Inﬂammation can result in high cell turnover rates leading
to DNA damage, mutations, and ultimately tumor growth
(16). Aspirin inhibits inﬂammation by preventing the production of prostaglandins via COX-2. COX-2 is overexpressed in
many cancers including lung cancer (17–20). Data suggest that
aspirin may have a protective effect against lung cancer development (21). In a meta-analysis of aspirin use and lung cancer
risk, overall results indicated a protective effect of aspirin,
though strong differences were observed between studies (8,
21–25). Duration of use was somewhat related to decreased
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Figure 1.
Kaplan–Meier curves showing the relationship
between aspirin use and lung cancer–speciﬁc
survival. A, The relationship among EA. B, The
relationship in AA.

mortality (9, 10). Studies of aspirin and lung cancer survival
have also yielded mixed results. Animal studies suggest that
aspirin reduces lung cancer metastasis (22), but in a large
cohort study, aspirin use did not affect overall survival
(26, 27).
Smith and colleagues recently found that aspirin use was
associated with a reduced risk of prostate cancer and protective
against disease recurrence among AA, but not EA (28), suggesting that racial differences in the effect of aspirin on cancer
prevention could be one factor that drives heterogeneity across
studies. Recently, we described racial differences in cytokines
and inﬂammatory markers between AA and EA with lung cancer
(7). In addition, we identiﬁed differences in the inﬂammatory
cell population between EA and AA in lung tumors (29).
Therefore, in this study, our goal was to examine the relationship between aspirin use and NSCLC risk and survival, and to
speciﬁcally address any differences between AA and EA
populations.

www.aacrjournals.org

Materials and Methods
Data were obtained from the NCI-Maryland Lung Cancer Case–
Control Study, an ongoing study of AA and EA from the greater
Baltimore and Eastern Shore regions of Maryland that started in
1998 (30). Cases, recruited from seven hospitals in the greater
Baltimore metropolitan area, were diagnosed with histologically
conﬁrmed NSCLC at any stage (i.e., AJCC stages I, II, III, and IV). The
histologic type and stage of the malignancy were recorded and available for the present study. Population controls, frequency matched
to cases on age, race, and sex, were recruited from Maryland
Department of Motor Vehicles records. Both case and control
participants were required to have been born in the United States,
speak English well enough to be interviewed, be between the ages of
40 and 90 years, and not be severely ill or reside in an institution.
Trained interviewers administered a standardized questionnaire
to capture information regarding demographics, socioeconomic
characteristics, tobacco smoking history [current, former (those
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who reported to have quit smoking one year prior to the
interview), or never (those who smoked less than 100 cigarettes
over their lifetime)], as well as pack-years of smoked cigarettes,
alcohol history, medical history, family history of cancer,
reproductive history, and occupational history. All data were
self-reported unless otherwise noted. As of 2005, questions
about the use of nonsteroidal anti-inﬂammatory drugs
(NSAID) such as aspirin and other NSAIDs (i.e., ibuprofen,
Advil, Naprosyn, Feldene, Celebrex, and others), and Tylenol
(including other acetaminophen containing compounds) were
added. Body mass index (BMI) was determined using selfreported measures of height and weight.
Assessment of aspirin, Tylenol, and other NSAID use
Aspirin use was deﬁned as any regular use of aspirin or aspirincontaining compounds. Speciﬁcally, information on any use,
frequency, and duration was obtained by asking three questions:
(i) have you taken aspirin or aspirin-containing compounds
regularly? (deﬁned as at least one pill per week for 2 months
during the past 5 years; yes, no, don't know); (ii) how many pills
per day or week did you take regularly during the past 5 years?
(number of pills per day, number of pills per week, or don't
know); (iii) how long did you take aspirin or aspirin-containing
products regularly during the past 5 years? (number of weeks,
number of months, number of years, or don't know). Similar
questions were asked for Tylenol and other NSAIDs.
The following variables were created: (i) regular aspirin use
(based on response to whether participants had taken aspirin
regularly and characterized as yes/no); (ii) daily number of aspirin
tablets (none, < 1, or  1 tablet); and (iii) duration of aspirin use
(never, < 3, and  3 years). Similar variables were generated for
Tylenol and acetaminophen containing compounds and for
other NSAIDs use.
The National Death Index was used to obtain data on lung
cancer–speciﬁc mortality, which was deﬁned as lung cancer listed
as the primary, secondary, or tertiary cause of death on the death
certiﬁcate.
Global genetic ancestry
Genetic ancestry analysis was performed as previously
described (31). Brieﬂy, DNA from buffy coat was genotyped for
100 ancestry informative markers (AIM) using the Sequenom
MassARRAY iPLEX platform, according to the manufacturer's
recommendations. The AIMs panel consisted of carefully selected
autosomal markers that were previously identiﬁed and validated
for estimating continental ancestry information in admixed
populations (32, 33). Individual single-nucleotide polymorphism (SNP) genotype calls were generated using Sequenom
TYPER software, which automatically calls allele-speciﬁc peaks
according to their expected masses. Genotyping quality control
for all SNPs was assessed. A genotype concordance rate of 99.5%
was observed for all markers. Genotyping call rates exceeded 97%
for all individuals included in the analyses.
Individual admixture estimates for each study participant were
calculated using a model-based clustering method as implemented in the program STRUCTURE v2.3 (34). STRUCTURE 2.3 was
run using parental population genotypes from West Africans,
Europeans, and Native Americans (32) under the admixture
model using the Bayesian Markov chain Monte Carlo method
(K ¼ 3, assuming three founding populations) and a burn-in
length of 30,000 for 70,000 repetitions.
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A continuous global genetic ancestry variable was used in
regression and survival models and consisted of the percentage
of West African, European, and Native American ancestry.
Measurement of inﬂammatory proteins
Serum was prepared from a blood draw from consenting
individuals and used to determine circulating cytokine concentrations in AA. The following inﬂammatory proteins were measured in serum specimens using the Mesoscale VPlex assay: CRP,
TNF, CXCL8 (IL8), IL6, IL4, IL2, IL13, IL12A, IL10, IFNG, VEGFA,
LTA, IL7, IL5, IL1A, IL17A, IL16, IL15, IL12B, CSF2, CCL17, CCL4,
CCL3, CCL22, CCL13, CCL2, CXCL10, CCL26, CCL11, and IL1B.
Statistical analysis
Descriptive statistics were generated to examine differences
in participant characteristics, aspirin, Tylenol, and other
NSAIDs use between AA and EA cases and controls, using
c2 tests. Logistic regression was used to estimate odds ratios
(OR) and 95% conﬁdence intervals (CI), before and after
adjustment for known and potential confounders, including
BMI, which was previously reported to be inversely associated
with lung cancer diagnosis (31, 32). Tests for trends were also
performed.
Cox proportional hazard models were used to estimate hazard
ratios (HR) and 95% CI for disease-free survival after adjustment
for relevant covariates including the histologic type and stage of
the NSCLC. Survival was calculated using the difference in time
between the date of surgery or diagnosis and the date of last
known follow-up or death from lung cancer. Causes of death
other than lung cancer were censored (n ¼ 22 among AA). We
performed a competing risks regression based on the method of
Fine and Gray (35) using the stcrreg function in STATA. Differences in inﬂammatory protein expression between AA aspirin
users and nonusers were assessed using Kruskal–Wallis tests.
We conducted analyses of the study sample before and after
stratiﬁcation by race and gender. All statistical tests were twosided, and a P value of 0.05 was used to assess signiﬁcance. We
used Stata version 14 to perform all analyses.

Results
Participant population characteristics
Between 2005 and 2015, a total of 2,854 participants were
included in the study: 1,820 EA (816 cases and 1,004 controls) and
1,034 AA (404 cases and 630 controls). Demographics of the study
population are presented in Table 1. Compared with the AA
population, the EA population was slightly older. More AA
(40%) than EA (26%) cases were current smokers, but the latter
smoked more pack-years of cigarettes than the former. The distribution of NSCLC by gender was similar in both EA and AA
populations. EA cases had a higher prevalence of family members
with a history of lung cancer. Differences in education level and
BMI were noted between the two populations (Table 1). In
addition, among the cases, the main histologic subtype was
adenocarcinoma with a similar distribution of tumor histology
between AA and EA (Table 1).
Aspirin, Tylenol, and other NSAID use
Among EA participants, 47.9% of cases reported regular aspirin
use, compared with 42.3% of AA cases (Table 2). More EA cases
reported use of 1 aspirin tablet per day than AA cases (46.5% and
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Table 1. Participant characteristics in the NCI-Maryland NSCLC Case–Control Study
EA
Controls N ¼ 1,004
Cases N ¼ 816
Age (years) (mean, standard deviation)
66 (8.6)
66 (10.5)
Gender (N, %)
Males
561 (55.9)
444 (54.4)
Females
443 (44.0)
372 (45.6)
2
BMI (kg/m ) (N, %)
<18.5
6 (1.0)
46 (5.6)
18.5–24.9
314 (31.5)
357 (43.8)
25.0–30.0
388 (38.9)
274 (33.6)
>30.0
293 (29.5)
138 (17.9)
Missing
3
1
Smoking (N, %)
Never smoker
473 (47.1)
87 (10.7)
Former Smoker: Quit more than
424 (42.2)
386 (47.3)
1 year before interview
Current Smoker
93 (9.3)
209 (25.6)
Former Smoker: Quit within
13 (1.3)
133 (16.3)
1 year before interview
Former Smoker: Quit unknown amount
1
1
of time before interview
Pack-years of smoking (median, IQR)
3.3 (0–28.75)
40.6 (21.7–63.1)
Education (N, %)
Less than 11th grade
35 (3.5)
132 (16.2)
High school or GED (12th grade)
179 (17.9)
276 (33.8)
Some college (includes AA degree)
214 (21.3)
166 (20.3)
Technical school
23 (2.3)
29 (3.6)
College
279 (27.8)
129 (15.8)
Professional school
273 (27.2)
84 (10.3)
(includes MS, PhD, MD, etc.)
Missing
1
0
Family history of lung cancer (N, %)
No
636 (63.4)
436 (53.4)
Yes
238 (23.7)
297 (36.4)
Missing
130
83
Histology (N, %)
Adenocarcinoma
370 (46.3)
Squamous cell carcinoma
204 (25.5)
NSCLCa
88 (10.8)
Other
61 (7.6)
Missing
93

AA
P
<0.0001
0.50

Controls N ¼ 630
64 (8.5)

Cases N ¼ 404
64 (9.5)

496 (78.7)
134 (21.3)

221 (54.7)
183 (45.3)

1 (<1.0)
112 (17.8)
229 (36.4)
288 (45.7)
0

159 (39.7)
127 (31.7)
84 (21.0)
31 (7.7)
0

260 (41.3)
255 (40.5)

28 (6.9)
146 (36.1)

99 (15.7)
15 (2.4)

163 (40.4)
67 (16.6)

1

0

6.4 (0–24.1)

30.1 (14.6–47.0)

51 (8.1)
135 (21.5)
177 (28.2)
10 (1.6)
134 (21.2)
121 (19.2)

130 (32.2)
122 (30.2)
92 (22.8)
5 (1.2)
33 (8.2)
22 (5.5)

2

0

445 (70.6)
104 (16.5)
81

241 (59.7)
100 (24.8)
63

<0.0001

<0.0001

<0.0001

<0.0001
<0.0001

P
0.01
<0.0001

<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

Per
185 (46.3)
99 (24.8)
45 (11.3)
29 (7.3)
46

a

This classiﬁcation includes largely adenocarcinomas, squamous cell carcinomas, and large-cell carcinomas; however, the pathologic classiﬁcation at the time of
diagnosis was NSCLC.
Percentages may not add up to 100% due to missing observations.

39.6%, respectively). Overall, aspirin use was similar between
EA and AA, although EA were more likely to have longer-term
use (3 years; Table 2).
Regular Tylenol use was reported by 13.5% of EA cases and
12.4% of AA cases, and signiﬁcant differences were present
between cases and controls in both populations (P ¼ 0.004 [EA]
and P ¼ 0.001 [AA]; Table 2). Regular use of other NSAIDs was
more common than regular Tylenol use, but less common than
regular aspirin use, with 19.8% of EA cases and 14.6% of AA cases
reporting it (Table 2). Daily use of one or more other NSAIDs
tablets was less common among AA cases (11.6%) compared with
EA cases (16.0%).
Aspirin use and NSCLC risk
In the total study sample, aspirin use, frequency, and duration
were associated with reduced odds of having NSCLC, even after
adjustment for relevant covariates, including age, gender, smoking, pack-years, education, family history of lung cancer, marital
status, year of interview, use of Tylenol and other NSAIDs (Supplementary Table S1) and genetic ancestry (Table 3). After strat-
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iﬁcation by race, the associations remained statistically signiﬁcant
among AA: aspirin use (OR: 0.59; 95% CI, 0.40–0.87); daily use 
1 tablet (OR: 0.60; 95% CI, 0.37–0.82); and duration of use 3
years (OR: 0.54; 95% CI, 0.34–0.84; Table 3). A similar, but less
robust relationship was also observed among EA: aspirin use (OR:
0.71; 95% CI, 0.54–0.93); daily use  1 tablet (OR: 0.75; 95% CI,
0.57–0.98); and duration of use  3 years (OR: 0.72; 95% CI,
0.54–0.97; Table 3).
Individuals taking aspirin are more likely than those who did
not to have a higher BMI (36); therefore, we conducted an
adjustment for BMI at the time of diagnosis. As shown in
Supplementary Table S1, most of the associations between
aspirin use variables and lung cancer risk remained in the same
direction, but their strengths were reduced (Supplementary
Table S2).
We next stratiﬁed the analysis by gender. Aspirin use was
associated with lower NSCLC risk only in men (OR: 0.61; 95%
CI, 0.48–0.79), even after adjustment for both BMI and global
genetic ancestry (OR: 0.66; 95% CI, 0.49–0.89; Table 4; Supplementary Table S3). Supplementary Table S4 shows results in
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Table 2. Use, frequency, and duration of aspirin, Tylenol, and Other NSAIDs in the NCI-Maryland NSCLC Case–Control Study
EA
AA
Controls, N (%)
Cases, N (%)
P
Controls, N (%)
Regular aspirin usea
0.29
No
498 (49.6)
425 (52.1)
328 (52.1)
Yes
506 (50.4)
391 (47.9)
302 (47.9)
Daily aspirin use
0.004
Never
498 (49.7)
425 (52.1)
328 (52.1)
<1 tablet per day
39 (3.9)
11 (1.34)
11 (1.7)
1 tablet per day
466 (46.5)
380 (46.6)
290 (46.0)
Missing
1
0
1
Duration of aspirin use
0.21
Never
498 (50.6)
425 (52.2)
328 (52.1)
<3 years
106 (10.8)
79 (9.6)
70 (11.6)
3 years
381 (38.7)
273 (33.4)
208 (30.3)
Missing
19
39
24
a
Regular Tylenol use
0.004
No
912 (90.9)
706 (86.5)
592 (94.0)
Yes
92 (9.2)
110 (13.5)
38 (6.0)
Daily Tylenol use
0.01
Never
912 (90.9)
706 (86.5)
592 (94.1)
<1 tablet per day
27 (27.8)
25 (3.1)
9 (1.4)
1 tablet per day
64 (6.4)
85 (10.4)
28 (4.5)
Missing
10
8
9
Duration of Tylenol use
<0.0001
Never
912 (90.8)
709 (86.5)
592 (93.8)
<3 years
28 (2.8)
69 (8.4)
13 (2.1)
3 years
54 (5.4)
33 (4.0)
16 (2.5)
Missing
10
8
9
Daily other NSAIDs use
<0.0001
Never
830 (82.9)
654 (80.5)
570 (90.5)
<1 tablet per day
67 (6.7)
27 (3.3)
21 (3.3)
1 tablet per day
104 (10.4)
131 (16.1)
39 (6.2)
Missing/don't know
3
4
0
Duration of other NSAIDs use
0.01
Never
830 (82.8)
654 (80.2)
570 (90.5)
<3 years
68 (6.8)
88 (10.8)
22 (3.5)
3 years
105 (10.5)
74 (9.1)
38 (6.0)
Missing/don't know
1
0
0

Cases, N (%)

P
0.10

233 (57.7)
171 (42.3)
0.08
233 (57.7)
11 (2.7)
160 (39.6)
0
0.06
233 (59.6)
51 (13.0)
107 (27.4)
13
0.001
354 (87.6)
50 (12.4)
0.001
354 (87.6)
10 (2.5)
40 (9.9)
6
<0.0001
354 (87.6)
29 (7.2)
15 (3.7)
6
0.01
345 (85.4)
12 (3.0)
47 (11.6)
0
<0.0001
345 (85.4)
38 (9.4)
21 (5.2)
0

a

Regular use is deﬁned as at least one pill per week for 2 months during the past 5 years.
Percentages may not add up to 100% due to missing observations.

women. In the fully adjusted model, the P value for the interaction
term between aspirin use and gender was 0.054.
Tylenol and other NSAID associations with NSCLC risk
Tylenol use was associated with increased odds of having
NSCLC (OR: 1.51; 95% CI, 1.13–2.03) overall. Although a similar
(albeit nonsigniﬁcant) trend was observed in EA (Supplementary
Table S5), the effect was stronger among AA (OR: 2.13; 95% CI,
1.23–3.67). Use of 1 other NSAID tablet per day (vs. never use)
was associated with an increased risk of NSCLC (OR: 1.54; 95%
CI, 1.16–2.04). No consistent racial differences were observed
with use of other NSAIDs (Supplementary Table S6).
Aspirin use and NSCLC survival
We assessed the relationship between aspirin use and survival
using lung cancer–speciﬁc death as the outcome, before and after
stratiﬁcation by race (Supplementary Table S6). Aspirin use, frequency, and duration were associated with reduced HR only
among AA participants, even after adjustment for relevant covariates, including BMI and global genetic ancestry: AA: aspirin use
(HR: 0.64; 95% CI, 0.45–0.91); daily use 1 tablet (HR: 0.61; 95%
CI, 0.42–0.90); and duration of use 3 years (HR: 0.60; 95% CI,
0.39–0.92; 95% CI; Table 5; Supplementary Table S7; Fig. 1; ref. 1).
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In our study, 22 AA patients died of causes other than lung
cancer. We therefore conducted a competing risks analysis to
address this potential factor and found that the association
between aspirin use and lung cancer survival was not affected by
censoring of the 22 individuals who died of causes other than lung
cancer (fully adjusted model, for patients with aspirin use (HR:
0.64; 95% CI, 0.45–0.91).
Relationship between aspirin use and circulating levels of
inﬂammatory cytokines
We also assessed the relationship between aspirin use and
circulating inﬂammatory cytokines in 557 AA participants (219
NSCLC cases and 358 controls) by comparing serum cytokine
concentrations. Among AA aspirin users, only IL4 concentrations
were signiﬁcantly elevated whether they were cases (P ¼ 0.02) or
controls (P ¼ 0.007; Supplementary Table S8).

Discussion
We found that aspirin use was associated with lower NSCLC
risk among men regardless of race, although the strength of the
association was reduced after adjustment for BMI, and with
improved survival only among AA. In addition, other NSAIDs
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Table 3. Adjusted OR and 95% CI for the associations between aspirin use, frequency, and duration and NSCLC risk in the NCI-Maryland NSCLC Case–Control Study
All
EA
AA
Aspirin use
OR (95% CI)
P
OR (95% CI)
P
OR (95% CI)
P
No
Reference
Reference
Reference
Yes
0.69 (0.56–0.86)
0.001
0.71 (0.54–0.93)
0.01
0.59 (0.40–0.87)
0.008
Daily aspirin use
Never
Reference
Reference
Reference
<1 tablet per day
0.51 (0.24–1.08)
0.08
0.31 (0.12–0.77)
0.004
2.08 (0.55–7.86)
0.28
 1 tablet per day
0.70 (0.56–0.87)
0.001
0.75 (0.57–0.98)
0.03
0.56 (0.37–0.82)
0.004
Trend
0.001
0.03
0.004
Duration of aspirin use
Never
Reference
Reference
Reference
<3 years
0.70 (0.49–0.99)
0.05
0.58 (0.37–0.91)
0.02
0.85 (0.46–1.58)
0.61
3 years
0.68 (0.54–0.87)
0.002
0.72 (0.54–0.97)
0.03
0.54 (0.34–0.84)
0.007
Trend
0.001
0.02
0.008
NOTE: Adjusted for age, gender, smoking, pack-years, education, family history of lung cancer, marital status, year of interview, genetic ancestry, and use of Tylenol
and other NSAIDs.
Bold values denote statistical signiﬁcance.

and Tylenol were either associated with elevated or no risk of
NSCLC.
Our ﬁndings regarding the relationship between aspirin use
and lung cancer are generally consistent with those of other
studies (8, 24, 37, 38). Although several previous studies have
reported a relationship between aspirin use and lung cancer risk
(21, 38–46), not all studies have found signiﬁcant associations
(27, 47–51). Some studies adjusted for BMI (27, 47, 48), but
others did not. Interestingly, among those studies that did not
report adjustment for BMI, the associations were largely statistically signiﬁcant (21, 38–44, 46). There is evidence that the excess
risk of obesity on colon cancer risk is abrogated by aspirin use (52)
and that aspirin may be more effective at preventing adenomas in
individuals with a higher BMI (53). In our study, no such
observations were seen. Indeed, we found the ORs and 95% CI
for overweight and obese participants (adjusted for age gender,
smoking and pack-years) to be 0.58 (0.47–0.72) and 0.30 (0.24–
0.38), respectively, and to remain the same after including aspirin
use in the model [0.58 (0.47–0.72) and 0.31 (0.24–0.39),
respectively]. We also noted comparable results for the BMI

categories after stratiﬁcation by race, although the strength of
such association was higher among AA than EA participants.
Considering that both BMI and aspirin use were inversely
associated with NSCLC risk, one might expect a possible additive
effect. Interestingly, adding BMI to the model attenuated, rather
than enhanced, the strength of the inverse association between
aspirin use and NSCLC risk (Supplementary Table S2); and
stratiﬁcation by BMI categories resulted in similar estimates in
all three strata (normal, overweight, and obese), thus revealing
that BMI is not an effect modiﬁer of the relationship between
aspirin use and NSCLC risk, but possibly a confounder.
When we stratiﬁed by gender, aspirin use among men, but not
women, was signiﬁcantly associated with lower risk of NSCLC,
even after adjustment for BMI and global genetic ancestry. Some
studies have noted a protective effect of aspirin in both men and
women (24, 25). However, National Health and Nutrition
Examination Study data and a recent pooled analysis of aspirin
use and lung cancer risk within the International Lung Cancer
Consortium also found that the protective effect of aspirin on lung
cancer risk was restricted to men (21, 54). The causes of these

Table 4. Adjusted OR and 95% CI for the associations between aspirin use, frequency, and duration and NSCLC risk in the NCI-Maryland NSCLC Case–Control Study,
among only men
Modela
Modelb
Modelc
Aspirin use
OR (95% CI)
P
OR (95% CI)
P
OR (95% CI)
P
No
Reference
Reference
Reference
Yes
0.61 (0.48–0.79)
<0.0001
0.72 (0.55–0.93)
0.01
0.66 (0.49–0.89)
0.006
Daily aspirin use
Never
Reference
Reference
Reference
<1 tablet per day
0.37 (0.14–0.98)
0.04
0.33 (0.12–0.90)
0.03
0.40 (0.12–1.31)
0.13
1 tablet per day
0.63 (0.49–0.81)
<0.0001
0.74 (0.57–0.96)
0.03
0.68 (0.50–0.90)
0.01
Trend
<0.0001
0.03
0.01
Duration of aspirin use
Never
Reference
Reference
Reference
< 3 years
0.77 (0.52–1.15)
0.21
0.94 (0.62–1.42)
0.77
0.93 (0.58–1.45)
0.75
 3 years
0.55 (0.42–0.72)
<0.0001
0.63 (0.47–0.85)
0.002
0.61 (0.44–0.85)
0.003
Trend
<0.0001
0.002
0.003
a

Adjusted for age, smoking, pack-years, education, family history of lung cancer, marital status, year of interview, use of Tylenol, and other NSAIDs.
Adjusted for age, smoking, pack-years, education, family history of lung cancer, marital status, year of interview, use of Tylenol and other NSAIDs, and BMI at
diagnosis.
c
Adjusted for age, smoking, pack-years, education, family history of lung cancer, marital status, year of interview, use of Tylenol and other NSAIDs, BMI at diagnosis,
and global genetic ancestry.
Bold values denote statistical signiﬁcance.
b
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Table 5. Adjusted HR and 95% CI of aspirin use, frequency, and duration associated with NSCLC survival in the NCI-Maryland NSCLC Case–Control Study,
among only AA
Modela
Modelb
Aspirin use
HR (95% CI)
P
HR (95% CI)
P
No
Reference
Reference
Yes
0.66 (0.47–0.93)
0.02
0.64 (0.45–0.91)
0.01
Daily aspirin use
Never
Reference
Reference
< 1 tablet per day
0.97 (0.38–2.47)
0.95
0.98 (0.38–2.54)
0.97
 1 tablet per day
0.64 (0.44–0.91)
0.01
0.61 (0.42–0.90)
0.01
Trend
0.01
0.01
Duration of aspirin use
Never
Reference
Reference
<3 years
0.55 (0.31–1.00)
0.05
0.53 (0.29–1.00)
0.05
3 years
0.62 (0.42–0.93)
0.02
0.60 (0.39–0.92)
0.02
Trend
0.01
0.01
a

Adjusted for age, gender, smoking, pack-years, education, marital status, year of interview, use of Tylenol and other NSAIDs, stage, histology, and BMI at diagnosis.
Adjusted for age, gender, smoking, pack-years, education, BMI, marital status, year of interview, use of Tylenol and other NSAIDs, stage, histology, BMI at diagnosis,
and global genetic ancestry.
Bold values denote statistical signiﬁcance.
b

differences could relate to the underlying physiologic reasons why
men and women take aspirin, or it could reﬂect real biological
differences (21). Given that BMI is higher among US men compared with US women at the time of lung cancer diagnosis, this could
also perhaps explain why the relationship is restricted to men.
We found that aspirin use was associated with reduced risk of
death from lung cancer only in AA. Long-term aspirin use (more
than 5 years) was previously reported to be associated with a
reduced risk of mortality from lung adenocarcinomas (9); however, another study of lung cancer survival and NSAIDs use found
no association (26). The latter study predominantly involved EA
using either aspirin or other NSAIDs.
These observed racial differences may be partially explained by
the somatic landscape of lung tumors. For example, aspirin use is
associated with improved prognosis among colorectal cancer
patients when tumors harbor somatic mutations in PIK3CA, a
mutation that is also found in lung cancer (14). Racial differences
in PIK3CA mutations are not well studied/described, and it is
possible that the divergent relationship between aspirin use and
lung cancer survival in EA and AA is related to divergent mutational proﬁles. If these ﬁndings are validated in other studies, both
the mechanism of why this occurs, combined with the potential
translation of these ﬁndings, should be explored.
There is evidence that chronic inﬂammation is involved in
the development of lung cancer (55), and some studies have
shown that inﬂammatory proteins are associated with lung
cancer diagnosis (6, 18). Moreover, studies have shown racial
differences in systemic immune-related proteins and tumor
immune proﬁles in EA and AA (7, 29). These preliminary
studies showing inﬂammation differences between these two
populations could also partly explain why aspirin is associated
with outcome in one population, but not the other. However,
further work is needed. Of note, we found that AA using aspirin,
both cases and controls, had higher serum concentrations of
IL4 than nonusers. This ﬁnding was consistent with previous
observations showing that aspirin modulates IL4 expression
(56). Additionally, research has shown that IL4 inhibits COX-2
mRNA transcription and PGE2 in lung cancer (57). It is not
clear if this mechanism contributes to racial differences in
aspirin use and cancer survival, but they need to be replicated
and warrant further follow-up.

1524 Cancer Epidemiol Biomarkers Prev; 27(12) December 2018

We found no association between NSCLC risk and use of
NSAIDs, other than aspirin, and Tylenol. The latter is used as a
pain reliever, even in the absence of inﬂammation; and the
mechanism by which it relieves pain is not known. As for the
NSAIDs, although they share a common mechanism of action,
namely, inhibition of cyclo-oxygenase (COX) enzymes, they vary
in their ability to inhibit COX isoforms and other functions such
as platelet aggregation. Indeed, aspirin, with its active acetylsalicylic acid, is commonly used for its anticoagulant action.
Our study primarily relied on self-reported race, which is
frequently used to capture an individual's race or ethnicity.
However, it is clear from studies of genetic admixture that human
genetic variation does not segregate into the same discrete groups
as socially deﬁned categories of race. The proportion of African
ancestry can vary widely across the United States in self-reported
AA and EA (58). Indeed, a recent study has suggested that the
differences can vary as much as 10-fold across the United States
(59). Given that few studies include an adjustment for genetic
ancestry, as well as recent evidence for germline mutations that
could inﬂuence the effect of aspirin and colon cancer risk (60), we
included measures of genetic ancestry in our study. Our data
suggest that global ancestry does not signiﬁcantly modulate the
relationship between aspirin and lung cancer risk or survival. To
our knowledge, this is the ﬁrst evidence to directly address this
possibility. Although global genetic ancestry does not seem to
modify the relationship between aspirin and lung cancer, future
studies should focus on speciﬁc loci as there is signiﬁcant evidence
that the metabolism, tolerance, and response to aspirin are
mediated by genetic variation. Key functional polymorphisms
related to aspirin lie in UGT1A6, ACSM2, CYP2C9, and PGTS1,
and SNPs may also modify whether aspirin affects the risk for
certain cancers. For example, carriers of one or two T alleles of
rs6983267 at 8q24 have a reduced colorectal cancer risk if they use
aspirin, whereas carriers of the G allele show no evidence of a
chemopreventive effect (60).
Our study has several limitations. Aspirin use was examined
using three questions, which allowed us to capture use, duration
and frequency; however, the nature of the questions did not allow
for the same level of detail as in other studies. For example, it is not
known what dose of aspirin was contained in each tablet. Moreover, no information was collected regarding why participants
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used aspirin, which might have helped to address whether the
associations we observed were attributable to aspirin itself or
other underlying disease processes. Another limitation is the
design of the study: case–control studies can be vulnerable to
recall bias as cases may be more likely to recall their exposure,
which in this study is aspirin use. However, if anything, recent use
of pain medication would be expected to be higher among case
patients, which is not the case in this study and is consistent with
other observations also (21). Our data extend the literature
regarding the relationship between aspirin use and lung cancer.
We highlight several key racial differences in the relationship
between aspirin use and lung cancer survival. In addition, we
found BMI to have a signiﬁcant inverse association with NSCLC
risk, even after adjustment for aspirin use; and the strength of such
association was higher among AA than EA participants (B.M.
Ryan, unpublished observations). This could explain some of the
previous heterogeneity in the literature, though the exact mechanism involved needs further study.
Our study also found that the main chemopreventive beneﬁt of
aspirin use may be conﬁned to men. These conclusions require
validation and follow-up, with particular emphasis on the potential translational impact of the ﬁndings for lung cancer survival in
AA men due to existing health disparities.

Disclosure of Potential Conﬂicts of Interest
No potential conﬂicts of interest were disclosed.

Authors' Contributions
Conception and design: L.D. Gardner, C.A. Loffredo, C.L. Meaney, P. Langenberg,
S. Amr, B.M. Ryan
Development of methodology: L.D. Gardner, C.A. Loffredo, D.M. St. George,
J. Deepak, S. Amr, B.M. Ryan
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): C.A. Loffredo, B.M. Ryan
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): P. Erickson, L.D. Gardner, C.A. Loffredo, E.D. Bowman,
K. Mitchell, C.L. Meaney, P. Langenberg, D.H. Bernat, B.M. Ryan
Writing, review, and/or revision of the manuscript: P. Erickson, L.D. Gardner,
C.A. Loffredo, D.M. St. George, E.D. Bowman, J. Deepak, K. Mitchell,
P. Langenberg, D.H. Bernat, S. Amr, B.M. Ryan
Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): L.D. Gardner, E.D. Bowman, B.M. Ryan
Study supervision: C.A. Loffredo, S. Amr, B.M. Ryan

Acknowledgments
This research was supported by the Intramural Research Program of the
NIH, NCI, Center for Cancer Research. S. Amr, C. A. Loffredo, and P. Langenberg
were supported by an NCI contract, N02BC71006.
The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.
Received April 3, 2018; revised June 25, 2018; accepted August 22, 2018;
published ﬁrst August 31, 2018.

References
1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin
2017;67:7–30.
2. Meza R, Meernik C, Jeon J, Cote ML. Lung cancer incidence trends by
gender, race and histology in the United States, 1973–2010. PLoS One
2015;10:e0121323.
3. Goldstraw P, Ball D, Jett JR, Le Chevalier T, Lim E, Nicholson AG, et al.
Non-small-cell lung cancer. Lancet 2011;378:1727–40.
4. Houston KA, Henley SJ, Li J, White MC, Richards TB. Patterns in lung cancer
incidence rates and trends by histologic type in the United States,
2004–2009. Lung Cancer 2014;86:22–8.
5. Lathan CS. Lung cancer care: the impact of facilities and area measures.
Transl Lung Cancer Res 2015;4:385–91.
6. Abidoye O, Ferguson MK, Salgia R. Lung carcinoma in African Americans.
Nat Clin Pract Oncol 2007;4:118–29.
7. Pine SR, Mechanic LE, Enewold L, Bowman ED, Ryan BM, Cote ML, et al.
Differential serum cytokine levels and risk of lung cancer between African
and European Americans. Cancer Epidemiol Biomarkers Prev 2016;
25:488–97.
8. Hochmuth F, Jochem M, Schlattmann P. Meta-analysis of aspirin use
and risk of lung cancer shows notable results. Eur J Cancer Prev
2016;25:259–68.
9. Rothwell PM, Wilson M, Price JF, Belch JF, Meade TW, Mehta Z. Effect of
daily aspirin on risk of cancer metastasis: a study of incident cancers during
randomised controlled trials. Lancet 2012;379:1591–601.
10. Rothwell PM, Wilson M, Elwin CE, Norrving B, Algra A, Warlow CP, et al.
Long-term effect of aspirin on colorectal cancer incidence and mortality:
20-year follow-up of ﬁve randomised trials. Lancet 2010;376:1741–50.
11. Rothwell PM, Price JF, Fowkes FG, Zanchetti A, Roncaglioni MC, Tognoni
G, et al. Short-term effects of daily aspirin on cancer incidence, mortality,
and non-vascular death: analysis of the time course of risks and beneﬁts in
51 randomised controlled trials. Lancet 2012;379:1602–12.
12. Rothwell PM, Fowkes FG, Belch JF, Ogawa H, Warlow CP, Meade TW. Effect
of daily aspirin on long-term risk of death due to cancer: analysis of
individual patient data from randomised trials. Lancet 2011;377:31–41.
13. Rothwell PM. Alternate-day, low-dose aspirin and cancer risk. Ann Intern
Med 2013;159:148–50.

www.aacrjournals.org

14. Rothwell PM.Aspirin in prevention of sporadic colorectal cancer: current
clinical evidence and overall balance of risks and beneﬁts. Recent Results
Cancer Res 2013;191:121–42.
15. Stuntz M, Bernstein B. Recent trends in the prevalence of low-dose aspirin
use for primary and secondary prevention of cardiovascular disease in the
United States, 2012-2015. Prev Med Rep 2017;5:183–6.
16. Engels EA. Inﬂammation in the development of lung cancer: epidemiological evidence. Expert Rev Anticancer Ther 2008;8:605–15.
17. Achiwa H, Yatabe Y, Hida T, Kuroishi T, Kozaki K, Nakamura S, et al.
Prognostic signiﬁcance of elevated cyclooxygenase 2 expression in primary,
resected lung adenocarcinomas. Clin Cancer Res 1999;5:1001–5.
18. Cha YI, DuBois RN. NSAIDs and cancer prevention: targets downstream
of COX-2. Annu Rev Med 2007;58:239–52.
19. Wang D, DuBois RN. Pro-inﬂammatory prostaglandins and progression
of colorectal cancer. Cancer Lett 2008;267:197–203.
20. Wang D, Dubois RN. Prostaglandins and cancer. Gut 2006;55:115–22.
21. McCormack VA, Hung RJ, Brenner DR, Bickeboller H, Rosenberger A,
Muscat JE, et al. Aspirin and NSAID use and lung cancer risk: a pooled
analysis in the International Lung Cancer Consortium (ILCCO). Cancer
Causes Control 2011;22:1709–20.
22. Ogawa F, Amano H, Ito Y, Matsui Y, Hosono K, Kitasato H, et al.
Aspirin reduces lung cancer metastasis to regional lymph nodes. Biomed
Pharmacother 2014;68:79–86.
23. Jiang HY, Huang TB, Xu L, Yu J, Wu Y, Geng J, et al. Aspirin use and lung
cancer risk: a possible relationship? Evidence from an updated metaanalysis. PLoS One 2015;10:e0122962.
24. Van Dyke AL, Cote ML, Prysak G, Claeys GB, Wenzlaff AS, Schwartz AG.
Regular adult aspirin use decreases the risk of non-small cell lung
cancer among women. Cancer Epidemiol Biomarkers Prev 2008;17:
148–57.
25. Khuder SA, Herial NA, Mutgi AB, Federman DJ. Nonsteroidal antiinﬂammatory drug use and lung cancer: a metaanalysis. Chest 2005;
127:748–54.
26. Brasky TM, Baik CS, Slatore CG, Alvarado M, White E. Prediagnostic
nonsteroidal anti-inﬂammatory drug use and lung cancer survival in the
VITAL study. J Thorac Oncol 2012;7:1503–12.

Cancer Epidemiol Biomarkers Prev; 27(12) December 2018

Downloaded from cebp.aacrjournals.org on June 16, 2021. © 2018 American Association for Cancer Research.

1525

Published OnlineFirst August 31, 2018; DOI: 10.1158/1055-9965.EPI-18-0366

Erickson et al.

27. McMenamin UC, Cardwell CR, Hughes CM, Murray LM. Low-dose aspirin
and survival from lung cancer: a population-based cohort study. BMC
Cancer 2015;15:911.
28. Smith CJ, Dorsey TH, Tang W, Jordan SV, Loffredo CA, Ambs S. Aspirin
use reduces the risk of aggressive prostate cancer and disease recurrence
in African-American men. Cancer Epidemiol Biomarkers Prev 2017;26:
845–53.
29. Mitchell KA, Zingone A, Toulabi L, Boeckelman J, Ryan BM. Comparative
transcriptome proﬁling reveals coding and noncoding RNA differences in
NSCLC from African Americans and European Americans. Clin Cancer Res
2017;23:7412–25.
30. Mechanic LE, Bowman ED, Welsh JA, Khan MA, Hagiwara N, Enewold L,
et al. Common genetic variation in TP53 is associated with lung cancer risk
and prognosis in African Americans and somatic mutations in lung tumors.
Cancer Epidemiol Biomarkers Prev 2007;16:214–22.
31. Al-Alem U, Rauscher G, Shah E, Batai K, Mahmoud A, Beisner E, et al.
Association of genetic ancestry with breast cancer in ethnically diverse
women from Chicago. PLoS One 2014;9:e112916.
32. Kosoy R, Nassir R, Tian C, White PA, Butler LM, Silva G, et al.
Ancestry informative marker sets for determining continental origin
and admixture proportions in common populations in America.
Hum Mutat 2009;30:69–78.
33. Nassir R, Kosoy R, Tian C, White PA, Butler LM, Silva G, et al. An ancestry
informative marker set for determining continental origin: validation and
extension using human genome diversity panels. BMC Genet 2009;10:39.
34. Falush D, Stephens M, Pritchard JK. Inference of population structure using
multilocus genotype data: linked loci and correlated allele frequencies.
Genetics 2003;164:1567–87.
35. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc 1999;94:496–509.
36. VanWormer JJ, Miller AW, Rezkalla SH. Aspirin overutilization for the
primary prevention of cardiovascular disease. Clin Epidemiol 2014;6:
433–40.
37. Wang HM, Liao ZX, Komaki R, Welsh JW, O'Reilly MS, Chang JY, et al.
Improved survival outcomes with the incidental use of beta-blockers
among patients with non-small-cell lung cancer treated with deﬁnitive
radiation therapy. Ann Oncol 2013;24:1312–9.
38. Moysich KB, Menezes RJ, Ronsani A, Swede H, Reid ME, Cummings KM,
et al. Regular aspirin use and lung cancer risk. BMC cancer 2002;2:31.
39. Lim WY, Chuah KL, Eng P, Leong SS, Lim E, Lim TK, et al. Aspirin and nonaspirin nonsteroidal anti-inﬂammatory drug use and risk of lung cancer.
Lung Cancer 2012;77:246–51.
40. Slatore CG, Au DH, Littman AJ, Satia JA, White E. Association of nonsteroidal anti-inﬂammatory drugs with lung cancer: results from a large cohort
study. Cancer Epidemiol Biomarkers Prev 2009;18:1203–7.
41. Olsen JH, Friis S, Poulsen AH, Fryzek J, Harving H, Tjonneland A, et al. Use
of NSAIDs, smoking and lung cancer risk. Br J Cancer 2008;98:232–7.
42. Muscat JE, Chen SQ, Richie JP Jr, Altorki NK, Citron M, Olson S, et al. Risk of
lung carcinoma among users of nonsteroidal antiinﬂammatory drugs.
Cancer 2003;97:1732–6.
43. Peto R, Gray R, Collins R, Wheatley K, Hennekens C, Jamrozik K, et al.
Randomised trial of prophylactic daily aspirin in British male doctors.
Br Med J (Clin Res Ed) 1988;296:313–6.

1526 Cancer Epidemiol Biomarkers Prev; 27(12) December 2018

44. Harris RE, Beebe-Donk J, Alshaﬁe GA. Reduced risk of human lung cancer
by selective cyclooxygenase 2 (COX-2) blockade: results of a case control
study. Int J Biol Sci 2007;3:328–34.
45. Schreinemachers DM, Everson RB. Aspirin use and lung, colon, and breast
cancer incidence in a prospective study. Epidemiology 1994;5:138–46.
46. Akhmedkhanov A, Toniolo P, Zeleniuch-Jacquotte A, Koenig KL, Shore RE.
Aspirin and lung cancer in women. Br J Cancer 2002;87:49–53.
47. Jacobs EJ, Thun MJ, Bain EB, Rodriguez C, Henley SJ, Calle EE. A large
cohort study of long-term daily use of adult-strength aspirin and cancer
incidence. J Natl Cancer Inst 2007;99:608–15.
48. Hayes JH, Anderson KE, Folsom AR. Association between nonsteroidal
anti-inﬂammatory drug use and the incidence of lung cancer in the Iowa
women's health study. Cancer Epidemiol Biomarkers Prev 2006;15:
2226–31.
49. Kelly JP, Coogan P, Strom BL, Rosenberg L. Lung cancer and regular
use of aspirin and nonaspirin nonsteroidal anti-inﬂammatory drugs.
Pharmacoepidemiol Drug Saf 2008;17:322–7.
50. Feskanich D, Bain C, Chan AT, Pandeya N, Speizer FE, Colditz GA. Aspirin
and lung cancer risk in a cohort study of women: dosage, duration and
latency. Br J Cancer 2007;97:1295–9.
51. Holick CN, Michaud DS, Leitzmann MF, Willett WC, Giovannucci E.
Aspirin use and lung cancer in men. Br J Cancer 2003;89:1705–8.
52. Movahedi M, Bishop DT, Macrae F, Mecklin JP, Moeslein G, Olschwang S,
et al. Obesity, aspirin, and risk of colorectal cancer in carriers of hereditary
colorectal cancer: a prospective investigation in the CAPP2 Study. J Clin
Oncol 2015;33:3591–7.
53. Kim S, Baron JA, Mott LA, Burke CA, Church TR, McKeown-Eyssen GE, et al.
Aspirin may be more effective in preventing colorectal adenomas in
patients with higher BMI (United States). Cancer Causes Control 2006;
17:1299–304.
54. 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;24:3177–84.
55. Gardner LD, Loffredo Ph DC, Langenberg P, George DMS, Deepak J, Harris
CC, et al. Associations between history of chronic lung disease and nonsmall cell lung carcinoma in Maryland: variations by sex and race. Ann
Epidemiol 2018;28:543–8.
56. Kong SK, Soo Kim B, Gi Uhm T, Soo Chang H, Sook Park J, Woo Park S, et al.
Aspirin induces IL-4 production: augmented IL-4 production in aspirinexacerbated respiratory disease. Exp Mol Med 2016;48:e202.
57. Cui X, Yang SC, Sharma S, Heuze-Vourc'h N, Dubinett SM. IL-4 regulates
COX-2 and PGE2 production in human non-small cell lung cancer.
Biochem Biophys Res Commun 2006;343:995–1001.
58. Bryc K, Durand EY, Macpherson JM, Reich D, Mountain JL. The genetic
ancestry of African Americans, Latinos, and European Americans across the
United States. Am J Hum Genet 2015;96:37–53.
59. Mersha TB, Abebe T. Self-reported race/ethnicity in the age of genomic
research: its potential impact on understanding health disparities. Hum
Genomics 2015;9:1.
60. Nan H, Morikawa T, Suuriniemi M, Imamura Y, Werner L, Kuchiba A, et al.
Aspirin use, 8q24 single nucleotide polymorphism rs6983267, and colorectal cancer according to CTNNB1 alterations. J Natl Cancer Inst 2013;
105:1852–61.

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from cebp.aacrjournals.org on June 16, 2021. © 2018 American Association for Cancer Research.

Published OnlineFirst August 31, 2018; DOI: 10.1158/1055-9965.EPI-18-0366

Racial and Ethnic Differences in the Relationship between Aspirin
Use and Non−Small Cell Lung Cancer Risk and Survival
Patricia Erickson, Lisa D. Gardner, Christopher A. Loffredo, et al.
Cancer Epidemiol Biomarkers Prev 2018;27:1518-1526. Published OnlineFirst August 31, 2018.

Updated version
Supplementary
Material

Access the most recent version of this article at:
doi:10.1158/1055-9965.EPI-18-0366
Access the most recent supplemental material at:
http://cebp.aacrjournals.org/content/suppl/2018/08/31/1055-9965.EPI-18-0366.DC1

Cited articles

This article cites 60 articles, 13 of which you can access for free at:
http://cebp.aacrjournals.org/content/27/12/1518.full#ref-list-1

E-mail alerts

Sign up to receive free email-alerts related to this article or journal.

Reprints and
Subscriptions
Permissions

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department
at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/27/12/1518.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cebp.aacrjournals.org on June 16, 2021. © 2018 American Association for Cancer Research.

