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Introduction

Lung cancer is the leading cause of cancer mortality 
worldwide (1). Although the incidence rate of lung cancer 
in women is lower than that of breast cancer, the 5-year 
survival rate for lung cancer is less than 20% in North 
America and other developed countries, thereby making 
it the leading cause of cancer mortality among women 
(2,3). More than 60% of lung cancer deaths in women 
are attributed to smoking (4), but a significant number of 
women afflicted with lung cancer are never smokers (5).  
Among non-smokers ,  lung cancer af fects  women 
disproportionately more than men, suggesting that sex-
related factors may in part play a role in lung cancer 
pathogenesis. A number of epidemiological, preclinical and 
early clinical studies provide convincing evidence on the role 
of estrogen signaling pathways in promoting lung cancer 
pathogenesis (6-16). Expression of estrogen receptors (ERα 
and ERβ), progesterone receptors (PR), and/or aromatase, 
a key enzyme in estrogen biosynthesis, is often reported in 
human non-small cell lung cancers (NSCLCs) (6,7,10,15). 
Importantly, high expression of tumor aromatase enzyme 
is a poor prognostic biomarker in postmenopausal women 
afflicted with NSCLC (10). In preclinical models in vitro 
and in vivo, estradiol-17β stimulates the proliferation of 
NSCLC (6,8,11). Selective ER downregulators (such 
as fulvestrant) and aromatase inhibitors (AIs; such as 
anastrazole, letrozole, exemestane) that block estrogen 
synthesis inhibit lung tumor growth (7-9) and prevent 
lung tumorigenesis in preclinical models (13). Of note, 

estrogen synthesis and/or activity among non-tumor cells 
in the tumor microenvironment such as selected immune 
and inflammatory cells (e.g., lymphocytes, macrophages) 
is also reported and may play a role in modulating tumor 
progression in vivo (13,17). Hence, it is conceivable that 
inflammation due to underlying inflammatory conditions or 
local inflammation triggered by chronic tobacco exposure 
in the lungs may lead to up-regulation of estrogen signaling 
in tumor-infiltrating immune cells that may then contribute 
to lung tumor progression. 

Results 

In their report published in the Journal of Thoracic 
Oncology from March 2018, Stabile et al. (18) evaluated the 
combination of AIs and non-steroidal anti-inflammatory 
drugs (NSAIDs) on lung tumor size and growth along with 
the inflammatory pathways for NSCLC prevention. The 
group hypothesized that inhibiting tissue aromatase activity 
with an AI and simultaneous reduction of inflammation with 
a NSAID may be an effective strategy to suppress estrogen 
signaling as well as estrogen-induced pro-inflammatory 
cytokines and macrophage recruitment that serve to amplify 
pro-tumorigenic effects of estrogens (13,17,18). This 
notion is supported by several studies that have reported a link 
between NSAID use (aspirin and ibuprofen) and a reduced risk 
of lung cancer (19). In addition, NSAID use is independently 
shown to modulate aromatase activity and serum total estradiol 
levels in postmenopausal women (18,20).
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The investigators used an established tobacco carcinogen 
[4-(methylnitrosoamino)-1-(3-pyridyl)-1-butanone 
(NNK)]-induced lung tumor mouse model to determine 
whether an AI combined with aspirin results in greater lung 
tumor prevention effects than single agent treatment. The 
NNK tumor model was intended to represent ex-smoking 
postmenopausal women as high-risk individuals for the 
development of lung cancer. Female ovariectomized FVB/
N mice (6 weeks of age) were exposed to NNK (3 mg per 
intraperitoneal injection; twice/week) for 4 weeks. Therapy 
was initiated after 5 weeks to allow for lung preneoplasia 
development. Androstenedione, the substrate for aromatase, 
at 0.1 mg was administered subcutaneously three times 
per week throughout the experiment. Anastrazole  
(0.1 mg/kg) orally alone, aspirin (25 mg/kg) orally alone, 
or the combination of anastrazole and aspirin, and vehicle 
control groups were treated 5 times per week for 8 weeks. 
In addition, a short-term 2-week treatment exposure 
experiment was done to evaluate cytokine expression in 
the lungs and blood prior to tumor formation. Mice were 
sacrificed after 8 weeks of treatment for AI/NSAID studies 
followed by formalin-inflation of lungs and collection 
of blood, with surface lung tumors later counted under 
a dissecting microscope. The results indicate that dual 
treatment of mice with anastrazole (0.1 mg/kg/day dosing) 
and aspirin (25 mg/kg/day) after NNK exposure elicited 
significantly fewer and smaller lung tumors as compared to 
single-agent treatments in control animals. 

Moreover, these antitumor effects with combination 
treatment were accompanied by marked reduction in 
circulating estradiol-17β and IL-6 levels. In addition, they 
found a significant decrease in the lung tumor proliferation 
biomarker Ki-67,  as  well  as  reduced downstream 
phosphorylation of tumor mitogen-activated protein (MAP) 
kinase and signal transducer and activator of transcription 3 
(STAT3) and reduced IL-17A expression. Notably, tumor-
infiltrating macrophage levels were also decreased in the 
tumor microenvironment. The investigators noted that 
pre-neoplasia arising after combination treatment with 
AI and aspirin showed the lowest level of the tumor stem/
progenitor cell marker Sox-2 expression and suggest that 
this finding connotes an inhibitory effect on proliferative 
capacity in the airways by blocking both estrogen signaling 
and inflammation processes. Anastrozole combined with 
ibuprofen instead of aspirin also showed enhanced anti-
tumor effects but these effects were less pronounced. 

Using a different murine model to assess effects of 
estrogen exposure in vivo, the investigators treated male 

mice (chosen to minimize the effects of circulating 
estradiol found in females) with NNK for 4 weeks and 
simultaneously administered estrogens or placebo control 
in the drinking water. The male mice were then sacrificed 
after 4 weeks for studies as above, with the results showing 
higher levels of infiltrating pulmonary macrophages and 
inflammatory biomarkers as compared to controls. Thus, 
these findings using an ER agonist offer confirmation of a 
direct effect of estrogen signaling on inflammation in the 
tumor microenvironment.

Evaluation of the evidence

The authors provide a comprehensive statistical analysis 
suggesting a significant decrease in both the number and 
size of tumors in the combination group compared to either 
single agent therapy and vehicle control. Furthermore, 
to provide a potential mechanism for this result, cytokine 
levels were measured. When evaluating IL-6 levels, 
a notable decrease between combination therapy and 
vehicle control is noted (P=0.0004); however, comparing 
combination treatment with either single agent is 
insignificant. The variability in the IL-6 level in the control 
group is also noted by the authors, which is not explained 
by tumor burden alone. A short term (2-week) experiment 
demonstrated decreased IL-6 levels after 2 weeks of 
individual or combination therapy. No statistical analysis is 
provided to evaluate whether treatment is the result of these 
decreases in IL-6 levels. 

The experiments reported here suggest the role of 
estrogen driven regulation of the inflammatory lung 
microenvironment, similar to observations in breast 
cancer. The limitations of these studies are the in vivo 
nature of these preclinical experiments, but the authors 
appropriately point out the necessary studies that will be 
needed to evaluate the efficacy of this treatment approach 
in clinical practice. The series of experiments performed 
in this original article provide stimulating evidence that 
combination AI and NSAID therapy may reduce lung 
cancer incidence among high risk postmenopausal women 
with inflammatory lung disease. 

Conclusions

This report presents new data to support the idea that use 
of aromatase inhibitors alone and combined with NSAIDs 
can help to prevent lung tumorigenesis as assessed in a 
murine preclinical model. By comparison with the known 
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antitumor and cancer preventive activity of aromatase 
inhibitors in breast cancer (21,22), the current report (18) 
and results of recent clinical trials using antiestrogens (15) 
and aromatase inhibitors (16) (NCT01664754) in patients 
with advanced lung cancer suggest that dual targeting of 
estrogen and inflammatory signaling pathways may have 
benefit for NSCLC prevention. A phase II therapeutic 
study of adding AI exemestane therapy in post-menopausal 
women with advanced NSCLC who are progressing 
while on treatment with an immune checkpoint antibody 
is an ongoing study (NCT02666105). As shown by the 
investigators, combination of aromatase inhibitors with 
NSAIDs reduces circulating levels of estrogens and pro-
inflammatory cytokines, and macrophage recruitment 
in the lung tumor microenvironment following tobacco 
carcinogen exposure. This treatment strategy could be 
especially effective in women at increased risk for lung 
cancer who also have underlying pulmonary inflammatory 
disease.
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