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Abstract

Lung cancer screening by helical low-dose computed tomography detects nonsolid nodules that may be lung adenocarci-
noma precursors. Aspirin’s anti-inflammatory properties make it an attractive target for prevention of multiple cancers, in-
cluding lung cancer. Therefore, we conducted a phase IIb trial (NCT02169271) to study the efficacy of low-dose aspirin to re-
duce the size of subsolid lung nodules (SSNs). A total of 98 current or former smokers (67.3% current) undergoing annual low-
dose computed tomography screening with persistent SSNs were randomly assigned to receive aspirin 100 mg/day or placebo
for 1 year. There was no difference in change in the sum of the longest diameters of target nodules in the placebo and aspirin
arm after 12 months of treatment (-0.12 mm [SD ¼ 1.55 mm] and þ0.30 mm [SD¼ 2.54 mm], respectively; 2-sided P¼ .33 pri-
mary endpoint). There were no changes observed in subgroup analyses by individual characteristics or nodule type. One year
of low-dose aspirin did not show any effect on lung SSNs. SSNs regression may not be the proper target for aspirin, and/or
longer duration may be needed to see SSNs modifications.

Data from randomized clinical trials evaluating aspirin efficacy
to prevent cardiovascular diseases have supported the role of
aspirin as a cancer prevention agent (1). Further analyses have
highlighted the potential of reduced cancer mortality with
5 years or more of aspirin treatment and 20 years follow-up: as-
pirin treatment was associated with a 35% mortality reduction
in overall gastrointestinal cancers and nearly a 30% reduction in
lung cancer mortality (P¼ .002) (2). Seeing an effect on mortality
at 5 years, a preventive activity on premalignant lesions might
be detectable already at 1 year.

Helical low-dose computed tomography (ld-CT) screening
can detect early-stage lung cancers, resulting in a 20% decrease
in lung cancer mortality (3,4). Within CT screening programs,

noncalcified nodules have been shown to be associated with in-
creased cancer risk. In particular, subsolid (nonsolid or partially
solid) lung nodules (SSNs) may represent adenocarcinoma pre-
cursors and are associated with increased long-term lung can-
cer risk (5). Focusing on persistent SSNs detected with ld-CT, a
phase IIb randomized study was performed to assess aspirin’s
effect on nodule size and other surrogate biomarkers.

Eligible participants were aged 50 years or older who were
undergoing annual ld-CT screening at the European Institute of
Oncology (Milan, Italy; COSMOS 1 and 2 trials) (6) or the MD
Anderson Cancer Center (Houston, TX). Participants had a
smoking history of 20 or more pack-years (current or former
smokers; smoking cessation <20 years) and SSNs detected with
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ld-CT. The target nodule(s) had to be persistent (at least for
3 months) with a size between 4 mm and 10 mm and, if larger
than 10 mm, with volume doubling time greater than 400 days.
The main exclusion criteria were chronic treatment (at least
twice per week for more than 3 months) with nonsteroidal anti-
inflammatory drugs and history of allergic reactions to them.
The study was approved by the European Institute of Oncology
review board (https://clinicaltrials.gov/ct2/show/NCT02169271),
and all the participants signed the informed consent.

Participants were randomly assigned to receive aspirin
100 mg/d or placebo for 12 months in a double-blind fashion.
Complete physical exam, blood and urine collections for safety,
and biomarker measurements (see the Supplementary Methods
and Supplementary Table 1, available online) were performed at
baseline, 6 months, and 12 months.

Lung nodules were measured with ld-CT at baseline and af-
ter 12 months as previously described (6) (see the
Supplementary Methods, available online). To minimize the im-
balance in treatment arms, a stratified blocked randomization
strategy considering screening center, sex, smoking habits, and
nodule type (nonsolid vs partially solid) was used.

Distributions of continuous variables were presented by the
mean and standard deviation (SD), and comparison between
treatment arms was assessed by the student t test. Differences
in the distribution of dichotomous or categorical variables were
assessed using the v2 test or the Fisher exact test when the
number of subjects in a cell was small. Per-nodule analyses
were performed using random effects (mixed) linear models.
Change in the sum of the longest diameters of the baseline tar-
get nodules between baseline and 12 months and their absolute
differences were plotted using a waterfall plot for each single
subject. All analyses were performed with SAS version 9.4 (Cary,
NC). All P values are 2-sided, and P values less than .05 are con-
sidered statistically significant.

The original sample size of 128 patients (64 per arm) was cal-
culated assuming a -0.2 mm average reduction of the sum of the
longest diameter of all SSNs at 12 months with respect to base-
line in the placebo arm [data derived from prior similar clinical
trial (7)] vs an expected average reduction of -1.0 mm in the as-
pirin group, with estimated effect size of 0.5. The study was
stopped because of low accrual after random assignment of 98
individuals and thus had 80% power to detect an average reduc-
tion of -1.1 mm in the aspirin group (effect size ¼ 0.56) or 69%
power to detect the anticipated average reduction of -1.0 mm in
the aspirin group. More endpoints and statistical analyses are
described in the Supplementary Materials (available online).

Between December 2014 and June 2017, 619 ld-CT scans
showing potentially eligible nodules were reviewed. A total of
109 individuals signed written informed consent and under-
went baseline visit, and 98 were randomly assigned (consort di-
agram, Figure 1). The most frequent reasons for noneligibility
were the nonpersistence of the target nodule (38.0%) and partic-
ipant comorbidity or use of prohibited medications (35.9%).

The participants’ characteristics are shown in
Supplementary Table 1 (available online); 43.8% were male,
mean age was 64.6 years, and 67.3% were current smokers. Self-
reported smoking status was consistent with urinary cotinine
levels (data not shown). Compliance was good as indicated by
the lower thromboxane B2 and prostaglandin E metabilite
(PGEM) levels in the aspirin arm (Supplementary Table 2, avail-
able online).

The primary endpoint was the difference of the sum of lon-
gest diameters of SSNs in a person-specific analysis. The results
showed no change after 12 months of treatment (placebo -

0.12 mm [SD ¼ 1.55 mm] vs aspirin 0.30 mm [SD ¼ 2.54 mm];
P¼ .33) (Table 1 and Figure 2). Table 1 also shows secondary
analysis on SSNs, using modified response evaluation criteria in
solid tumors, which took into account all the nodules and char-
acterized the responses as complete, partial, stable, or progres-
sive (P¼ .44) (8). Other subgroups analyses per sex, smoking
status, type of nodules, or body mass index (<25 vs �25 kg/m2)
did not modify the results. Furthermore, a per-nodule analysis
(volume and density variables) did not show any difference be-
tween study arms (P¼ .99 and P¼ .64, respectively).

Reported side effects were consistent with aspirin’s known
profile (Supplementary Table 3, available online), with a statisti-
cally significant increase in minor hemorrhagic events reported
with aspirin (P¼ .03). Notably, 4 lung cancer cases were diag-
nosed, 2 in each arm.

Aspirin’s clinical benefit in cancer prevention is seen after a
prolonged treatment. Our current study showed no effect on
SSNs after 1 year of treatment. Potential reasons for these
results include the limited duration of treatment, the fact that
SSNs may be an off-target intermediate endpoint for aspirin
(most SSNs do not progress quickly and not all are cancer pre-
cursors), and the possibility that aspirin prevents metastasis
rather than progression of preneoplasia. Dose can be another is-
sue; Rothwell and colleagues’ data reported no difference be-
tween low or high doses (2), but recently they showed that
aspirin may lose activity in higher body mass index subjects (9).
Our data showed no difference between normal weight and
overweight or obese participants.

The antitumor effects of aspirin have been linked to reduced
prostaglandin production via the inhibition of cyclooxygenase
enzymatic activities (10). Sequential metabolism of arachidonic
acid leads to the production of downstream prostaglandins and
thromboxanes. Inhibition of serum thromboxane B2 and uri-
nary PGEM in the aspirin arm may indicate the potential pre-
ventive activity. Both prostanoids modulate cell proliferation,

Figure 1. Trial flow diagram. CT ¼ computed tomography.
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apoptosis, and invasion (10). One more reason for this null re-
sult could be that the aspirin preventive effects act through
these pathways at a very early stage of carcinogenesis, as has
been suggested for colorectal cancer (11), before the appearance
of a preneoplastic lesion. Whereas this evidence is quite strong
for colorectal cancer, the clinical impact on lung cancer devel-
opment has to be proven.

In conclusion, 1 year of low-dose aspirin was not able to re-
duce the size of SSNs, a non–small cell lung cancer risk marker.
Our trial was too small and of too short a duration to assess the
effect of aspirin on cancer development. Identification of appro-
priate intermediate endpoints to assess preliminary efficacy in
lung cancer prevention trials remains challenging.
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Table 1. Primary and secondary outcomes

Outcomes Placebo (n¼ 49) Aspirin (n¼ 49) P

Person-specific analysis
Sum of longest diameters of baseline target nodules, mean (SD), mm

Size at baseline 11.0 (11.3) 8.5 (4.3) .16a

Size at 12 monthsb 10.7 (10.6) 8.9 (5.2) .31a

Size difference (12 monthsb baseline) �0.12 (1.55) þ0.30 (2.54) .33a

Subgroup analysis of size difference (12 months baseline)
Among males (n¼ 43) þ0.05 (1.84) þ0.67 (3.84) .52a

Among females (n¼ 55) �0.25 (1.33) þ0.04 (0.81) .35a

Among current smokers (n¼ 66) �0.21 (1.24) þ0.38 (3.08) .32a

Among former smokers (n¼ 32) þ0.06 (2.07) þ0.13 (0.74) .89 a

Among individuals with nonsolid nodules (n¼ 52) �0.29 (1.74) þ0.32 (3.40) .42a

Among individuals with partially solid nodules (n¼ 46) þ0.09 (1.30) þ0.27 (0.82) .59a

Change in the sum of longest diameters of baseline target nodules,b No. (%)
Stable or increase (difference �0) 28 (59.6) 31 (64.6) —
Decrease (difference <0) 19 (40.4) 17 (35.4) .60c

Modified RECISTb (n¼ 95), No. (%)
Complete or partial response 2 (4.3) 1 (2.1) —
Stable disease 40 (85.1) 37 (77.1) —
Progression of disease 5 (10.6) 10 (20.8) .44d

Nodule-specific analysis
Sum of diameters of single baseline target nodules (n¼ 132), mean (SD), mm

Size at baseline 7.2 (2.7) 6.8 (2.8) .50e

Size at 12 months 7.1 (2.9) 6.9 (4.2) .77e

Size difference (12 months baseline) �0.1 (1.1) 0.1 (2.4) .50e

Nodule volume (n¼ 131), mean (SD), mm3

Volume at baseline 151 (151) 138 (139) .35e

Volume at 12 months 147 (159) 134 (175) .66e

Volume difference (12 months baseline) �4.8 (134) �4.5 (78) .99e

Nodule density (n¼ 129), Hounsfield unit, mean (SD)
Density at baseline �663 (98) �628 (76) .23e

Density at 12 months �636 (113) �604 (99) .33e

Density difference (12 months baseline) 28 (78) 24 (65) .64e

aP value was calculated using a 2-sided t test. RECIST ¼ response evaluation criteria in solid tumors.
bMissing for 3 subjects (2 placebo, 1 aspirin).
cP value was calculated using a 2-sided v2 test.
dFisher exact test was used to calculate 2-sided P values.
eMixed-model P value.
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