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ABSTRACT

With the advances in surgery, chemotherapy, and radiotherapy over the last decades, the treatment strategies of lung
cancer has been largely changed. In this review, we summarize recent advances in lung cancer and treatment research.
We discuss current clinical management, highlight stage-specific therapy approaches, chemotherapy options for ad-
vanced-stage of non-small-cell lung cancer (NSCLC) patients, along with new agents such as epidermal growth factor
receptor (EGFR)-targeting tyrosine kinase inhibitors erlotinib and gefitinib, and the anaplastic lymphoma kinase (ALK)
inhibitor crizotinib. We also give an outlook into NSCLC disease biology, focuse on the importance of EGFR activating
mutations and the role of the tumor-microenvironment. Finally we summarize the new recommendations in treating

small-cell-lung cancer (SCLC).
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1. Introduction

Lung cancer is one of the most frequently diagnosed
cancers and the leading causes of cancer death globally
[1]. The most common type of lung cancer—accounting
for approximately 85% of cases—is non-small cell lung
cancer (NSCLC), which comprises two main histological
types: adenocarcinoma (AD, ~30% of all NSCLC) and
squamous cell carcinoma (SCC, ~50% of NSCLC). AD
is derived from alveolar, bronchial or bronchiolar epithe-
lial cells, whereas SCC is often centrally located, associ-
ated with smoking history, and originates from bronchial
epithelial cells [2]. Over the past 10 years, there have
been significant advances in clinical trials and translation
research on lung cancer, especially on NSCLC. These
advances have changed the clinical practice of lung can-
cer treatment.

2. NSCLC (New Pathologic Classification of
Lung Cancer)

A significant change in pathologic classification of lung
cancer occurred with the publication in 2011 of a new
lung adenocarcinoma classification under the sponsor-
ship of the International Association for the Study of
Lung Cancer (IASLC), the American Thoracic Society
(ATS), and the European Respiratory Society (ERS). The
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classification outlines many paradigm shifts that affect
clinical practice and opens new avenues for research [3].
Because 70% of patients with lung cancer present with
advanced stages, a new approach to small biopsies and
cytology with specific terminology and criteria focused
on the need for distinguishing squamous cell carcinoma
from adenocarcinoma and on molecular testing for EGFR
mutations and ALK rearrangement. Tumors previously
classified as non-small-cell carcinoma, not otherwise
specified, because of the lack of clear squamous or ade-
nocarcinoma morphology should be classified further by
using a limited immunohistochemical workup to preserve
tissue for molecular testing. The terms “bronchioloal-
veolar carcinoma” and “mixed subtype adenocarcinoma”
have been discontinued. For resected adenocarcinomas,
new concepts of adenocarcinoma in situ and minimally
invasive adenocarcinoma define patients who, if they
undergo complete resection, will have 100% disease-free
survival. Invasive adenocarcinomas are now classified by
predominant pattern after using comprehensive histologic
subtyping with lepidic, acinar, papillary, and solid pat-
terns; micropapillary is added as a new histologic sub-
type with poor prognosis. Former mucinous bronchiol-
oalveolar carcinomas are now called “invasive mucinous
adenocarcinoma.” Because the lung cancer field is now
rapidly evolving with new advances occurring on a fre-
quent basis, particularly in the molecular arena, this
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classification provides a much needed standard for pa-
thologic diagnosis not only for patient care but also for
clinical trials and TNM classification [4].

2.1. Surgery

Lung resection with video-assisted thoracoscopic access
gained wide acceptance in the last decade. The new lung
adenocarcinoma classification has profound surgical im-
plications as the role of limited resection is reconsidered
for early stage lesions. Surgery is curative in early stage
disease. However, the role of surgery in locally advanced
NSCLC remains controversial. The principal aim is a
complete resection as this will determine long-term
prognosis. Intra-operative staging of lung cancer is ex-
tremely important to determine the extent of resection
according to the tumour and nodal status. Systematic
nodal dissection is generally advocated to obtain accurate
intra-operative staging and to help decide on adjuvant
therapy. Lung resection with video-assisted thoraco-
scopic access gained wide acceptance [5].

2.2. Radiotherapy

Radiotherapy is an essential modality in the management
of lung cancer. It is used as a single modality or in com-
bination with other modalities and aimed at cure or pal-
liation. Recent advances in the simulation techniques or
more precise targeting of the tumor made radiotherapy
more effective tool in the fight against lung cancer. New
irradiation techniques such as image-guided radiotherapy
(IGRT), stereotactic ablative radiotherapy (SABR), have
rapidly entered routine care for early-stage peripheral
non-small cell lung cancer in many countries. In the last
2 years, a growing body of publications has reported on
clinical outcomes, acute and late radiological changes
after SABR, and sub-acute and late toxicity. The local
control rates in many publications have exceeded 90%
when tumors of up to 5 cm have been treated, with cor-
responding regional nodal failure rates of approximately
10%. High-grade toxicity is uncommon when so-called
“risk-adapted” fractionation schemes are applied; an ap-
proach which involves the use of lower daily doses and
more fractions when critical normal organs are in the
proximity of the tumor volume [6]. The benefit of post-
operative radiation therapy is still discussed but usually
accepted in patients with metastatic mediastinal lymph
nodes and/or positive surgical margins [7]. Brain metas-
tases are a common cause of morbidity and death in pa-
tients with NSCLC. In patients with multiple cerebral
metastases, whole brain radiotherapy (WBRT) is gener-
ally the treatment of choice, as it addresses both macro-
scopic and microscopic disease. The Radiation Therapy
Oncology Group recently completed a large Phase III
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trail evaluating this approach in 331 patients with good
performance status (Karnofsky performance status >70)
and one to three brain metastases [8] This study demon-
strated an increase in local brain control from 62% with
WBRT alone to 91% when stereotactic radio-surgery was
added to WBRT. Although the addition of SRS to
WBRT did not demonstrate improved survival over
WBRT alone in patients with multiple intracranial me-
tastases, the study did find an increase in median survival
time in patients with single metastases: The median sur-
vival in patients treated with WBRT alone was 4.9
months, while in patients treated with WBRT and SRS
the median survival was increased to 6.5 months.

2.3. Chemotherapy

In patients with resectable stage I-II disease, postopera-
tive chemotherapy for stage II-1II disease is now standard
of care. The LACE meta-analysis pooled 4584 patients
accrued in 5% cisplatin-based adjuvant trials. Adjuvant
chemotherapy was associated with a 5.3% improvement
of survival at 5 years (p = 0.0043) [9,10]. Disease-free
survival was also improved (5.2% at 5 years, p < 0.0001).
The risk reduction was 8% for stage IB and 17% for
stages II and III. Adjuvant chemotherapy is discussed on
a case by case basis in stage IB, especially in patients
with a tumor larger than 4 cm, but is not recommended
for stage IA where it has been reported to be deleterious.
Generally, patients with advanced stage are treated with
chemotherapy. Traditionally, platinum-based regimens
are used, but many other agents such as taxanes, pe-
metrexed, and gemcitabine are also common. Mainte-
nance therapy has recently become a treatment paradigm
for advanced NSCLC. Maintenance therapy, which is
designed to prolong a clinically favorable state after
completion of a predefined number of induction chemo-
therapy cycles, has two principal paradigms. Continua-
tion maintenance therapy entails the ongoing administra-
tion of a component of the initial chemotherapy regimen,
generally the nonplatinum cytotoxic drug or a molecular
targeted agent. With switch maintenance (also known as
sequential therapy), a new and potentially non-cross-
resistant agent is introduced immediately on completion
of first-line chemotherapy. Potential rationales for main-
tenance therapy include increased exposure to effective
therapies, decreasing chemotherapy resistance, optimiz-
ing efficacy of chemotherapeutic agents, antiangiogenic
effects, and altering antitumor immunity. To date, switch
maintenance therapy strategies with pemetrexed [11] and
erlotinib [12] have demonstrated improved overall sur-
vival, resulting in US Food and Drug Administration
approval for this indication. Recently, continuation main-
tenance with pemetrexed was found to prolong overall
survival as well [13].
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2.4. Personalized Therapy

NSCLC was considered to be a single disease and same
treatment has been used for all patients for the past few
decades, the median overall survival was persistently less
than 12 months [14,15]. The first breakthrough towards
personalized treatment took place in 2004 when Lynch et
al. [16] and Paez et al. [17] reported the presence of ac-
tivating mutations in the tyrosine kinase domain of
EGFR in patients who had a dramatic response to the
EGFR tyrosine kinase inhibitor (TKI), gefitinib. The
importance of biomarker selection is further supported by
four other randomized studies that selected patients with
EGFR mutations, who were randomized to receive either
EGFR TKIs or chemotherapy (Table 1) [18-21]. The
consistently higher response rates and longer PFS have
confirmed EGFR TKIs to be a standard therapy for pa-
tients with activating mutations in EGFR. Since then,
personalized medicine for lung cancer has become a real-
ity. Molecular targeted treatment, with broadening op-
portunities, plays an important role in the management of
lung cancer patients, which renders molecular mapping
of the tumor tissue crucial.

Development of inhibitors of the EML4-ALK fusion
gene product took a different path. It was previously es-
tablished that chromosomal translocation of the ALK
gene that fuses with nucleophosmin (NPM) results in the
expression of an oncogene that drives tumor growth in
lymphoma [22]. Soda et al. [23] reported a similar type
of translocation in NSCLC that resulted in aberrant fu-
sion of ALK with EML4 and encoded a cytoplasmic
chimeric protein with kinase activity. In an in vivo study,
the researchers showed that nude mice injected subcuta-
neously with 3T3 fibroblasts transformed with either the
EML4-ALK or NPM-ALK fusion gene had substantial
tumor growth, whereas tumor growth was not observed
with transfection of the ALK or EML4 genes alone. This
finding suggested that the EML4-ALK fusion gene was a
driver gene of tumorigenesis. Kwak et al. [24] then re-
ported the first phase II study of crizotinib, an ALK in-
hibitor, in patients with the EML4-ALK fusion gene.

After screening approximately 1500 patients for ALK
rearrangements, the researchers found 82 ALK-positive
patients who were eligible for the study, 96% of whom
had adenocarcinoma and 76% of whom were non-
smokers and also had adenocarcinoma. The tumor re-
sponse rate was 57%, and 33% of patients achieved sta-
ble disease; PFS was approximately 9.2 months. Similar
to EGFR mutations, EML4-ALK has been established as
an important molecular target for the management of
lung cancer. The major clinical characteristics of patients
with the EML4-ALK fusion gene are similar to those of
patients with EGFR mutations, namely non-smoker and
adenocarcinoma.

Molecular-targeted therapies can be effective, but al-
most all treated tumors will eventually become resistant
and progress. Knowing the mechanisms of resistance will
help to manage patients at disease progression, and may
prevent or defer the process. The main reasons for pri-
mary resistance to EGFR TKIs include the absence of
EGFR mutations and presence of KRAS mutations, and
the two mutations are essentially mutually exclusive [25].
The two major mechanisms of acquired resistance are the
EGFR point mutation T790M in exon 20 and overex-
pression of the components of the hepatocyte growth
factor receptor (HGFR, also known as MET) pathway
[26-29]. Wenjun et al. [30] identify a covalent pyrimi-
dine EGFR inhibitor by screening an irreversible kinase
inhibitor library specifically against EGFR T790M. These
agents are proven to be effective in murine models of
lung cancer driven by EGFR T790M.

Overexpression of the MET pathway accounts for
about 20% of TKI resistance [31]. Tivantinib is a novel
TKI targeted against MET. A randomized phase II study
in patients with non-squamous cell histology comparing
a combination of tivantinib and erlotinib with erlotinib
alone reported an improvement in PFS (HR = 0.61, P
<0.05) and overall survival (HR = 0.58, P < 0.05) favor-
ing the combination arm [32]. Biomarkers, including
MET expression by FISH and EGFR mutations by PCR,
were not predictive, whereas a small number of patients

Table 1. Treatment outcome in patients with EGFR mutations after treatment with a EGFR TKI or chemotherapy.

Study n Treatment Tumor response rate” (%) Median PES” (months)
IPASS19 261  Gefitinib versus paclitaxel + carboplatin 71.2 versus 47.3 9.8 versus 6.4
FIRST-SIGNAL20 42 Gefitinib versus gemcitabine + cisplatin 84.6 versus 37.5 8.4 versus 6.7
WITOG 340521 86 Gefitinib versus docetaxel + cisplatin 62.1 versus 32.2 9.2 versus 6.3
NEJSG 00222 114  Gefitinib versus paclitaxel + carboplatin 73.7 versus 30.7 10.8 versus 5.4
OPTIMAL23 154 Erlotinib versus gemcitabine + carboplatin 83.0 versus 36.0 13.1 versus 4.6
EURTAC24 175 Erlotinib versus platinum-based doublets 54.5 versus 10.5 9.4 versus 5.2

"EGFR TKI versus chemotherapy. Abbreviations: PFS, progression-free survival; TKI, tyrosine kinase inhibitor.
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with KRAS-mutant tumors seemed to survive longer
with the combination therapy. Targeted therapies inhibit
cancer proliferation continuously. In cases in which the
tumor progresses slowly in the presence of a TKI, it is
better for the patient to continue with the drug, as cessa-
tion of inhibition may lead to rapid tumor growth [33].
The concept of personalized medicine should apply to
both treatment selection and treatment cessation.

Unlike the “tumor cell-centered” treatment, the malig-
nant microenvironment is now accepted as a key element
for cancer growth and spread, and the scientific commu-
nity appreciates the large contribution of the microenvi-
ronment to tumor progression [34]. Recent data suggest
that tumor-stromal interactions may drive carcinogenesis
and that the tumor compartment is not only for support.
As the tumor develops, the surrounding stroma coevolves,
providing tumor cells with growth factors and favorable
matrix components that foster proliferation, migration
and colonization of distant organs. Bone marrow-derived
cells like lymphocytes, macrophages, neutrophils and
mast cells (MCs) are recruited to the lung in response to
lung damage. Together with fibroblasts, endothelial cells
and pericytes, they orchestrate to form the tumor micro-
environment (TME) [35]. Targeting the TME is a prom-
ising approach for tumor management. VEGFR is one of
the molecules expressed by cells in the TME that has
become a central target for antiangiogenic treatment
strategies. Bevacizumab (Avastin, Roche, Basilea, Swit-
zerland) is a monoclonal antibody directed against VEGF
that constitutes the only antiangiogenic agent approved
by the Food and Drug Administration (FDA) for NSCLC.
Because of the possible development of resistance to
anti-VEGF therapy, some researchers have suggested
that targeting multiple pro-angiogenic pathways, such as
PDGF and FGF, may represent a novel therapeutic ap-
proach for treatment of NSCLC [36].

2.5. Others

Mesenchymal stem cells (MSCs) are a type of bone
marrow-derived stem cell, which can differentiate in vi-
tro into osteoblasts, chondrocytes and adipocytes. It has
been widely demonstrated that MSCs home to and infil-
trate into areas of new stroma formation possibly form-
ing crucial stromal support [37]. The precise mechanism
of homing of MSCs to the tumours is not fully mapped,
however, the ability of MSCs to home effectively to tu-
mours makes them an attractive therapeutic option.
TRAIL (tumour necrosis factor-related apoptosis-induc-
ing ligand) is the most studied and well-characterised
pro-apoptotic agent widely accepted to be ideal as MSC
cargo. TRAIL is believed to induce apoptosis in trans-
formed cells with virtually no effect on normal cells [38].
The selective tumour-specific cytotoxicity of TRAIL has
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led to hailing it as a “silver bullet” for the treatment of
cancer. Scientists have engineered MSC to constitutively
express TRAIL. This has been demonstrated effective in
several models, including including glioma [39], pancre-
atic cancer [40] and a lung metastasis model [41].

Therapeutic cancer vaccines engaged in non-small-cell
lung cancer use different platforms: peptides, cellular
vaccines and microbial vectors; they have shown clinical
and immunological activity. L-BLP25 is a therapeutic
vaccine designed to induce a T-cell-mediated anti-MUC-
1 response to cancer cells expressing the MUC-1 antigen.
MUC-1 is a component of the glycocalyx protecting the
epithelia but the molecule also has a regulatory activity
through its C-terminal intracellular domain. The MUC-1
protein can be found at the apical surface of mucin-se-
creting epithelial cells in many types of epithelial tissues
and frequently overexpressed in cancers of epithelial
origin. The expression of MUC-1 in NSCLC has been
proven to be associated with a worse prognosis in several
studies [42,43]. In a randomized Phase II trial [44], 171
patients received subcutaneous vaccinations of L-BLP25
930 pg weekly for 8 weeks, followed by maintenance
vaccinations at 6-week intervals plus best supportive care
(BSC) or received BSC alone. Median survival time was
longer in patients receiving L-BLP25 plus BSC com-
pared with those receiving BSC alone (17.2 vs 13.0
months, respectively). The 3-year survival rate was 31%
in patients who received L-BLP25 plus BSC and 17% in
those who received BSC alone. In the subset of patients
with stage IIIb locoregional disease, median survival
time was longer in patients who received L-BLP25 plus
BSC than in those who received BSC alone (30.6 vs 13.3
months, respectively. No major adverse events except
some temporary injection site reactions were reported; no
autoimmune reactions were noted. The vaccines are used
either in monotherapy or in combination with chemo-
therapy. The most advanced products in development
today target different nonoverlapping subpopulations of
non-small-cell lung cancer patients.

2.6.SCLC

Small-cell lung cancer (SCLC) comprises approximately
15% of all lung cancer malignancies [45], and is invaria-
bly associated with tobacco exposure. The use of PET
scanning is likely to improve the accuracy of staging
[46,47]. The staging classification should include both
the old Veterans Administration staging classification of
LS and ES, as well as the new seventh edition American
Joint Committee on Cancer/International Union Against
Cancer staging by TNM. Comparing with NSCLC, little
innovation in the treatment of this disease has been
achieved over the past 30 years. Surgery is indicated for
carefully selected stage I SCLC. Limited stage (LS) dis-

JCT



40 Advances in Lung Cancer and Treatment Research

ease should be treated with concurrent chemoradiother-
apy in patients with good performance status. Thoracic
radiotherapy should be administered early in the course
of treatment, preferably beginning with cycle 1 or 2 of
chemotherapy. Chemotherapy should consist of four cy-
cles of a platinum agent and etoposide. Extensive stage
(ES) disease should be treated primarily with chemo-
therapy consisting of a platinum agent plus etoposide or
irinotecan. Prophylactic cranial irradiation prolongs sur-
vival in those individuals with both LS and ES disease
who achieve a complete or partial response to initial
therapy. With the exception of refinements of the dose
and schedule of thoracic radiation therapy for limited-
stage disease [48-52] and a better understanding of the
role of prophylactic cranial irradiation following comple-
tion of first-line therapy [53], the two cytotoxic agents
cisplatin/carboplatin and etoposide (developed in the
1960-1970s) remain the backbone of SCLC therapy.
Several other platinum-based regimens, particularly pla-
tinum plus irinotecan, have been evaluated in phase 11
and III trials, but none have proven superior to EP, and
they frequently carry added toxicity. Many other strate-
gies, including maintenance therapy, alternating regi-
mens, triplet therapy, dose-intense regimens, and dose-
dense chemotherapy, have failed to demonstrate consis-
tent benefits, and many of these approaches have led to
unacceptable toxicity [54]. Thalidomide and Bevacizu-
mab, were tested in was tested in trials as antiangiogenic
agents, none has demonstrated clinical benefit [S5-57]. In
patients with recurrent SCLC, single agent chemotherapy
with amrubicin results in higher response rates than does
topotecan, however, survival is poor in these patients and
despite better response, overall survival does not appear
to be improved [58,59]. As the genomic studies continue
to evolve, we anticipate that SCLCs will be characterized
in greater detail, thus allowing for a personalized, tar-
geted therapy approach for patients with this disease. As
an example, Pleasance et al recently completed the first
full sequencing of a SCLC cell line (NCI-H209 cells)
genome [60]. They identified a total of 22,910 somatic
substitutions, 65 indels, 334 copy number segments, and
58 structural variants. Hopefully, with the use of integra-
tive and innovative translational approaches, the oncol-
ogy research community will be able to streamline re-
sources and rapidly develop more-effective therapies for
SCLC.

3. Conclusion

Personalized medicine is now a reality for patients with
NSCLC. The successful development of personalized
therapy is founded on knowledge of a specific target that
drives cancer growth, validation of a clinically applicable
biomarker, acceptance of a rational end point, and under-
standing of the mechanisms of resistance. Therefore,
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future developments will have to identify novel molecu-
lar targets that drive cancer growth in SCLC. It is likely
that these targets are relatively uncommon and drug de-
velopment will be difficult, but this is a challenge worth
undertaking.
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