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ABSTRACT
◥

Background: Poor patients often reside in neighborhoods of
lower socioeconomic status (SES) with high levels of airborne
pollutants. They also have higher mortality from non–small cell
lung cancer (NSCLC) than those living in wealthier communities.
We investigated whether living in polluted neighborhoods is asso-
ciated with somatic mutations linked with lower survival rates, i.e.,
TP53 mutations.

Methods: In a retrospective cohort of 478 patients with NSCLC
treated at a comprehensive cancer center between 2015 and 2018,
we used logistic regression to assess associations between individual
demographic and clinical characteristics, including somatic TP53
mutation status and environmental risk factors of annual average
particulate matter (PM2.5) levels, and neighborhood SES.

Results: 277 patients (58%) had somatic TP53 mutations. Of
those, 45% lived in neighborhoods with “moderate” Environmental

Protection Agency–defined PM2.5 exposure, compared with 39% of
patients withoutTP53mutations.We found significant associations
between living in neighborhoods with “moderate” versus “good”
PM2.5 concentrations and minority population percentage [OR,
1.06; 95% confidence interval (CI), 1.04–1.08]. There was a signif-
icant association between presence of TP53 mutations and PM2.5

exposure (moderate versus good: OR, 1.66; 95% CI, 1.02–2.72) after
adjusting for patient characteristics, other environmental factors,
and neighborhood-level SES.

Conclusions: When controlling for individual- and neighbor-
hood-level confounders, we find that the odds of having a TP53-
mutated NSCLC are increased in areas with higher PM2.5 exposure.

Impact: The link between pollution and aggressive biology may
contribute to the increased burden of adverse NSCLC outcomes in
individuals living in lower SES neighborhoods.

Introduction
Lung cancer is the leading cause of cancer-related death in the

United States. Racial/ethnic minorities and those of lower socioeco-
nomic status (SES) have higher rates of non–small cell lung cancer
(NSCLC) incidence and mortality (1, 2). It has been assumed that the
disparities in outcomes are caused primarily by higher rates of tobacco
use and lower access to care in underserved populations; however,
studies have shown that disparities persist after controlling for smok-
ing and access to care (3–6). What has not yet been thoroughly
evaluated is whether exposure to adverse social conditions – including
increased air pollution – promote aggressive tumor biology, thereby
increasing NSCLC outcome disparities.

Studies have reported that air pollution is associated with increased
lung cancer risk andmortality, independent of cigarette smoking (7–9).
While national average air pollution concentrations had been declin-
ing through 2016, levels have risen modestly since (10). Despite these
overall declines, air pollution continues to be a major factor in
increasing nonsmoking lung cancer incidence (11). The added threats
of climate change and wildfires may make this problem worse,
especially for vulnerable populations (12). Despite producing less air
pollution, low SES individuals frequently live near toxin-producing
industries and highways and have jobs with greater exposure to
disease-associated chemicals (13, 14). Thus, lower SES communities
in theUnited States and around the globe (15, 16) are exposed to higher
concentrations of particulate matter (PM) in air pollution, which are
associated with higher rates of NSCLC incidence and mortality, heart
disease, and pediatric asthma (17–22).

PM in air pollution, commonly measured as the concentration of
PM with an aerodynamic diameter of less than 2.5 mm (PM2.5),
represents a heterogeneous mixture of inorganic, organic, and bio-
logical compounds. PM2.5 is classified by the International Agency for
Research on Cancer (IARC) as a Group 1 (most severe) carcinogen.
The associations of elevated PM2.5 exposure with lower SES (13–16)
and with worse mortality from NSCLC (19) are well established.
However, little is known about the biological mechanism(s) underly-
ing the relationship between air pollution and NSCLC mortality. It is
essential to understand the impact of environmental and social con-
ditions on tumor biology to understand causes of health inequity.
Studies have shown that PM activates cell-cycle arrest and induces
somatic mutations in cell-cycle checkpoint genes (23). PM also alters
epigenetic modifications, including DNA methylation and expression
of miRNAs. However, these results were largely ascertained without

1Department of Surgery, City of Hope Comprehensive Cancer Center, Duarte,
California. 2Department of Population Sciences, City of Hope Comprehensive
Cancer Center, Duarte, California. 3Vital Research, Los Angeles, California.
4Department of Radiation Oncology, City of Hope Comprehensive Cancer
Center, Duarte, California. 5Department of Medical Oncology, City of Hope
Comprehensive Cancer Center, Duarte, California. 6Department of Medical
Oncology, Cedars-Sinai Medical Center, Los Angeles, California.

Note: Supplementary data for this article are available at Cancer Epidemiology,
Biomarkers & Prevention Online (http://cebp.aacrjournals.org/).

Corresponding Author: Loretta Erhunmwunsee, City of Hope Comprehensive
Cancer Center, 1500 East Duarte Road, Duarte, CA 91010. Phone: 626-218-7287;
Fax: 626-218-7215; E-mail: LorettaE@coh.org

Cancer Epidemiol Biomarkers Prev 2021;30:1498–505

doi: 10.1158/1055-9965.EPI-20-1555

�2021 American Association for Cancer Research

AACRJournals.org | 1498

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/30/8/1498/3101480/1498.pdf by guest on 10 O

ctober 2024

http://crossmark.crossref.org/dialog/?doi=10.1158/1055-9965.EPI-20-1555&domain=pdf&date_stamp=2021-7-9
http://crossmark.crossref.org/dialog/?doi=10.1158/1055-9965.EPI-20-1555&domain=pdf&date_stamp=2021-7-9


taking SES and neighborhood context into account. Therefore, these
findings are limited in their ability to explain the population health
impact of PM2.5 on biology or oncologic disparities.

NSCLC comprises multiple genomic subtypes; some subtypes are
more aggressive than others. For instance, EGFR mutations are
associated with better overall survival in patients withNSCLC (24–27).
TP53 mutations, in contrast, are associated with shorter survival in
patients with NSCLC (27, 28) and contribute to more aggressive
NSCLC biology. Some TP53 mutation hotspots are associated with
cigarette smoking via DNA adduct formation, while others are not
clearly associated with cigarette smoking (29, 30). Moreover, there is a
strong association between aggressive NSCLC biology and cigarette
smoking (31, 32), but whether mutations associated with worse out-
comes are also linked to adverse social and environmental conditions
remains unclear.

In a Chinese study, patients with NSCLC living in areas with higher
levels of pollution had a higher frequency of TP53mutations (33), but
no such study has been conducted in the United States. To further
understand the relationships between adverse social conditions—such
as living in an area with elevated PM2.5 exposure—and aggressive
somatic NSCLC biology, we conducted an exploratory cross-sectional
study within a retrospective cohort at a comprehensive cancer center.
We hypothesized that individuals with NSCLC who had greater
exposure to air pollution [i.e., moderate vs. good PM2.5 levels, as
defined by the US Environmental Protection Agency (EPA)] would
have higher odds of somatic TP53 mutations. An understanding of
this relationship could improve our ability to adequately stratify
individuals who may be at high risk of developing aggressive disease,
thus enabling more accurate screening of high-risk patients.

Materials and Methods
Study subjects

We included all patients with a primary NSCLC diagnosis whowere
treated at City of Hope Comprehensive Cancer Center (COH) from
2015 through 2018 and had documentation of somatic tumor sequenc-
ing in the electronic health record (EHR). Exclusion criteria were: (i)
diagnosis of small cell lung cancer, carcinoid tumors, or sarcomas; (ii)
in situ lung cancer; (iii) <18 years of age; and/or (iv) multiple primary
NSCLCs with different somatic phenotypes. This study was approved
by the COH Institutional Review Board. Patients included in the study
provided written consent, and the study was conducted in accordance
with the International Ethical Guidelines for Biomedical Research
Involving Human Subjects (CIOMS).

Measures
Patient data

We obtained individual demographic data (i.e., age, sex, and race/
ethnicity), disease characteristics (i.e., stage and histology), smoking
history, and home address from the EHR and the accredited COH
hospital-based cancer registry. Smoking history information is
assessed by clinicians to aid in clinical decision making and was
collected either in clinic notes or patient surveys. We obtained somatic
test results by reviewing testing reports in the EHR. Our institutional
policy mandates that all third-party laboratory reports be uploaded
into the EHR.We included test results frommultiple samples for each
patient. For patients with discrepant genetic reports, study staff
prioritized findings from tissue over blood-based assays. The labora-
tories that conducted testing are listed in Supplementary Table S1. All
patients with somatic TP53 mutations were included in our main
analysis. We utilized the OncoKB knowledge base (34) to better

characterize the spectrum of TP53 variants within our cohort and
evaluate the proportion of loss-of-function variants to those of
unknown significance (Supplementary Table S2).

Neighborhood-level air pollution and socioeconomic data
Residential addresses of patients at the time of diagnosis were

geocoded into corresponding coordinates using the Spatialitics Health
Geocoder (Spatialitics LLC). Environmental risk factors including
PM2.5, ozone, National Air Toxics Assessment (NATA) air toxics
cancer risk, and traffic proximity, as well as neighborhood (census
block group)-level demographic indicators (percent minority and
percent less than high school education) were extracted from the
EPA’s Environmental Justice Screening and Mapping Tool (EJSC-
REEN). EJSCREEN was developed by the EPA to track environmental
and health risks across the country. EJSCREEN leverages data from the
US Census, the EPA, and the US Department of Transportation to
generate these estimates (35). We assigned the annual average expo-
sure to PM2.5 and ozone in the year or two prior to diagnosis.
EJSCREEN has only made the following vintages of PM2.5 data
available: 2011, 2012, 2013, 2014, and 2016. Therefore, patients
diagnosed in 2015 and 2016 were assigned 2014 values and patients
diagnosed in 2017 and 2018 were assigned 2016 values. NATA air
toxics cancer risk is an estimation of lifetime cancer risk due to
hazardous air pollution inhalation. These risks are based on modeled
estimates of air toxic concentrations within a given area and combined
with epidemiologic evidence of the pollutant’s carcinogenicity to
generate an estimate of overall cancer risk. Traffic proximity is a
function of traffic counts on nearby major roads inversely weighted by
the distance from the roadway. NATA, PM2.5 and ozone estimates
are generated at the census tract-level and EJSCREEN assigns all block
groups within a given census tract the same exposure to these
pollution indices.

Percent minority is defined as the percent of individuals within a
block group who list their racial status as a race other than white alone.
Percent less than high school education is defined as the percent of
individuals within a block group age 25 and over with less than a high
school degree. The block group in which the patient’s home address
was located was used to assign exposures. Average annual PM2.5 levels
for patients in the study ranged from 5.34 mg/m3 to 16.3 mg/m3, with
approximately 84% of patients having a PM2.5 level between 10.0 to
14.0 mg/m3. Using EPA standards as a guide, we dichotomized
average annual PM2.5 and ozone concentrations as “good” (PM2.5:
0–12.0 mg/m3; ozone: 0–54 ppb) and “moderate” (PM2.5: 12.1–
35.4 mg/m3; ozone 55–70 ppb). Grouping exposure levels according
to EPA standards provided an interpretation of results that follows the
conventions for air quality. There are several concentration levels
beyondmoderate, including unhealthy to hazardous. However, within
the United States, it is rare for an average annual PM2.5 level to be
within these concentrations. NATA cancer risk and traffic proximity
were dichotomized by a median split.

Statistical analysis
Using logistic regression, we assessed the associations of various

patient characteristics, environmental risk factors, and neighborhood-
level demographics with somatic TP53mutations. In adjusted models,
we controlled for covariates in three modeling stages. The first model
included demographic and clinical variables (i.e., age, sex, smoking
status, race/ethnicity, stage, histology), the second added neighbor-
hood-level environmental air pollution exposures (i.e., PM2.5, ozone,
NATA cancer risk, and traffic proximity), and the third added metrics
of neighborhood-level sociodemographics (i.e., percent minority
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population and educational attainment less than high school educa-
tion). We also conducted a sensitivity analysis comparing only those
patients who had aTP53 variant classified as loss-of-function or likely-
loss-of-function in OncoKB (Supplementary Table S2) to those who
tested TP53-mutation negative. Furthermore, we explored different
operationalizations of PM2.5, examining linear and threshold relation-
ships with the presence of a TP53mutation (Supplementary Table S3).
Subgroup analysis were conducted on patients diagnosed only in 2017
and 2015 to assess the impact of using only patients for whom a one-
year lag was available, as opposed to one- and two-year lags with the
whole sample. ORs and 95% confidence intervals (CI) were calculated
for all models. All tests were two-sided, and statistical significance was
defined as P < 0.05. To explore possible heterogeneity of effects
between subgroups, we included an interaction term between PM2.5

exposure and covariates of interest, including smoking status, sex, and
histology. All statistical analyses were performed using SAS 9.4 (SAS
Institute).

Results
Of the 694 patients identified in our initial sampling frame, 505

underwent testing for somatic TP53mutations. Twenty-seven of these
patients were missing covariate data and were excluded, leaving 478
patients included in the final analysis (Supplementary Fig. S1). Ninety-
three percent of patients resided in California, with 64% of these
individuals reporting a home address in Los Angeles county. Those
patients not residing inCalifornia lived inArizona, Georgia,Maryland,
Nevada, and Ohio. Males (Fisher exact P¼ 0.03), those with late stage
(Fisher exact P¼ 0.005), and with adenocarcinomas (Fisher exact P <
0.001) were more likely to have received somatic TP53 sequencing
(Supplementary Table S4). Tumor samples from 62% of patients were
tested within 90 days of diagnosis. We identified 344 TP53 variants in
277 patients. We found that 23% (79/344) of these mutations were
located in pathogenic TP53 hotspot residues as defined in previous
literature (29, 30, 32), with the highest mutation frequency of 7% (24/
344) at amino acid site R273. In addition, 40% (139/344) of the variants
identified in our cohort were classified by OncoKB as loss-of-function
or likely loss-of-function mutations (Supplementary Table S2). The
remaining variants in our cohort were not classified by OncoKB and
were excluded from this Supplementary table but retained in the main
analysis. Patient demographics and disease characteristics are sum-
marized inTable 1. Themean age of patients at diagnosis was 67 years.
Fifty percent of the cohort was female, 55% non-Hispanic White, and
37% reported never smoking cigarettes. Most patients were diagnosed
with Stage IV NSCLC (70%) and had adenocarcinoma (85%). Forty-
three percent of the participants lived in block groups with concen-
trations of PM2.5 defined by the EPA as moderate and 277 (58%) had
an identified TP53 somatic alteration. We used the sociodemographic
variables of percent less than high school education and percent
minority population at the block group level. We excluded neighbor-
hood-level income as a covariate because of its high degree of
collinearity with other SES variables.

Neighborhood conditions and PM2.5 levels
Measures of neighborhood sociodemographic variables were asso-

ciated with concentrations of PM2.5. In crude logistic regression
analyses, a 1% increase in a census block group’s minority population
was associated with an OR of 1.06 (95% CI, 1.05–1.07) of being in the
moderate versus good PM2.5 category. When adjusting for patient
demographics and disease characteristics, this estimate remained
statistically significant (OR 1.06, 95% CI, 1.04–1.08) (Supplementary

Table S5).Neighborhoodpercentminority and percent less than a high
school education were highly correlated (Pearson correlation coeffi-
cient r ¼ 0.73), but no statistically significant relationship between
neighborhood educational attainment and PM2.5 was detected in the
fully adjusted model. In contrast, when omitting percent minority
from the adjusted model, percent less than high school education was
significantly associated with elevated PM2.5 exposure (OR, 1.04;
95% CI, 1.02–1.07), indicating collinearity between the neighbor-
hood-level education and minority variables. In addition, in the fully
adjusted model, living in a neighborhood above versus below the
median NATA cancer risk was strongly associated with elevated PM2.5

exposure (OR, 4.13, 95% CI 2.43–7.03).

TP53
Patients with TP53 mutations were more likely to be exposed to

higher levels of air pollution, with 45%of patients withTP53mutations
living in neighborhoods with moderate PM2.5 exposure compared to
39% of patients without a TP53 mutation. Individuals with TP53
mutations had three additional pack-years of smoking on average
compared to those without. The covariate-adjusted logistic regression
analyses on the odds of having a TP53 mutation are displayed
in Table 2. We found that TP53 mutations were significantly associ-
ated with higher PM2.5 exposure (moderate vs. good: OR, 1.68; 95%CI,
1.06–2.66) after adjusting for patient characteristics (including smok-
ing status) and other environmental factors (Model 2). After adding
neighborhood-level sociodemographic factors in Model 3, this asso-
ciation with PM2.5 remained significant (OR, 1.66; 95%CI, 1.02–2.72).
Adjusting for covariates, cigarette smoking was also positively asso-
ciated with TP53 mutations (current vs. never smokers, OR, 2.43;
95% CI, 1.29–4.60 and former vs. never smokers, OR, 1.65; 95% CI,
1.05–2.59). In addition, we did not detect any statistically significant
interactions between PM2.5 exposure and sex, smoking, or histology on
either themultiplicative or additive scales. Men were less likely to be in
the higher PM2.5 category (OR, 0.71; 95% CI, 0.52–0.96) and more
likely to be former or current smokers (Fisher exact P < 0.001) relative
to women. We did not detect a relationship between PM2.5 and TP53
when PM2.5 was treated either as a linear variable or in quantiles (e.g.,
tertiles or quartiles) (Supplementary Table S3). When restricting to
only TP53 variants classified as loss-of-function or likely-loss-of-
function in OncoKB, the association with PM2.5 remained consistent
(OR, 1.65; 95% CI, 1.01–2.70). Among patients for whom one-year lag
exposure data were available (i.e., patients diagnosed in 2015 and
2017), we found n strengthened adjusted association relative to the
main result (OR, 2.98; 95% CI, 1.38–6.43).

Discussion
In this study, we investigated the associations of PM2.5 exposure

with both neighborhood social conditions and somatic TP53 muta-
tions.We found that PM2.5 exposure in our population varied and was
associated with demographic and neighborhood social characteristics.
We also found an association between air pollution before the time of
diagnosis andTP53-mutatedNSCLC. A previous study (33) reported a
link between highly polluted regions and specific somatic NSCLC
mutations in a cohort of patients living in China. The study performed
whole genome sequencing of NSCLCs in “highly polluted regions” and
found that patients in these regions had 3 times as many mutated
genes, including TP53, as those in control regions. However, the study
did not consider the impact of specific pollutants at the home address,
but instead compared NSCLC patients living in two municipalities
with historically high rates of smoky coal use for indoor cooking and
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heating (highly polluted region) to those patients living in areas with
air pollution levels more representative of the rest of the country
(control region). In addition, they did not account for social deter-
minant data and their sample size was smaller than our study (N ¼
164). Our study is the first U.S.-based cohort to evaluate both key
neighborhood social determinant data and individual patient EHR
data, including detailed smoking data and report their impact on
NSCLC biology.

PM2.5 is a widely studied air pollutant whose concentrations have
been consistently linked with SES. Lower SES communities in the
United States and globally (15, 16) are exposed to higher concentra-
tions of PM2.5. These higher levels are tied to worse disease rates and
mortality. Furthermore, PM2.5 is also classified as a Group 1 human
carcinogen by the IARC and is associated with high rates of NSCLC
incidence and mortality.

Ambient air pollution is a global concern, with an estimated 12.8%
of lung cancer deaths attributed to fine PMexposure (36). These effects
on mortality are particularly notable in rapidly growing countries like

India and China (37, 38). Vehicular travel and industrial pollution, as
well as adverse neighborhood social conditions, are steadily increasing
globally (39–41). The impact of these trends also have the potential to
be magnified by climate change and the resultant increase in wildfire
activity (12). Thus, the association between elevated PM2.5 levels and
aggressive biology has impactful public health implications. This
relationship may help explain the increased burden of adverse health
outcomes in NSCLC that is observed in neighborhoods comprised of
lower SES populations (42–45).

The biological mechanism underpinning if and how exposure to air
pollution alters NSCLC biology is not yet clear. Prior studies have
demonstrated an association between exposure to air pollutants and
TP53 mutations in mouse models and human lung cell lines (46, 47).
Specifically, TP53 mutations have been observed in mouse cell lines
that were experimentally exposed to different environmental toxins,
including benzo(a)pyrene (BaP) and 3-nitrobenzanthrone (3-NBA).
Exposure to 3-NBA, which is linkedwith diesel exhaust, was associated
with mutations similar to those seen in tobacco smokers with NSCLC,

Table 1. Demographic and exposure characteristics for patients who had somatic TP53 testing.

Valuea

TP53 Mutation No TP53 mutation
Characteristic (n ¼ 277) (n ¼ 201)

Age at diagnosis, Mean (SD) 66 (12) 68 (12)
Sex

Female 143 (52%) 95 (47%)
Male 134 (48%) 106 (53%)

Race/Ethnicity
Asian 78 (28%) 69 (34%)
Black 13 (5%) 9 (4%)
Non-Hispanic White 157 (57%) 107 (53%)
Hispanic White 29 (10%) 16 (8%)

Stage
I–II 33 (12%) 31 (15%)
III 50 (18%) 29 (14%)
IV 194 (70%) 141 (70%)

Histology
Adenocarcinoma 230 (83%) 178 (89%)
Squamous 26 (9%) 12 (6%)
Other 21 (8%) 11 (5%)

Smoking status
Current 50 (18%) 23 (11%)
Former 136 (49%) 91 (45%)
Never 91 (33%) 87 (43%)

Pack-years, mean (SD)b 21 (25) 18 (26)
Particulate matter exposure

Good (0–12.0 mg/m3) 152 (55%) 123 (61%)
Moderate (12.1–35.4 mg/m3) 125 (45%) 78 (39%)

Ozone
Good (0–54 ppb) 142 (59%) 102 (51%)
Moderate (55–70 ppb) 135 (41%) 99 (49%)

NATA Cancer risk
<50th Percentile 138 (50%) 98 (49%)
≥50th Percentile 139 (50%) 103 (51%)

Traffic proximity
<50th Percentile 134 (48%) 100 (50%)
≥50th Percentile 143 (52%) 101 (50%)

Percent minority population, mean (SD) 60% (0.23) 60% (0.23)
Percent less than high school education, mean (SD) 14% (0.10) 15% (0.11)

aData are presented as number (percentage) of patients unless otherwise indicated.
bAverage pack-year was calculated among 473 patients due to missing data.
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such as G>T transversions (47). In that study, 38% of cell lines exposed
to 3-NBA possessed a G>T transversion in TP53. The exact mecha-
nistic link between PM2.5 and TP53 mutations is unclear. In human
lung cells, PM2.5 has been found to disrupt the TP53–retinoblastoma
protein signaling pathway, resulting in the proliferation of tumor
cells (46). An in vitro study of human epithelial cells found that PM2.5

exposure resulted in hypomethylation of the TP53 promoter region
and inhibition of TP53 expression (48).

Moderate levels of PM2.5 contain higher concentrations of polycy-
clic aromatic hydrocarbons (PAH), including benzo[a]pyrene (BaP)
and polar compounds, which are highly mutagenic (33). Higher
concentrations of BaP have been associated with several mutations,
including those in TP53. Yu and colleagues (33) suggested that the
mutations are induced by DNA adducts that are formed by the release
of reactive intermediates when BaP and other PAHs are metabolized.
Other studies have found that inhalation of PM2.5 particles may attract
lymphocytes to tissues, resulting in angiogenesis and inflammation
that could promote tumor growth (36, 49).

Our findings suggest that living in a polluted neighborhood with
moderate PM2.5 levels (12.1–35.4 mg/m3), which are considered
“acceptable” by the EPA, is associated with higher odds of TP53
mutations. This link between exposure to air pollution and aggres-
sive NSCLC phenotypes may contribute to the poor outcomes

observed in NSCLC patients from underserved populations.
However, other explanations for the link between adverse social
conditions and TP53 mutations may include secondhand smoking
exposure and additional, unmeasured environmental exposures.
Our findings also suggest that exposure to moderate levels of PM2.5

may not, in fact, be “acceptable” and may warrant reconsideration
of current PM2.5 classifications to reflect the potential health
implications of chronic exposure.

Our study also found an association of elevated PM2.5 levels with
neighborhood minority population and percent less than high school
education. These findings reflect the high correlation between social
conditions and pollution that other studies have shown (13–16).
Despite finding an association between PM2.5 and both neighborhood
composition and TP53 mutations, our results did not reveal a direct
correlation between the neighborhood social conditions and these
mutations. There is a complicated relationship between neighborhood
conditions, lung cancer outcomes, and biology. We have shown that
vulnerable communities have elevated PM2.5 levels and that higher
PM2.5 levels are associated with aggressive NSCLC biology. Our
findings suggest that PM2.5 may contribute to the link between lower
SES neighborhoods and NSCLC mutations that are associated with
poor outcomes. Nevertheless, despite finding an association between
PM2.5 and both neighborhood composition and aggressive biology, we

Table 2. Adjusted ORs (95% CIs) of TP53 mutations.

Variable Model 1 Model 2 Model 3

Age at diagnosis (per year) 0.99 (0.97–1.00) 0.99 (0.97–1.00) 0.99 (0.97–1.00)
Cigarette smoking

Never smoker Ref Ref Ref
Former smoker 1.61 (1.03–2.51) 1.65 (1.05–2.59) 1.65 (1.05–2.59)
Current smoker 2.28 (1.22–4.26) 2.30 (1.23–4.32) 2.43 (1.29–4.60)

Sex
Male Ref Ref Ref
Female 1.35 (0.92–2.00) 1.37 (0.92–2.02) 1.35 (0.91–2.01)

Race/Ethnicity
Non-Hispanic White Ref Ref Ref
Asian 0.93 (0.60–1.44) 0.82 (0.51–1.32) 0.79 (0.48–1.33)
Black 0.90 (0.37–2.23) 0.94 (0.38–2.35) 0.95 (0.37–2.44)
Hispanic White 1.28 (0.65–2.52) 1.15 (0.57–2.31) 1.29 (0.62–2.70)

Stage
I–II 0.77 (0.44–1.35) 0.78 (0.44–1.36) 0.77 (0.44–1.36)
III 1.11 (0.66–1.87) 1.14 (0.67–1.93) 1.13 (0.67–1.93)
IV Ref Ref Ref

Histology
Squamous Ref Ref Ref
Adeno 0.57 (0.27–1.18) 0.53 (0.25–1.11) 0.50 (0.24–1.06)
Other 0.79 (0.29–2.19) 0.76 (0.27–2.13) 0.73 (0.26–2.04)

PM2.5

Good - Ref Ref
Moderate - 1.68 (1.06–2.66) 1.66 (1.02–2.72)

Ozone
Good - Ref Ref
Moderate - 1.01 (0.68–1.50) 1.00 (0.67–1.50)

NATA Cancer risk
<50th Percentile - Ref Ref
≥50th Percentile - 0.80 (0.51–1.27) 0.83 (0.52–1.34)

Traffic proximity
<50th Percentile - Ref Ref
≥50th Percentile - 1.12 (0.75–1.67) 1.18 (0.78–1.78)

Percent minority population - - 1.01 (0.99–1.02)
Percent less than high school education - - 0.98 (0.95–1.01)
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did not find that PM2.5 was a true mediator between these two
variables. Instead, PM2.5 is likely one of many intermediaries that
facilitates the complicated relationship between neighborhood con-
ditions and NSCLC biology.

Limitations and strengths
The study had several limitations. Patients’ addresses were collected

at the time of diagnosis at COH and we were unable to assess patients’
historical exposure to carcinogens, making it difficult to establish
temporality. In addition, exposure misclassification is possible, as
people may move frequently throughout their lifetime. Nevertheless,
this misclassification is likely to be independent and non-differential
with respect to outcome status. Therefore, the bias due to this exposure
misclassification is likely toward the null, leading to a conservative
estimation of the true effect size (50). Furthermore, the EJSCREEN tool
pulls data from census block group information. Because this infor-
mation is an average of factors within an area, it does not reflect
individual addresses and is therefore subject to measurement error, as
the assumption is that exposures at the census block group level
accurately reflect a patient’s individual exposure profile. However, it
does address our research question, as we investigated neighborhood
effects independent of individual-level characteristics, mirroring pre-
vious research (51–55). In addition, EJSCREEN did not offer PM2.5

data for all of the recent years of interest. We found that restricting
analyses to patients for whom one-year lag exposure data was available
generated a stronger measure of association, indicating that increased
lag time for some patients may have biased our overall association to
the null. The nested nature of patients within block groups was given
consideration, but with nearly all census block groups having fewer
than five patients, multilevel modeling was not possible. Another
limitation is that neighborhood-level education is only one component
of neighborhood SES, and excluding neighborhood income from our
analysis due to collinearity may restrict our ability to comprehensively
understand howneighborhood SES impacts biology.We also acknowl-
edge that our cohort is unique in that a third of the patients were non-
smokingAsians, and only a fewHispanics andAfricanAmericanswere
included. This racial composition may impact our ability to generalize
these results to populations with different racial/ethnic compositions.
Finally, this is a single institution study with moderate sample size,
limiting the power to detect differences between subgroups and
possible interactions. For example, a previous study of over
400,0000 participants found a synergistic interaction between smoking
and exposure to air pollution in lung cancer mortality (56) which we
did not observe. Our study sample size was sufficient to detect a
significant association between PM2.5 and TP53 mutations.

The study had several strengths. The use of data from patients’
EHR, including tumor sequencing results and detailed smoking
data, is more extensive than what is readily available from the
typical cancer registry. Also, our institution had previously enu-
merated the distribution of various NSCLC mutations, as well as the
survival of patients who harbor them (27); thus, we have established
expertise in their evaluation. Moreover, we combined both indi-
vidual- and neighborhood-level variables, allowing for the integra-
tion of multilevel risk factors. Finally, EJSCREEN offers high spatial
resolution of both neighborhood exposures at the level of census
block groups, which are approximately one-third the size of census
tracts. Our findings add evidence of the mutagenic role of air
pollution in lung cancer, providing a platform for future studies,
including the exploration of multilevel models.

Future research should include prospective studies to validate the
etiologic role of environmental and social determinants of health in the

development of aggressive NSCLC biology. Inclusion of multilevel
factors and various biological profiles will allow for a more compre-
hensive understanding of this complex social, environmental, and
biological relationship. Additionally, given the lack of literature on the
association between NSCLC outcomes and specific TP53 variants,
future research should focus on variant-level differences that are
driving adverse outcomes.

Conclusion
Our study reports an association between PM2.5 and aggressive

NSCLC biology. The integration of socioeconomic, environmental,
biological, and clinical factors is paramount as we aim to eliminate
health inequities. In the future, this comprehensive information may
improve our ability to adequately stratify individuals who may be at
high risk of developing aggressive disease, allowing for more accurate
screening of high-risk patients.
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