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Despite progress in targeted therapeutics, the overall five-year survival in lung cancer remains 
poor. Several factors contribute to these poor survival statistics, including the lack of reliable 
early screening, inconsistent staging practices, the indolent nature of the disease resulting 
in late detection, and our limited understanding of both tumor biology and molecular 
heterogeneity. In addition to early detection and the development of targeted therapies, 
the field of biomarker discovery in lung cancer continues to expand. It is anticipated that 
lung cancer biomarkers could lead to improved outcomes by assisting in earlier diagnosis of 
disease, defining molecular characteristics, and establishing targeted therapeutics. 

Focused interrogation of chromosomal changes, epigenetics, genomics, proteomics, 
and metabolomic markers are ongoing. Such biomarkers may be leveraged for early 
detection and surveillance of disease, response to therapy, and development of new 
therapies. Recently, microRNAs (miRNAs) have emerged as novel molecules that may 
have application in each of these areas. miRNAs are members of a family of non-coding 
RNAs (ncRNAs), whose functions are beginning to be uncovered. Here, we provide a basic 
review of the function of miRNAs, with a focused discussion of their expression and their 
potential as biomarkers in lung cancer.

miRNA Biogenesis and Function
First identified during the study of Caenorhabditis elegans larval development, miRNAs are 
small (18-25 nucleotides) ncRNAs that have the capacity to regulate protein expression by 
binding target messenger RNA (mRNA) transcripts, thus leading to degradation of mRNA 
or translational repression and gene silencing.1 miRNAs maintain cellular homeostasis and 
regulate responses to a variety of stimuli by targeting and affecting mRNA expression. An 
individual miRNA may target tens to hundreds of mRNAs, and many different miRNAs 
can target the same mRNA. At this time, there are more than 1,400 registered miRNA 
sequences in humans (http://microrna.sanger.ac.uk). It is estimated that miRNAs may 
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regulate 30-60% of the human genome. Despite known 
miRNA sequences, most of the targets and functions of these 
miRNAs have not yet been experimentally validated. 

The generation of miRNAs is a multi-step process involving 
numerous enzymes and accessory proteins. Within the 
nucleus, a long primary miRNA (pri-miRNA) transcript 
ranging from hundreds to thousands of nucleotides in length 
is transcribed by RNA polymerase II.2 The pri-miRNAs are 
then bound to a double-stranded RNA-binding domain 
protein known as Pasha or Partner of Drosha in invertebrates 
or DiGeorge syndrome critical region gene 8 (DGCR8) in 
vertebrates.3,4 The processing of the pri-miRNA to smaller 
stem-loop ~70 nucleotide precursor miRNA (pre-miRNA) 
molecules is facilitated by a universal RNase III endonuclease 
known as Drosha. The pre-miRNAs are then transported to 
the cytoplasm by the double-stranded RNA binding protein, 
Exportin 5,5 where the pre-miRNA is cleaved to a mature 
18-25 nucleotide miRNA duplex by another endonuclease 
known as Dicer.6 One miRNA strand may then form 
complementarity to either the 5’ or 3’ untranslated region of 
a target gene to induce either RNA degradation or inhibition 
of translation. 

Names are assigned to experimentally confirmed miRNAs 
under a standard nomenclature system. The species of origin is 
denoted with a three-letter prefix. For example, hsa-miR-126 
designates the species Homo sapiens with the prefix hsa. 
The species is followed by the designation miR and a dash 
followed by a number. Identical or nearly identical miRNA 
sequences within a species may have the same number, with a 
distinguishing letter and/or numeral suffix, according to the 
convention of the organism. 

miRNAs are recognized to be integral to the biology of cancer 
development because they affect cellular differentiation, 
angiogenesis, survival and growth, and they may function as 
either tumor suppressors or oncogenes. 

Differential Expression of miRNAs 
in Lung Cancer
miRNAs demonstrate global deregulation across both solid 
and hematological malignancies. miRNA deregulation in 
cancers may be driven by several mechanisms including 
epigenetic silencing, impaired miRNA processing, their 
chromosomal location at regions of deletions or amplifications, 
and external stimuli such as cigarette smoke. The first evidence 
for the involvement of miRNAs in malignancy was found in 
B-cell chronic lymphocytic leukemia with the recognition 
of loss of miR-15a and miR-16-1 in chromosome 13q14.3.7 
Since then, several studies have identified miRNAs that are 
differentially expressed in other malignancies, miRNAs that 
carry prognostic information, and miRNAs that alter cancer 
cell phenotype by targeting biological pathways critical to 
tumorigenesis (Table 1). 

Lethal-7 (let-7) was one of the first miRNAs reported to 
be aberrantly expressed in human lung cancer and it now 
represents one of the most studied miRNAs in this disease.8 
The let-7 family of miRNAs was originally identified in 
C. elegans as a key regulator in the timing of developmental 
events.9 Takamizawa and colleagues examined 159 surgically 
resected lung tumors and found significantly reduced 
expression of let-7 in 60% of analyzed tumors compared 
to adjacent uninvolved lung tissue.8 In addition, patients 
with decreased expression of let-7 within their tumors were 
at a substantially greater risk of earlier death. let-7 was 
subsequently shown to act as tumor suppressor through 
its regulation of Rat Sarcoma Viral Oncogene (RAS)10 and 
high mobility group proteins.11,12 Further confirmation for 
the role of let-7 in lung cancer was found in a mouse lung 
tumor model in which treatment with let-7 decreased tumor 
development.11 

In addition to let-7, several other miRNAs have been 
identified as playing a role in lung tumor development 
through various targets and mechanisms. For example, 
miR-29 targets various DNA methyltransferases, blocking 
inactivation of key tumor suppressors.13 Reductions in 
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Table 1. Function and Potential Clinical Application of Selected MicroRNAs  
in Lung Cancer

Non-Small Cell Lung Carcinoma

Tumor growth let-7, miR-1, miR-21, miR-29, miR-31, miR-34b/c, 
miR-101, miR-126, miR-451

Metastases miR-126, miR-200, miR-328
Histology (squamous vs. adenocarcinoma) miR-205
Chemosensitivity miR-1, miR-7, miR-101, miR-221/222, miR-451
Therapy let-7, miR-7
Prognosis let-7, miR-21, miR-34b/c, miR-155, miR-218
Recurrence miR-221/222

Small Cell Lung Carcinoma

Tumor growth miR-17-92
Prognosis miR-92a-2*

miR-29 allow for tumor proliferation, and re-expression 
of this family of miRNAs has been shown to restore 
methylation patterns and impede tumor development.14 miR-
1 also functions as a tumor suppressor by targeting several 
oncogenes such as MNNG HOS Transforming gene (MET) 
and Pim-1, inhibiting growth in non-small cell lung cancer 
(NSCLC).15 Other miRNAs have been shown to function as 
oncogenes. miR-21 is over-expressed in many lung cancers 
and leads to the inhibition of important tumor suppressors 
such as Programmed Cell Death Protein.16 The miR-17-92 
cluster has been implicated in embryonic development and 
lung tissue formation.17 Over-expression of miR-17-92 has 
been observed in small cell lung carcinoma and other lung 
cancers where it contributes to tumor vascularization and 
enhancement of cell proliferation.18 Furthermore, alterations 
in global miRNA processing appear to contribute to lung 
tumorigenesis. Silencing of Drosha, DGCR8, and Dicer have 
been shown to decrease global miRNA production resulting 
in both in vivo and in vitro promotion of tumor growth.19 

miRNAs as Biomarkers
miRNAs are appealing as biomarkers because of their stability 
in multiple sources including serum, tissue, and sputum. 
In addition, miRNAs can be detected in either paraffin 
embedded or frozen samples. 

Abnormally expressed miRNAs may serve as biomarkers for 
lung cancer diagnosis, treatment response, and prognosis. 
miR-205, for example, has been identified as a specific marker 
for lung squamous cell carcinoma.20,21 The expression of 
miR-21 was elevated in the sputum of patients with NSCLC 
compared to patients without cancer.22 In addition, Bommer 
et al. showed that miR-34, which targets p53 expression, was 
decreased in 43% of NSCLC patients.23 Since the majority of 
lung cancers arise in smokers, it must be noted that miRNAs 
appear to be altered following cigarette smoke exposure.24,25 
The implication of these alterations for the development of 
lung cancer are being explored.

Non-Coding RNAs as Biomarkers for Lung Cancer
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Recent studies suggest that miRNA deregulation may be an 
early event during lung tumor progression. Mascaux et al. 
identified 69 differentially expressed miRNAs in bronchial 
epithelial tissues ranging from normal to invasive squamous 
cell carcinoma.26 They determined that several miRNAs 
initially undergo a decrease in expression compared to normal 
bronchial epithelium, followed by an increase in expression 
during tumor progression. Notably, there was a progressive 
decline in expression of miR-32 and miR-34c during disease 
progression. A separate study demonstrated a progressive 
decline in several miRNAs including miR-34, miR-101, miR-
126* and miR-199 during tumor development in a murine 
model of chemically induced lung cancer.27 

Attempts have been made to correlate global patterns of 
miRNA expression in lung tumors with survival. However, 
inconsistencies in miRNA identification in these studies 
have uncovered limitations in assessing differential miRNA 
expression. Yanaihara et al. identified 43 miRNAs that 
distinguished lung tumors from adjacent uninvolved lung.28 
Among these, two miRNAs (let-7a-2 and -155) predicted 
overall survival in patients with lung cancer. Subsequently, Yu 
et al. identified a five-miRNA signature of high-risk miRNAs 
(let-7a, miR-137, -182*, -221 and -372). In this cohort of 122 
patients with NSCLC, miR-221 was protective, decreased in 
vitro invasion, and its expression correlated with overall disease-
free survival.29 In an attempt to identify a single tumor miRNA 
biomarker, Saito et al. reported in a retrospective analysis of 
three cohorts that increased miR-21 expression was associated 
with disease progression and shorter survival in stage I lung 
cancer.30 A recent large study by Voortman et al., however, 
failed to show a relationship between miRNA expression and 
prognosis in patients with resected NCSLC. These findings 
demonstrate the existing limitations of tumor miRNAs as 
biomarkers related to differences in platform, patient selection, 
smoking status, or choice of tissue for analysis.31 

The search for a non-invasive biomarker in lung cancer 
is ongoing. There is emerging information about the use 
of miRNAs detected in sputum and peripheral blood as 
potential biomarkers in lung cancer. miR-21 expression 
was higher in sputum samples from lung cancer patients 
than cancer-free subjects.22 Xing and colleagues reported a 
signature of three miRNAs (miR-205, -210, and -708) in 
sputum that distinguished lung squamous cell carcinoma 

patients from normal subjects and was associated with an 
increased risk of this type of lung cancer.32 The same group 
of investigators examined plasma miRNAs in lung cancer 
and found a panel of miRNAs in plasma (miR-21, -126, 
-201 and -486-5p) that correlated with lung tumor miRNA 
expression and distinguished NSCLC cases from healthy 
controls.33 In another area of study, Leidinger et al. reported 
a blood miRNA signature that distinguished lung cancer 
from COPD.34 Finally, Boeri et al. studied the use of miRNA 
analysis in lung tumors, normal lung tissue, and plasma from 
patients in a longitudinal CT-screening trial.35 This study 
described miRNA expression patterns that distinguished 
tumors from normal lung tissue, and that could be used to 
distinguish tumor histology and growth rate. These signatures 
were validated in a second screening CT study. Notably, there 
was a plasma miRNA signature that predicted lung cancer 
in the screening study. miR-21 was again one of the most 
deregulated miRNAs when tumor and normal lung tissue 
were compared, as was miR-210.

miRNA-Based Therapeutics
Multiple approaches exist for using miRNAs as therapies. 
These approaches range from utilizing miRNA signatures to 
predict or modify response to traditional chemotherapeutics, 
to targeting miRNA to increase tumor suppressive miRNAs 
or inhibit oncogenic miRNAs. Direct miRNA targeting 
has been primarily limited to in vitro and murine models of 
disease. For example, in a recent study, it was determined 
that miR-7 downregulates epidermal growth factor receptor 
(EGFR) mRNA and protein expression.36 miRNA-128b, 
located on chromosome 3p, which is frequently deleted in 
lung cancers, has also been reported to target EGFR.37 Thus, 
the implication is that over-expression of EGFR may be a 
result of miRNA downregulation.8 Conversely, a recent study 
demonstrated that miR-21 was deregulated in lung tumors 
from non-smokers and susceptible to regulation by a tyrosine 
kinase inhibitor suggesting a link between EGFR signaling 
and miR-21 expression.38 In a novel study using a transgenic 
murine K-RAS model of lung cancer, exogenous delivery of 
let-7 by inhalation reduced tumor burden.39 The same group 
of investigators systemically delivered miRNA synthetic 
mimics and achieved similar results with reduction of tumor 
size in a K-RAS murine model.40 There is also evidence for 
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miR-21 to potentially be a therapeutic target in lung cancer. 
Over-expression of miR-21 in vivo has been shown to increase 
K-RAS-driven lung cancer, while tumorigenesis is reduced 
with targeted deletion of miR-21.41 Few studies, however, 
have reached human application. The future is promising 
with a clinical trial utilizing miR-122 in hepatitis C treatment. 
Systemic delivery of this miRNA in a non-human primate 
model of chronic hepatitis C infection resulted in a large 
reduction in viral burden.42 In the future, the relationship 
between differentially expressed miRNAs in lung cancer and 
their validated targets may lead to the discovery of additional 
cancer therapeutics. 

Conclusion
miRNAs have emerged as important regulators of translation 
and a novel class of molecules in biomarker development 
for many pathologic conditions including lung cancer. 
Since miRNAs are regulators of gene expression with many 
downstream targets, miRNA signatures are likely to be 
valuable in linking molecular pathways that contribute to 
tumor development and progression. Moving forward, it will 
be important to develop a standardized approach to evaluate 
miRNAs, as there are inherent limitations in the measurement 
of miRNAs related to different platforms. The development 
of miRNA biomarkers may enhance our ability to predict 
tumors in high risk patients and to detect tumors early, as 
well as to provide prognostic information. Ultimately, a better 
understanding of cancer biology and miRNA biomarker 
development may lead to personalized treatment approaches 
for patients in clinical practice.
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Proportion of second cancers attributable to 
radiotherapy treatment in adults: a cohort study in the 
US SEER cancer registries

de Gonzalez AB, Curtis RE, Kry SF, Gilbert E, Lamart S, Berg CD, 
Stovall M, Ron E; National Cancer Institute, Bethesda, MD. 
Lancet Oncol 2011; 12:353-60. 

BACKGROUND: Improvements in cancer survival have 
made the long-term risks from treatments more important, 
including the risk of developing a second cancer after 
radiotherapy. We aimed to estimate the proportion of second 
cancers attributable to radiotherapy in adults with data from 
the US Surveillance, Epidemiology and End Results (SEER) 
cancer registries.

METHODS: We used nine of the SEER registries to 
systematically analyse 15 cancer sites that are routinely 
treated with radiotherapy (oral and pharynx, salivary gland, 
rectum, anus, larynx, lung, soft tissue, female breast, cervix, 
endometrial, prostate, testes, eye and orbit, brain and CNS, 
and thyroid). The cohort we studied was composed of 
patients aged 20 years or older who were diagnosed with 
a first primary invasive solid cancer reported in the SEER 
registries between Jan 1, 1973, and Dec 31, 2002. Relative 
risks (RRs) for second cancer in patients treated with 
radiotherapy versus patients not treated with radiotherapy 
were estimated with Poisson regression adjusted for age, stage, 
and other potential confounders.

FINDINGS: 647,672 cancer patients who were 5-year survivors 
were followed up for a mean 12 years (SD 4.5, range 5-34); 
60,271 (9%) developed a second solid cancer. For each of 
the first cancer sites the RR of developing a second cancer 

associated with radiotherapy exceeded 1, and varied from 1.08 
(95% CI 0.79-1.46) after cancers of the eye and orbit to 1.43 
(1.13-1.84) after cancer of the testes. In general, the RR was 
highest for organs that typically received greater than 5 Gy, 
decreased with increasing age at diagnosis, and increased with 
time since diagnosis. We estimated a total of 3,266 (2,862-
3,670) excess second solid cancers that could be related to 
radiotherapy, that is 8% (7-9) of the total in all radiotherapy 
patients (≥ 1 year survivors) and five excess cancers per 1,000 
patients treated with radiotherapy by 15 years after diagnosis.

INTERPRETATION: A relatively small proportion of second 
cancers are related to radiotherapy in adults, suggesting that 
most are due to other factors, such as lifestyle or genetics.

EDITORIAL COMMENT: Radiation therapy is standard of 
care for advanced and metastatic lung cancers, leading to 
reduced recurrence and improved local control. However, as 
improvements in therapy increase survival, considering the 
long-term risks of radiation therapy becomes more important. 
One risk is radiation-induced second lung cancers. Cancer 
survivors have demonstrated they possess the genetic make-up 
and environmental exposure history necessary to develop a first 
cancer, and it should therefore not be surprising that they have 
approximately a 14% higher rate of cancer than the general 
population. A relationship between radiation therapy and the 
risk of developing a second cancer is well known. However, 
the number of second cancers that can be directly attributed to 
radiation therapy is unknown. This article begins to develop 
some of the first estimates of attributable risk for second solid 
malignancies following radiation therapy.

To perform the risk pattern assessment, the authors used 
the SEER registries, which allowed them access to a large 
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population with more than three decades of follow-up. 
Fifteen solid cancer sites (including lung), routinely treated 
with radiation therapy, and each with more than 200 second 
cancers were assessed to allow risk estimation. Only patients 
surviving for five years after their first cancer were included 
to allow time between radiation exposure and second cancer 
induction. Small-cell cancer was excluded, as were subjects 
older than age 85, because there is under-reporting of second 
primary cancers to the SEER database in subjects over 85.

The study included 30,993 patients with lung cancer. Of 
this group, 23% received radiation therapy, and, as expected, 
radiation therapy exposure increased with advancing stage. 
Over time, 15.5% of this group developed a second solid 
cancer. The relative risk of developing a second solid cancer 
after radiotherapy for lung cancer was 1.18 (95% CI 1.10-
1.28). Adjustment for stage at diagnosis, age at diagnosis, and 
year of diagnosis generally reduced the risk but had only a 
small effect. The relative risk increased with increasing time 
from lung cancer diagnosis. Overall, their analysis pointed to 
152 (95% CI 82 to 233) excess solid cancers in lung cancer 
patients treated with radiotherapy, or an attributable risk of 
6% (95% CI 3 to 9). 

This study’s strengths lie in the large sample size, the long-
term follow-up, and the evaluation of the relationship 
to age and latency. It is limited by the lack of treatment 
randomization in the SEER database, which has the 
potential to confound data. In addition, recent advances in 
radiotherapy were not accounted for during the timeframe 
of this study. However, even if current practices substantially 
change radiation doses to the lung, the general message, I 
believe, would remain. The risk of second solid malignancies 
from radiotherapy for lung cancer in adults is relatively small 
when the treatment benefits are considered. 

Surgical procedures in the DANTE trial, a randomized 
study of lung cancer early detection with spiral 
computed tomography: comparative analysis in the 
screening and control arm

Infante M, Chiesa G, Solomon D, Morenghi E, Passera E, Lutman 
FR, Bottoni E, Cariboni U, Errico V, Voulaz E, Ferraroli G, Testori A, 
Inzirillo F, Chiarenza M, Roncalli M, Cavuto S, Chiti A, Alloisio M, 
Ravasi G; DANTE Study Group; IRCCS Istituto Clinico Humanitas, 
Rozzano (Milano), Italy. J Thorac Oncol 2011; 6:327-35.

BACKGROUND:The patient population derived from lung 
cancer screening programs with low-dose spiral computed 
tomography (LDCT) is different from the general population 
accessing thoracic surgical services.

METHODS: Retrospective review of all surgical cases in the 
DANTE trial, a randomized study of lung cancer screening 
with LDCT. Patient characteristics, workup, procedures, 
resections for benign disease, complications, tumor features, 
and final outcomes have been analyzed in the LDCT and in 
the control arm.

RESULTS: In the LDCT arm, 77 suspicious lesions 
were surgically managed in 72 patients. A benign lesion 
was diagnosed in 17 cases (22%). Major video-assisted 
thoracoscopic surgery resection was carried out in five 
lung cancer cases (7%) and segmentectomy in 11 (19%). 
Complete resection was achieved in 93%, and stage I rate 
was 73%. Two patients had a local recurrence after open 
lobectomy, and three had a resectable new primary. In the 
control group, 28 patients underwent 31 surgical procedures, 
in five cases (16%) for benign lesions. No major video-
assisted thoracoscopic surgery resections were carried out. 
Resectability rate was 88%, and stage I rate was 52%. Five 
patients had a local recurrence and two had a second primary.

CONCLUSIONS: Surgery for benign lesions is a relevant 
issue in screening-derived patients. Local control may be 
achieved by minimally invasive techniques or segmentectomy; 
however, developing the necessary skills requires an effort 
by the surgical team. Long-term survivors have a noticeable 
chance of developing second primary cancers or resectable 
recurrences and may benefit from a second resection.

EDITORIAL COMMENT: Lung cancer screening identifies 
malignant as well as benign lesions that initiate invasive work 
up. However, few studies have examined surgical outcomes 
of patients in screening trials, despite the implications for 
lung cancer screening programs. This manuscript summarizes 
surgical outcomes of subjects in the DANTE trial, a 
prospective randomized controlled trial exploring the effects 
of screening with LDCT on lung cancer-specific mortality, 
and on the prevalence and incidence rates of lung cancer, 
stage distribution and resectability rates in a selected high risk 
population. It enrolled 2,472 male subjects at high risk for 
lung cancer (age 60-74, smokers of > 20 cigarettes a day for 

Selections from the Peer-Reviewed Literature
continued from page 7 



9Lung 
Cancer Frontiers

≥ 20 years, ex-smokers ≤ 10 years), and randomized them to 
screening by LDCT or annual clinical review. The study was 
conducted by the Humanitas Hospital network in Milan, Italy.

Similar to prior screening studies, the DANTE trial found 
chest CT abnormalities in 35% of its study population, and 
27% underwent further testing. Seventy-seven suspicious 
lesions were surgically managed in 72 patients. Suspicious 
lesions were detected by baseline LDCT (46%), follow up 
CT (44%), or for other reasons in 7 cases (10%). Overall, a 
benign lesion was diagnosed in 22%. Five patients underwent 
a second resection for metachronous lung cancer (3), an 
ipsilateral recurrence (1) and a mycetoma (1). Post-operative 
complications occurred in 28.6% of the cases, and there was a 
4% mortality rate associated with the procedures. 

This study points out the magnitude of the risk of operating 
on benign lesions when faced with information obtained by 
a LDCT – a 22% invasive procedure rate in patients without 
malignancy. Clearly, screening was effective in this high risk 
population, as 71% of the resected malignancies were stage 
I lung cancer. Surprisingly, few VATS lobectomies were 
performed in this population, and the number of sublobar 
resections was also small, perhaps reflecting geographic 
differences in surgical approach. 

Surgery for benign lesions will remain a clinical challenge 
in patients with screening–detected lesions until better 
stratification techniques are developed to help differentiate 
benign from malignant lesions. The net balance between the 
risks and benefits of screening, which must include surgical 
morbidity and mortality for procedures performed for both 
benign and malignant disease, is yet to be determined.

Effect of emphysema on lung cancer risk in smokers: 
a computed tomography-based assessment

Li Y, Swensen SJ, Karabekmez LG, Marks RS, Stoddard SM, 
Jiang R, Worra JB, Zhang F, Midthun DE, de Andrade M, Song Y, 
Yang P; Jinling Hospital, Nanjing University School of Medicine, 
Nanjing, PR China. Cancer Prev Res 2011; 4:43-50.

ABSTRACT: The contribution of emphysema to lung cancer 
risk has been recognized, but the effect size needs to be further 
defined. In this study, 565 primary lung cancer cases were 
enrolled though a prospective lung cancer cohort at Mayo 
Clinic, and 450 controls were smokers participating in a 
lung cancer screening study in the same institution using 
spiral computed tomography (CT). Cases and controls were 
frequency matched on age, gender, race, smoking status, and 
residential region. CT imaging using standard protocol at 
the time of lung cancer diagnosis (case) or during the study 
(control) was assessed for emphysema by visual scoring CT 
analysis as a percentage of lung tissue destroyed. The clinical 
definition of emphysema was the diagnosis recorded in the 
medical documentation. Using multiple logistic regression 
models, emphysema (≥ 5% on CT) was found to be associated 
with a 3.8-fold increased lung cancer risk in Caucasians, with 
higher risk in subgroups of younger (< 65 years old, OR = 
4.64), heavy smokers (≥ 40 pack-years, OR = 4.46), and 
small-cell lung cancer (OR = 5.62). When using > 0% or ≥ 
10% emphysema on CT, lung cancer risk was 2.79-fold or 
3.33-fold higher than controls. Compared with CT evaluation 
(using criterion ≥ 5%), the sensitivity, specificity, positive and 
negative predictive values, and the accuracy of the clinical 
diagnosis for emphysema in controls were 19%, 98%, 73%, 
84%, and 83%, respectively. These results imply that an 
accurate evaluation of emphysema could help reliably identify 
individuals at greater risk of lung cancer among smokers.

EDITORIAL COMMENT: Is radiographically identified 
emphysema a risk factor for lung cancer? Clinically, 
emphysema has been lumped into the COPD classification, 
yet parenchymal destruction and airway obstruction may 
impact the risk for developing lung cancer very differently. 
Many studies have identified emphysema as an independent 
risk factor for lung cancer. However, almost all rely on self-
reporting of the clinical diagnosis, which results in significant 
bias. In addition, a prior report from members of this 
group did not identify a significant association between the 
overall percentage of emphysematous lung, as determined 
by a screening LDCT, and lung cancer risk. To resolve this 
discrepancy and to improve emphysema reporting, the group 
undertook this clinic-based case-control study. 
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Lung cancer cases were recruited from the Mayo Clinic 
Epidemiology and Genetics of Lung Cancer Study conducted 
between 1997 and 2004, while controls were chosen from 
a CT screening study performed during the same period. 
All subjects had a standard-dose CT scan, a ≥ 20 pack-year 
smoking history, and they were matched to controls by age, 
gender, race, smoking history, and geography. All clinical 
diagnoses of emphysema, chronic bronchitis, or COPD 
were determined by reviewing the diagnoses recorded in the 
medical record by a pulmonologist. Radiological diagnoses 
and quantification of emphysema (-950 HU threshold for 
emphysema) were made through direct interpretation and 
evaluation of the CT scan by volumetric technology and a 
thoracic radiologist. Emphysema was analyzed as a categorical 
variable (0%, > 0 but < 5%, ≥ 5 but < 10%, ≥ 10%). 

Almost the entire subject cohort was Caucasian. As you 
might expect, cases had greater pack-years of smoking and a 
higher incidence of smoking, family history of lung cancer, 
chronic bronchitis, and CT-diagnosed emphysema compared 
to controls. In the case cohort, the majority of lung cancers 
were adenocarcinomas (45.8%) that were early stage (54.5% 
stage I or II). There was a significant difference between the 
radiographic diagnosis of emphysema and the clinical diagnosis; 
77% of the cases had radiographic emphysema (> 0% criteria), 
while a clinical diagnosis of emphysema was found in only 
36%. This discrepancy between image- and clinical-based 
emphysema detection remained even with more stringent 
image-based emphysema criteria, but the difference was not as 
great. For example, with ≥ 10% emphysema by CT, 20% of 
the subjects carried a clinical diagnosis. The findings were even 
more striking in controls, where nearly 80% of healthy smokers 
with emphysematous changes were not diagnosed regardless of 
the stringency of the CT diagnosis. 

The risk of lung cancer, as determined by multivariate analysis, 
was found to be 2.79-fold higher (95% CI 2.05-3.81) among 
subjects with any evidence of emphysema on CT. The risk 
increased with increasing emphysema percentage up to 
5% or more, but did not increase with further emphysema 
percentage. Among heavy smokers (≥ 40 pack-years), lung 
cancer risk attributable to emphysema was higher than in 
moderate smokers. The emphysema-associated lung cancer 
risk was greater in younger patients (< 65 years old) vs. older 
patients. Emphysema increased the risk of all major lung cancer 
histologies (adenocarcinoma, squamous cell carcinoma, small 

cell carcinoma). Smoking cessation did not change the effect 
of emphysema on lung cancer risk when adjusted for years 
smoked, cigarettes smoked per day, or quit years. 

This study confirms that emphysema independently increases 
the risk of lung cancer (3-4 fold in this study), with a higher 
contribution in younger individuals and heavy smokers, 
even after adjusting for smoking status and pack-years. 
Smoking cessation did not change the significant effect 
of emphysema on lung cancer risk. This finding raises the 
question of whether emphysema, as a lung cancer risk factor, 
is entirely dependent on smoking, or not. In addition, the 
poor correlation between image-based diagnosis and clinical 
diagnosis is striking. Nearly 80% of CT-defined emphysema 
cases in healthy smokers were not clinically diagnosed. 

This study points out the low reliability of clinical assessment 
or subject self-reporting of emphysema status in evaluating 
lung cancer risk. In the future, including pulmonary function 
results, in addition to pulmonary morphology, may help 
determine whether airway obstruction is of value in risk 
assessment.

Endothelial focal adhesion kinase mediates cancer 
cell homing to discrete regions of the lungs via 
E-selectin up-regulation

Hiratsuka S, Goel S, Kamoun WS, Maru Y, Fukumura D, Duda 
DG, Jain RK; Massachusetts General Hospital, Harvard Medical 
School, Boston, MA. Proc Natl Acad Sci USA 2011; 108:3725-30.

ABSTRACT: Primary tumors secrete factors that alter the 
microenvironment of distant organs, rendering those 
organs as fertile soil for subsequent metastatic cancer cell 
colonization. Although the lungs are exposed to these factors 
ubiquitously, lung metastases usually develop as a series of 
discrete lesions. The underlining molecular mechanisms of the 
formation of these discrete lesions are not understood. Here 
we show that primary tumors induce formation of discrete 
foci of vascular hyperpermeability in premetastatic lungs. 
This is mediated by endothelial cell-focal adhesion kinase 
(FAK), which up-regulates E-selectin, leading to preferential 
homing of metastatic cancer cells to these foci. Suppression of 
endothelial-FAK or E-selectin activity attenuates the number 
of cancer cells homing to these foci. Thus, localized activation 
of endothelial FAK and E-selectin in the lung vasculature 
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mediates the initial homing of metastatic cancer cells to 
specific foci in the lungs.

EDITORIAL COMMENT: Why is the lung a common site for 
metastatic disease? A common response is that the lung is the 
only organ in the body that receives 100% of the blood flow, 
making it a common “filter” for circulating tumor cells and 
metastatic deposits. If that is the case, why don’t all patients 
with metastatic disease have lung metastases? Recent reports 
suggest that distant primary tumors may prepare the lung 
to accept metastases, presumably by secreting factors that 
induce microenvironmental changes in the lung during a 
“premetastatic” phase. This study begins to identify factors 
that mediate metastatic cancer cell homing to the lung. 

Using mouse models harboring implanted tumor cell lines 
with well-characterized metastatic potential (E0771 mammary 
carcinoma, LLC lung carcinoma in syngeneic C57Bl/6 mice), 
the authors found that the presence of the distant carcinoma 
interfered with the lung’s alveolar-capillary barrier, producing 
“leak.” This was related to a factor secreted by cancer cells, as 
intravenous, infused conditioned culture medium from the 
cancer cell lines also induced permeability. In tumor-bearing 
mice, metastatic cancer cells preferentially homed to areas of 
increased permeability, metastases selectively occurred in the 
lungs, and homing to other organs was negligible. Vascular 
endothelial growth factor (VEGF) secreted by the cancer 
cells appeared to contribute significantly to the increase in 
permeability. 

Endothelial cells are attached to extracellular matrix proteins 
and each other through defined adhesion complexes. One 
of the proteins involved in the adhesive process is a focal 
adhesion-associated protein kinase (FAK) that can be 
activated by VEGF. Activation of FAK promotes turnover 

of cell contacts with the extracellular matrix. Blocking FAK 
decreased the hyperpermeable areas and the number of 
metastatic cells homing to the lung. In the hyperpermeable 
areas, analysis of endothelial cell adhesion markers revealed 
that E-selectin was significantly increased, and blocking 
E-selectin significantly reduced tumor cell homing to the 
lung. These data suggest that endothelial cell FAK activity 
mediated E-selectin expression in the hyperpermeable areas. 

These studies suggest that distant primary tumor prepares 
lung tissue for metastatic cells by activating lung endothelial 
cells and inducing hyperpermeable foci. This is accomplished, 
in part, by VEGF secreted by the primary cancer cells 
activating FAK to promote vascular permeability, endothelial 
adhesion molecule expression and metastatic cell homing. It 
is interesting, though perhaps not surprising, that E-selectin, 
traditionally associated with the homing of leukocytes 
through rolling and tethering, is used by metastatic cells to 
engage the endothelium. Thus, the primary tumor sets in 
motion a series of complex molecular and physiologic changes 
in distant organs that prepare metastatic sites for cancer 
cell localization. Pulmonary metastases are, therefore, not 
simply the result of the lung acting as a filter, but occur in 
sites preferentially developed by the primary tumor. Further 
understanding the pre-metastatic process that prepares the 
metastatic site may identify therapies that prevent metastases, 
by targeting the induction process or the metastatic site, not 
just the primary tumor.
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Continuing Medical Education Events at National Jewish Health

For a complete list of live events, for more information, or to register  
go to njhealth.org/ProEd or call 800.844.2305

Upcoming Live CME Events

Nontuberculous Mycobacterial Infections  
Physician Conference

Learn how to recognize nontuberculous mycobacterial 
(NTM) disease, and how to differentiate, diagnose and treat 

the various types of NTM infections. 
Featuring: Michael Iseman, MD, Charles Daley, MD and 

Shannon Kasperbauer, MD 

September 15-17, 2011, Denver, CO
Certified for CME and Nursing Contact Hours

Nontuberculous Mycobacterial Infections 
 Patient Conference

For NTM patients and their families. This conference 
provides information about the medical challenges and 

treatments for NTM infections, and delivers support for 
patients and family members.
Featuring: Gwen Huitt, MD

September 19-20, 2011, Denver, CO

Gwen Huitt, MD Harold Nelson, MDCharles Daley, MD Richard Martin, MD

The 34th Annual National Jewish Health Pulmonary and Allergy Update at Keystone
Continuing Medical Education on pulmonary, asthma, allergy and immunology topics. Stay abreast of the 

latest knowledge and trends and gain practical information that you can apply in your practice.
Featuring: Erwin Gelfand MD, Richard Martin MD and Harold Nelson MD

February 1-4, 2012, Keystone, CO
Certified for CME and Nursing Contact Hours
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