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Objectives:Upon completion of this article, the reader will be
able to list (1) the indications for treating non–small cell lung
cancer with systemic therapy, (2) the most commonly used
systemic therapies, (3) the need for adequate biopsy samples
to ensure optimal tumor biomarker analysis, and (4) new
targeted approaches based on tumor biomarkers.
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Lung cancer is the leading cause of mortality, not just
Advanced stage disease non–small cell lung cancer (NSCLC),
the leading cause of cancer-related mortality in the United
States and a leading cause of cancer-related mortality world-
wide, remains a formidable clinical challenge. In the United
States,>220,000 newcases of NSCLC are diagnosed annually.1

At the time of diagnosis, �40% of patients present with
clinically evident metastatic disease that is beyond the cura-
tive potential of surgery or combined modality therapy. An
additional 30% of patients present with locally advanced
disease, most of whom will relapse with incurable disease
despite aggressive combined modality approaches. Even
among early stage patients who undergo surgery with cura-
tive intent, at least 30% will relapse, primarily at distant
metastatic sites. These statistics indicate that upward of
80% of patients with NSCLC present with or eventually
develop stage IV disease. Systemic therapy is the predomi-
nant treatment for patients with advanced NSCLC, based on
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Abstract Systemic therapy should be considered in patients with advanced non–small cell lung
cancer (NSCLC) who are no longer amenable to local therapies. Systemic therapy has
been shown to improve survival and preserve quality of life in patients with a reasonable
performance status. In unselected patients, the standard of care for initial therapy
remains platinum-based chemotherapy. At progression, further treatment typically
consists of the sequential administration of single-agent therapy, which has also been
shown to improve survival and reduce cancer-related symptoms. Molecular biomarkers
are essential to guide targeted agents. This analysis requires ample tumor DNA; thus
adequate biopsy samples are critical to guide therapeutic options. More biomarkers are
currently being validated and may potentially have specific targeted therapy. In the near
future, it is likely that rapid multiplexed genotype testing will help reduce the need for
large amounts of tumor for analysis and will promote personalized cancer therapy. We
review recent changes in the definition of stage IV NSCLC and review current and future
systemic therapeutic approaches for patients with advanced disease.
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clinical trials conducted over several decades that demon-
strated improved survival and quality of life.2–4

Stage IV Definition

The staging system for NSCLC was most recently revised in
2009, the 7th edition of TNM staging.5 As with previous
editions, the designation M1 indicates the presence of meta-
static lung cancer in the contralateral lung or outside of the
chest; however, M1 is now divided into M1a and M1b sub-
categories. M1a is defined as intrathoracic metastasis, where
the spread of tumor is limited to the contralateral lung, pleura,
and/or pericardium including malignant pericardial or pleural
effusions.M1b indicates spread of tumor to at least one distant
site, most typically bone, adrenal gland, liver, and/or brain. The
designation of malignant pleural and/or pericardial effusion as
M1a rather than T4 disease is a noteworthy change; such
effusions are now indicative of stage IV rather than stage IIIB
disease. Patients with intrathoracic metastases have a better
survival rate compared with those with extrathoracic disease
with a median of 10 versus 6 months, and 1-year survival of
45% versus 22%, respectively (p < 0.0001).6 With rare excep-
tions, stage IV NSCLC is considered incurable, and the thera-
peutic approach is palliative rather than curative.7

Assessment for Treatment

NSCLC is no longer treated as a monolithic entity. It is
increasingly imperative that specific tumor histology (squa-
mous cell carcinoma versus adenocarcinoma versus large cell
carcinoma) and predictive biomarkers, particularly the pres-
ence or absence of an epidermal growth factor receptor
(EGFR) activating mutation or anaplastic lymphoma kinase
(ALK) gene translocation, is established at the time of diag-
nosis. Such information facilitates the optimal selection of the
most appropriate systemic therapy as discussed later in this
article. When the decision has been made to proceed with
systemic therapy, the choice of specific treatment is typically
based onmultiple factors including the patient’s performance
status, previous treatment, response to prior therapy, pres-
ence of predictive biomarkers, and underlying comorbid
conditions.

First-Line Systemic Therapy

Multiple systemic therapeutic regimens are available for first-
line use, ranging from traditional cytotoxic chemotherapy to
new targeted agents. For patients with an adequate perfor-
mance status,modern chemotherapy regimens can realistically
achieve a tumor response rate of 20 to 30%, median overall
survival (OS) of 8 to 13months, and a 1-year survival rate of 30
to 50%.Aplatinumdoublet is the combinationof either cisplatin
or carboplatin with a third-generation cytotoxic (paclitaxel
[Taxol], pemetrexed [Alimta], gemcitabine [Gemzar], docetaxel
[Taxotere], or vinorelbine [Navelbine]) and remains the stan-
dard of care for initial systemic therapy. This two-drug combi-
nation is typically administered once or twice during a 3-week
period, or cycle, for a total of four to six cycles.

Both cisplatin and carboplatin crosslink DNA through
several mechanisms and interfere with mitosis. Data suggest
that cisplatin may have a modest efficacy advantage over
carboplatin in the treatment of NSCLC.8However, the toxicity
of cisplatin may be intolerable for many patients, particularly
in the palliative setting, where quality of life is paramount.
Compared with carboplatin, cisplatin is associated with a
greater risk and degree of nausea, alopecia, renal toxicity,
ototoxicity, and peripheral neuropathy. Carboplatin is more
myelosuppressive, but given the superior tolerability, it has
now become the more commonly used platinum compound
for the treatment of advanced NSCLC in the United States.

Selection of the specific platinum doublet remains discre-
tionary because the data would suggest similar clinical bene-
fit among the regimens but different toxicity profiles. The
Eastern Cooperative Oncology Group (ECOG) 1594 study
confirmed equivalent efficacy among four different platinum
doublets.9 In this seminal clinical trial, 1207 patients with
advanced NSCLC were prospectively randomized to receive
one of four platinum doublet chemotherapy regimens: cis-
platin plus paclitaxel or docetaxel (taxanes that induce a
mitotic block by stabilizing microtubules); cisplatin plus
gemcitabine (a nucleotide analog that inhibits essential en-
zymes for DNA synthesis and function); or carboplatin plus
paclitaxel. Patients in all four treatment arms continued
therapy until disease progression or intolerable toxicity.
Median OS for all enrolled patients was 8.0 months and did
not differ statistically among the treatment arms. Similarly,
1- and 2-year survival rates were 34% and 12%, respectively,
and did not vary significantly by treatment arm. Patients
treated on the carboplatin plus paclitaxel arm experienced
less toxicity compared with the patients who received cis-
platin-based therapy. Patients with a poor performance
status tolerated treatment poorly and had a lower median
OS (3.9 months) when compared with patients with a good
performance status (7.1 to 10.8 months) regardless of the
treatment arm, underscoring the importance of assessing
performance status prior to initiation of therapy.

Non-platinum-containing regimens such as gemcitabine
plus a taxane or vinorelbine (a vinca alkaloid that inhibits
mitosis) have also been studied asfirst-line treatment of stage
IV NSCLC.10,11 However, there was no major advantage in the
adverse event profile of non-platinum regimens for them to
be favored over the use of platinum-based combinations. For
selected patients who are unlikely to tolerate platinum-based
therapy, the non-platinum regimens are acceptable thera-
peutic alternatives.

Tumor histology has become an important factor when
selecting first-line therapy. In a large phase 3 clinical trial,
1725 patients with advanced NSCLC were randomized to
cisplatin plus pemetrexed (an antifolate antimetabolite that
inhibits multiple enzymes involved in purine and pyrimidine
synthesis) versus cisplatin plus gemcitabine as initial system-
ic therapy.12,13 Although the median OS in both treatment
arms was 10.3 months, a preplanned assessment of survival
between the different histologic subtypes revealed clinically
relevant differences in efficacy between the two treatment
arms. Patients with adenocarcinoma demonstrated improved
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median OS with pemetrexed compared with gemcitabine
(12.6 versus 10.9 months). Conversely, patients with squa-
mous cell histology had improved median survival with
gemcitabine over pemetrexed (10.8 versus 9.4 months).
This trial and other studies identified that squamous cell
carcinoma of the lung did not respond to pemetrexed com-
pared with other chemotherapy; pemetrexed was therefore
restricted to patients with “non-squamous-cell” NSCLC.

Maintenance Therapy

The optimal duration of first-line therapy remains a subject of
clinical controversy. The standard of care for initial treatment
of advanced NSCLC has been four to six cycles of platinum-
based chemotherapy followed by close observation. This
approach was based on studies that suggested increased
toxicity with no improved clinical benefit when the platinum
doublet was continued until disease progression.14,15 Unfor-
tunately, most patients will progress within 6 months of
completing initial chemotherapy. Recently, two maintenance
treatment strategies have emerged: continuation mainte-
nance (an agent used during front-line therapy is continued
until disease progression) and switch maintenance (a differ-
ent agent is initiated upon completion of four cycles of
platinum-based chemotherapy).

In the ECOG 4599 trial, 878 patients with advanced NSCLC
were randomized to receive up to six cycles of carboplatin
plus paclitaxel with or without the addition of bevacizumab
(Avastin), a monoclonal antibody that targets vascular endo-
thelial growth factor and is thought to impair tumor angio-
genesis.16 Patients with squamous histology, brain
metastasis, hemoptysis, or other indications of excess bleed-
ing risk were excluded. Patients randomized to the bevaci-
zumab arm received it concurrently with chemotherapy for
six cycles and then continued bevacizumab monotherapy
until disease progression. The addition of bevacizumab to
chemotherapy followed by maintenance bevacizumab signif-
icantly improved response rate (35% versus 15%; p < 0.001),
median progression-free survival (PFS) (6.2 versus
4.5months), andmedianOS (12.3 versus 10.3months; hazard
ratio [HR]: 0.79, p ¼ 0.03) compared with chemotherapy
alone. Toxicity was manageable with increased neutropenia
and bleeding risk with the addition of bevacizumab. Subse-
quently, it was shown that bevacizumab may be safely
administered to patients with brain metastases who have
been treated with surgical resection or radiation therapy.17

In the FLEX trial, 1125 patients with advanced NSCLC with
tumors that expressed the EGFR protein were randomized to
receive up to six cycles of cisplatin plus vinorelbine with or
without cetuximab (Erbitux), amonoclonal antibody that targets
EGFR.18 Patients randomized to receive cetuximab started it
concurrently with chemotherapy and continued it beyond the
six chemotherapy cycles until disease progression or unaccept-
able toxicity. Patients randomized to cetuximab experienced a
modest improvement in median OS compared with patients
who received chemotherapy alone (11.3 versus 10.1 months).
Unfortunately, a similar phase 3 randomized trial of carboplatin
andpaclitaxelwith orwithout cetuximab in advancedNSCLCdid

not demonstrate a survival benefit, and therefore cetuximab has
not been routinely used in clinical practice.19

Continuation maintenance chemotherapy has also been
shown to proffer some benefit. In the recently reported
PARAMOUNT trial, 539 patientswith advanced nonsquamous
NSCLCwhose disease did not progress following four cycles of
cisplatin plus pemetrexed were randomized to either contin-
uation maintenance therapy of single-agent pemetrexed or
placebo.20 A statistically significant improvement in median
OS (16.9 versus 14.0 months) was demonstrated in the arm
receiving pemetrexed. Although the survival appears to be
much longer compared with the previous studies mentioned,
it should be noted that patients were only eligible if they did
not demonstrate disease progression during the initial four
cycles of cisplatin/pemetrexed chemotherapy, thus excluding
patients with more aggressive disease.

Other studies have evaluated a switch maintenance strat-
egy. The JMEN trial enrolled 663 patients with advanced
NSCLC whose disease had not progressed after four cycles
of a non-pemetrexed-containing platinum doublet, and they
were randomized to receive immediate pemetrexed therapy
(given until progression) or placebo.21 Treatment with main-
tenance pemetrexed resulted in statistically significant im-
provements in both median PFS (4.3 versus 2.6 months) and
OS (13.4 versus 10.6 months) compared with patients receiv-
ing placebo, with manageable toxicity. Among the 481 pa-
tients with nonsquamous histology, median OS from the time
of randomization was 15.5 months with maintenance peme-
trexed versus 10.3 months for patients who received placebo.

Fidias et al conducted a study in patients with advanced
NSCLC who did not progress after four cycles of carboplatin
plus gemcitabine and were randomized to either immediate
therapy with docetaxel or docetaxel at the time of disease
progression.22 A statistically significant improvement in me-
dian PFS was identified for patients receiving immediate
docetaxel (5.7 versus 2.7 months; p ¼ 0.0001), with a trend
toward improved median OS (12.3 versus 9.7; p ¼ 0.0853).

The use of targeted agents may also be an effective switch
maintenance strategy. In the SATURN trial, 889 patients with
advanced NSCLC who did not progress after four cycles of
platinum-based chemotherapy were randomized to receive
placebo or immediate erlotinib (Tarceva, an orally adminis-
tered EGFR tyrosine kinase inhibitor (TKI) that blocks tumor
signal transduction).23,24 From the time of randomization, a
modest improvement in both median PFS (2.8 versus
2.6 months) and median OS (12 versus 11 months) were
demonstrated in the group treated with erlotinib. Rash and
diarrhea were the main toxicities but were manageable and
rarely led to discontinuation of treatment.

Despite these compelling data that suggest a real survival
benefit with maintenance therapy, these trials have been
heavily criticized for their design. The bevacizumab trial did
not include a group that received chemotherapy with bev-
acizumab for six cycles followed by observation; thus the
benefit ofmaintenancebevacizumabwas never proven. In the
switch maintenance trials, only 20% of patients in the control
arms ever received the study agent (pemetrexed or erlotinib)
as subsequent therapy, leaving skeptics to wonder what the
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overall survival benefit would have been if these agents were
offered sometime during the course of treatment. Indeed, in
the immediate versus delayed docetaxel trial, the median OS
was identical as long as the patient received docetaxel (40% in
the delayed arm never received the docetaxel due to symp-
tomatic deterioration). It did not seem to matter clinically
if the treatment was given immediately following the induc-
tion therapy or at progression as long as the patient received
the therapy at some point.

Treatment of Relapsed Disease

The treatment of advanced NSCLC after the failure of initial
therapy remains a challenge. The major goal in this setting
needs to be preservation of quality of life. Several large phase
3 trials have demonstrated both improvement in survival and
quality of life with the use of single-agent therapy in the
setting of relapse.25–28 Three agents are currently approved
for use in the second line setting by the U.S. Food and Drug
Administration: docetaxel, pemetrexed, and erlotinib. Other
chemotherapeutic agents such as gemcitabine and vinorel-
bine have been extensively investigated in the relapsed/
refractory setting and are commonly used in clinical prac-
tice.29–31 Although combination chemotherapy with two or
more agents may improve the tumor response rate, this
approach has not been shown to improve survival or enhance
quality of life in patients who progressed during or after
front-line platinum-based chemotherapy, and the additive
toxicity limits its use outside of a clinical trial.32

Docetaxel was the first chemotherapy approved for sec-
ond-line therapy; side effects of this agent when given as
monotherapy typically include cytopenias, fatigue, fluid re-
tention, and nail changes. Two randomized controlled phase 3
trials have evaluated the efficacy of docetaxel in patients with
advanced NSCLC who had progressed after prior chemother-
apy.25,33 In a study reported by Shepherd et al,25 204 patients
who had been previously treated with a platinum-based
regimen were randomized to receive docetaxel or best sup-
portive care. Patients who received docetaxel had a response
rate of 5.5% and demonstrated a significant improvement in
both median survival (7.5 versus 4.6 months) and 1-year
survival (37% versus 19%) compared with those assigned to
best supportive care. Two separate reports evaluated the
quality of life of patients on these randomized trials.34,35

Both reports demonstrated a statistically significant trend
favoring the docetaxel arm, with patients reporting less pain,
fatigue, and better overall quality of life when compared with
patients on the control arm.

A phase 3 trial comparing pemetrexed versus docetaxel in
patients with relapsed or refractory NSCLC included 571
patients who had progressed after one prior regimen for
advanced NSCLC. Response rates (9.1% versus 8.8%) and medi-
an OS (8.3 versus 7.9 months) were similar in the pemetrexed
and docetaxel arms, respectively. However, toxicity favored
the pemetrexed arm, with significantly less neutropenia (5%
versus 40%), neutropenic fever (2% versus 13%), and peripheral
neuropathy (3% versus 8%), making it a preferred agent in the
relapsed setting if not used as initial therapy.

Erlotinib does not induce myelosuppression, making it an
attractive option for patients who have been heavily treated
with myelosuppressive chemotherapy. The efficacy of erloti-
nib monotherapy was evaluated in a phase 3 trial that
enrolled 731 patients with progressive NSCLC after initial
platinum-based therapy, and they were randomized to either
erlotinib or best supportive care alone. The response rate was
8.9%, and themedian OSwas 6.7months with erlotinib versus
4.7 months with best supportive care. Gefitinib (Iressa) is
another EGFR-TKI that is not approved in the United States
presently but is commonly used in Europe and Asia. The
combination of erlotinib or gefitinib with chemotherapy has
been investigated in four large randomized prospective phase
3 trials, and unfortunately no improvement in survival was
identified with addition of the targeted agent to standard
cytotoxic therapy.36–39

Personalized Therapy

We have entered the era of targeted therapy in oncology with
the identification of cancer genetic “driver mutations” that
define unique molecular subsets of NSCLC. These genetic
derangements allow treating physicians to tailor therapy
based on these “actionable mutations.” The first actionable
mutation in NSCLC was the identification of EGFR somatic
mutations: deletions in exon 19 and the L858R pointmutation.
These EGFR mutations are more commonly seen in female
Asian patients with adenocarcinoma and little or no smoking
history. In an unselected population of NSCLC patients in the
United States, �10% will have tumors that harbor an EGFR-
activating mutation. These tumors are exquisitely sensitive to
erlotinib,with response rates that exceed 80% thatmayafford a
PFSbeyond1 year.40Thepivotal IPASS studyevaluatednever or
light smokers (less than 10 pack-years and quit>15 years ago)
with advancedNSCLC. Thiswas an enrichedpatient population
for EGFRmutant–positive disease and indeed,�60% of tumors
analyzed had an EGFR-activating mutation. Patients were
randomized to initial chemotherapy or to gefitinib, and those
with an EGFR mutation who received gefitinib demonstrated
significant improvement of PFS compared with initial chemo-
therapy (HR for progression or death: 0.48; 95% confidence
interval [CI], 0.36 to 0.64; p < 0.001). Interestingly, the pa-
tients without an EGFR-activating mutation demonstrated a
shorter PFS with gefitinib compared with chemotherapy (HR
for progression or death: 2.85; 95% CI, 2.05 to 3.98; p < 0.001),
suggesting that EGFR mutation–negative patients should not
receive an EGFR-TKI as initial therapy. Not surprisingly, the
median OS was similar between the two arms (�18 months)
due to crossover effect (i.e., patients initially treated with
chemotherapy received the gefitinib as second-line therapy
and vice versa).

Five randomized phase 3 studies have evaluated first-line
treatment with an EGFR-TKI versus standard chemotherapy in
patients with EGFR mutation–positive NSCLC.41–45 The initial
use of an EGFR-TKI improved PFS from 4.5 to 7 months to 9 to
13 months compared with platinum-based chemotherapy.
Median OS was similar between the treatment arms again
due to crossover effect andwas in the 20- to 30-month range. It
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is rapidly becoming standard practice to test advanced NSCLC
for an EGFR-activating mutation at the initial diagnosis.
Presently, reverse transcriptase-polymerase chain reaction
(RT-PCR) is required to identify EGFR mutations, an analysis
that requires ample tumor DNA for an accurate assessment.

The next actionable genetic abnormality validated in
NSCLC was the anaplastic lymphoma kinase (ALK) fusion
oncogene. This has been identified by fluorescent in situ
hybridization (FISH) analysis in �3 to 5% of patients with
NSCLC and is also typically found in never or light smoking
patients with adenocarcinoma. Crizotinib (Xalkori) is an
inhibitor of the ALK tyrosine kinase and was approved in
late 2011 for the treatment of ALK-positive NSCLC based on
two early-phase studies in heavily pretreated patients with
ALK-positive tumors.46,47 Over 250 ALK-positive patients
were enrolled, many of whom had received more than four
previous lines of therapy, and it demonstrated an impressive
response rate of 53 to 61% and median PFS of 8.5 to 9.7
months. Side effects typically included vision changes, nau-
sea, vomiting, and peripheral edema, but were they manage-
able and rarely resulted in the discontinuation of treatment.
Most importantly, a clinically meaningful improvement in
quality of life was identified with improvement in pain,
dyspnea, cough, and fatigue from baseline. Further phase
3 studies in both the first-line and second-line setting are
underway to validate these findings.

KRAS mutant lung cancer may confer a poorer prognosis
compared with other NSCLCs, and data suggest these tumors
demonstrate increased resistance to both platinum-based
chemotherapy and EGFR-TKIs.48,49 Approximately 15 to 30%
of lung adenocarcinomas harbor a KRASmutation, but unlike
EGFR and ALK, KRAS mutations have been difficult to target
therapeutically. Recently, the approach of targeting MEK
(which is a downstream effector protein in the cell signaling
pathway) has shown promise as a therapeutic option. In a
randomized phase 2 study, 87 relapsed patients with KRAS
mutation–positive NSCLC were treated with standard doce-
taxel or docetaxel plus the MEK inhibitor selumetinib.50 No
responses were seen with docetaxel alone versus a 37%
response rate with the addition of selumetinib. A statistically
significant improvement in median PFS was identified
(2.1 months versus 5.3 months; p ¼ 0.014) in addition to a
trend toward improvement in median OS (5.2 months versus
9.4 months; p ¼ 0.21).

Several other NSCLC driver mutations/gene translocations
are currently under investigation including ROS1/RET rear-
rangements and BRAF mutations, all of which will have a
specific targeted therapy. For example, tumors that harbor a
ROS1 fusion oncogene appear to also be sensitive to crizoti-
nib.51,52 In one study, 14 patients with ROS1-positive tumors
were treated with crizotinib and demonstrated a response
rate of 54% and median duration of response of 13 weeks. A
novel KIF5B-RET fusion oncogene has recently been identi-
fied, and a phase 2 study with the RET inhibitor XL 184
(Exelixis) in patients with tumors that harbor RET fusion
oncogenes is in development.53 BRAF mutations, commonly
identified inmalignantmelanoma, are found in�3% of NSCLC,
and case reportswould suggest these patientsmay respond to

the BRAF inhibitor vemurafenib.54,55 In the near future, the
validation of many more biomarkers to guide therapy may be
seen including HER2 mutations; MET overexpression; FDFR1
amplification; DDR2 mutation; MEK1 mutation; and AKT1,
PTEN, and PIK3CA alterations.

Finally, preliminary data suggest that NSCLC may respond
to novel immunotherapy approaches. PD-1 is an immune
checkpoint receptor commonly found on T cells. This cell
receptor is involved in T-cell regulation and is primarily
expressed by activated memory and regulatory T cells. T cells
are downregulated when PD-1 binds to PD-L1/L2 expressed
by dendritic, parenchymal, and tumor cells. Tumor cells have
been shown to evade the immune system by expressing
PD-L1, and expression of this receptor can be identified by
immunohistochemistry. A recent phase 1 study evaluating
the PD-1 inhibitor BMS-936558 included 75 patients with
advanced NSCLC.56 The objective response rate was 18% with
a response duration that ranged from 2 to �30 months.
Importantly, responses were seen in both squamous and
nonsquamous cell histology. The most common severe side
effects included fatigue, pneumonitis, and elevated hepatic
transaminases. Given these intriguing results, it is likely that
anti-PD1 will become a validated therapeutic approach for
patients with NSCLC.

Challenges

In routine clinical practice, the process of testing for tumor
driver mutations remains a challenge on many levels. Fre-
quently, an initial biopsy of NSCLC will not have enough
tumor cells for analysis given the amount of tumor DNA
required for RT-PCR and FISH analysis to identify EGFR
mutations and ALK translocations, respectively. A repeat
biopsy is often required to obtain adequate tissue that may
lead to increased risk and cost for the patient. Although afine-
needle aspiration with grossly visible material may yield
enough tumor cells for analysis, two to five core biopsies
are preferable whenever possible.

The specific patient population to analyze is controversial
at the present time. Some centers advocate for the testing of
all patients with NSCLC; others suggest that this expensive
and labor-intensive analysis should be restricted to never or
light smoking patients with adenocarcinoma who are most
likely to have NSCLC that harbors an actionable driver muta-
tion. The National Comprehensive Cancer Network guidelines
recommend the evaluation for EGFR-activating mutations
and ALK gene translocations in all patients with nonsqua-
mous NSCLC given the extreme rarity of EGFR/ALK positivity
in squamous cell carcinoma.57 In the future, next-generation
sequencing technologies should enhance the analysis of
cancer genomes and streamline this process.58High-through-
put sequencing technologies will allow the rapid identifica-
tion of actionable mutations and guide the use of an ever-
increasing number of targeted agents.

Despite the identification of these activating mutations,
patients will ultimately develop resistance to therapy due to a
variety of molecular mechanisms that may include increased
gene copy number of the mutated driver gene, a secondary
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resistance mutation, and/or activation of bypass signaling
pathways. Currently, trials are investigating these mecha-
nisms with the goal to develop agents that will overcome
resistance. Repeat biopsies at the time of progression may be
needed to identify the specific mechanism of resistance and
guide further treatment options. Finally, treatment of squa-
mous cell carcinoma and small cell lung cancer has not had
any major advances in the past several years, although efforts
are underway to identify potentially targetable driver muta-
tions in patients with these difficult-to-treat histologies.59

Conclusion

Chemotherapy for advanced NSCLC has been shown consis-
tently to improve survival and promote quality of life in
carefully selected patients. Empirical treatment approaches
are no longer optimal, and many centers have embraced
validated biomarkers to guide both the use of chemotherapy
and newer targeted agents. It is hoped that the continued
identification of targetable driver mutations and other bio-
markers will have a favorable impact on the prognosis and
quality of life of all patients with cancer, including those with
advanced NSCLC. In the near future, multiplexed genotype
testing will allow large panels of relevant genotypes to be
analyzed from a single tumor sample.60 This will bring us
closer to the so-called holy grail of oncology: truly personal-
ized cancer therapy. Unfortunately, despite recent advances,
advanced NSCLC remains a terminal disease. Thus optimal
supportive care, with or without further anticancer therapy,
needs to be the primary goal of managing physicians. The
treating team should always consider enrollment on clinical
trials, including phase 1 trials, for patients with good perfor-
mance status and advanced NSCLC.
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