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Lung cancer is the leading cause of cancer-related deaths
worldwide (1). Exposure to tobacco smoke is the main risk
factor (2). Early detection and timely treatment have been
shown to greatly improve lung cancer survival. In 2011, the
National Lung Screening Trial (NLST) reported a 20%
reduction in lung cancer mortality when low dose computed
tomography (LDCT) was used repeatedly to screen high-
risk individuals (i.e., 55-74 years of age, >30 pack-year
smoking history, and if ex-smokers, had quit within the
past 15 years) (3). As of 2014, annual LDTC has become
the only recommended screening test for lung cancer by
the U.S. Preventive Services Task Force (USPSTF) in this
high-risk population (4), but several concerns have been
raised. Although LDCT is highly sensitive and detects early
stage tumors, it has a low specificity. In the NLST study,
among the 24.2% of subjects classified as being positive,
96.4% of them were eventually diagnosed with benign
nodules. This high false positive rate can cause a lot of
anxiety to patients and caregivers, and lead to unnecessary
exposure to additional radiation or invasive procedures
(i.e., bronchoscopy and surgical lung biopsy), to ultimately
confirm or rule out a cancer diagnosis. A screening program
only based upon LDCT has additional limitations, including
the current USPSTF eligibility criteria that may only
capture a third of newly diagnosed lung cancer patients (5),
and the cost of yearly LDCT screens. Almost 9 million
individuals satisfy the USPSTF criteria for screening in
the US (6), and the projected coverage for screening will
increase total Medicare expenditure by nearly $7 billion
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per month over 5 years (7). Therefore, non-invasive tests
are critically needed to identify individuals at higher risk
that are best suited for LDCT. Development of highly
sensitive risk biomarkers used prior to LDCT would reduce
the number of false positive scans later on, and therefore
improve the cost-effectiveness of a LDCT screening
program. Screening biomarkers should complement the
ability of LDCT to rule out lung cancer among high-risk
individuals, and, thus, focus resources on those more likely
to benefit.

Sputum-based biomarkers are gaining a lot of attention,
as sputum contains exfoliated cells from the lower
respiratory tract, and can be noninvasively obtained (8).
Current and former smokers produce increased bronchial
secretions. Among the molecular markers that can be
evaluated in sputum, DNA methylation holds great
promise to identify individuals at increased risk for lung
cancer (9). Lung cancer has a long latency period and goes
through multiple stages before the disease manifests itself.
Methylation changes have been shown to occur very early
during lung carcinogenesis, not only in the neoplastic
lesion but also in the normal-appearing adjacent tissue,
a phenomenon referred to as field cancerization (10).
Cigarette smoke induces extensive methylation changes in
normal bronchial epithelia that are similar to those found
in lung tumors (11,12). These markers may have diagnostic
utility for detection of tumor-derived methylated DNA in
exfoliated airway epithelium or blood (13). An outstanding
question, however, has been whether these markers can help
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stratify the large number of LDCT-eligible individuals

A recent report by Leng et al. published in Oncotarget,
provides evidence that a DNA methylation signature for
field cancerization measured in sputum may help prioritize
the selection of smokers for LDCT screening (14). The
authors compare the methylation of an 8-gene panel in
sputum among two cohorts of cancer-free smokers, the
Lovelace Smokers Cohort (LSC) and the PLuSS cohort
(1,380 and 718 current and former smokers, respectively),
and a cohort of 487 surgically resected stage I patients
from the ECOG-ACRINS595 trial. The choice of these
cohorts was meant to reflect the at-risk population targeted
by LDCT. Smokers from the LSC and the PLuSS cohort
represented individuals who should not receive LDCT,
while participants of the ECOG-ACRINS5595 trial, for
whom the field of cancerization remains and is reflected
in the sputum, represented the higher-risk individuals
who should be recommended for LDCT. To evaluate the
performance of the 8-gene methylation panel in the target
screening population and therefore help rule out cancer,
the initial analysis was restricted to LDCT eligible smokers
(n=371 ECOG-ACRINS5595; n=466 LSC and n=597
PLuSS). The methylation prevalence of all 8 genes was
increased in resected lung cancer patients compared to the
cancer-free smokers (odds ratios ranging from 1.6 to 8.9).
The 8-gene methylation panel had a better prediction
accuracy than clinical risk factors alone (including age, sex
and smoking status), with area under curve (AUC) of 0.82
vs. 0.76 or 0.86 vs. 0.74, comparing ECOG-ACRINS5595
patients to LSC or PLuSS subjects, respectively.
Importantly, a classifier combining the 8-gene methylation
panel and clinical risk factors resulted in higher disease
discrimination (AUC of 0.87 or 0.90, respectively). Setting
up the sensitivity at 95%, the combined classifier increased
specificity from 25% (clinical risk factor only) to 54%, with
positive predictive values (PPV) from 47% to 58%, and
negative predictive values (NPV) from 88% to 94%. This
is particularly important because a biomarker with strong
NPV would allow the clinician to confidently rule out
cancer and, thus, the need for screening (15). Finally, when
assessing the performance of the 8-gene methylation panel
in a broader population beyond LDCT eligible smokers
(i.e., >40 years of age, >10 packs a year smoking history),
the accuracy of the combined classifier remained similar
(AUC of 0.88), as of its specificity. These results suggest
that the addition of the 8-gene methylation panel to clinical
risk factors could help identify high-risk smokers who
would have otherwise been ‘missed out’ under the current
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USPSTF screening criteria. The authors conclude that
this gene methylation panel can improve the assessment of
cancer risk among smokers and prioritize those who should
receive LDCT while excluding smokers at lower risk for
lung cancer.

There are several limitations to this study, particularly
related to marker selection and methodology. Markers
included in the panel were selected based on prior candidate
gene studies, rather than a comprehensive analysis of lung
cancer methylation (16). Similar studies in sputum that
evaluated methylation markers derived from genome-
wide methylation studies, including The Cancer Genome
Atlas (TCGA), resulted in overall higher AUCs (17,18).
Regarding methodology, positive methylation was scored
in this study on the basis of detection of a visible band in
a gel. Thus, extensive development of this assay would
be required before its clinical evaluation can be pursued.
High performance PCR technologies that can be easily
implemented in the clinic have been developed in recent
years to detect and quantify minute amount of methylated
DNA (13).

Limitations notwithstanding, the work by Leng ez al.
supports efforts to incorporate molecular biomarkers
derived from sputum to prioritize individuals for LDCT
or for routine screening of asymptomatic individuals at
high-risk for smoking-related lung cancer. The panel of
methylated genes should be prospectively validated in
the population targeted for LDCT screening. One more
tool could be then added to the toolbox of physicians to
aid decision-making and bring precision medicine to lung
cancer screening (19).
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