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Abstract

Compared with all other racial and ethnic groups in the United States, African Americans are disproportionally affected

by lung cancer, both in terms of incidence and survival. It is likely that smoking, as the main etiological factor associated
with lung cancer, contributes to these disparities, but the precise mechanism is still unclear. This paper seeks to explore the
history of lung cancer disparities and review to the literature regarding the various factors that contribute to them.

Introduction

Compared with all other racial and ethnic groups in the United
States, African Americans (AAs) are disproportionally affected by
lung cancer, both in terms of incidence and survival (1-3). These
differences were first formally noted in 1972 (4,5) and have been
continuously observed since Surveillance Epidemiology and End
Results (SEER) began data collection in 1973 (3). Currently, the
age-adjusted lung cancer incidence rate is ~32% higher in AAs
compared with European Americans (EAs), with disparities most
predominant among men. On average, AAs are diagnosed with
lung cancer 3 years earlier than EAs (6).

Approximately 156 000 people die from lung cancer every
year, more than the next three most incident cancers com-
bined. Since 1987, more women have died from lung cancer
than breast cancer, while lung cancer in never smokers is the
7th leading cause of cancer-related death. There are several
histological subtypes. Non-small cell lung cancer accounts for
~85% of new diagnoses, while small cell carcinoma accounts
for the remaining 15%. Non-small cell lung cancer is hetero-
geneous: adenocarcinoma, squamous cell carcinoma and
large cell carcinoma account for 40, 25 and 10%, respectively,
with bronchalveolar carcinoma and carcinoid tumors largely
accounting for the rest. The age-adjusted lung cancer inci-
dence rate in AAs and EAs varies by histology. The dispar-
ity holds for adenocarcinoma, squamous cell carcinoma and
large cell, though to differing degrees: In a cohort study of
over 126 000 individuals in the Kaiser Permanente Medical
Program in California, Tran and colleagues found that AAs had
a 30% increased hazard of adenocarcinoma diagnosis, and a
70% increased hazard of squamous cell carcinoma diagnosis

compared with EAs (2). The incidence of small cell carcinoma
tends to be lower in AA. While these differences are not always
statistically significant (2), the trend is opposite to what is seen
for other histological subtypes.

This review seeks to explore the history of lung can-
cer disparities between EAs and AAs and assess the litera-
ture regarding the various factors that contribute to them.
As it is not possible to cover all articles on this topic, the
author expresses regret for any key papers that are not cov-
ered herein. Various terms are used to describe populations
of African or European descent, including AA, non-Hispanic
(NH) Black, EAs and NH white, among others. While acknowl-
edging the various circumstances where variations in termin-
ology are used (7), for the purposes of this review the author
uses the terms ‘EA’ and ‘AA’.

Although this review focuses on EAs and AAs, it is
important to note that disparities exist across many popu-
lations in the United States. In men, the order of increas-
ing incidence is: Hispanics (lowest), Asian/Pacific Islander,
American Indian/Alaska Native, NH white and NH black,
(highest). In women, the order is Hispanics (lowest), Asian/
Pacific Islander, NH black, American Indian/Alaska Native
and NH white (highest). Data from the Multiethnic Cohort
Study (MEC) (8) has offered additional insight on how smok-
ing contributes to these differences. As the majority of the
literature to date focuses on EAs and AAs, this will be the
primary subject of this review. However, I acknowledge that
additional work is needed to focus on these other minority
populations.
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Abbreviations
AAs African Americans
CPD cigarettes per day
EAs European Americans
LDCT low-dose computed tomography
NH non-Hispanic
SES socioeconomic status

Etiological factors that contribute to
disparities in lung cancer incidence

Smoking

Smoking is the strongest risk factor for lung cancer develop-
ment. Heterogeneity in tobacco exposure across populations is a
plausible root of disparities. However, measuring smoking expo-
sure is complicated (9,10). In addition to status (i.e. current, for-
mer and never), dose (cigarettes per day, CPD), duration, age at
initiation, time to first cigarette and daily versus non-daily use
are key aspects of smoking relevant to its relationship with can-
cer. Moreover, tar content, which has a linear relationship with
cancer risk (11), varies widely between cigarette brands (12).

Broadly speaking, the following observations argue against
smoking being the main driver of disparities in lung cancer inci-
dence: AAs diagnosed with lung cancer are significantly more
likely to be intermittent or light smokers compared with EAs
(8,13), they are more likely to start smoking later in life (14,15),
and, when one compares smoking rates across racial groups
matched for equal levels of smoking, AAs still experience a
higher burden of lung cancer (8), suggesting that AAs could be
more susceptible to lung cancer at lower doses of tobacco (8).
Moreover, lung cancer disparities persist in never smokers (16).

However, there is an approximate 30-year lag between smok-
ing initiation and the onset of lung cancer. Thus, to understand
current disparities in cancer incidence, examining historical
trends in smoking prevalence is prudent. As yet, there is not
a clear picture that explains the relationship between dispari-
ties and lung cancer. However, the points discussed below try to
shed some light on the key points and observations.

Prevalence of smoking

Holford and colleagues recently published a comprehensive
compilation of smoking history by birth cohort in the USA from
1890 to 1990 (13). It shows that racial and ethnic differences in
smoking have evolved over time and that the comparison of
smoking prevalence across populations is complicated by the
age at which one measures it. For example, EA men are more
likely to be current smokers until around age 50, after which
smoking prevalence is higher among AA men—interestingly,
this crossover occurs at an earlier age in more recent birth
cohorts (1900 cohort crossover age ~55, 1960 cohort crossover
age ~25).

The likelihood of smoking initiation has also varied through-
out generations. In EA men born from 1930 onwards, initiation
rates were higher up to ~30 years of age, after which the initi-
ation rate was higher in AAs, reflecting the observation that AA
men tend to start smoking later in life. Since the 1970s, there has
been a decrease in smoking initiation, especially among AAs,
where the steeper decline has narrowed the gap in lung cancer
incidence rates between AA and EA men under the age of 40
(17,18). The decline in the proportion of people smoking slowed
after 1990, but the amount of tobacco that people consume is
decreasing—in part due to public health policies on the use of
tobacco in public places (13). Cumulative tobacco exposure is

longer in AAs (13,19), possibly reflecting lower quit rates (13).
Thus, smoking duration is one of the key smoking-related fac-
tors that is consistent with the trend of disparities.

While smoking prevalence and age at initiation patterns
have changed throughout the life course, both historically, and
currently, AAs have consistently consumed fewer cigarettes
(13,20). For every cohort examined in the Holford Study, the
mean consumption of CPD was significantly lower in AA men
and women (13), which would seem to contradict racial differ-
ences in lung cancer rates. However, the relative importance of
smoking intensity versus smoking duration is not equivalent
(9,21-24). The effect of smoking duration on lung cancer risk is
stronger than smoking dose (9,21-24) and lung cancer risk does
not linearly increase with CPD—excess relative risk diminishes
beyond 20 CPD (10,24), an observation that is sometimes called
the ‘wasted dose’ effect. In essence, Lubin and colleagues argue
that the excess odds ratio associated with each increasing pack-
year is higher among smokers with high CPD and short dura-
tion compared with smokers with low CPD and longer duration,
especially in the 15-20 CPD range (10,25). However, AAs are more
likely to be low intensity smokers with a longer duration. Adding
to the complexity of lung cancer disparities is evidence that at
10 CPD, controlled for smoking duration, AAs still experience a
higher burden of lung cancer compared with EAs (8).

Burden of smoking

One key difference in the smoking habits of EAs and AAs is the
type of cigarette used; AAs preferentially use mentholated cig-
arettes, which is regular tobacco flavored with the compound
menthol. Due to its ‘cooling’ properties, menthol counters the
irritant effect of toxicants found in tobacco (26,27). They were
first developed in 1924 by Lloyd ‘Spud’ Hughes and quickly
gained a significant market share in the 1930s. Historically,
tobacco companies directly advertised mentholated tobacco
products to AAs, in part due to genetic differences in an indi-
vidual’s ability to perceive bitter taste—Asians and AAs are more
likely to be ‘super-tasters’ and thus less likely to accept bitter
taste (26,28,29). Today, ~70-85% of AAs use menthol cigarettes
compared with 20-30% of EAs (30). Mentholation can affect
smoking behavior, and thereby, cancer risk (26,31-36). Indeed
some studies have linked mentholated tobacco with reduced
odds of quitting (34-36), which could contribute to the lower
quit rates among AAs overall (26) and is among the foundation
arguments of recent calls to ban mentholation of tobacco (26).
This is important, as lung cancer risk begins to decrease within
S years of smoking cessation and reduces linearly over 20 years
where upon it stabilizes at approximately three-times the risk of
a never smoker (37-39).

However, multiple studies do not support the hypothesis
that menthol cigarettes are associated with a greater risk of
lung cancer compared with other tobacco types (40-43)—incon-
gruent with the finding that menthol smoking status is asso-
ciated with greater daily nicotine exposure (44). In fact, the
relative risk of lung cancer compared with non-menthol ciga-
rettes is lower. One possible reason is the inhibition of CYP2A6
activity by menthol (45,46)—CYP2A6 is the primary enzyme
that metabolizes nicotine. Some (45,47-49), but not all (40,50),
population-based studies support slower nicotine metabolism
and clearance in menthol cigarette users. Moreover, there is evi-
dence for ethnic differences in this relationship (50). Another
mechanism by which menthol could reduce lung cancer risk is
through its effect on the metabolism of NNK—also known as
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone and one of the
key tobacco-specific nitrosamines involved in carcinogenesis.



CYP2A6 activates NNK (51), therefore inhibition of CYP2A6 by
menthol could decrease the bioactivation of this carcinogenic
compound. However, the prevalence of menthol cigarette use
among AAs, and the apparent (relative) lower risk of lung cancer
associated with menthol cigarette use, contradicts cancer reg-
istry data of racial disparities in lung cancer risk as previously
described.

Most mentholated cigarettes were filtered from an early
time. Cigarette ventilation, which modifies the delivery of car-
cinogenic constituents (52), was invented by Boris Aivaz in 1925.
Filtered cigarettes initially gained popularity in the 1950’s due
to the perception that the filter made cigarettes ‘safer’ during
a time in which a bolus of studies began to describe the carci-
nogenicity of tobacco. In 1956, R.J. Reynolds Tobacco Company
launched the first filter-tip menthol cigarettes but it was not
until the 1970s that the adoption of filters into non-menthol cig-
arettes became popular. By the end of that decade, filter-tipped
cigarettes dominated more than 90% of the tobacco market (53).

The ventilation of cigarettes did not make them safer, but
it did change the histological profiles of lung cancer. In fact,
the rising incidence of adenocarcinoma over the last few dec-
ades parallels the emergence of filtered cigarettes (54). A recent
paper by Song et al., elegantly outlines how cigarette filter ven-
tilation contributed to increases in adenocarcinoma (54). They
include an increase in the production of toxicants such as NNK
and increased mutagenicity of tar. As AAs started using filtered
cigarettes decades before EAs (by smoking menthol brands), one
would expect to see an increased prevalence of adenocarcinoma
in AAs compared with EAs, which isn’t the case (2,3). However,
an analysis of histologic trends of lung cancer between 1973-
1978 shows that lung adenocarcinoma rates increased faster in
AAs compared with EAs during this time (APC = 13.5 and 7.2,
respectively) (55). During the same period, lung squamous cell
carcinoma decreased at a greater pace in AAs compared with
EAs (APC = -3.8 and -1.3, respectively). In light of these trends,
and given that the magnitude of the disparity is highest for the
SCC histological subtype, these data suggest that smoking could
explain the disparities in lung cancer between EAs and AAs.

Concluding comment

If the carcinogenicity of tobacco per cigarette smoked is equal
across both EAs and AAs then one could expect lower incidence
of lung cancer in AAs. But a paradox persists: AAs start smoking
later in life and smoke fewer CPD. AAs primarily smoke menthol
cigarettes—associated with reduced cancer risk compared with
non-menthol. But, they have significantly fewer successful quit
rates and thus have a longer cumulative duration of smoking
and are also diagnosed at an earlier age. Indeed, as smoking is
the main etiological factor associated with lung cancer, it may
be wise to consider that racial disparities in lung cancer inci-
dence are in some way tied to tobacco.

Genetics and metabolism

Genetics

Family, twin and genome-wide association studies, which
together have explained ~20% of lung cancer heritability (56),
confirm an underlying association between genetics and lung
cancer risk (57,58). Recent reports indicate that the impact of
genetic susceptibility is strongest for adenocarcinoma (59).
Genetic susceptibility loci on chromosome 8 have been linked
with the excess prostate cancer incidence among AA men
(60-66), but similar results have not yet been described for AAs
with lung cancer. For example, the recently completed (and
only) GWAS of lung cancer in AA found that the two key loci
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associated with lung cancer risk in European Populations, 15925
and 5p13, were also associated with lung cancer risk in AAs
(67,68). No other loci met genome wide-significance in the ana-
lysis. On the one hand, this suggests that genetic susceptibil-
ity does not drive the excess incidence of lung cancer in AAs.
However, the most recent GWAS of lung cancer in European
populations included 30 000 cases and 56 000 controls (59). This
study was extremely well powered and discovered new loci. It
is not clear if these loci are also associated with lung cancer
in AA, nor is it known whether novel AA-associated loci would
be discovered if a higher-powered study was performed in AA.
Supporting this possibility, the original lung cancer GWAS stud-
ies included a similar number of participants to that recent lung
cancer GWAS of AA, and there, only 15925 and 5p13 were dis-
covered. This implies that additional perhaps novel, AA-specific
genetic susceptibility loci remain undiscovered.

Cote et al. demonstrated that first-degree relatives of AAs
with early-onset lung cancer have a greater risk of lung can-
cer compared with EAs (58,69) though only if the relative was
the individual’s mother (OR 5.23, 95% CI 1.46-18.60). While this
suggests that genetics might contribute to disparities, other
studies of European populations in early-onset lung cancer also
show a strong relationship between first-degree relatives with
lung cancer risk (70,71). Also, recent data show that although
African-born black men and women had an approximately 65%
lower frequency of lung cancer compared with US-born NH
blacks, cancer incidence varied by region of birth in Africa. For
example, lung cancer in West African-born blacks was less com-
mon than in East-African-born blacks (72). Therefore, additional
studies comparing this relationship in AA, EA and populations
of African descent are needed.

Metabolism

Overall, the role of metabolism in the excess cancer incidence
observed among AAs compared with EAs has not been clarified
(73-78). Many studies have shown that AAs have higher circu-
lating levels of urinary (33,79,80) and blood (79,81,82) cotinine
concentration, even after controlling for CPD. Cotinine is the pri-
mary proximate metabolite of nicotine (83), more than 70% of
nicotine is converted to cotinine by CYP2A6. A more complete
measure of nicotine uptake computes a ‘total nicotine equiva-
lent’ or TNE sum, that represents total nicotine, total cotinine,
total 3-HCOT and nicotine N-oxide (and their glucuronide con-
jugates) (73,84,85). These studies have also found that AAs have
higher TNE levels, compared with EAs, even after adjustment for
CPD. Indeed, higher cotinine levels are observed among AA chil-
dren exposed to secondhand tobacco smoke, compared with EA
children (86,87).

Nicotine clearance is modulated by genetic variants in
CYP2A6. Indeed, this metabolism can modulate smoking behav-
ior and patterns. For example, fast metabolizers tend to smoke
more to maintain a higher level of nicotine in their bloodstream.
Indeed, genetic variants of CYP2A6 that slow nicotine metabo-
lism and clearance are associated with lower nicotine intake
and reduced lung cancer risk (84,88), indicating that retention
of high residual nicotine can also lower tobacco consump-
tion. From a population genetics perspective, AAs are thought
to be slow metabolizers, but a correlation between this slower
metabolism with higher TNE and cotinine remains puzzling
(31,73-75,78,80,89). Moreover, in AAs, while slow metabolizing
variants are associated with reduced lung cancer risk (espe-
cially AA men), there is limited evidence that this is linked with
reduced tobacco intake, as measured by CPD (77). However,
measurement of tobacco exposure via self-report is difficult in
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light smokers (77) and results can vary depending on whether
daily or intermittent smokers are considered (32).

Interestingly, recent work has established a biological meas-
ure of CYP2A6 activity, a global metric that captures >75% of
CYP2A6 activity and is not restricted to a few specific genetic
variants (note that there is significant population diversity in
the allele frequency of CYP2A6 variants (78)). Using this meas-
ure, [a ratio of urinary total trans-3’-hydroxycotinine (3-HCOT)
to cotinine], AAs and EAs actually had similar levels of CYP2A6
activity (78). Even more interesting, AAs had a higher level of
TNE, even after adjusting for CYP2A6 activity, suggesting that
factors other than CYP2A6 control smoking behavior. Of, note, it
is thought that TNE is a better predictor of nicotine and carcino-
gen exposure than CPD, especially in AA (85).

In addition to genetics, menthol (45,46), hormones (90) and
smoking topography, i.e. puff volume, depth of inhalation,
puff velocity and inter-puff interval, retention time of smoke
in the lungs (44,80,85), can influence nicotine metabolism and
TNE. For example, socioeconomic status (SES) is a modifier
of tobacco use efficiency (91); individuals with low SES tend
to extract more tobacco and nicotine per cigarette than high
SES smokers. Typical smoking topographical patterns indicate
that AAs smoke for positive reinforcement from nicotine with
a ‘peak-seeking’ pattern (i.e. smoking individual cigarettes
more intensively with greater intake of nicotine and tobacco
smoke toxins), while EAs adopt a ‘trough-maintaining’ pattern
(avoiding withdrawal by maintaining more consistent nicotine
levels throughout the day by means of a more regular smok-
ing pattern) (32,44). This is consistent with data showing AAs
are more likely to smoke a cigarette within 5 min of waking
(80,92)—time to first cigarette is independently associated with
lung cancer risk.

It is important to note that while nicotine-derived metabo-
lites, such as NNK, are considered carcinogenic, nicotine itself
is not considered to be a direct risk factor for lung cancer. Thus,
any relationship between nicotine metabolism and cancer dis-
parities is likely to be mediated by how this metabolism affects
smoking behavior and/or residual unexplained exposure related
to other carcinogens. In addition to finding increased TNEs
among AAs, increased NNK metabolites (79,93), NNAL (73) and
thiocyanate (79) are higher in AAs compared with EAs. What this
suggests, is that AAs extract more nicotine and carcinogens per
cigarette that EAs so that even though they smoke less overall,
their internal carcinogen load is higher.

It is possible that polymorphisms in genes other than
CYP2A6, such as UGT2B10, UGT2B17, FMO3, NAT1 and OCT2,
contribute to nicotine pharmacokinetics; however, recent work
suggests that these genes represent minor sources of variation
and they have been deemed insufficient to alter smoking habits
in AAs (94). Thus, further work on genetic factors that regulate
the metabolism, activation and clearance of the other carcino-
gens in tobacco is needed. For example, menthol is a significant
inhibitor of CYP2A13 (95), an enzyme with high similarity to
CYP2A6, that is also involved in NNK activation, and UGT2B17,
an enzyme involved in cotinine glucuronidation and whose
activity is slower in AAs (85).

We do not fully understand how nicotine and carcinogen
metabolism contribute to lung cancer disparities. However, as
nicotine is the key addictive component in cigarettes and how
it is metabolized modulates smoking patterns and cancer risk,
it is possible that the FDA’s recent recommendations to reduce
nicotine content to that of non-addictive levels could both influ-
ence overall lung cancer risk as well as racial disparities of this
malignancy.

Environment

While smoking is the main etiological factor associated with
lung cancer, others such as alcohol consumption, body mass
index, geography, radon, pollution and alternative/unidenti-
fied environmental exposures, could also contribute. Work by
Tran and colleagues using the Kaiser Permanente Medical Care
Cohort of 130 000 individuals (including ~35 000 AAs) found that
while drinking more than three glasses of alcohol a day was
associated with increased risk of lung cancer in EAs, it was not
associated with increased risk in AAs (2). Increasing body mass
index is associated with risk of many cancers, but it is inversely
associated with lung cancer risk, something that is possibly due
to reverse causality and the occurrence of weight loss among
individuals with preclinical or undiagnosed lung cancer. As body
mass index is a measure of weight adjusted for height, recent
studies have assessed waist-to-hip ratio as an alternative meas-
ure of adiposity. This measure compares visceral to gluteofemo-
ral adiposity—the former is thought to be more metabolically
active. Indeed, a positive relationship between WHR and lung
cancer risk has been observed (96). In AAs, however, increasing
adiposity—as measured by waist-to-hip ratio—is not associated
with increased cancer risk (97), suggesting that adiposity does
not contribute to disparities in lung cancer incidence.

Geographical location also seems to be important mediator
of lung cancer risk. Lung cancer rates are lower at higher altitude
(98), and national studies have shown that the incidence of lung
cancer varies by state (99). Our recent work analyzing dispari-
ties at the county level shows that while disparities exist across
the USA, they are higher in rural counties (100). Many sources of
pollution, including nitric oxides, industrialization, urbanization
and radon exposure (101-104) are often located in, or near, poor
working-class communities and disadvantaged groups (105-
109), which may result in AA populations being at increased risk
for exposure to environmental hazards (108-112). Residential
proximity to industrial sources of pollution and chemical car-
cinogens is associated with increased lung cancer mortality, but
the effects seem to be stronger in AAs. Interestingly, this mirrors
the relationship between smoking and lung cancer in EAs and
AAs, again suggesting that AAs could be more susceptible to the
carcinogenic effects of chemical exposure (113).

Socioeconomic status is considered a surrogate for other
unknown factors that may contribute to cancer disparities.
Lung cancer risk rises with decreasing SES status and smoking
prevalence is higher among individuals with low SES. AAs are
almost three times as likely to live in poverty as EAs. However,
studies have shown that at each level of SES, AAs have a higher
incidence of lung cancer, compared with EAs (114-116). A recent
study used a public health exposome model leveraging geo-
graphic information systems to model lung cancer disparities.
This intriguing study found that, in additional to several social
determinants, PM, ,—a tiny air pollutant particle—was associ-
ated with lung cancer incidence and disparities (117).

Early detection

Lung cancer screening

The US Preventive Services Task Force (USPSTF) recommends
annual screening for lung cancer with low-dose computed
tomography (LDCT) in adults aged 55-80 years who have a
30-pack-year smoking history, and currently smoke or have
quit within the past 15 years. In 2015, the Centers for Medicare
and Medicaid Services (CMS) approved reimbursement for
annual LDCT screening among individuals aged between 55 and



77 years, who have a 30-pack-year smoking history or have quit
within the last 15 years. These guidelines were largely based on
the findings of the National Lung Screening Trial (NLST), which
documented a 20% reduction in lung cancer mortality among
those screened with LDCT compared with chest X-ray (118).
Approximately 9 million individuals in the USA are potentially
eligible for screening, although the number of eligible smokers
is decreasing in the USA, reflecting progress in tobacco control
measures (119,120).

The expansion of LDCT screening has significant potential
to reduce lung cancer deaths. It is also possible that the imple-
mentation of LDCT screening in its current form may lead to a
widening of the disparity in cancer mortality among minorities.
Several studies have shown that AAs are typically diagnosed
with lung cancer at earlier ages compared with EAs (121,122).
Analysis of SEER 17 shows that AAs under 50 are twice as likely
to develop lung cancer compared with EAs in the same age
group. Schwartz and colleagues also reported that AA men aged
between 40 and 54 years of age are 2- to 4-times more likely to
develop lung cancer compared with EA men, even after adjust-
ing for smoking (123). Worryingly, research shows that lung can-
cer diagnosed in individuals less than 55 years of age is more
likely to be at an advanced stage and therefore, less amenable
to curative care (124). As mentioned, AAs have lower overall
tobacco exposure (8,121). As age at diagnosis and smoking expo-
sure define two of the main eligibility criteria for LDCT screen-
ing, it is possible that, with current guidelines, AAs would be
more likely considered as screening ineligible, further increas-
ing the disparity. A recent analysis of lung cancer cases diag-
nosed between 1998 and 2014 we found that, regardless of the
screening criteria considered, AAs were more likely to fall within
the screening ineligible subgroup, compared with EAs (125),
suggesting that applying the same screening eligibility criteria
across racial groups could unintentionally miss a proportion of
high-risk individuals and exacerbate racial disparities in lung
cancer survival. Interestingly, an individualized lung cancer risk
model that includes additional demographic, clinical and smok-
ing variables to identify and remove the lowest risk individuals
from the USPSTF guidelines, and replace them with individuals
with the highest risks, increased the inclusion of AAs from 7.7
to 12.8% and could potentially prevent 20% more lung-cancer
deaths than current recommendations (126).

To determine the effect of lung cancer screening on dispari-
ties going forward it will be important to assess the uptake of
screening recommendations in the population. Unfortunately,
evidence already suggests that the uptake of lung cancer
screening is slow. Data from the 2010 National Health Interview
Survey indicate that just 3.3% of high-risk smokers underwent
LDCT screening. Jemal et al. (119) recently investigated whether
the introduction of LDCT screening guidelines increased uptake.
Remarkably, only 3.9% of eligible individuals underwent screen-
ing in 2015. Possible reasons for the slow uptake include lack of
access to care, lack of awareness of lung cancer screening, as
well as a lack of knowledge among physicians regarding screen-
ing recommendations and reimbursement (119,127). In 2010,
the analysis found that LDCT screening was higher in non-
white compared with white populations (119). In 2015 however,
the rate dropped and was almost half of that observed in white
populations. Thus, uptake is still low, highlighting the need for
increased awareness among both patients and clinicians about
the efficacy of LDCT. These trends should be closely monitored
so that interventions, if needed, are timely. For example, our
recent data show that rates of adenocarcinoma are rising fast-
est in rural counties and that those increases are occurring at
a higher rate in AAs (100). These could be areas where targeted
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screening interventions could be needed. Moreover, anti-smok-
ing efforts are a key part of screening programs. Given the lower
successful quit rates among AAs, compared with EAs (77), LDCT
screening programs have a key opportunity to identify reasons
for this racial difference and enact strategies to ensure cessation
efforts have maximal efficacy in all populations.

Biomarkers

Until recently, there were no validated biomarkers for lung can-
cer early detection, however, Spira and colleagues have devel-
oped a genomic biomarker in the nasal passage that can predict
the likelihood that a ‘positive CT scan’ is indicative of a malig-
nant tumor and has been approved for clinical use (128). A key
question is whether biomarkers will perform equally and opti-
mally across populations. Our recent work suggests that racial
differences in lung tumor biology exist (129). As circulating bio-
markers frequently reflect the biology within a tumor, these data
suggest that the key biomarkers selected for risk assessment
or diagnosis may not be equally efficacious in all populations.
The detection of biomarkers in a minimally/non-invasive bio-
specimen, such as blood, a nasal swab or urine, has significant
potential for risk assessment and early diagnosis. For example,
biomarkers that portend the existence of an emerging cancer
could be very useful in risk stratification and the prioritization
of patients for lung cancer screening—it is evident that the
healthcare system will struggle to screen all eligible individu-
als. In addition, as up to 96% of nodules detected by LDCT in the
NLST were benign, biomarkers, such as the genomic biomarker
described above, that distinguish between benign and malig-
nant nodules detected by LDCT would be very useful (118,130).

Recent work examining the relationship between inflamma-
tory proteins and lung cancer diagnosis supports that hypoth-
esis. For example, while IL-6 and IL-8 were associated with an
increased odds of lung cancer diagnosis in both EAs and AAs,
only increased levels of IL-1f, IL-10 and TNFa levels were associ-
ated with lung cancer among AAs. Moreover, levels of several
cytokines were differentially expressed in EA compared with AA
controls (131). These data suggest that circulating cytokine lev-
els vary by race and might contribute to lung cancer differently
in AAs and EAs. Future work examining risk prediction models
of lung cancer need to include characterization of peripheral
biomarkers across racial groups.

Treatment and survival

Survival

AAs have the highest lung cancer mortality of all racial/ethnic
groups in the USA and the worst survival (1,132,133). It is likely
a multi-factorial problem to which many issues may contribute,
including access to (good quality) health care, neighborhood/
residential factors, patient and provider factors, SES, insur-
ance status, belief systems, aspects of the physician-patient
relationship, education and tobacco use (Figure 1). Somewhat
encouragingly, while survival rates are uniformly worse among
AAs, studies also show that when access to care is controlled
for—such as within the US military healthcare system—survival
times are more equitable (134-141). Also, recent data suggest that
declines in lung cancer mortality, a consequence of decreasing
smoking exposure, are greater in AA populations (132). As with
disparities in lung cancer incidence, understanding what factors
contribute to racial/ethnic differences in lung cancer survival
will hopefully provide clarity on how to diminish them.

For all stages of lung cancer combined, the 5-year lung
cancer survival rates are among the worst of all cancer types,
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Figure 1. Schematic presentation of the multitude of factors that contribute to lung cancer health disparities.

typically 15%. One of the major contributing factors to this dis-
mal survival rate is the late stage at which most lung cancers
are diagnosed. Unfortunately, greater than 50% of lung cancer
is diagnosed at stages III or IV, a time when both local and sys-
temic treatments are unlikely to be curative. However, for can-
cers diagnosed at stage I, where the standard of care is surgery
alone, the survival rate is ~70%.

This is one of the key drivers in survival disparities between
EAs and AAs: AAs are more likely to present with more advanced
disease (1). A fundamental factor is access to care. As mentioned,
AAs are three times more likely to live in poverty than EAs and
low SES is linked with presentation of late-stage disease and a
decreased likelihood to receive surgical interventions (140,142).
Insurance status matters as survival improves among lung
cancer patients with private insurance (143). Also, lung cancer
patients without private health insurance receive surgical treat-
ment less often than those with private health insurance (142).

However, even when equal access to care has been demon-
strated, AAs are less likely to receive radiation and systemic ther-
apy and undergo surgical resection (144-147), highlighting that
access to care does not necessarily mean access to good quality
health care. Aspects of the physician-patient relationship could
also impact utility of health care resources (91). Further, patient
belief systems regarding illness and a lack of trust in the health
care system in general could determine whether or not a patient
seeks medical care (148,149). The degree to which patients use
spirituality in decision-making is also different among popula-
tions (91,150). However, belief systems are complex and dissec-
tion of their origin and impact on treatment decisions warrants
further study.

Access to care following a lung cancer diagnosis can also
affect outcomes. Following treatment for advanced disease,
some studies show that the probability of 1-year survival is less
in AAs than EAs (137). Bach and colleagues noted that physi-
cians treating AA patients tend to have less clinical training
and access to key clinical resources (151). It is also possible that
the presence of co-morbidities at the time of diagnosis could
complicate a patient’s treatment (146,152). Current smoking is

associated with decreased lung cancer survival (153). Given that
AAs are less likely to quit tobacco than EAs, this is also a fac-
tor that could contribute to outcomes. Programs that promote
smoking cessation should continue among those with a cancer
diagnosis.

Collectively, these data highlight the impact of societal
determinants of health on lung cancer disparities. Moreover, the
emergence of LDCT screening will require social and implemen-
tation research to disentangle and overcome barriers to high-
quality health care in the USA for minority populations.

Biology and access to precision medicine

For centuries, disease has been diagnosed, classified and treated
based on physical symptoms and relatively simple blood and
radiographic tests. A deficiency of these diagnostic methods is
the inability to determine how an individual patient should be
treated or how they will respond to therapy. With the revolu-
tionary advances in molecular biosciences over the past dec-
ades, we are entering a new age of medicine in which diagnosis
and therapy decisions for each cancer patient will be based on
detailed molecular and chemical fingerprints (154). The system-
atic molecular characterization of a patient’s disease should
lead to more accurate diagnosis and more precise treatment.
This movement is called Precision Medicine (154,155). In its pur-
est sense, the Precision Medicine approach to health care and
improving health outcomes will match each patient to an accu-
rate diagnosis and the most effective, least toxic therapy.

The detection of tumor subtypes, key driver genes and
critical pathways associated with outcome is a core tenet of
Precision Medicine (156). Increasingly, sophisticated analy-
ses that include multiple layers of taxonomic classification,
including copy number variation, somatic mutations, cod-
ing and non-coding gene expression, have revealed a more
refined and rigorous view of lung cancer biology, highlighting
important pathways and networks with clinical significance.
Already, the power of this approach has been demonstrated. In
lung cancer, the discovery and subsequent targeting, of EGFR
mutations has greatly improved response to treatment and



lengthened progression-free survival. In breast cancer, gene
expression analyses have led to the development of so called
‘recurrence scores’ that predict whether a patient is likely to
experience a recurrence (157). Based on these molecular data,
physicians can make informed individualized treatment deci-
sions for their patients.

Given that lung cancer survival is mostly equivalent among
lung cancer patients in an equal access to care setting, evi-
dence to support a biologic or genetic contribution to survival
differences between racial or ethnic groups is weak. However,
we do not have data yet comparing outcomes between popula-
tions in clinical trials with targeted therapies and many clinical
trials have too few individuals from minority populations for
subgroup analyses. Also, the 5-year survival rate for advanced
NSCLC is possibly too low (<5%) to tease apart differences in out-
comes based on tumor biology.

To date, there have been limited Precision Medicine studies
in minority populations. In lung cancer, initial studies focusing
on EGFR mutations were conflicting: Some reported fewer muta-
tions in AAs relative to EAs, while others found no relationship
with race (158-167). One study has provided evidence for a lower
overall mutation burden in AAs relative to EAs (167), but a major-
ity of studies have not detected any striking differences in the
somatic mutation burden between these racial groups (165-167).

Several studies have provided evidence for differences in
tumor biology between EA and AA cancer cases (168-178), includ-
ing lung cancer, where transcriptomic differences have been
described (129). We found that key genes previously observed to
be upregulated in AAs in several tissue types, i.e. PSPHL, CRYBB2
and AMFR (168,169,179-181), were also significantly upregu-
lated in lung. Also, we noted a region on Chr17q21 where sev-
eral genes had significantly higher expression in EAs, including
KANSL1, LRRC37A3 and ARL17A. Interestingly, this region has a
segmental duplication that is primarily found in populations
of European descent (182,183). A key unanswered question is
whether these population stratification genes are related to
cancer. We also found that stem cell pathways were more pre-
dominant in lung cancer from AAs relative to EAs. Interestingly,
this is consistent with observations in breast, prostate and colon
cancer (173,180,184-188) where stem cell signatures also domi-
nate in populations of African descent.

As the field moves towards a Precision Medicine model of can-
cer management, profiling genomic differences in lung cancer will
be necessary in all populations so that everyone can benefit. Tied
to this, there is a strong need to recruit minority patient popula-
tions into clinical trials. Though challenging, it is essential for the
assessment of response and efficacy of new treatment modalities.
Also, effort will be needed to aid the diffusion of EGFR and ALK
mutation testing to all patients (189,190). Such testing is not always
within reach for many underserved communities (189-191).

Perspectives

Despite an overall lower tobacco exposure, AAs have the highest
burden of lung cancer in the USA of any racial/ethnic group. The
causal factors—genetic, tobacco-related, environmental or other-
wise—that lead to a greater incidence of lung cancer in AAs are
not precisely defined and further research will be needed to do so.

As mentioned earlier, the effect of smoking duration on lung
cancer risk is stronger than smoking dose (9,21-24) and lung
cancer risk does not linearly increase with CPD—excess relative
risk diminishes beyond 20 CPD (10,24) and smoking duration
is one of the key smoking exposure variables where the pat-
tern follows the trend of observed lung cancer disparities. The
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benefit of lower daily cigarette consumption among AAs may be
offset by more intensive smoking resulting in greater carcino-
gen exposure than would be predicted based on CPD—interest-
ing work from Lubin and colleagues suggests that for equal pack
years of smoking, the level of lung cancer risk is more influenced
by intensity in those that inhale deeply (32). Also, the benefit of a
later age of regular smoking initiation among AAs may be offset
by fewer successful quit rates compared with EAs (77). However,
empirical epidemiological studies are needed to disentangle the
relative importance of smoking duration versus smoking dose
and its interaction with smoking behavior. If, as suggested by
Haiman and colleagues, AAs are more susceptible to lower doses
of tobacco, a key basic mechanistic question that needs to be
answered is how. A study by Harris and colleagues found that
a less efficient G,M checkpoint is significantly associated with
lung cancer risk in AA, but not EA, women (192), offering, per-
haps, a clue.

Further work is also needed in the field of carcinogen metab-
olism. As we currently understand it, metabolism kinetics have
not provided a clear framework within which to understand
lung cancer disparities, but they are likely to be important.
While studies on racial differences in nicotine metabolism have
helped inform how nicotine metabolism can affect smoking
behavior among racial and ethnic groups, a deeper metabo-
lomics analysis of group 1 tobacco carcinogens (including from
menthol and non-menthol cigarettes) for potential racial dif-
ferences is needed and could uncover population differences
in tobacco carcinogen susceptibility. Integrated with this, an
analysis of gene variants beyond CYP2A6 could help reveal key
gene-environment interactions. Similarly, a larger GWAS of lung
cancer in AAs, though difficult from a power perspective, may be
able to identify new and/or novel susceptibility loci in this popu-
lation. Further, integrated behavioral and laboratory studies are
needed to understand why AAs have higher nicotine exposure
at the same level of CPD and CYP2A6 activity. Moreover, if and
how menthol modulates metabolism in the context of TNE and
CYP2A6 activity needs to be empirically studied.

The lung cancer burden, and possibly disparities, are also
determined by the tar content of the blend, type of cigarette
smoked and the way in which a cigarette is smoked. Studies on
the patterns and implications of smoking topology are needed.
These are somewhat difficult studies to conduct, but they have
already provided important insights and should be extended.

While these studies may help us to understand why current
disparities exist, efforts are also needed to prevent an exacer-
bation in disparities in the coming years. Firstly, there needs
to be a timely assessment of lung cancer screening practices
and their impact. Data are currently being assembled within
the National Lung Cancer Screening Registry, which, along
with other surveys, will be a key resource to monitor screening
trends and their impact. It will help determine whether current
screening eligibility criteria need to be adapted for the specific
age and smoking profile at which the majority of AAs present
with lung cancer. Secondly, we need more extensive knowledge
of tumor biology among AAs and additional basic science stud-
ies that will help us understand underlying mechanisms of
disparities. We have access to technological advances that are
enabling a Precision Medicine approach to cancer management.
A priori emphasis should be placed on race/ethnicity and ances-
tral background as a factor in Precision Medicine. Power in these
studies is always a concern, but it can be overcome through col-
laborative networks and pooling of resources among scientists.
Moreover, efforts to ensure comparable enrollment of minority
populations in clinical trials will be important to ensure timely
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assessment of potential racial differences in response to tar-
geted therapies.

As precision medicine becomes standard of care, there is a
possibility that cancer treatment outcomes could worsen for
under-represented populations, even as treatments improve
for the general population (189). Thus, increasing access to
high-quality cancer care—including screening programs—
and community-based education programs will enhance
informed evidence-based decision making for patients and
hopefully diminish the public health burden of lung cancer
further. Integral to these research programs will be efforts
to research and understand what approaches can increase
access to high-level care and improve outcomes for all cancer
patients (189).

Efforts to eliminate cancer health disparities require an eye
to the past to understand how they arose in the first place; an
eye on the present to understand how we can diminish their
impact on health outcomes; and an eye to the future to ensure
that all possible steps can be taken to prevent new disparities
emerging. An integrative approach, involving epidemiology,
behavioral research, basic research and clinical studies, is likely
to be our best hope to eliminate lung cancer disparities and at
the same time, improve health outcomes for all populations.
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