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Abstract
There will be over 220,000 people diagnosed with lung cancer and over 160,000 dying of lung
cancer this year alone in the United States. In order to arrive at better control, prevention,
diagnosis, and therapeutics for lung cancer, we must be able to personalize the approach towards
lung cancer. Mind-mapping has existed for centuries for physicians to properly think about
various “flows” of personalized medicine. We include here the epidemiology, diagnosis,
histology, and treatment of lung cancer—specifically, non-small cell lung cancer. As we have new
molecular signatures for lung cancer, this is further detailed. This review is not meant to be a
comprehensive review, but rather its purpose is to highlight important aspects of lung cancer
diagnosis, management, and personalized treatment options.
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Introduction
Lung cancer is the leading cause of cancer related death both in the United States and
worldwide for men and women and although improved, the overall prognosis remains poor.
Lung cancer treatment is often multimodal in scope employing the use of surgery,
chemotherapy, and radiotherapy. The choice of which depends on a number of factors,
related both to the patient and the tumor- including, the histology, stage, tumor biology, and
overall health of the patient. This process is often referred to as treatment “planning” by the
multidisciplinary team. This can be a complex endeavor involving the association of
multiple unique patient and/or tumor related features. Mind-mapping was developed as a
tool to condense material and illustrate non-linear relationships between related ideas.1
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Mind-maps make use of color, pictures, and spatial orientation to facilitate the
understanding of intra- and inter-relationships between concepts, that are felt to reflect the
type of thinking involved in the clinical setting. This is already a concept being studied to
facilitate this type of thinking with medical students.2-4 Advantages of the mind mapping
technique include its ease of use and its ability to present complex information concisely.5
Furthermore, there is data to suggest that mind maps may improve fact recall as it may
facilitate a deeper level of processing.3 We therefore hypothesize that it may be a valuable
tool for physicians to utilize in order to understand and possibly guide decision making in
the diagnosis and management of lung cancer. This review will focus on how individual
patient and tumor characteristics give rise to therapeutic options currently employed in
clinical practice that are personalized to maximize efficacy and reduce risk to the patient
(see figure 1).

Epidemiology
The most common cancer to be diagnosed in the United States in 2010 will be lung cancer.6
There are estimated to be 222,520 cases diagnosed this year. The mortality burden from this
disease is quite high, with an estimated 157,300 deaths expected in 2010.7 According to
SEER 17 data, the age-adjusted incidence of cancer of the lung and bronchus was 62.5 per
100,000 persons per year from 2003-2007. The median age of diagnosis was 71 and the 5-
year period of survival was 16.4%. The overall life time risk of developing lung cancer is
about 1 in 14.

Between 2003 and 2007, approximately 14% of cases were of small cell lung cancer
(SCLC). Of the remaining histologically confirmed cases, 85% were of non-small cell lung
cancer (NSCLC). Among Whites, African-Americans, Asian/Pacific Islanders (API),
American Indian/Alaska Native (AIAN), and Hispanics, AIANs had the highest prevalence
of SCLC and APIs had the highest prevalence of NSCLC, though their absolute number of
cases was relatively low.

Between 1999 and 2006, at the time of diagnosis, 56% of lung cancer cases had already
spread to distant sites. 22% of cases were diagnosed at a stage of regional involvement and
15% of cases had only local involvement. The remaining cases were unstaged. These values
are similar between males and females and between whites and African-Americans, as 60%
of lung cancer cases among African-americans had distant involvement and 55% of white
cases had distant involvement. While the burden of disease is quite high from lung cancer,
the trends in incidence are encouraging. Between 1991 and 2007, the annual percent change
rate declined by 0.8% annually in the SEER 9 dataset. This was the first period during which
a significant decline in incidence was noted. While significant declines in incidence
occurred for both small cell and non-small cell lung cancer, declines in small cell lung
cancer incidence were much greater over this period of time (see figure 2).

When stratified by race and gender, a few interesting trends emerge. Though the incidence
of lung cancer remains lower among women than men, the data suggest that the two genders
may be reaching parity. However, irrespective of the year, black men have had a
significantly higher incidence of lung cancer than white men, while black women and white
women have had similar incidence rates. Similarly, between 2003 and 2007, the mortality
rates were higher among black men than white men (87.5 and 68.3 deaths per 100,000,
respectively) and comparable among black and white women (39.6 and 41.6 deaths per
100,000, respectively). However, the decline in incidence has also been the greatest among
black men with an average annual percent change of 3.4% versus 2.2% in white men, a gain
of 0.3% among black women, and no change among white women between 1998 and 2007.
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Risk factors
Smoking

The two major factors that play into individual risk of lung cancer are personal history of
active cigarette smoking and age. Cigarette smoking is well established as the major cause
of lung cancer, with statistics showing that smokers are 10-20 times more likely to develop
lung cancer than nonsmokers.8 Since the pathway of smoking-caused lung carcinogenesis is
a process that takes place during a period of several decades, the majority of the burden of
smoking caused lung cancer occurs among the elderly. The age of individual risk is affected
by the following factors: patient age, duration of smoking, intensity of smoking, age of
initiation, and age of cessation (if relevant).9 Increased risk of lung cancer becomes apparent
among smokers in their mid to late forties. After that, age-specific relative risk for the
development of lung cancer rises steadily in smokers until it peaks at an age in the late
seventies.10 Both cessation and reduction of smoking have been shown to cut down the risk
of developing lung cancer.11,12 However, no randomized control trial has ever demonstrated
decreased mortality attributed to lung cancer among cases as a result of cessation.13

Other forms of smoking, including cigars and pipes, are also associated with an increased
risk of lung cancer, although the actual amount of the effect is unclear. While the issue of
marijuana smoke as a cause of lung cancer has been controversial, recent data from the
National Surveys on Drug Use and Health (NSDUH) suggests association between long-
term duration of marijuana use and lung cancer.14

Finally, there is compelling evidence that second-hand smoke is a cause of lung cancer.15

Second-hand tobacco smoke, also known as environmental tobacco smoke (ETS), contains
higher concentrations of many of the toxins found in cigarette smoke, such as formaldehyde,
lead, arsenic, benzene, and radioactive polonium-210. It has been estimated that living or
working in a place where smoking is permitted increases the non-smokers' risk of
developing lung cancer by 20 – 30%.

Approximately 10% of patients with lung cancer in the USA are lifelong never smokers,
women disproportionately more often than men. This warrants the consideration of
environmental exposures as risk factors for lung cancer.

Environmental and occupational exposures
The International Agency for Research on Cancer (IARC) has identified several workplace
substances that have been implicated or proven to be carcinogens in lung cancer. Although
asbestos and radon gas are the best known occupational lung carcinogens, beryllium, bis-
chloromethyl ether, chromium, nickel, mustard gas, silica, inorganic arsenic, vinyl chloride,
polyvinyl chloride, and particulate air matter are all known or suspected occupational
exposures associated with increased lung cancer risk.16,17

Asbestos is commonly implicated as a cause of lung cancer and mesothelioma. Historically,
asbestos was used in thin cement and plastics as well as for insulation, roofing, fireproofing,
and sound absorption. Other uses for asbestos include incorporation into brake shoes, clutch
pads, ceiling and floor tiles, paints, coatings, adhesives, vermiculite-containing garden
products and some talc-containing crayons. People exposed to asbestos in their workplace,
their communities, or their homes may inhale tiny asbestos fibers that are released into the
air when asbestos-containing products are disturbed. Several bans and restrictions have been
placed in the US on asbestos use since the 1970s, thereby decreasing the health risks posed
by this mineral.18 Asbestos-induced lung cancer, however, has a latency period of 20 years
or longer between start of exposure and onset of disease, thereby allowing the impact of this
risk factor to continue for some time.
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Radon gas and its solid decay products occur naturally in the air worldwide. Radon itself
originates from decay of uranium and thorium in the soil. When inhaled as a solid decay
product, it becomes deposited into the lung, ultimately causing DNA damage that leads to
lung cancer.16 Radon gas enters houses from the environment via openings communicating
to outside air, resulting in much higher indoor concentrations than would be found outdoors.
Radon levels are usually higher in basements, cellars and other areas in contact with soil.
Even higher concentrations are found in places such as mines, caves, and water treatment
facilities. Radon in homes contributes substantially to the incidence of lung cancers
worldwide with a dose-response relationship that seems to be linear with no evidence of a
threshold. It has been considered the second leading cause of lung cancer in the US,
according to the 1998 report of the National Research Council's Committee on the
Biological Effects of Ionizing Radiation (BEIR) VI, accounting for 15,000-22,000 cancer
deaths per year.

Personal factors
Demographic factors including race, gender and socioeconomic status have been
investigated with regards to their effect on individual susceptibility to lung cancer causing
agents. The association between race, gender, and lung cancer incidence was discussed in
depth above.

Socioeconomic status is inversely associated with lung cancer risk. This may be related to
higher smoking prevalence, greater use of nonfiltered and high-tar cigarettes and lower quit
rates among those of lower socioeconomic status. Individuals with lower SES also have a
greater likelihood of exposure to risk factors such as unhealthy diets, environmental and
occupational work exposures, and second-hand smoke.19

Even though smoking is the major cause, lung cancer still only occurs in a minority of
smokers, suggesting that inherited factors may play a role. It is evident that patients with a
previous personal or first-degree relative family history of lung cancer have a higher risk of
developing lung cancer,20 although molecular basis underlying any familial increase in risk
is not yet well characterized.

Patients with previous radiation treatment to the chest are at higher risk for lung cancer,
especially if they smoke.21 Several benign lung diseases have also been associated with an
increased risk of lung cancer. The strongest association has been shown with chronic
obstructive pulmonary disease (COPD).22 However, pulmonary fibrosis and alpha-1-
antitrypsin deficiency also increase the risk for lung cancer.23,24

Studies looking at the possible role of some vitamin supplementation in reducing lung
cancer risk have not shown promise thus far. While beta-carotene was previously associated
with a lower risk of lung cancer, recent studies have demonstrated increased risk of lung
cancer in smokers who took beta-carotene supplements. It is unclear whether or not an
increased consumption of fruit, certain vegetables and some micronutrients may be
associated with a lower risk of lung cancer in both smokers and nonsmokers.25

Screening
The prognosis of lung cancer is markedly improved when cancers are resected in early
stages. The ability to identify a subgroup of the population (i.e. those with a smoking
history) at particularly high risk for lung cancer could make screening a cost effective
endeavor. Several randomized control trials involving screening high risk patients with
sputum cytology, chest x-ray, and low-dose computed tomography (LDCT) have been
conducted, which have resulted in at best greater cancer detection but without lung-cancer
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specific mortality benefit.26-28 Two large randomized trials, the National Lung Study Trial
(NLST) and the Dutch–Belgian randomized lung cancer screening trial (NELSON) which
compare CT to CXR screening and CT to “usual care” respectively are currently ongoing,
and should offer more conclusive data as to whether lung cancer screening by CT is able to
reduce lung cancer mortality.29,30

A novel approach to lung cancer screening involves the use of partial wave spectroscopic
(PWS) microscopy. The main principle of PWS is that the degree of disorder of the
intracellular architecture of the cell can be measured based on the amount of wave length
distortion. One field of research poses the theory that the genetic pathogenic changes of the
focal neoplastic lesion in the lung can be reflected in the mucosa of the entire aerodigestive
tract.31 A recent study hypothesized that the buccal epithelium may be used as a surrogate
field for the detection of lung carcinogenesis through the use of PWS. Roy et al.32 analyzed
normal buccal epithelium from 135 smokers with and without lung cancer. Using this
technique, they were able to detect a >50% level of architectural disorder in patients
harboring lung cancer compared to smokers who were lung cancer free. They concluded that
the utility of this technique could be used as a “prescreening” tool to identify those patients
at highest risk who might benefit from more invasive testing.

Along with the potential biases such as lead-time, length, and overdiagnosis which can
explain the lack of mortality benefit seen in earlier studies, cancer screening comes with
certain risks and morbidities. Results from the Nelson study indicate that short-term
recipients of an indeterminate screening result experienced an increase in lung-cancer-
specific distress.33 Furthermore, the risks of screening for lung cancer in the absence of a
demonstrated mortality benefit include the morbidity of the work-up of benign nodules as
well as the treatment of pathologically confirmed lung cancers that may have not manifested
clinically during the lifespan of the patient.34,35 At this time, the challenges of finding a
screening method with acceptable sensitivity and specificity as well as a significant
mortality benefit render insufficient evidence to recommend screening.

Histology
Before a patient begins treatment for lung cancer, it is important to determine the
pathological diagnosis as that can have varying implications on treatment options. In 2004,
the World Health Organization (WHO) updated the classification of lung tumors.36

Although there are several classifications of NSCLC, the three major histologic subtypes are
adenocarcinoma, constituting approximately 44% of cases, followed by squamous cell
carcinoma at 21% of cases, and large cell carcinoma at 4% of cases. Approximately 30% of
NSCLC cases could not be categorized as one of these three histologies.6 (see figure 3).

There are four major subtypes of adenocarcinoma based on their growth pattern, of which
the glandular variety is the most common. Adenocarcinomas arise in the periphery the
majority of the time, and are more commonly associated with K-Ras mutations.37 The
microscopic features that are associated with adenocarcinoma include either neoplastic
gland formation or intracytoplasmic mucin. Bronchioalveloar carcinoma (BAC) is
considered a subtype of adenocarcinoma and may have a better prognosis based on a less
aggressive tumor biology.38,39 The distinction between BAC and frank adenocarcinoma has
become increasingly important as the incidence of BAC has been increasing over the last
decades and the management and prognosis of these two entities are markedly differernt.41

The original histologic features that were described defining this subtype included; well-
differentiated cytology, aerogenous and lymphatic spread, a “lepidic” growth pattern (along
intact alveolar septa) and an origin distal to a grossly recognizable bronchi.42 This earlier
classification had to comprise at least 75% of the tumor, however, in 2004 the WHO
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restricted the definition of BAC to those tumors in which the lepidic growth pattern
comprises the entire tumor.

Squamous cell carcinomas (SCC) occur most commonly in the central area of the lung and
tend to extend both intrabronchially as well as peribronchially which can result in distal
pulmonary collapse, consolidation, and obstructive pneumonitits. The microscopic features
of SCC include cells that keratinize or tend to form epithelial pearls or both. This histologic
type is associated with the highest frequency of p53 mutations.40

Large cell carcinoma (LCC) usually presents as a large peripheral mass with prominent
necrosis. The microscopic features of LCC include large nuclei and abundant pale staining
cytoplasm arranged in sheets of non-differentiating polygonal cells. A lack of glandular or
squamous differentiation, and/or small cell carcinoma cytologic features implies that the
diagnosis of LCC is one of exclusion. The features and behavior of LCC parallel that of
other poorly differentiated NSCLCs.

Staging
Clinical staging of NSCLC is commenced by a thorough history and physical exam and
computed tomography (CT) scanning of the chest and upper abdomen. Regardless of clinical
stage, pre-surgical planning is continued with combined CT/PET imaging, which has been
shown not only to provide more accurate staging than either CT or PET alone, but to also
help avoid inappropriate surgery.43 Any pathologic mediastinal lymphadenopathy, as
defined by a short axis size >1cm and/or those found to be metabolically active on PET
scan, discovered during this period is sampled. Mediastinoscopy is considered the gold
standard for lymph node sampling of the mediastinum with an overall reported sensitivity
and specificity of 87% and 100%, respectively.44 Transesophageal endoscopic ultrasound-
guided fine needle aspiration (EUS-FNA) and endobronchial ultrasound -guided
transbronchial needle aspiration (EBUS) are a less invasive means to stage patients which
has also proven to be effective.45 Bronchoscopy is also utilized in the preoperative staging
for early stage central and peripheral NSCLC lesions to better assess the T stage of the
tumor. As we need more tissues for genetic/proteomic analysis for decision making for each
individual patient, it behooves us to consider obtaining as much tissue as possible for
diagnosis, staging, and molecular markers. Brain MRI is recommended for more advanced
stage disease as determined by clinical assessment to establish the absence/presence of
distant metastases.46 Pulmonary function tests (PFTs) are performed at this time as well to
establish the medical fitness of the patient to undergo surgical resection.

Staging in NSCLC is based on the tumor-node-metastasis (TNM) system. Staging may be
determined using either a clinical staging system or a histopathologic staging system. The
former relies on history and physical exam, laboratory evidence, radiologic testing, and
tissue sampling. The latter staging system includes data from the resected tumor such as the
histologic grade of the tumor, the tumor margins, and lymphovascular invasion. 47 If a
clinical staging scheme is used, the TNM stage will be preceded by a “c”; similarly, if a
pathologic staging scheme is used, TNM will be preceded by a “p”.

The American Joint Commission on Cancer (AJCC) updated their staging guidelines for
NSCLC in January 2010 to the 7th ed. Major differences between the 6th and 7th editions
include the addition of sub-divisions within the T1, T2, and M1 descriptors, new size cutoffs
particularly for the T2 and T3 descriptors, the reclassification of malignant pleural effusion,
and the reclassification of satellite nodules. By introducing these further subclassifications,
more precise information will be available to patients and their physicians regarding
estimated 5 year survival.48
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Treatment
Stage IA-IIB NSCLC

Stage IA-IB NSCLC consists of small tumors (<5cm), which do not have lymph node
metastases (T1a-T2a, N0). While stage IIA-IIB NSCLC consists of large tumors which may
or may not invade the chest wall, diaphragm, main bronchus < 2cm from the carina, phrenic
nerve, parietal pericardium, or have separate tumor nodules within the same lobe without
having lymph node metastases (T1a-T3, N0); or consist of smaller tumors surrounded by
lung (i.e. non-invasive) which have ipsilateral hilar and/or peribronchial lymph node
metastases (T1a-T2b, N1). Surgical resection is considered to offer the best chance for cure
for patients with early stage I-II NSCLC based on large series reported in the literature.49

Patients able to undergo resection are then offered anatomic lobectomy with lymph node
dissection or sampling, whereas patients unfit for surgery are offered a more limited
resection or radiation therapy (see figure 4).

Patients with stage IIB (T3, N0) disease due to chest wall invasion are treated with en bloc
resection followed by chemotherapy. A retrospective series of 212 patients in this subgroup
demonstrated a 5-year survival rate of approximately 40%, regardless of use of adjuvant
radiotherapy. This is in contrast to those found to have nodal involvement (T3, N1; stage
IIIA), in which 5-year survival was only 12%.50

Patients with completely resected pathologic stage IA and IB disease are entered into a
surveillance program as adjuvant chemotherapy is not currently recommended.46 Patients
with incompletely resected pathologic stage IA and IB disease are then offered re-resection,
radiation therapy, or adjuvant chemotherapy based on physiologic reserve. Patients with
completely resected stage IIA and IIB disease are treated with a cisplatin based adjuvant
therapy regimen combined with either vinorelbine or etoposide,51 while those patients who
are incompletely resected are offered re-resection followed by chemotherapy.

Surgical Considerations—Complete resection is the goal of surgical treatment of
NSCLC. Incomplete resection which leaves behind visible tumor (R2) offers no therapeutic
advantage and can cause the postponement of subsequent therapy in addition to the pain and
suffering it may cause the patient. With regards to the extent of resection, sleeve lobectomy
or greater resection is recommended for patients with stage I and II NSCLC who have
adequate physiologic reserve over lesser resections (sublobar or wedge resection).49 In
patients who have poor physiologic reserve, sublobar or wedge resection is preferred over
local therapies (cyrotherapy, radiofrequency ablation, localized radiation. Although less
often required, bilobectomy or pneumonectomy should be performed if the extent of
locoregional disease would preclude a complete resection by lobectomy. Most often this
occurs when a tumor has spread across the minor fissure or approximates an incomplete
fissure in the case of bilobectomy and/or central tumors that involve the main bronchus in
the case of pneumonectomy. Video-assisted thoracoscopic procedures can be performed in
early stage patients with acceptable results in surgeons familiar with the technique.52,53

Lymph node sampling with a minimum of three N2 lymph node stations or a formal lymph
node dissection should be performed in patients with early stage I and II to increase the
chance of finding occult disease on pathologic specimen.49

Stage IIIA NSCLC
Stage IIIA NSCLC patients are a heterogenous group and consist of tumors with ipsilateral
mediastinal/hilar lymph node metastases and/or resectable chest wall or mediastinal
involvement (T3-4, N0-2). For N2 disease discovered preoperatively, chemoradiotherapy
with a sequential regimen of cisplatin and vinblastine followed by radiation is currently
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recommended, with the possibility of surgical resection only taking place in the context of a
clinical trial.54 This recommendation is based on previously published randomized control
trials demonstrating no significant survival benefit over preoperative chemotherapy followed
by surgery or surgery alone vs. chemoradiation alone.55-57 Patients undergoing resection of
stage IIIA (N2) disease should have a formal ipsilateral mediastinal lymph node dissection
performed.46 For N2 disease discovered during surgical exploration, resection should only
take place if the tumor and involved nodal station can be completely resected. If a complete
resection cannot be completed due to advanced nodal disease, or technically due to the
primary tumor, then the planned operation should be aborted.58 However, the anatomic site
of N2 positivity may influence the decision to proceed with surgical resection. In one series,
survival rates for N2 positivity in an inferior or superior location were 8% versus 25%.
Furthermore, N2 metastasis confined to level 5 (aortopulmonary) in patients with left-upper-
lobe NSCLC has been associated with a more favorable outcome, with 5-year survival rates
ranging from 20% to 42% depending on the completeness of resection (see Figure 5).59,60

If N2 disease is discovered after surgical resection during pathologic staging, further
treatment with sequential chemotherapy followed by radiation is offered to the patient in the
presence of a complete resection. In the presence of incomplete resection, concurrent
chemoradiation therapy with or without chemotherapy is offered depending on the
institution offering treatment.58

Tumors which involve the chest wall or proximal airways (within 2cm of the carina) which
have hilar, but not mediastinal, lymph node involvement are classified as stage IIIA (T3,
N1), however, they have a much better prognosis than those patients with stage IIIA disease
due to N2 nodal involvement.61-64 It is currently preferred that patients undergo surgical
resection, if technically possible, as initial management, followed by adjuvant chemotherapy
for those with a complete resection. Those undergoing incomplete resection are offered
reresection followed by chemotherapy or chemoradiation followed by chemotherapy,
depending on performance status. If complete resection is not thought to be technically
possible based on preoperative imaging, then concurrent chemoradiation or chemotherapy
should precede surgical resection.46

Patients with ipsilateral satellite nodules within the same lobe (T3, N0-N1) or another lobe
(T4, N0-N1) are another subset of patients with stage IIIA which have shown to benefit
from surgical resection followed by adjuvant chemotherapy.65-68 However, (T4, N0-N1)
disease which has direct invasion of the heart, esophagus, great vessels, recurrent laryngeal
nerve, vertebral body, or carina are considered unresectable disease and are treated with
concurrent chemoradiation.69

Tumors which involve the apical portion of the chest and the lower portion of the brachial
plexus, superior sulcus (Pancoast) tumors, often invade the first and/or second rib.
Concurrent chemoradiation is currently recommended prior to surgical resection in order to
obtain complete resection.49 Resection typically involves en bloc resection of the involved
apical chest wall (which can include multiple ribs and the T1 nerve root) along with
lobectomy. This is then followed by two additional postoperative courses of chemotherapy
with a platinum-based doublet. This multimodal approach has been reported to result in
complete resection rates of 68%-76% and 5-year survival rates of 44%-56%.70,71

Stage IIIB NSCLC
Stage IIIB NSCLC consists of patients with N3 disease (T1-3, N3) and patients with T4
disease which has mediastinal lymph node involvement (T4, N2-3). Clinical stage IIIB
disease is evaluated by preoperative bronchoscopy, brain MRI, and lymph node sampling to
confirm the presence or absence of N2-N3 disease. There is no role for surgical resection in
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patients with T4 disease and N2-N3 lymph node involvement (see figure 6). Series have
reported 5-year survival rates of only 6% and 3% for clinical T4 and N3 disease respectively
that underwent surgical resection.72 Concurrent radiotherapy with cisplatin based regimen is
recommended for patients with good performance status, while radiation therapy alone is
recommended for those with poor performance status.46

Stage IV NSCLC
Patients with more advanced stage IV disease as discovered during preoperative planning
have limited options (see figure 6). Patients found to have pleural effusions (M1a) undergo
pathologic confirmation with either a thoracentesis or pericardiocentesis. If the diagnosis is
confirmed, local therapy with pleurodesis, catheter drainage, and a pericardial window is
followed by systemic therapy. Patients with isolated brain metastases (M1b) have been
shown to benefit from surgical resection followed by whole brain radiation.71-75 Patients
with multiple brain metastases or surgically unresectable lesions can be treated with
stereotactic radiosurgery alone or followed with whole brain radiation.76 Treatment of the
primary can then follow with surgical resection for T1-2, N0-1 or T3, N0 disease followed
by chemotherapy, whereas any concurrent T4 or N2, N3 disease is treated with systemic
chemotherapy. Patients with pathologically confirmed adrenal metastases or disseminated
metastatic disease are also treated with systemic chemotherapy. Patients with advanced or
metastatic NSCLC should be tested for K-Ras, EGFR, and ALK mutations in that order, as
they potentially occur mutually exclusive of one another.77 A platinum based two drug
regimen either alone (in patients with non-squamous histology) or in combination with
either bevacizumab (an anti-VEGF receptor monoclonal antibody) or cetuximab (an anti-
EGF receptor monoclonal antibody) is recommended for patients with a performance status
of 0-1 or 0-2 respectively.46 Whereas patients with a performance status of 3-4 do not
benefit from cytotoxic therapy, except erlotinib for EGFR positive patients. Currently, data
is emerging for maintenance therapy also with pemetrexed or erlotinib78. Futhermore, initial
therapy with erlotinib is recommended for patients with advanced or metastatic NSCLC who
are EGFR mutation positive.79

There have been a large number of genomic and proteomic studies that have been done for
lung cancer over the past several years. A number of different markers have been evaluated
in patients with lung cancer aimed at early disease detection, assigning prognosis, and
predicting both rates of relapse and response to treatment.80 These include serum markers as
well as molecular and genetic markers, and it is only recently that they are beginning to be
integrated into clinical decision making. Since lung cancer is such a heterogenous disorder,
no one signature will encompass all of the patients. Many of these markers are under
investigation and will not be our focus; however, certain themes are emerging on the
mutations within lung cancer. In particular, K-Ras can be abnormal in certain
adenocarcinomas, as well as EGFR, and most recently ALK translocations. These molecular
tests are helpful in determining if the individual patient can respond (or be resistant) to
certain therapies. Described in depth below are these three molecules.

K-Ras—The K-Ras gene encodes a group of 21-kDa proteins, the p21 proteins, which are
bound to GTP in their active state. Cell proliferation is initiated through Ras-dependent
kinases that are inactivated when GTP-ase activating protein hydrolyzes GTP to guanosine
diphosphate. Point mutations have been described at codons 12, 13 and 61, which result in a
loss of intrinsic GTP-ase activity. It is estimated that approximately 20% of NSCLC have
Ras mutations at codon 12, including 30–50% of adenocarcinomas.81-84 While an
association between smoking and K-Ras mutations has been described, a recent report
showed that the incidence of K-Ras mutations in patients with adenocarcinomas who had
never smoked was 15%, compared with 25% in patients who were smokers.81,85,86 In
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addition, the K-Ras mutation profile in the nonsmokers was distinct from that found in
patients who smoked, highlighting the biologic heterogeneity in this particular subset of
patients.

The prognostic significance of K-Ras mutations was evaluated in a number of studies with
conflicting results. Although limited by the retrospective nature of the included studies, a
meta-analysis of 28 trials with a total of 3620 patients found that K-Ras mutations appeared
to confer a worse prognosis in patients with NSCLC when detected by PCR, but not by
immunohistochemistry (IHC), with a hazard ratio (HR) of 1.35 (95% confidence interval
[CI]: 1.16–11.56). This negative prognostic value appeared to apply to patients with
adenocarcinoma, with a HR of 1.59 (95% CI: 1.26–2.02), but not to those with squamous
cell carcinoma.87 In other studies, this association is not seen, or is only demonstrated in
small subsets of patients.88-90 Previous studies have not shown K-Ras mutational status to
be predictive of a benefit from standard adjuvant chemotherapy in NSCLC.89,90 However, it
is predictive of therapeutic benefit from EGFR tyrosine kinase inhibitors (TKIs). Miller et
al.91 demonstrated a significant difference in the response rates of 80 patients with K-ras
codon 12 and 13 mutations vs. those without who had been treated with first-line single-
agent erlotinib (20/62, 32% vs 0/18: p < .01). Furthermore, there is evidence that the
addition of erlotinib may decrease the therapeutic benefit of chemotherapy for those patients
with K-ras codon 12 and 13 mutations undergoing treatment. 92

EGFR—The epidermal growth factor receptor (EGFR) is part of a family of tyrosine kinase
receptors that regulate pathways involving tumor proliferation, invasion, metastasis,
resistance to apoptosis and angiogenesis. An increased level of EGFR expression is most
commonly seen in squamous cell carcinoma (50-80%), although it is expressed to some
degree in all cells of epithelial origin.93 In two important studies, the presence of somatic
mutations in the kinase domain of EGFR was shown to be associated with increased
sensitivity to the EGFR tyrosine kinase inhibitors (TKI) gefitinib and erlotinib in patients
with non-small cell lung cancer.94,95 These mutations have been shown to occur more
frequently in East Asians, women, adenocarcinoma, and those who have never smoked,
however, a recent study has shown that a significant number of men and smokers harbor this
mutation as well.96,97 The EGFR mutations occur as in-frame insertions/duplications, point
mutations, and in-frame deletions of the 4 kinase domains (exons 18-21), with the two most
common being an in-frame deletion in exon 19 and the point mutation L858R in exon
21.96,98 The exact mechanism by which EGFR mutations promote lung cancer and sensitize
tumors to treatment has not been fully explained, however, both in vivo and in vitro studies
have demonstrated an oncogenic effect of prolonged receptor kinase activity on cell
transformation.94,95,99-101 Several studies have shown that EGFR overexpression, as
determined by immunohistochemistry, appears to confer a poor prognosis in patients with
NSCLC.102-105 However, these results have not been confirmed in other studies.106-108

Given the conflicting data that are currently available, EGFR does not have a clear role as a
prognostic marker in NSCLCs.

With the recent advances in the development of EGFR-targeted therapy, however, it has
become increasingly important to define predictive markers that identify a subset of patients
who are most likely to benefit from EGFR-TKI therapy. In four randomized trials, the
addition of gefitinib or erlotinib did not confer a survival advantage when added to a
platinum doublet as first-line treatment in patients with NSCLC.109-112 Subsequent trials of
EGFR-TKIs in patients who have been previously treated have shown an improvement in
both survival and quality of life when compared with placebo groups.113,114 The role of
EGFR as a molecular predictive marker for response to therapy is less clear. Retrospective
studies have suggested that there is an association between EGFR mutations and response to
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EGFR-TKIs that ultimately translates into an improvement in overall survival.115 However,
in larger, randomized trials, this was not confirmed. 113

ALK—In a subset of patients with NSCLC, the anaplastic lymphoma kinase (ALK) and
echinoderm microtubule-associated protein like 4 (EML4) gene have been recently found to
undergo fusion as a result of an inversion on the short arm of chromosome 2 resulting in the
novel oncogene EML4-ALK.116 This gene rearrangement occurs largely independent from
EGFR or K-Ras mutations.117 Patients with this fusion oncogene tend to be younger, have
adenocarcinoma with acinar histology, and be never or light smokers.118-122 The overall
incidence of EML4-ALK rearrangement has been reported to be 4% - 7%. However, when
screened for the clinical features mentioned above, the frequency increased to 33%.123

Patients harboring the fusion oncogene were retrospectively studied to examine its effect on
both cytoxic chemotherapy and tyroskine kinase inhibitor therapy response. When
comparing those who did and did not harbor the EML4-ALK fusion oncogene, there were
no difference in response rates or time to progression in those treated with platinum-based
combination therapy, whereas there was no clinical response and a time to progression of 5
months for those treated with EGFR TKIs.123 While these patients appear to be resistant to
EGFR TKIs such as erlotinib and gefitinib, the small molecule tyrosine kinase inhibitor
crizotinib has shown activity against cell lines containing the EML4-ALK fusion oncogene.
116,119,124-126 A Phase II trial of NSCLC patients who harbored EML4-ALK demonstrated
a radiographic response rate of 57% and a disease control rate of 87% at eight weeks after
receiving crizotinib 250mg twice daily. Progression free survival at six months had an
estimated probability of 72%.77 These results have led to a phase III trial comparing
crioztinib to standard, single-agent docetaxel or pemetrexed in EML4-ALK positive NSCLC
patients with metastatic disease who have received one prior line of chemotherapy
(NCT00932893). 127

Conclusions
Lung cancer is a devastating illness for which the overall survival is still quite poor. As we
develop better diagnostics, staging, and therapeutics, we will have impacted on the survival
and the quality of life for our patients. In particular, the staging system has been revised, the
diagnostics have incorporated several new techniques, and the therapeutics are ever
expanding in their innovation. For early stage disease, better survival is being seen in terms
of the types of surgical resections and adjuvant therapy. For late stage disease, molecular
signatures are helping us predict which patients can respond to novel therapeutics. Mind
maps graphically present complex information in a manner which promotes a more global
understanding of concepts.128 As they have the potential to improve learning, it is
anticipated that end users of the mind maps presented here will be quick to apply knowledge
gained to clinical and research practices to help patients in various aspects of lung cancer
diagnosis and treatment.
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Figure 1. Mind-map overview of non-small cell lung cancer

Mollberg et al. Page 19

Adv Ther. Author manuscript; available in PMC 2011 April 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Mind map of lung cancer epidemiology, screening, and risk factors
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Figure 3. Mind map of lung cancer histology
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Figure 4. Mind map of treatment for stage IA-IIB NSCLC
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Figure 5. Mind map of treatment for stage IIIA and IIIB (T1-3, N2) NSCLC
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Figure 6. Mind map of treatment for Stage IIIB (T1-3,N3) and Stage IV NSCLC
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