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Lung cancer remains the number one cause of cancer-related
death in the United States among both men and women. It is
estimated that in 2013, there will be more than 200,000 new di-
agnoses of lung cancer and nearly 160,000 deaths (1). Despite the
discovery and application of targeted therapies, the overall sur-
vival (OS) remains poor, with an overall 5-year survival approx-
imating 16%. In addition, there are a growing number of cases
among former smokers and never smokers. However, based on
research advances in 2012, there is enthusiasm that improvements
in early detection, coupled with tobacco cessation and the appli-
cation of novel genetic and genomics technologies, will lead to
improved outcomes.

EPIDEMIOLOGY

Although more than 85% of patients diagnosed with lung cancer
will have smoked at some point in their lives, only 15 to 20% of
smokers will develop lung cancer, thus suggesting the involve-
ment of additional risk factors. Studies examining the roles of
various exposures, including asbestos, welding, arsenic, and con-
comitant lung diseases, such as chronic obstructive pulmonary
disease (COPD), tuberculosis, and pneumonia, as risk factors in-
dependent of tobacco consumption are ongoing (2, 3). A recent
large epidemiological study in more than 2,000 incident cases of
lung cancer cases and control subjects identified a 36% increase
in lung cancer risk among welders and flame cutters. Interest-
ingly, welding fumes were an independent risk factor for lung
cancer (4).

Disparities

A recent examination of multiple registries confirmed that Af-
rican Americans have the highest incidence of lung cancer
(73/100,000) (5) and have a decreased OS and lower rates of
surgical resection. Factors contributing to the disparities in lung
cancer include inequities in access to health care, differing per-
ceptions regarding early detection, smoking cessation and treat-
ment, and variation in susceptibilities to the effects of cigarette
smoke (6, 7). Conversely, the incidence rates for lung cancer
among Hispanic men are much lower, and OS is better than in
non-Hispanic whites. The explanations for these differences in-
clude a combination of decreased smoking rates among Hispanics,
potential genetic variants (8), and histological distribution. Saced
and colleagues conducted a systematic analysis of the SEER da-
tabase and determined that Hispanics had a higher rate of less
aggressive histological subtypes of lung cancer (adenocarcinoma
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in situ and lepidic predominant adenocarcinoma) (9). Investiga-
tion of these areas should help to narrow the lung cancer out-
comes gap that exists between ethnic groups.

LUNG CANCER SCREENING

In 2011, the National Lung Screening Trial randomized 50,000
current and former smokers to demonstrate a 20% lung cancer
survival and 7% OS advantage in high-risk patients screened
with three annual screening computed tomography (CT) scans
(10). For successful widespread implementation, several issues
need to be addressed: (1) discrimination of false-positive be-
nign nodules from malignant nodules (11, 12), (2) use of bio-
markers of disease risk to potentially increase the positive
predictive value of the examination (13), (3) compliance with guide-
lines for nodule evaluation and assessment of radiation risk,
and (4) cost-effectiveness.

Ost and Gould propose a Bayesian evidence-based algorithm
to guide evaluation and management of pulmonary nodules (14).
To complement predictions based on imaging features, Patz and
colleagues established a serum marker assay to measure carci-
noembryonic antigen, alpha-1 antitrypsin, and squamous cell car-
cinoma (SCC) antigen (15) and demonstrated 80% sensitivity
and 89% specificity in a logistic regression model.

Several researchers have focused on tools to assess interval
change in nodules, while acknowledging the complexities of ap-
plying these approaches to nodules that are solid, nonsolid or
part-solid (16). Wilson and colleagues, for the Pittsburgh Lung
Screening Study, reported that prevalent tumors had significantly
slower doubling time than incident cancers, which is consistent
with survival differences between these tumor types (17). A lim-
itation of this study was that only 43% of cancers were amenable
to doubling time analysis. Henschke and colleagues examined
nodules from the International Early Lung Cancer Action Pro-
gram (I-ELCAP) screening cohort and showed that volume dou-
bling time in subsolid nodules was significantly longer than in
solid nodules, with similar growth-rate characteristics between
lung cancers found in screened patients and those discovered
in the absence of screening (18). These findings suggest that
the biology of subsolid nodules is more indolent compared
with solid nodules and that tumors detected by screening are rep-
resentative of those detected by conventional means. Naidich and
colleagues from the Fleischner Society have developed evidence-
based recommendations focused on the management of nonsolid
and part-solid nodules (19) that complement the 2005 solid nod-
ule recommendations (20). Among the major recommendations
are that solitary pure ground-glass nodules measuring 5 mm or
less do not require follow-up imaging and that solitary part-solid
ground-glass nodules, especially those with a solid component of
greater than Smm, should be considered malignant until proven
otherwise.

The potential benefits of lung cancer CT screening extend to
detection of common comorbid conditions, such as COPD (21)
and coronary artery disease, in patients who are longtime smok-
ers. Sverzellati and colleagues, for the Multicentric Italian Lung
Detection (MILD) trial (22), and Jacobs and colleagues (23)
showed that coronary artery calcium scores in a lung cancer
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screening cohort were independently associated with all-cause
mortality and cardiovascular events. These reports suggest that
adding coronary artery calcium scoring to lung cancer screening
could benefit high-risk patients with respect to disease detection
and primary prevention of cardiovascular events.

To implement CT screening in a rational, cost-effective man-
ner, there are ongoing efforts to review existing knowledge and
to develop standardized protocols and management strategies
(24). These issues are addressed by Bach and colleagues in a
systematic review by an expert panel representing the American
Cancer Society, the American College of Chest Physicians, the
American Society of Clinical Oncology, and the National Com-
prehensive Cancer Network (25). The recommendations, which
were endorsed by the American Thoracic Society, call for an-
nual CT screening for current or former smokers aged 55 to 74
years with at least 30 pack-years of smoking history who continue
to smoke or have quit within the past 15 years. The screening
should be offered only in settings that can deliver comprehensive
lung cancer care, and it should be accompanied by detailed coun-
seling that includes a complete description of potential benefits
and harms. The National Comprehensive Cancer Network (26)
and the American Association for Thoracic Surgery (27, 28) pub-
lished similar guidelines that recommended slightly different el-
igibility criteria for screening participants.

LUNG CANCER BIOLOGY

Field Carcinogenesis

Because of tobacco smoke carcinogen exposure, the bronchial
epithelium of smokers is subject to field cancerization that is
characterized by alterations of airway cell mRNA and miRNA
expression and by DNA copy number, mutation, and epigenetic
alterations. Advances in the understanding of field cancerization
have been recently reviewed (29, 30). The impact of the airway
microbiota on airway epithelial alterations and lung cancer is an
emerging area of science. Laroumagne and colleagues exam-
ined cultures acquired by bronchoscopy from 210 consecutive
patients with lung cancer (31). Pathogens were found in 48%
of patients, with increased prevalence in patients with COPD.
With implementation of 16s ribosomal and metagenomic se-
quencing, it is anticipated that lung microbiome research will
show that changes in lung flora play an important role in pro-
gression of field carcinogenesis and malignant transformation.

Microarray gene expression studies demonstrate that there
are both reversible and irreversible smoke-induced changes that
occur in the lung. Using several bronchial epithelial cell gene ex-
pression data sets obtained from smokers and nonsmokers,
Beane and colleagues generated signaling pathways, such as
SIRT1, that are implicated as drivers of lung cancer (32). Bossé
and colleagues examined gene expression in noninvolved lung
tissue among 853 patients with lung cancer (33). In three inde-
pendent sets, 599 probe sets (558 up-regulated and 41 down-
regulated) consistently distinguished lung tissue from current
versus never smokers. Interestingly, among the probe sets up-
regulated in smokers, the majority returned to never-smoker
expression levels within 25 years of smoking cessation, and 20 re-
mained up-regulated.

Lung Development Pathways

Existing paradigms suggest that lung carcinomas arise from plu-
ripotent stem and/or progenitor cells capable of differentiation
into one or several histologic cell types. These paradigms suggest
that lung tumor cell ontology is determined by the consequences
of gene transcriptional activation and/or repression events that
recapitulate embryonic lung development. Li and Linnoila

examined the role of the Achaete-Scute homolog-1 (Ascll),
which is a basic helix-loop-helix transcription factor that has been
shown to be critical for the development of pulmonary neuroen-
docrine cells (34). In an in vivo genetic fate-mapping study, after
naphthalene injury, Ascll+ cells contributed to regenerating
Clara cells preferentially over neuroendocrine cells. These data
suggest a potential role for Ascll+ lineage cell as a progenitor
cell for lung adenocarcinoma. Using a similar approach, Xu and
colleagues traced K-Ras—positive cells and observed that adeno-
carcinomas only arose in alveoli that were positive for markers
specific for type 2 cells, thus showing that type II cells are a cell
of origin for K-Ras-induced adenocarcinoma (35).

Tumor Microenvironment

The tumor microenvironment’s role is increasingly recognized in
lung cancer development and progression (36). The tumor stroma
is a complex system composed of fibroblasts (cancer-associated
fibroblasts), macrophages (tumor-associated macrophages), other
immune cells, vasculature, and extracellular matrix. Ben and col-
leagues identified a functional single-nucleotide polymorphism
(SNP) T+25C on chromosome 8p22 that regulates expression
of the macrophage class A scavenger receptor (SR-A) and was
associated with lung cancer risk (37). The tumor suppressive
function of macrophage SR-A was demonstrated in an SR-A
null mouse model. Antén and colleagues showed that binding of
microenvironment-derived activated protein C to tumor endo-
thelial protein C receptor activated Akt and extracellular signal—
regulated kinase (ERK), decreased apoptosis, and increased
tumor metastatic activity (38). Other research identified
microenvironment-related pathways important for lung tumor
growth and progression. These pathways included Rab27a (39),
SLC1AS5 (40), and vascular endothelial growth factor receptor
(VEGFR)-2/epidermal growth factor receptor (EGFR) (41).
In a recent perspective, Stathopoulos and Kalomenidis note
and review the importance of tumor-host interactions in the
formation of malignant pleural effusions (42). They acknowl-
edge that articles such as that of Ye and colleagues showing a role
for IL-9-producing CD4" T cells in malignant pleural effusion
(43) may be broadly applicable to cancer biology.

Several researchers have elucidated mechanisms by which the im-
mune system can promote or repress lung tumor growth (44). Feng
and colleagues examined CD11b*CD14" monocytic myeloid-
derived suppressor cells (MDSCs) in the peripheral blood of pa-
tients with advanced non-small cell lung cancer (NSCLC) (45).
They observed an increased frequency of MDSCs cells in patients
with cancer versus control subjects and that high S110A9*MDSC
levels were associated with poor response to chemotherapy,
suggesting that SI00A9 is a marker of enhanced immune sup-
pression. Using the oncogenic K-ras transgenic adenocarcinoma
mouse model, Smith and colleagues examined the role of the
immunoregulatory tumor immune evasion enzyme indoleamine
2,3-dioxygenase (IDO) in lung cancer and in breast carcinoma-—
derived lung metastasis (46). They found that IDO deficiency
attenuated IL-6 induction, impaired MDSC function, and de-
creased lung tumor burden and prolonged survival. These stud-
ies support a key role for IDO in establishing a protumorigenic
environment in the lung for primary tumor and metastatic
tumor growth. Using immunohistochemical analysis of a large
cohort of human tumors, Suzuki and colleagues examined the
expression of several immune-related proteins in early-stage lung
adenocarcinoma (47). They reported that stromal forkhead box
P3 (FoxP3) regulatory T cells were associated with a protumori-
genic environment and that chemokine expression of IL-12RBeta
2 and IL-7R were associated with antitumor and protumor out-
comes, respectively. Taken together, these studies highlight future
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areas of research into diagnostics and therapeutics directed to-
ward the lung tumor microenvironment.

Epithelial-to-Mesenchymal Transition

Tumor cell metastasis requires that epithelial cells acquire mesen-
chymal cell properties, such as loss of cell-cell adhesion, invasive-
ness, vascular intravasation and extravasation, establishment of a
metastatic niche, and angiogenesis (48). This process of epithelial-
to-mesenchymal transition (EMT), reviewed by Gao and col-
leagues (49), has been the focus of several important articles
that have established roles for several signaling pathways, such
as Akt/GSK3Beta (50), MEK-ERK (51), Fas (52), and Par6
(TGFBR?2 interacting partner, MCB) (53). Recent articles have
addressed key questions related to EMT research: (/) Which
pathways of EMT demonstrated in vitro can be confirmed
in vivo models (54)? and (2) Is there evidence for an EMT re-
ciprocal pathway of mesenchymal to epithelial transition (MET)
that is required for the establishment of metastatic tumor prop-
erties (49, 55)? To address the first question, Stallings-Mann and
colleagues generated a transgenic mouse model of expression
of Raclb or matrix metalloproteinase-3 (MMP-3) in Clara cell
secretory expressing cells causing lung fibrosis, adenoma, ade-
nocarcinoma, and acquisition of EMT morphology in vivo (56).
The notion that these effects were associated with MMP3-
induced EMT was supported by dual fluorescence labeling of
cells that showed coexpression of hemagglutinin (HA)-tagged
MMP3 transgene in vimentin-expressing cells. The oncogenic
role of Raclb in lung adenocarcinoma was confirmed by Zhou
and colleagues, who showed elevated expression of Raclb in
human lung adenocarcinomas and that, in vivo, Raclb cooper-
ated with oncogenic K-Ras to accelerate tumor growth (57). To
address the second question, Tsai and colleagues used an induc-
ible transgenic model to show that activation of the EMT-
inducing transcription factor Twist 1 promoted EMT in primary
squamous cell tumors and that turning off Twist1 in distant sites
allowed redifferentiation and proliferation of metastatic tumors
(58). This reversion of EMT or MET was also demonstrated by
Ocana and colleagues (59). Overexpression of the paired-related
homeobox transcription factor Prrx1 induced EMT in cells and in
primary tumors; however, lung metastatic foci failed to form
when PRRX-1-expressing cells were injected into tail veins.
The formation of metastasis in vivo required loss of PRRX-1,
which was shown to induce differentiation or MET in vitro.
Although these articles used extrathoracic malignancy models,
it is probable that primary tumor EMT and metastatic tumor
MET is similarly required for lung carcinogenesis.

LUNG CANCER GENETICS, GENOMICS

Application of high-throughput sequencing technologies has
identified novel mutations, such as loss of a novel tumor suppres-
sor CSMD3, as the second most common mutated gene in a co-
hort of patients with NSCLC (60). The mutational complexity of
lung cancer has been demonstrated in the recent seminal article
from the Cancer Genome Atlas Research Network (TCGA).
Sequencing analysis of 178 SCCs identified more than 300
unique exonic mutations and copy number alterations and 165
genomic rearrangements (61). Somatic mutations in TP53 were
a common occurrence, as were alterations in CDKN2A/RBI,
NFE2L2/KEAP1/CUL3, PI3K/AKT, and SOX2/TP63/NOTCH]I
pathways. In addition, these studies indicate that gene fusions,
such as KIF5B-RET and ROS1/GOPC, are also functional bio-
markers (62). Using a NanoString-based approach in mutation-
negative adenocarcinoma, Suehara and colleagues identified
two novel tyrosine kinase fusions (RET and ROS1/GOPC),
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each of which is being pursued in clinical trials of RET and
ROS-targeting agents (62).

Genomewide Association Studies

Numerous genomewide association studies (GWAS) have been
conducted in lung cancer to identify distinct chromosomal loci
associated with lung cancer risk. Perhaps the best-studied regions
are located at chromosome 15g25.1, which harbors subunits for
the nicotinic acetylcholine receptor that are associated with to-
bacco dependence and lung cancer risk (63, 64). A limitation
of several of these GWAS that has been addressed recently is
the restriction primarily to white men. Notably, Walsh and col-
leagues showed in a large multicenter case control study that
polymorphisms in three chromosomal regions (5p15.33, 6p21.33,
and 15@25.1) were associated with lung cancer risk in African
Americans (65). SNPs with select chromosomal loci were asso-
ciated with specific histological subtypes, with 5p15.33 associ-
ated with adenocarcinoma and 6p21.33 with SCC.

GWAS hve also been applied to sequence variants associated
with prognosis. In a cohort of 348 patients with advanced-stage
lung cancer, Lee and colleagues identified 17 SNPs near EGF,
NALCN, CDHS8, SLC35D2, NCOA2, THSD7B, DLST, ANKSIA,
and FAM154A that were associated with clinical outcome (66). In
a study of never smokers with lung cancer, Pu and colleagues iden-
tified of SNPs in five inflammatory genes (CD74, CD38, SYK,
BMPS8A, and ILI7RA) that correlated with survival (67).

Epigenetic Studies

Leng and colleagues conducted a nested case control study fo-
cused on the evaluation of methylation status of 31 genes iden-
tified in the sputum of high-risk smokers (68). Methylation in
a seven-gene panel in two independent cohorts had a sensitivity
and specificity of 71 and 77%, respectively, in distinguishing
patients with early-stage lung cancer from control subjects. In
a cohort of 467 patients with stage I or II NSCLC undergoing
either surgery alone or combined with chemotherapy, Wagner
and colleagues identified 26 methylation gene SNPs associated
with recurrence in patients undergoing surgery alone and 25 SNPs
associated with recurrence in the surgery plus adjuvant chemo-
therapy cohort (69).

MicroRNAs

MicroRNAs (miRNAs) have emerged as viable biomarkers for
the diagnosis, prognosis, and therapeutic response in cancer (70).
Lu and colleagues used miRNA profiling to generate a signature
that correlated with outcome in early-stage lung cancer (71).
MiRNAs are also proving useful as biomarkers in cases in which
minimal diagnostic tissue is available. For example, Huang and
colleagues recently demonstrated that two miRNA expression
panels could distinguish small cell lung cancer (SCLC) from
NSCLC and SCC from adenocarcinoma in both formalin-fixed
paraffin-embedded tissues and bronchial brushings (72). An-
other rapidly developing field is the application of miRNAs to
therapeutics. For example, tumor suppressive miRNAs, includ-
ing Let-7 and miR-34, have been successfully delivered in vivo
to abrogate lung tumor growth (73, 74).

Proteomics

In a study to identify protein signatures “common” to lung cancer
subtypes, Kikuchi and colleagues applied a shotgun proteomic
approach to identify proteins in pools derived from tissue sam-
ples from adenocarcinoma and SCC and from normal tissues
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(75). The investigators identified a potential role in lung carcino-
genesis for up-regulation of members of the p21-activated (PAK)
family. Noninvasive proteomic signatures have also been shown
to have potential to augment algorithms to distinguish malig-
nant from benign CT-detected abnormalities in high-risk
patients. Pecot and colleagues showed that integration of a se-
rum proteomic signature with CT imaging features and clinical
parameters could increase diagnostic accuracy (76).

STAGING AND PROGNOSIS

Despite recent updates to the lung cancer staging system, inves-
tigators recognize the presence of inter- and intrapatient hetero-
geneity within histologically similar lung cancers. Thus, an area
of active research is the pursuit of biological and imaging biomarkers
of prognosis that can augment conventional staging approaches. Sev-
eral studies have suggested that positron emission tomography
(PET) imaging intensity, as determined by standardized uptake
value (SUV) or metabolic tumor volume, may function as a bio-
marker of nodal involvement and prognosis (77, 78). Others have
shown molecular signatures can predict prognosis among simi-
larly staged cases. Kratz and colleagues identified a panel of 14
genes (including WNT3A, CDKAPI, ERBB3, and IL1) by quan-
titative reverse transcriptase—polymerase chain reaction in tumor
tissues that stratified early-stage, postsurgical patients into low,
intermediate, and high-risk survival groups (79). They were able
to test and validate this assay in three separate cohorts comprising
a total of nearly 1,800 patients. Further validation in a prospective
cohort will be required to determine which “high-risk” signature
patients may benefit from adjuvant therapy.

In the current era of lung cancer, therapeutic decisions are fre-
quently driven by results of molecular testing; thus, more informa-
tion is required from diagnostic specimens. As featured in a recent
review by Bulman and colleagues, careful attention to specimen ac-
quisition and specimen processing allows endobronchial ultrasound
(EBUS) to produce specimens that are sufficient for diagnosis, stag-
ing, and molecular testing (80). Navani and colleagues recently
examined cytology obtained by EBUS in 774 patients and achieved
NSCLC diagnostic sensitivity of 88% (95% confidence interval, 86—
91%) and a 90% success rate for EGFR testing (81). Taken to-
gether, both EBUS and endoscopic ultrasound should be considered
first-line approaches to diagnosis and staging in lung cancer.

TREATMENT OF LOCALIZED DISEASE

Robotic Lung Resection

Robotic lung resection heralds another significant development in
minimally invasive surgery. Compared with video-assisted thoraco-
scopic surgery (VATS) lung resection, Louie and colleagues re-
ported no difference in immediate postoperative clinical outcomes
but noted that quality of life measures favored robotic surgery
(82). Park and colleagues reported that 5-year survival was com-
parable to VATS and thoracotomy (83). Although the initial
reports are encouraging (84), further studies requiring long-
term follow-up are awaited to fully evaluate robotic segmentec-
tomy and to establish its oncologic efficacy in the lung.

Limited Resection and Lymph Node Dissection

Van Schil and colleagues reviewed the surgical implications of the
new International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society ade-
nocarcinoma classification (85), with emphasis on the evolving
views of extent of resection and extent of lymph node dissection
required for less-invasive subtypes of adenocarcinoma (86). Kim
and colleagues note that the use of nonanatomic, or wedge,

resection has increased between 2000 and 2007, particularly in
patients with older age, Tla tumors, and COPD (87). Donahue
and colleagues showed that patient-related factors, such as active
smoking, diffusion capacity of lung for carbon monoxide less than
69%, tumor size greater than 2 cm, N2 disease, and advanced
histologic grade, were associated with decreased survival after
segmentectomy by univariate analysis, but that only tumor size
greater than 2 cm was significant in a multivariate model (88). In
patients with stage IA disease undergoing anatomic segmentec-
tomy, lymphatic invasion was an independent predictor for re-
currence (89). Retrospective studies in patients with stage IA
disease showed no significant differences in recurrence, disease-
free survival, or OS for segmentectomy versus lobectomy (via
VATS or open thoracotomy) (90-95). For patients with stage IB
or more advanced disease, recurrence-free survival is decreased
after segmentectomy versus lobectomy (91, 96).

Nodal metastases are seen in nearly 20% of lung adenocarci-
nomas less than 2 cm in size and in 5% of lung adenocarcinomas
less than 1 cm in size (86), and pathologic nodal involvement is
more frequent in patients with pure solid tumors compared with
those with ground-glass opacities, particularly those with high
PET SUV (SUVmax) (97). Recent research has examined the
role of limited or lobe-specific nodal sampling versus complete
lymph node dissection. In a retrospective study of the Society of
Thoracic Surgeons database, Cerfolio and colleagues showed a
higher incidence of pathologic N2 disease after dissection com-
pared with sampling (98), and Boffa and colleagues showed a
lower rate of N1 upstaging with VATS versus thoracotomy ap-
proach but no difference in N2 upstaging (99). With regard to
patient selection, Tsutani and colleagues reported that clinical fac-
tors in patients with stage TA disease, such as solid tumor size less
than 0.8 cm and SUVmax on F18 fludeoxyglucose-PET less than
1.5, to be significantly associated with pathologic node-negative
disease and longer disease-free survival (100). Taken together, these
reports suggest that limited mediastinal lymph node sampling may
be sufficient for patients with favorable prognostic features.

Stereotactic Body Radiation Therapy

Stereotactic body radiation therapy (SBRT), previously used for
small peripheral lesions, is increasingly being explored for larger
central lesions (101). In a cohort of 676 patients undergoing radio-
therapy, Senthi and colleagues reported that most recurrences
were distant (66%) and occurred early (median recurrence time,
9.6 mo), whereas isolated locoregional recurrence was less fre-
quent and occurred later (102). In early-stage lung cancer, out-
comes after SBRT appear similar to surgical resection despite
a patient population with greater comorbidities and higher perio-
perative risk, but a defined follow-up strategy and further exami-
nation in prospective trials are essential (103). SBRT and sublobar
resection are being prospectively compared in an ongoing phase
III randomized study by the American College of Surgeons On-
cology Group and Radiation Therapy Oncology Group (104).

CHEMOTHERAPY

Locally Advanced Lung Cancer

Final results of the randomized, phase III CHEST study of 270
patients with stages IB to IIIA NSCLC demonstrate a significant sur-
vival benefit for preoperative cisplatinum/gemcitabine chemotherapy
followed by surgery versus surgery alone (105). Despite the study
being terminated prematurely when adjuvant chemotherapy be-
came standard of care during the conduct of this study, a statisti-
cally significant benefit emerged both in progression-free survival
(PFS) (hazard ratio [HR] = 0.70) and OS (HR = 0.63) in favor of
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neoadjuvant chemotherapy. This benefit seemed to be restricted
to the stages IIB/IITA subgroup.

In a pivotal multicenter, randomized, phase 3 trial for elderly
patients with unresectable stage III NSCLC, the Japan Clinical
Oncology Group study group recruited 200 patients aged 71 to 89
years (106). Patients received either concurrent chemoradiation
with low-dose carboplatin or radiotherapy alone. The primary
endpoint of median OS was 22.4 months for concurrent chemo-
radiation and 16.9 months for radiotherapy alone (HR = 0.68),
and PFS also was better in the concurrent arm. Concurrent
chemoradiation, as expected, significantly increased toxicities
over radiotherapy alone; however, there was no difference in
pneumonitis and esophagitis rates, and febrile neutropenia rates
were low. Taken together, this study shows a significant survival
advantage of chemoradiation over radiotherapy alone for carefully
selected older patients with unresectable stage III NSCLC.

Advanced NSCLC—First-Line Therapy

Lilenbaum and colleagues presented data of an important phase
III study in patients with advanced NSCLC and poor performance
status—a group with historically extremely poor outcomes and
undefined standard of care (107). They randomized patients to
single-agent pemetrexed versus carboplatin/pemetrexed. A sub-
stantial benefit was noted in the doublet chemotherapy group,
with a higher response rate (RR) (24 vs. 10.5%,) and improved
PFS (5.9 vs. 3.0 mo) and OS (9.1 vs. 5.6 mo). Toxicity appeared to
be acceptable, and the benefit of doublet therapy was maintained
in the elderly subset as well.

One of the significant negative studies published in the past
year was the randomized phase III Tarceva or Chemotherapy for
the Treatment of Advanced Non Small Cell Lung Cancer
(TORCH) study comparing first-line erlotinib followed by
cisplatinum/gemcitabine chemotherapy, with the inverse se-
quence in molecularly unselected patients with advanced NSCLC
(108). Early termination of the study was necessitated due to the
inferior outcome of the patients on the erlotinib followed by
chemotherapy arm (8.7 vs. 11.6 mo OS, HR = 1.24 favoring
the standard arm). Only 5% of the tumors harbored an EGFR
gene mutation, thus explaining the very poor primary PFS of 2.2
months on front-line erlotinib. The results of this study strongly
reinforce that no chemotherapy-eligible patient should be offered
front-line EGFR tyrosine kinase inhibitor therapy without EGFR
mutation testing.

Advanced NSCLC—Maintenance Therapy

Data from two important, randomized phase III studies were re-
ported this year on the value of maintenance therapy in advanced
nonsquamous NSCLC. The Paramount study compared mainte-
nance pemetrexed versus best supportive care after four cycles of
induction chemotherapy with cisplatin/pemetrexed in patients
with responding or stable disease on induction chemotherapy
(continuation maintenance strategy) (109). This study showed
improved PFS as well as OS (13.9 vs. 11.0 mo) with the mainte-
nance pemetrexed strategy, and maintenance therapy had a man-
ageable safety profile, further cementing the role of maintenance
therapy in the management of advanced nonsquamous NSCLC.

The large, randomized, phase III PointBreak study compared
two widely used approaches for the front-line therapy of advanced
nonsquamous NSCLC: (1) carboplatinum/pemetrexed/bevacizumab
followed by maintenance pemetrexed/bevacizumab, and (2)
carboplatinum/paclitaxel/bevacizumab followed by maintenance
bevacizumab (four cycles of induction chemotherapy in each
arm) (110). A total of 1,259 patients were enrolled and 939
patients were randomized, with 590 patients receiving main-
tenance therapy. Although PFS was slightly better in the
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pemetrexed arm, OS was identical. As expected, the regimens
had differing toxicity patterns but overall were well tolerated. In
essence, this study failed to identify a “superior” regimen for
unselected patients with nonsquamous NSCLC but provides am-
ple data to support both regimens as effective and well tolerated.

TARGETED THERAPEUTICS

K-ras Mutant Lung Adenocarcinoma

Despite decades of intense pharmacological and clinical research,
targeting oncogenic k-ras has not shown success. Oncogenic k-ras
signals via the Raf-MEK-ERK pathway, and therefore MEK inhib-
itors might provide a potential strategy for Ras-mutant tumors.
Selumetinib is an orally available, potent, and selective inhibitor
of the MEK1/MEK2 kinases, which had failed to show activity
in patients with lung cancer in single-agent studies. After in vitro
studies suggested synergy with docetaxel, Jinne and colleagues
pursued a randomized, double-blind phase II study of docetaxel/
placebo compared with docetaxel/selumetinib (75 mg orally twice
a day) in 87 previously treated patients with K-ras mutant NSCLC
with no crossover allowed (111). Outcomes in the docetaxel plus
selumetinib arm were significantly better, with an overall RR of
36% (vs. 0%), PFS of 5.3 (vs. 2.1) months, and OS of 9.4 (vs. 5.2)
months. These promising outcome data were counterbalanced
by an increase in adverse events, most prominently grade 3 to 4
neutropenia (67 vs. 55%) and febrile neutropenia (18 vs. 0%),
as well as a higher rate of gastrointestinal side effects. Although
the benefit appears short lived compared with the robust and
durable responses seen with EGFR and ALK-directed therapy
for genotype-defined tumors, pivotal phase III studies of this
combination are eagerly awaited.

EGFR-mutated Lung Adenocarcinoma

Rosell and colleagues reported findings of the important European
Randomized Trial of Tarceva vs. Chemotherapy (EURTAC) study
comparing first-line erlotinib with standard front-line chemother-
apy in 174 patients with advanced lung adenocarcinomas harbor-
ing exon 19 or L858R EGFR gene mutations (112). In line with
data from EGFR-mutation—focused Asian studies principally
using gefitinib, they showed a significant benefit to front-line
erlotinib with a significantly prolonged PFS (9.7 vs. 5.2 mo, HR =
0.37) and improved RR (64 vs. 18%) accompanied by signifi-
cantly less toxicity. Patients with exon 19 deletions seemed to
have somewhat better outcomes on erlotinib than patients with
L858R mutations.

The phase III LUX-Lung 3 study compared the irreversible
EGFR/ErbB2 inhibitor afatinib with cisplatin/pemetrexed chemo-
therapy (up to six cycles) in the first-line setting in patients with
EGFR-mutated NSCLC (345 patients, 2:1 randomization) (113).
Afatinib therapy demonstrated significantly superior RR (56.1 vs.
22.6%) as well as PFS (11.1 vs. 6.9 mo), and afatinib was better
tolerated. How afatinib compares with erlotinib in the front-line
setting is unclear, but it certainly appears to have substantial
activity in EGFR-mutant lung cancer. Results of head-to-head
comparisons with reversible EGFR inhibitors will be required for
the understanding of the optimal sequencing of agents.

ALK-translocated Lung Adenocarcinoma

The randomized phase III PROFILE 1007 study compared
the ALK inhibitor crizotinib at 250 mg orally twice daily with
cisplatinum/pemetrexed chemotherapy in 347 patients with
ALK-translocation-positive, advanced NSCLC (114). As expected,
a very significant prolongation of PFS was noted (7.7 vs. 3.0 mo in
favor of crizotinib); overall RR also strongly favored crizotinib (64
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vs. 20%), and quality of life was better in the crizotinib arm. At this
point, OS results are premature, but due to crossover to crizotinib,
an OS benefit might not be detectable.

ROS Translocations

Recently, chromosomal translocations affecting the tyrosine ki-
nase ROS1 have been described in approximately 1% of lung
adenocarcinomas, mainly in younger, never-smoking patients
(115). These alterations are mutually exclusive with other do-
minant oncogenic events. As ROS1 is a tyrosine kinase in-
hibited effectively by crizotinib, ongoing studies of crizotinib
were logically expanded to include ROS1-translocated pa-
tients, and the results of the key PROFILE 1001 demonstrate
a response rate of 57.1% in the initial cohort of 15 ROSI1-
translocation—positive patients (116). These results appear very
similar to what is seen with crizotinib in ALK-positive patients.
Due to the small number of ROS-positive patients, large, ran-
domized studies are not expected to get completed; thus, crizo-
tinib de facto is becoming a treatment of choice for patients with
ROS translocation.

Acquired Resistance to Targeted Therapeutics

The success of EGFR- and ALK-targeted therapies is tempered
by the uniform development of acquired resistance. This key
clinical problem in EGFR-mutated tumors is caused in about
one-half of the patients by the EGFR T790M mutation and in
others by MET amplification, EMT transition, and by histological
transformation to small cell carcinoma. Several recent studies re-
port new mechanisms and treatment approaches for acquired resis-
tance mechanisms against EGFR-targeted therapeutics. Takezawa
and colleagues report on ErbB2 activation as a potential acquired
resistance mechanism. They tested the combination of an irrevers-
ible HER inhibitor, afatinib, and the anti-EGFR antibody cetuxi-
mab, showing activity in a mouse model, then a very promising 40%
response rate in a phase II human study in erlotinib-refractory
patients (117). Through elegant studies, the authors demonstrate
that the reason afatinib/cetuximab but not erlotinib/cetuximab can
be successful in such cases is related to the anti-ErbB2 activity of
afatinib. Indeed, the authors find that ErbB2 is amplified and
active in 12% of the cases with acquired resistance. Zhang and
colleagues identified the activation of the tumor-associated mac-
rophage family tyrosine kinase AXL as another example of onco-
gene dependence switch similar to the case of MET amplification
(118). A study of matched human samples from baseline and after
the development of erlotinib resistance identified AXL up-regulation
in about 20% of cases. Although the mechanism of AXL over-
expression remains ill defined, some observations do suggest that
it might be mediated in part by the EMT mechanism.

Similarly, significant data have emerged as to the range of mo-
lecular mechanisms playing a role in the development of resistance
against crizotinib in patients with ALK-positive lung adenocarci-
noma. Katayama and colleagues reported findings of secondary
mutations in the tyrosine kinase domain of ALK in about one-
third of the patients, including the previously reported L1196 mu-
tation that is analogous to the gatekeeper T790M mutation of
EGFR (119). Doebele and colleagues similarly found secondary
ALK mutations in about one-third of patients, whereas other
mechanisms of resistance were ALK gene copy gains, K-ras
mutations, and EGFR bypass activation, such as through an
EGFR L858R (120). Last, a recent interesting preclinical study
suggested that suppression of signaling governed by MED12, a
component of the MEDIATOR transcriptional complex, can
lead to resistance against a multitude of cancer drugs, including

EGR and ALK inhibitors, through the resultant activation of
TGF-betaR signaling (121).

Studies are ongoing to assess novel ALK inhibitors with vary-
ing sensitivity against these secondary mutations as well as to
evaluate combination strategies. Indeed, one of the most exciting
reports at the 2012 American Society of Clinical Oncology meet-
ing related to the second-generation ALK inhibitor LDK378,
showing a striking 67% RR in a phase I dose escalation study
in patients with crizotinib-resistant ALK-positive lung adenocar-
cinoma (122). The management of acquired resistance requires
molecular examination of biopsies at the time of progression. In
practice, this should become the standard of care so as to allow
proper assessment of the molecular and histological traits of the
tumor and to guide patients toward unique biomarker-driven
clinical studies or tailored chemotherapy (e.g., if small cell trans-
formation is noted).

Immunotherapy

Several recent studies have reported promising clinical activity
by blocking key immune checkpoints. Ipilimumab targets the cy-
totoxic T-lymphocyte—associated antigen 4 (CTLA-4) pathway,
which is required for the priming phase of T-cell response
within lymph nodes. In a randomized, double-blind, multicenter
phase II study, Lynch and colleagues assigned 204 patients with
previously untreated, advanced NSCLC to three regimens: (1)
placebo (placebo plus paclitaxel 175 mg/m? and carboplatin AUC
6), (2) concurrent ipilimumab (four doses of ipilimumab 10 mg/kg
plus paclitaxel and carboplatin — two doses of placebo plus pac-
litaxel and carboplatin), and (3) phased ipilimumab (two doses of
placebo plus paclitaxel and carboplatin — four doses of ipilimu-
mab plus paclitaxel and carboplatin) (123). Tumor response was
measured by immune-related response criteria (irPFS, primary
endpoint) and modified World Health Organization (mWHO-
PFS) criteria. The study showed significantly prolonged irPFS
and improved mWHO-PFS with phased ipilimumab regimen in
comparison to chemotherapy alone. On the other hand, there was
only a trend toward improved irPFS with concurrent ipilimumab
versus control. The immune-related best overall RR was 18, 21,
and 32% for control, concurrent ipilimumab, and phased ipilimu-
mab, respectively. Ipilimumab-containing regimens had higher
rates of grade 3 and 4 adverse events versus control subjects
(control, 6% vs. concurrent ipilimumab, 20% vs. phased ipilimu-
mab, 15%).

BMS-936558 is a fully human IgG4 monoclonal antibody
against programmed death 1 (PD-1) receptor. The interaction
of PD-1 on activated T cells with its major ligand in solid tumors,
PD-L1, blocks the effector phase of T-cell response within the
tumor microenvironment. Topalian and colleagues evaluated
the safety profile and antitumor activity of BMS-936558 in 296
patients with advanced solid tumors (124). There were 122 pa-
tients with advanced NSCLC enrolled, and the majority of them
were heavily pretreated. The cumulative RR was 18% in 122
patients with NSCLC with several durable responses and a strik-
ing 33% RR in squamous NSCLC, suggestive of histologic de-
pendence. The objective response rates were 36% in patients
with PD-L1-positive tumors versus 0% in patients with PD-L1-
negative tumors, suggestive of PD-L1 expression as a logical
and promising biomarker for patient selection. Brahmer and
colleagues reported the safety and activity of BMS-936559, an
anti-PD-L1 antibody (125). In patients with advanced NSCLC,
the objective RR was around 10% overall and 16% at doses of
10 mg/kg. No squamous histology predominance was noted in
this study. These studies demonstrate significant promise for
immunotherapeutic approaches in the treatment of NSCLC.
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MESOTHELIOMA

Asbestos causes mesothelioma, and it is also associated with in-
creased risk of lung cancer. In an interesting study, McCormack
and colleagues examined asbestos exposure cohorts to estimate
the asbestos-related lung cancer burden (126). They reported
that all types of asbestos fibers cause twice as many lung cancer
deaths as mesothelioma deaths, except for crocidolite. These
data are concerning, because the countries with high asbestos
use (e.g., Russia and China) also have very high smoking rates in
men. Early detection of mesothelioma among asbestos-exposed
individuals remains an unmet need for this disease, with median
survival of 12 months, despite the availability of the serum bio-
marker mesothelin (127). Pass and colleagues reported that
plasma fibulin-3 levels could distinguish patients with mesotheli-
oma from matched healthy persons with asbestos exposure and
that it could help to distinguish mesothelioma pleural effusions
from other effusions (128). Once prospectively validated, this
biomarker could significantly aid clinical decision making.

The optimal surgical treatment of early-stage mesothelioma
remains controversial. Extrapleural pneumonectomy was the
former standard approach that involved en bloc resection of
the entire pleura, lung, diaphragm, and pericardium. The high
mortality and morbidity of this operation has shifted enthusiasm
toward pleurectomy/decortication, which involves resection of
all gross tumor without removing the lung (129). Local disease
recurrence is common after both procedures but is more frequent
after pleurectomy/decortication. Rosenzweig and colleagues im-
plemented a technique to treat the intact lung of patients with
malignant pleural mesothelioma with pleural intensity-modulated
radiotherapy (130). For patients treated with surgery, the median
survival was 26 months, with a 20% rate of acute grade 3 or worse
toxicity, thus suggesting that this adjuvant approach is feasible and
promising.

Several topics of this review are subjects of evidence-based
reviews and recommendations within the American College of
Chest Physicians Evidence-based Clinical Practice Guidelines for
the Diagnosis and Management of Lung Cancer, 3rd edition (131).

Author disclosures are available with the text of this article at www.atsjournals.org.
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