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Introduction

Although rates of tobacco consumption have steadily 

declined following the 1st Surgeon General’s Report in 

the early 1960’s, the total number of daily smokers has 

risen and lung cancer remains the most common cause 

of cancer-related mortality in the world and the second 

most common cause of death in the United States (1,2). 
222,500 new domestic diagnoses and 155,870 deaths 
were expected to be attributed to the disease, in 2017 (1). 
The narrow margin between these figures reflects lung 
cancer’s abysmal overall 5-year survival rate of 7% for small 
cell lung cancer and 21% for non-small cell lung cancer  
(NSCLC) (3). NSCLC makes up the vast majority of lung 
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cancer diagnoses and is the focus of this review. The low 
NSCLC survival rate is mainly due to the fact that nearly 
half of all new cases are identified at stage IV (1,4,5). 
Patients with pathologic stage IA tumors possess a 73% 
5-year survival rate while those with stage IIB and IIIB 
face 36% and 9%, respectively (4). This emphasizes a need 
to detect tumors in their early stages in order to provide 
patients with better treatment options, such as surgical 
resection, and ultimately to decrease the mortality burden 
posed by lung cancer, as demonstrated in other cancers such 
as prostate, breast and colon.

Current diagnostic techniques rely heavily on imaging. 
In 2011, The National Lung Screening Trial (NLST) 
demonstrated the efficacy of LDCT scans in detecting lung 
cancer and reducing disease mortality rates by 20% (6). 
Since then, several scientific societies have modified their 
respective diagnostic guidelines to include LDCT screening 
for high risk patients, a test for which Medicare now 
reimburses patients (7). However, LDCT is an inefficient 
diagnostic tool. The test yields a high false positive (FP) 
rate of 96.6%, which can lead to unnecessary invasive 
diagnostic procedures and increased deaths from avoidable  
surgeries (8).

Tumor markers, or cancer biomarkers, have the potential 
to work independently of or in conjunction with existing 
LDCT based screening techniques to detect early stage lung 
cancer. They can increase the proportion of tumors eligible 
for surgical resections, the most effective curative treatment 
for local tumors (9). Biomarkers represent a broad category 
of compounds produced either by a tumor or by a patient 
in response to a tumor. To function as effective clinical 
diagnostic or early detection instruments, biomarkers must 
possess the following features: first, they must be found 
in a bodily fluid such as blood, sputum or urine; second, 
they must be quantifiable and reliable; and third, they must 
be linked to the studied disease with high sensitivity and 
specificity (10,11). Liquid biopsy techniques have additional 
advantages over imaging-based screening techniques such as 
their potential for tracking microscopic disease progression 
as well as patient responses to treatment (10,12,13). Some 
proteomic biomarkers are currently used to aid in early 
lung cancer diagnosis. These include CEACAM, CYFRA  
21-1, CA125, ProGRP and several others. Unfortunately, in 
spite of numerous screening trails with encouraging results, 
no individual or panel of clinically available lung cancer 
biomarkers has had high enough specificity and sensitivity 
for widespread use (14).

Methylation based epigenetic markers have risen to 
the forefront of early detection strategies. However, most 
published studies do not include ethnicity or racial controls 
and the few that do tend to be heavily weighted towards 
Caucasian patients. The current dearth of studies that test 
biomarkers in socioeconomically or ethnically inclusive ways 
could present a missed opportunity to develop personalized 
lifesaving diagnostic tools for many subsets of patient 
populations. Ethnic minorities and undeserved groups have 
higher incidence and mortality rates than Caucasians (1,5). 
Excluding these groups from studies and trials reduces 
generalizability of their results and therefore compromises 
their reproducibility. Additionally, studies that reflect the 
true nuance of methylation status in NSCLC could find 
patterns that may pave the way for novel therapy targets for 
underserved groups. Diverse patient cohorts could provide 
the scientific community with a better understanding of the 
interplay between patient backgrounds and optimal care 
modalities.

Mechanistic description of topics

Gene promoter methylation as lung cancer liquid biopsy 
biomarkers

Methylation of promoter regions within genomic CpG 
islands is a common epigenetic method of regulating 
gene expression, which usually leads to gene silencing  
(15-17). While DNA methylation is a naturally occurring 
process required for ordinary cell function, aberrant 
methylation has been observed in cancer and functions 
by altering gene regulation to promote oncogenesis  
(18-20). Methylated genomic regions that are correlated 
with particular types of cancer have been investigated 
since the early 1980s (21). However, in 2010, Bailey et al. 
introduced an effective, reproducible method of detecting 
methylation markers from samples with low DNA copy 
numbers. This opened the door for new early detection 
strategies and investigations of circulating DNA from 
bodily fluids. The technique, known as methylation on 
beads (MOB), utilizes magnetic nanoparticles in an effort to 
combine DNA isolation and bisulfite treatment procedures 
into a single tube thereby increasing sample yield nearly 
6-fold relative to the next most efficient kit-based assay (22). 
Since then, many markers have been identified and validated 
in bodily fluids with potential for use as independent 
or collaborative diagnostic tests in tandem with current 
screening methodologies (23-29).
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Ethnicity linked disparities in lung cancer

Particular malignancies differentially impact certain 
populations. As a whole, cancer disparity investigations 
try to examine the differences in incidence, prevalence, 
mortality, and disease burden levied on various racial, 
ethnic, and underserved groups as compared to the 
population as a whole. Given the ethnically and genetically 
heterogeneous nature of the United States, cancer-related 
health disparities will become ever more pronounced 
if this diversity is not reflected in our nation’s medical  
research (30,31).

For lung cancer, male populations of African descent 
have the highest incidence and mortality rates of any racial 
or ethnic group in the United States (1,3). In 2016, the 
national age-adjusted incidence and mortality rates for 
African American (AA) males were 18% and 11% higher 
than those of whites, respectively (1,5,32). Interestingly, 
AA are more likely to show familial aggregation of lung 
cancer and as a group are more likely to develop lung 
cancer at an earlier age than Caucasians, even though 
smoking rates among AA adolescents are lower than those 
among Caucasian adolescents (1,5,32-38). In spite of 
recent declines in incidence rates among Caucasians and 
the United States population as a whole, Asian Americans 
exhibited stable incidence trends between 1990 and  
2008 (39). Additionally, lung cancer rates among Asian 
American women are higher than those of the general 
population despite their lower smoking rates (39-42). 
Conversely, groups with Hispanic heritage are 40–50% less 
likely to be diagnosed with lung cancer when compared 
with Caucasians (43-46). While a significant portion of 
this figure may be the result of lower overall smoking 
rates within the generalized Hispanic community, Haiman  
et al. found that among smokers with a pack-a-day habit 
or less (≤20 cigarettes), Hispanics’ risk of developing 
lung cancer is 33–50% that of Caucasians’ and one third 
that of AA. The study also found that, of the groups 
examined, AA and Native Hawaiians had significantly 
greater risks of lung cancer development than did other  
ethnicities (45). On the other hand, Dr. Steven Belinsky 
and his team at the Lovelace Respiratory Research Institute 
have provided evidence that contradicts this and suggests 
that Native American ancestry may play an important role 
within Hispanic lung cancer statistics. After controlling for 
pack year history, Leng et al. found that the New Mexican 
Hispanic smoking community possesses a higher risk of 
developing lung cancer as a function of pack years when 

compared with Caucasians, but this risk was reduced among 
Hispanics with a high proportion of Native American 
ancestry (43). Bruse et al. found evidence to suggest that 
smokers with strong Native American ancestry have half 
the risk of incurring chronic obstructive pulmonary disease 
(COPD) and significantly reduced odds of developing 
pulmonary function decline when compared with 
Caucasians (47).

While disparities in incidence and outcome reflect a 
complex host of factors including socioeconomic status 
(SES), differences in life styles, diet, smoking rates, 
unequal access to care, and disparate community support 
structures, disparity trends seem to hold constant in some 
capacity even when these known risk factors are accounted 
for in regression models, indicating that they do not fully 
explain the differences between groups (30,32,33,45,48,49). 
Thus, the growing body of evidence suggests that cancer 
disparities are more complex than societal discrepancies 
alone and that interactions between biological mechanisms 
and environmental factors may underpin many cancer-
related health disparities (30,50,51).

Molecular and genetic variation between groups

Somatic mutations failure to explain ethnic disparities in 
NSCLC

Many research groups have investigated disparities through 
the lens of somatic mutations that differ between groups. 
The epidermal growth factor receptor (EGFR) and Kirsten 
rat sarcoma viral oncogene homolog (KRAS) families 
have been of particular interest due to their importance in 
lung carcinogenesis and patient susceptibility to targeted  
therapy (52). Investigations into somatic differences 
between AA, the group facing the largest NSCLC 
disparity burden, and Caucasian populations have revealed 
inconsistent results (53-56). Bauml et al. found decreased 
rates of EGFR mutations in AA patients compared with 
Caucasians, but Reinersman et al., previously observed 
a higher frequency of EGFR mutations among AA lung 
cancer patients relative to Caucasians, but this difference 
was not statistically significant (54,56). Confounding factors 
such as sex and smoking history may contribute to this 
range of results in these early studies (57). Furthermore, 
some studies used pooled tumor samples from patients 
collected in a variety of clinical settings and employed a 
barrage of genetic testing techniques, thus raising concerns 
about sample quality, regional smoking rates, and other 
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factors. To address these issues and expand the scope of 
research beyond just EGFR and KRAS, both Campbell  
et al. and Bollig-Fischer et al. designed studies that 
controlled for these variables of concern. Ultimately,  
Bollig-Fischer et al. found no discernable evidence for 
differences in EGFR and KRAS between AA and Caucasian 
lung cancer populations, with the exception of EGFR exon 
19 at p.E746. The deletion occurred solely in women and 
had a higher frequency among AA (33). Campbell et al.  
examined 504 cancer linked genes, including tyrosine 
kinase/Ras/Raf, EGFR and KRAS pathways, within a 
cohort of 509 lung tumors evenly split between AA and 
Caucasian patients of each gender. The investigators found 
no significant differences between AA and Caucasian 
populations in either squamous cell or adenocarcinoma 
tumor types (53). Araujo et al. found similar results to these 
two studies; however, their data indicated an overall higher 
frequency of driver gene alteration in Caucasian patients 
when compared with AA patients (58).

Alternatively, EGFR and KRAS mutations help to 
explain some of the disparities as well as the increase in lung 
cancer rates among East Asians and in particular East Asian 
female never-smokers. Ha et al. found EGFR alterations 
to be the most common driver of mutations (63%) among 
124 non-smoking Asian women harboring this subgroup of 
cancer (59). Overall East Asian patients are over three times 
more likely to possess EGFR mutations and roughly half as 
likely to possess KRAS mutations, relative to Caucasian lung 
cancer patients (60). Groups of Native American heritage 
display similar trends (61). Gimbrone et al. examined over 
1,000 genes and noted that a Hispanic/Latino population 
of 120 lung adenocarcinoma patients exhibited nearly 
double the mutational frequency of EGFR but decreased 
prevalence of KRAS and STK11 mutations, relative to 
Caucasians (62). Other genes assessed in this study did not 
exhibit significant discrepancies between ethnically based 
cohorts.

Ultimately, these sparse and inconsistent results cast 
doubt on the notion that differential somatic mutations 
alone are responsible for the observed racial disparities 
in incidence and mortality between various populations 
indicating a need to explore other avenues of molecular 
discrepancies such as epigenetics.

Global epigenetic differences between ethnicities

General studies of methylation and histone modifications 
linked to ethnicity have demonstrated stark differences 

between groups. An analysis of 26,485 autosomal CpGs 
within 201 newborns, 107 AA and 94 Caucasian, revealed 
3,623 autosomal CpGs with significantly different DNA 
methylation levels between the two groups. While 
overall methylation levels were lower in AA newborns, 
known pathways related to non-small cell lung cancer, 
corroborated with the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) database, expressed 2.1 times the level 
of methylation enrichment when compared to Caucasians in 
an Infinium Human Methylation 27 Bead Chip Assay (63). 
Among adults, Terry et al.’s 2008 study found that a cohort 
of AA women possessed significantly lower levels of global 
DNA methylation when compared with Hispanic (who had 
the highest levels) and Caucasian women (64). A subsequent 
LINE-1 methylation study in normal colonic tissue from 
a cohort of middle-aged male and female patients with a 
history of benign epithelial tumors revealed similar levels 
of methylation among Caucasian and AA patients, but 
increased levels among Hispanics (65).

Studies such as these indicate clearly that a significant 
frequency of DNA methylation differences exist between 
ethnic communities and thus more specific analyses could 
provide insight into particular causal pathways linked to 
differences in oncogenesis or outcome.

Differences in response to environmental toxins

Emerging evidence suggests that, amongst various ethnic 
groups, certain epigenetic regulatory pathways respond 
differentially to exposure to known environmental toxins 
(66-68). The causal link between tobacco inhalation, 
the toxin most commonly associated with lung cancer 
development, and gene promoter methylation has been 
explored within the context of ethnicity and resulted 
in inconsistent findings. Sun et al. suggested that DNA 
methylation changes are specifically linked to smoking 
rather than an interplay between ethnicity and toxin 
exposure. This group explored 27,578 CpG loci and 15 
known smoking-related DNA methylation sites (from 
studies that previously examined predominantly Caucasian 
cohorts) in a cohort of 972 AA, and found that the majority 
of the smoking-related DNA methylation sites remained 
consistent between the two groups (69). Dogan et al., on 
the other hand, discovered that GPR15, a chemokine 
receptor involved in human immunodeficiency virus (HIV) 
propagation, was significantly differentially methylated in 
AA smokers when compared with Caucasian smokers. The 
group also mentioned that this could point towards a causal 
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pathway for the increased prevalence of HIV within the AA 
community as the loss of function in the GPR15 gene may 
leave patients in this demographic subset at increased risk 
for HIV susceptibility (70).

Exposures to toxins such as in utero tobacco particles, 
diesel exhaust, and psychosocial stress were linked to 
differential methylation changes within Latino ethnic sub-
groups in Galanter et al.’s investigation of over 450,000 
CpG sites among a 573-person patient cohort. In particular, 
the group found that 27 loci known to be associated with 
maternal smoking showed significantly different degrees 
of methylation enrichment amongst different ethnic  
groups (71). Another study, Leng et al., noted that Native 
American genetic ancestry helps to safeguard exfoliated 
lung cells, collected from sputum, from DNA methylation 
alterations. The group stratified patients by proportion 
of Native American ancestry, based on genetic markers, 
and found that smokers with higher levels of Native 
American heritage had a significantly reduced prevalence of 
methylation changes in a 12-gene panel of loci associated 
with lung cancer risk. Methylation alterations of CpG 
islands in genes DAL1, JPH3, and GATA4 were found to be 
lowest amongst patients with Native American ancestry (43).

The reason behind these differential hereditary links 
to gene-specific methylation rates could lie within single-
nucleotide polymorphisms or SNPs. As Dawn DeMeo, from 
Harvard School of Medicine, pointed out in an editorial, a 
SNP in a promoter region could either be characterized by 
a C allele creating a CpG site with methylation potential 
or a T allele and thus neither be a CpG site nor possess 
methylation potential. The C allele of her example loci, 
rs61277615, has a 90% frequency within individuals of 
Caucasian and Asian descent, while the C and T alleles are 
represented equally among individuals of African heritage. 
The frequency of these allele variants among Native 
American groups is unknown (44). This rationale follows for 
other cases as well considering a differential SNP mutation in 
rs2230344, a loci within the promoter region of GPR15, was 
observed within the AA cohort in Dogan et al.’s analysis (70).

We must continue to broaden our studies to investigate 
how environmental factors interact with epigenetic 
regulatory pathways while keeping in mind that known 
carcinogenic routes may not reflect the complete range of 
oncogenic frameworks. While the majority of pathways 
may remain consistent between groups, it is possible that 
differential heredity linked SNPs or other mechanisms may 
lead to a variety of DNA methylation changes between 
patients and thus different pathways may be important and 

unique to particular ethnic communities.

Insights from other cancers

Other tumor types have already revealed important 
epigenetic differences between ethnic groups. Within 
the context of colorectal cancer (CRC), microsatellite 
instability (MSI), a condition characterized by a deficient 
mismatch-repair (MMR) system, is associated with poor 
differentiation, mucinous histology, lymphoid infiltrate, 
and poor response to chemotherapy (72-77). MSI typically 
arises from hypermethylation of the promoter region of the 
mutL homolog 1 gene (MLH1). MSI can lead to further 
aberrant methylation across a wide spectrum of genes 
and general destabilization of the genomic framework 
within a tumor (78). Some studies have indicated that MSI 
rates are significantly higher in the AA CRC community, 
which is already burdened by higher rates of disease and 
more aggressive forms of CRC, than in the Caucasian 
population (79). However, a meta-analysis found little 
statistical difference in overall MSI rates between AA, 
Caucasians, and Hispanics (80). Regardless, the impact 
MSI has on various populations is clearly ethnically linked. 
MSI-derived aberrations in chromosomes 11, 17p, and 
X are more prominent within the AA population when 
compared with Caucasians. Additionally, gene specific 
methylation changes in THRB, RAF1, LPL, DCC, XIST, 
PCNT, STS, TPD521.2, TOP1, and TNFRSF6B are all 
observably different between the two groups (11,81,82). 
These methylation discrepancies indicate that different sets 
of molecular markers are important in determining patients’ 
susceptibility to various disease states. The biomolecular 
patterns listed above could have potential as early detection 
or prognostic biomarkers for CRC among ethnical groups 
and could lead to novel strategies for personalized care. 
MSI detection is important for projecting disease course, 
choosing relevant therapeutics, and identifying patients who 
might benefit from surgery alone (83).

Similar cases of ethnically linked epigenetic relevance 
are prevalent in breast cancer. Breast cancer incidence 
is lower among AA women relative to Caucasians, 
but the mortality rate is significantly higher in the AA  
community (1). Additionally, AA women are more likely to 
be diagnosed with the disease at an early age and express 
more aggressive phenotypes that are higher-grade and are 
linked to worse outcomes (84-87). Associations between 
ancestry and epigenetics have been found within breast 
cancer. Hypermethylation of BRCA1 and p16, both well-
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known tumor suppressor genes, in normal breast tissue 
from Caucasian and AA patients were associated with a 
family history of cancer (88). Other studies have shown 
that tumors from AA breast cancer patients have a higher 
frequency of methylation in RASSF1A, HIN-1, Twist, 
Cyclin D2, and RAR-β when compared with Caucasian 
breast cancer patients (89,90). Of these genes Cyclin D2 
exhibited a stark contrast in frequency between AAs (64%) 
and Caucasians (19%). While some of these genes may not 
be linked to prognosis, hypermethylation of Cyclin D2 and 
RASSF1A are both associated with higher relapse rates and 
poor overall survival (91-93).

Prostate cancer is yet another tumor in which there 
are significant disparities in terms of disease burden 
and outcome. Incidence and mortality rates are 60% 
and 200–300% higher among AA men relative to  
Caucasians (94). Hypermethylation of GSTP1, a gene 
that codes for an enzyme involved with the reduction of 
intracellular chemical carcinogens and reactive oxidative 
species, has been shown to be an important event in 
prostate cancer progression. The literature regarding 
hypermethylation rate differences between ethnicities, 
however, has been inconsistent (95-98). Nevertheless, 
GSTP1 functionality plays a significant role in patient 
susceptibility to the carcinogenic impacts various dietary 
and lifestyle styles can have, which differ between the two 
populations and ultimately do play a role in differentiating 
the groups’ overall outcomes (94,99). Other genes such 
as CD44 and CDH1 have also been reported to exhibit 
racially-linked differential methylation statuses (95). 
Additionally, the prostate cancer rate within the United 
States is 15 times greater than is that of Asian countries. 
It has been proposed that this difference may be linked 
to the relative levels of soy consumed by each group 
and the known demethylating effect soy isoflavone  
possesses (97,100,101).

The case for diverse cohorts in DNA methylation 
biomarker studies

Differences in socioeconomic status, life style, diet, smoking 
rates, access to care, community support structures, and 
access to diagnostic procedures underpin and reinforce the 
differential disease incidence and outcome burdens within 
particular communities. Socioeconomically disadvantaged 
groups lack access to the current standard of care of lung 
cancer screening, LDCT imaging. Additionally, the high 
rate of false positives commonly necessitate that patients 

return for multiple follow-up appointments in order to 
monitor lesion progression and to accurately diagnose 
lung cancer. Methylation biomarker based liquid biopsy 
techniques rely on bodily fluids and have the potential 
to bring lung cancer screening to the community 
thereby reducing unequal accessibility. Blood, sputum, 
or urine could be collected from patients in a primary 
care physician’s office, community health clinic, or even 
at home. In addition, DNA methylation can be used to 
diagnose patients early as well as predict effective treatment 
strategies.

However, the variation in methylation rates between 
ethnicities presents a challenge. The factors listed above 
disproportionately impact ethnic minorities in a negative 
manner making liquid biopsies indispensable for their 
communities. While some groups have investigated 
molecular differences in NSCLC tumors from various 
ethnic populations, to date, very few publications have 
controlled for race or ethnicity in their early detection 
or prognostic DNA methylation biomarker studies. This 
absence can be seen as a form of unconscious structural 
violence within medical research and could potentially have 
serious future ramifications. This review seeks to summarize 
these findings and open the door for future researchers to 
study personalized biomarker panels in order to effectively 
detect NSCLC in its early stages across diverse patient 
populations. Studies that reflect the true nuance of 
methylation status in NSCLC among different ethnical 
groups could find patterns that may pave the way for novel 
therapy targets. Diverse patient cohorts could provide the 
scientific community with a better understanding of the 
interplay between patient backgrounds and optimal care 
modalities.
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