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Abstract: Metastatic nonsmall cell lung cancer (NSCLC) is a debilitating and deadly disease 

with virtually no chance for long-term survival. Chemotherapy has improved both survival 

and quality of life for patients with advanced disease. Overall survival of patients with meta-

static NSCLC has gradually increased from 8 to 12 months over the past three decades with 

the introduction of new chemotherapeutic drugs and agents directed at novel targets in the 

cancer cell. Epidermal growth factor receptor and vascular endothelial growth factor are two 

such targets. Recent developments also include treatment based on histology and the use of 

maintenance therapy. It has been recognized that lung cancer is a very complex disease. It is 

common practice to include a number of scientific correlative studies in the design of clinical 

trials in order to determine predictive markers of benefit from treatment. This article will review 

the current approach to the treatment of advanced NSCLC including the use of chemotherapy 

and molecularly targeted agents. Future directions including the use of potentially predictive 

biomarkers and innovative clinical trials aimed at a more individualized approach to treatment 

will also be discussed.
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Introduction
Lung cancer is the leading cause of cancer deaths for both men and women in the 

United States with an estimated 219 440 new cases and 159 390 deaths in 2009.1 

Unfortunately, 40% of lung cancer patients have distant metastases at the time of 

diagnosis. Long-term survival is still dismal with only 15% of all patients surviving 

5 years.

Lung cancer is generally divided into two histologic categories: nonsmall cell 

lung cancer (NSCLC) representing approximately 85% of the cases while small 

cell lung cancer, which has been declining in incidence, comprises the remainder of 

the patients. In the past two decades a number of chemotherapeutic drugs including 

vinorelbine, paclitaxel, docetaxel, gemcitabine, and pemetrexed have been approved 

for use in the treatment of NSCLC.2–6 Novel agents targeting epidermal growth fac-

tor receptor (EGFR) and vascular endothelial growth factor (VEGF) have now an 

established role in the treatment of this disease. There are a number of new targeted 

agents that are currently being developed and evaluated in NSCLC. This article will 

review the standard of care for the management of advanced NSCLC and will discuss 

future treatment strategies. See Figure 1 for a pictorial summary of the treatment of 

advanced NSCLC.
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Systemic chemotherapy
It has clearly been established that treatment of advanced 

NSCLC with chemotherapy improves overall survival (OS) 

compared to best supportive care alone.7,8 A meta-analysis 

published in the British Medical Journal in 1995 evaluating 

trials comparing supportive care with supportive care plus 

chemotherapy, determined that there was a 27% reduction 

in relative risk of death and a 10% absolute improvement in 

survival at one year for patients treated with chemotherapy.8 

It has been shown that combination chemotherapy not only 

increases survival but does so without compromising the 

patient’s quality of life (QOL).7 Based on this information, 

systemic chemotherapy has an established role in the treat-

ment of advanced NSCLC.

Importance of histology
Previous major clinical trials have included all the histolo-

gies of NSCLC and, interestingly, most of them reported 

equal efficacy regardless of the histologic subtypes. There 

have been new developments with regard to differential 

treatment benefit by histology that will be discussed in the 

next section.

Accurate identification of the histologic classification 

of NSCLC is dependent on sufficient tissue and the skill 

of the pathologist. Fine needle aspirate (FNA), which is 

the diagnostic procedure most often used in the metastatic 

setting, may not provide adequate tissue for evaluation. For 

this reason, a core biopsy specimen is preferred over FNA. 

One retrospective study examined the accuracy of histologic 

diagnoses obtained by bronchoscopy.9 The cases were limited 

only to bronchoscopically visible endobronchial or submu-

cosal lesions. The combination of forceps biopsy, brushings, 

and washings was unable to provide histologic diagnosis in 

30% of NSCLC patients even in this highly selected popula-

tion. Another retrospective analysis compared preoperative 

histologic/cytologic diagnosis with postsurgical diagnosis in 

170 patients with NSCLC.10 Forty-nine percent of the preop-

erative diagnoses were made using only a cytology specimen 

and in 47% of the specimens the subtype of NSCLC could 

not be determined. In another study, the differentiation of 

adenocarcinoma from squamous cell carcinoma utilizing 

cytologic specimens was correct in 60% of cases. Immuno-

histochemical (IHC) staining for TTF-1, CK7, CK 20, and 

P63 improved the accuracy.11

In general, pathologists can often distinguish between 

small cell and nonsmall cell cancers but interpathologist 

disagreement often occurs in subtyping NSCLC.12,13 A study 

recently reported attempts to evaluate concordance among 

pathologists with regard to subclassification of NSCLC 

histologic types.13 There was more agreement among expert 

lung pathologists than community pathologists and when the 

tumors were more differentiated in appearance. If histologic 

1st-Line
NSCLC
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EGFR 

mutation 

Platin doublet
± bevacizumab

Platin/
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doublet

Erlotinib/ 
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Figure 1 Treatment of advanced NSCLC. 
Notes: *Clinical trials when available should always be considered. **Maintenance therapy should be considered on an individual patient basis.
Abbreviation: NSCLC, nonsmall cell lung cancer.
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diagnosis is uncertain. IHC staining for tumors markers may 

be helpful, as well as obtaining a second opinion from another 

pathologist with expertise in lung pathology.

First-line chemotherapy  
for advanced NSCLC
Platinum-based doublet chemotherapy is considered the 

standard first-line treatment for NSCLC patients with a good 

performance status (PS). Doublet chemotherapy improves 

response rate (RR) and one-year survival when compared 

to single agent treatment even when third generation drugs 

(eg, vinorelbine, taxanes, gemcitabine) are used.14

Platinum remains the fundamental backbone of doublet 

chemotherapy. The results from Phase III trials comparing 

various platinum-based combinations indicated that there 

was no one regimen that emerged as superior. Eastern 

Cooperative Oncology Group (ECOG) 1594 compared 

3 platinum/third generation combinations to cisplatin and 

paclitaxel (24 hour infusion).15 The median survival (MS) 

was 8 months and the one-year survival was 33% for all 

4 study arms. TAX 326 was another large Phase III trial 

that randomized patients to receive cisplatin/vinorelbine or 

docetaxel combined with either cisplatin or carboplatin.4 

Survival outcomes were better for cisplatin/docetaxel when 

compared to the control arm, cisplatin/vinorelbine. There was 

no significant difference between the control and carboplatin/

docetaxel groups. Table 1 summarizes some of the major 

Phase III randomized trials comparing the various doublet 

regimens. The inter-trial differences in RR and survival are 

likely due to variations among study populations (ie, fraction 

of stages IIIB/IV, inclusion of PS 2 patients, etc) and varia-

tions in treatment upon disease progression.

For some time, it was felt that a therapeutic plateau had 

been reached and other treatment strategies were considered. 

The emergence of third generation chemotherapy agents raised 

the question as to the necessity of platinum. It was postulated 

that the combination of two of the newer drugs might be more 

efficacious and possibly less toxic. Nonplatinum doublets 

formed the basis of a number of clinical trials (Table 2). 

Two meta-analyses evaluated treatment outcomes comparing 

platinum-containing to nonplatinum-containing regimens. 

Overall both analyses showed increased response rates and 

one-year survival for the platinum-containing chemotherapy.20,21 

However, when platinum-based combinations were compared 

to combinations that only included third generation drugs, no 

statistically significant increase in one-year survival was found 

(36% vs 35%; odd ratio [OR] 1.11; 95% confidence intervals 

[CI]: 0.96–1.28; P = 0.17).20 Platinum-containing regimens 

were associated with higher hematologic toxicity, nephrotox-

icity, and nausea and vomiting.20,21 Established, efficacious, 

non-platinum regimens are still considered acceptable forms 

of treatment if the platinum drugs are contraindicated.

Another strategy that has been employed is the use of 

triplet therapy (Table 3). In a Phase III trial, patients were 

randomly assigned to receive paclitaxel/carboplatin ± gem-

citabine.22 There was a significant improvement in RR (20.2% 

vs 46%; P  0.0001), MS (8.3 vs 10.8 months; P = 0.032), 

and one-year survival (34% vs 45%; P = 0.032) for the triplet 

therapy group at the expense of more hematologic toxicity, 

resulting in more transfusions and the use of granulocyte 

colony-stimulating factors. A meta-analysis comparing 

doublet to triplet chemotherapy found an increase in RR 

for triplet therapy without a significant survival benefit.14 

The current consensus regarding triplet therapy is that the 

marginal benefit observed on some of the trials is not worth 

the additional toxicity.

There has been an ongoing controversy regarding the 

choice of platinum used in chemotherapy. Cisplatinum is 

perceived as possibly more efficacious than carboplatin, albeit 

potentially more toxic. A randomized trial evaluating paclilt-

axel and cisplatin or carboplatin had a significantly better MS 

(8.2 vs 9.8 months; P = 0.019) for the cisplatin combination.17 

Toxicities were as expected with more hematolgic toxicity for 

carboplatin and more nausea/vomiting and nephrotoxicity for 

cisplatin. A meta-analysis of trials comparing cisplatin and 

carboplatin-based regimens showed an improved RR (24% vs 

30%; OR 1.37; 95% CI: 1.16–1.61; P  0.001), but OS was 

not significantly different (hazard ratio [HR] 1.07; 95% CI: 

0.99–1.15; P = 0.100).31 In subgroup analyses, cisplatin was 

associated with a statistically significant improvement in OS 

in patients with non-squamous histology (HR 1.12; 95% CI: 

1.01–1.23) and those who received third generation chemo-

therapy (HR 1.11; 95% CI: 1.01–1.21). Choice of platinum 

should be based on the treatment goal. For example, when 

the disease is potentially curable as in the adjuvant setting, 

cisplatin may be the platinum of choice. In the metastatic 

situation where the goal of treatment is palliation of symp-

toms, patient convenience and potential toxicities should be 

considered when choosing a chemotherapy regimen.

Pemetrexed is a multitargeted antifolate that is a relative 

new comer in the treatment of NSCLC. Initially it was found 

to have efficacy in second-line treatment.32 An intriguing 

retrospective analysis of outcome by histology suggested 

that pemetrexed may be more beneficial for patients with 

nonsquamous histology.33 A large Phase III trial in chemo-

naïve patients comparing cisplatin/gemcitabine (CG) with 
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cisplatin/pemetrexed (CP) showed similar efficacy with a 

median OS of 10.3 months for both regimens (HR 0.94; 95% 

CI 0.84–1.05).6 In a preplanned subgroup analysis patients 

with non-squamous histology had significantly improved OS 

with CP compared to CG (11.8 vs 10.4 months; HR 0.81; 

95% CI 0.70–0.94; P = 0.005). Patients with squamous 

 histology benefited more from CG than CP (median OS 9.4 vs 

10.8 months; HR 1.23; 95% CI 1.00–1.51; P = 0.05). This 

was the first large Phase III study to show a survival benefit 

in certain histologic subgroups by specific chemotherapy. 

Table 1 Phase III randomized trials of platin-based doublets

Reference Patients Treatment RR (%) OS (mo) 1 Year (%) P (OS)

Kelly16 408 VNR/CDDP 28 8.1 36

CBDCA/PAC 25 8.6 38 0.87

Rosell17 618 PAC/CDDP 28 9.8 38

PAC/CBDCA 25 8.2 33 0.019

Scagliotti18 612 GEM/CDDP 30 9.8 37

CBDCA/PAC 32 9.9 43 0.484a

VNR/CDDP 30 9.5 37 0.105a

Ohe19 602 CDDP/CPT-11 31 13.9 59.2

CBDCA/PAC 32.4 12.3 51 0.465

CDDP/GEM 30.1 14 59.6 0.949

CDDP/ VNR 33.1 11.4 48.3 0.242

Schiller15 1207 PAC/CDDP 21 7.8 31

GEM/CDDP 22 8.1 36 NSb

DOC/CDDP 17 7.4 31 NS

CBDCA/PAC 17 8.1 34 NS

Fossella4 1218 VNR/CDDP 24.5 10.1 41

DOC/CDDP 31.6 11.3 46 0.044

VNR/CDDP 24.5 9.9 40

  DOC/CBDCA 23.9 9.4 38 0.657

Notes: If more than two regimens were compared in one study, the topmost regimen was the reference regimen and P value is based on comparison to the reference regimen.
aP value for 1-year survival rate. bP value was not reported.
Abbreviations: RR, response rate; OS, overall survival; 1 Yr, one-year survival; VNR, vinorelbine; CDDP, cisplatin; CBDCA, carboplatin; PAC, paclitaxel; GEM, gemcitabine; 
CPT-11, irinotecan; DOC, docetaxel; NS, not significant.

Table 2 Phase III randomized trials of platin versus nonplatin doublets

Reference Patients Treatment RR (%) OS (mo) 1 Year (%) P (OS)

Georgoulias23 406 DOC/CDDP 34.6 10 42

GEM/DOC 33.3 9.5 39 0.98

Gridelli24 501 GEM/VNR 25 7.4 31

VNR/CDDP or 30 8.7 37 0.08

GEM/CDDP

Stathopoulos25 360 CBDCA/PAC 45.95 11 42.72

PAC/VNR 42.86 10 37.85 0.9545

Kosmidis26 509 CBDCA/PAC 28 10.4 41.7

GEM/PAC 35 9.8 41.4 0.32

Pujol27 311 GEM/DOC 31 11.1 46

VNR/CDDP 35.9 9.6 42 0.47

Georgoulias28 413 GEM/DOC 30 9 34.3

  VNR/CDDP 39.2 9.7 40.8 0.965

Notes: If more than two regimens were compared in one study, the topmost regimen was the reference regimen and P value is based on comparison to the reference regimen.
Abbreviations: RR, response rate; OS, overall survival; 1 Yr, one-year survival; DOC, docetaxel; CDDP, cisplatin; GEM, gemcitabine; VNR, vinorelbine; CBDCA, carboplatin; 
PAC, paclitaxel.
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Histologic determination may also be important with regard to 

toxicity considerations. A randomized Phase II trial employed 

bevacizumab, a monoclonal antibody to VEGF (see following 

section on molecularly targeted agents) in combination with 

carboplatin/paclitaxel for patients with advanced NSCLC.34 

Six patients had life-threatening pulmonary hemorrhage on 

the trial. The incidence was 31% in squamous cell carcinoma 

patients versus only 4% in adenocarcinoma. Therefore, it 

appears that specific histologic diagnosis may determine 

treatment selection for safety, as well as efficacy.

Targeted agents in combination 
with chemotherapy
In the past decade a number of new agents have been developed 

against novel targets in the cancer cell. EGFR is expressed 

in 40%–80% of lung cancers and its aberrant activation is 

important in the malignant process.35 Gefitinib and erlotinib 

are the first drugs developed to inhibit the tyrosine kinase 

(TK) activity of EGFR. Both had promising activity as single 

agents with an acceptable toxicity profile consisting primarily 

of an acneiform rash and diarrhea. A more concerning side 

effect was the development of interstitial pneumonitis in about 

1% of the patients. The second-line use of these agents will 

be discussed later in this review. Excitement over the novel 

EGFR-tyrosine kinase inhibitors (TKIs) resulted in their expe-

ditious combination with chemotherapy. There were four large 

Phase III randomized placebo-controlled trials (INTACT 1 and 

2, TRIBUTE, and TALENT) comparing chemotherapy (either 

cisplatin/gemcitabine or carboplatin/paclitaxel) with or with-

out gefitinib or erlotinib in chemotherapy-naïve patients with 

NSCLC.36–39 The regimens were well tolerated, but there was 

no improvement in OS, time to progression (TTP), or RR by 

combining chemotherapy with an EGFR-TKI. A large propor-

tion of the study population was Caucasian and/or male, which 

could potentially explain the negative results. Only TRIBUTE 

collected extensive smoking history and it demonstrated a 

substantially improved 22.5 month OS in never-smokers who 

received carboplatin/paclitaxel and erlotinib compared to 10.1 

months for the chemotherapy + placebo study arm (HR 0.49; 

95% CI: 0.28–0.85).38 Currently, the EGFR-TKIs should not 

be used in combination with chemotherapy outside a clinical 

trial.

Bevacizumab is a recombinant humanized monoclonal 

antibody to VEGF. The expression of VEGF on tumor cells 

or in serum may be associated with a worse prognosis.40,41 

Bevacizumab has negligible activity against NSCLC as a 

single agent but was studied in combination with chemo-

therapy in a randomized Phase II trial.34 Patients received 

carboplatin/paclitaxel alone or with either 7.5 or 15 mg/kg 

of bevacizumab. Survival data looked most promising for the 

higher dose of bevacizumab so this dose was chosen for fur-

ther study. This trial also established certain patient eligibility 

criteria (ie, non-squamous histology, no history of hemop-

tysis, no brain metastases, no full dose anticoagulation, etc) 

for the Phase III study because of an increased incidence of 

pulmonary hemorrhage in patients with squamous histology 

and the concern for potential hemorrhage at other sites.

ECOG 4599 is a Phase III trial that randomized 

878 patients to receive carboplatin/paclitaxel ± bevacizumab 

in advanced non-squamous NSCLC.42 The bevacizumab 

group received maintenance bevacizumab after 6 cycles 

of treatment if the disease did not progress. The addition 

of bevacizumab improved median PFS from 4.5 months to 

6.2 months (HR 0.66; 95% CI: 0.57–0.77; P  0.001) and 

Table 3 Phase III randomized trials of doublet versus triplet chemotherapy

Reference Patients Treatment RR (%) OS (mo) 1 year (%) P (OS)

Laack29 287 GEM/VNR 13a 8.3 33.6

GEM/VNR/CDDP 28.3 7.5 27.5 0.73

Paccagnella22 324 CBDCA/PAC 20b 8.3 34

CBDCA/PAC/GEM 43.6 10.8 45 0.032

Comella30 433 GEM/VNR 31 8.8 N/A N/A

GEM/VNR/CDDP 46 10.2 N/A N/A

GEM/PAC 38 11.1 N/A N/A

GEM/PAC/CDDP 50 11.2 N/A N/A

Both Doublets 35 10.5 40

  BothTriplets 48a 10.7 44 0.379

Notes: If more than two regimens were compared in one study, the topmost regimen was the reference regimen and P value is based on comparison to the reference regimen.
aP = 0.004; bP  0.0001.
Abbreviations: RR, response rate; OS, overall survival; 1Yr, one year survival; GEM, gemcitabine; VNR, vinorelbine; CDDP, cisplatin; CBDCA, carboplatin; PAC, paclitaxel; N/A, 
not available.
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median OS from 10.3 months to 12.3 months (HR 0.79; 95% 

CI: 0.67–0.92; P = 0.003). There were more adverse events 

(ie, grade 4 neutropenia 16.8% vs 25.5%) and treatment-

related deaths, (2 patients vs 15 patients) in the bevacizumab 

group. Febrile neutropenia and pulmonary hemorrhage each 

resulted in 5 deaths on the bevacizumab study arm. Despite 

the increase in toxicity, treatment with bevacizumab and 

chemotherapy resulted in a milestone one-year survival of 

greater than 50%.

Another international Phase III study (AVAiL, n = 1043) 

compared cisplatin/gemcitabine with either placebo or high 

dose (15 mg/kg) or low dose (7.5 mg/kg) bevacizumab 

in non-squamous NSCLC.43 Addition of bevacizumab 

7.5 mg/kg increased median PFS from 6.1 months to 

6.7 months (HR 0.75; 95% CI: 0.62–0.91; P = 0.003) and 

to 6.5 months with the 15 mg/kg dose (HR 0.82; 95% CI: 

0.68–0.98; P = 0.03). Overall survival was not significantly 

improved for the bevacizumab-treated patients. There is no 

specific explanation for this disparity of results with regard 

to overall survival between these Phase III trials. It should be 

noted that the incidence of fatal pulmonary hemorrhage was 

only 1% for the bevacizumab-treated group on AVAiL despite 

inclusion of patients on anticoagulation. To date there are no 

specific molecular tissue or serum markers that identify a 

patient population more likely to benefit from bevacizumab.

Cetuximab, a monoclonal antibody against EGFR, has 

an established role in the treatment of colon and head and 

neck cancer. In BMS 099, unselected patients with advanced 

NSCLC were randomized to receive carboplatin/taxane ± 

cetuximab.44,45 There was no apparent survival benefit for the 

patients treated with chemotherapy and cetuximab. The median 

PFS was 4.4 months in the cetuximab group vs 4.24 months 

in the control group (HR 0.902; 95% CI: 0.761–1.069; 

P = 0.2358) and median OS was 9.53 months vs 8.38 months 

(HR 0.931; 99.99% CI: 0.638–1.359; P = 0.4639).

The FLEX trial randomized patients with advanced 

NSCLC that expressed EGFR by immunohistochemistry 

(IHC) on at least 1% of tumor cells to receive cisplatin/

vinorelbine ± cetuximab.46 Median OS was significantly 

increased from 10.1 to 11.3 months (HR 0.871; 95% CI: 

0.762–0.996; P = 0.044) with the addition of cetuximab to 

the chemotherapy. Any grade 4 adverse event was increased 

by 10% with the triplet therapy. Efficacy was seen regardless 

of histology and molecular correlative analyses in FLEX 

and BMS 099 suggesting that neither KRAS mutational 

status nor EGFR gene copy number by fluorescence in situ 

hybridization (FISH) was predictive of response or survival 

benefit from cetuximab.47,48 Interestingly, skin rash of any 

grade in the first cycle of cetuximab treatment was predic-

tive for improved overall survival (8.8 vs 15.0 months) on 

the FLEX trial.47 It is very important to discover both clini-

cal and molecular determinants of outcome considering the 

modest survival benefit afforded by treatment with cetuximab. 

Southwest Oncology Group (SWOG) 0819 is an ongoing trial 

that randomizes patients to receive carboplatin/paclitaxel/

bevacizumab ± cetuximab. There is a co-primary analysis 

requiring over 600 patients to evaluate survival in those par-

ticipants with EGFR FISH positive tumors (NCT00596830, 

www.clinicaltrials.gov).

Maintenance chemotherapy
Optimal duration of chemotherapy is unclear.49–53 A Phase III 

study evaluating continuation of the initial chemotherapy 

until disease progression did not show improved survival 

compared to delivery of a fixed number of 4 cycles.50 

Another Phase III trial compared maintenance gemcitabine 

to best supportive care after achievement of disease control 

(response and/or stable disease) with 4 cycles of gem-

citabine/cisplatin.54 Maintenance gemcitabine increased 

time to progression (TTP) by 3.6 months compared to 2.0 

months for best supportve care (HR 0.7; 95% CI: 0.5–0.9; 

P  0.001), but OS, although better, was not significantly 

improved (13.0 vs 11.0 months; P = 0.195). Another trial used 

docetaxel either immediately after completion of 4 cycles 

of gemcitabine/carboplatin (immediate treatment group) 

or only upon progression (delayed group).55 The immediate 

treatment group had a longer median PFS of 5.7 months 

compared to 2.7 months for the delayed treatment group 

(P  0.001). There was a trend for a better OS (12.3 vs 9.7 

months; P = 0.0853) for the patients receiving immediate 

docetaxel. However, only 63% of the delayed group actu-

ally received docetaxel upon disease progression compared 

to 95% in the immediate treatment group. Delayed group 

patients who did receive docetaxel had a similar OS (12.5 

months). Adverse events and QOL scores were not different 

between the groups.

In a large Phase III trial, patients treated with 4 cycles 

of platinum-based chemotherapy who did not have progres-

sive disease were randomized to receive pemetrexed or 

placebo.56 The initial chemotherapy did not contain peme-

trexed. Maintenance pemetrexed improved PFS (4.4 vs 1.8 

months; HR 0.47; 95% CI: 0.37–0.6; P  0.00001) and OS 

(15.5 vs 10.3 months; HR 0.70; 95% CI: 0.56–0.88; P = 

0.002) only in patients with non-squamous histology. Many 

feel that the appropriate terminology in this instance is not 

maintenance therapy, but rather early second-line treatment. 
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Only 19% of the placebo group received pemetrexed upon 

disease progression. It is unknown whether the delivery of 

pemetrexed on disease progression in the placebo group 

would have resulted in a similar outcome.

The SATURN study had a similar design to the peme-

trexed trial, but used erlotinib as maintenance.57 The patients 

who received erlotinib had a modest but statistically signifi-

cant improved median PFS (12.3 vs 11.1 weeks; HR 0.71; 

95% CI: 0.62–0.82; P  0.0001) and median OS (11 vs 

12 months; HR 0.81; 95% CI: 0.70–0.95; P = 0.0088).58 All 

clinical subgroups benefited. Molecular correlate analyses 

indicated that patients with EGFR gene mutations had a 

significantly better PFS (HR 0.10; 95% CI: 0.04–0.25; 

P  0.0001). Even patients who had wild type EGFR or 

squamous cell histology had an improved PFS with erlotinib 

although the magnitude of benefit was much smaller than 

in EGFR-mutated or adenocarcinoma patients. The clinical 

significance of this modest benefit is debatable. Again only 

21% of the placebo group received erlotinib upon disease 

progression. The ATLAS study compared maintenance beva-

cizumab plus erlotinib to bevacizumab plus placebo after 4 

cycles of a platinum containing doublet with bevacizumab.59 

The combination of bevacizumab plus erlotinib had better 

PFS compared to bevacizumab plus placebo (4.76 vs 3.75 

months; HR 0.722; 95% CI: 0.592–0.881; P = 0.0012). 

Overall survival and the results of the molecular correlative 

studies have not been reported.

It is not clear how pemetrexed maintenance will fit into 

current practice especially with its use as part of first-line 

therapy. Maintenance therapy is not without its side effects 

and will have to be considered on an individual patient basis. 

Based on the Fidias trial there is concern that if additional 

therapy is delayed until disease progression some patients 

may not get the benefit of second-line treatment.55 Patients 

not continuing treatment in a maintenance fashion would 

have to be carefully monitored for disease progression so 

that additional therapy can be started at the first indication 

of progression.

Second-line chemotherapy
The role of second-line chemotherapy for NSCLC was estab-

lished a decade ago.60,61 The initial Phase III study randomly 

assigned 204 previously treated, taxane naïve NSCLC patients 

to either receive docetaxel or best supportive care alone.60 

Response rate was only 7% for docetaxel, but median OS 

(7.0 vs 4.6 months; P = 0.047) and QOL were improved. TAX 

320 compared docetaxel at two doses (75 or 100 mg/m2) to 

either vinorelbine or ifosfamide as second-line treatment.61 

One third of the participants were pretreated with paclitaxel. 

Crossover from vinorelbine or ifosfamide to docetaxel upon 

disease progression was common and MS was similar in all 

three groups, with docetaxel at 75 mg/m2 resulting in the best 

one-year survival. Docetaxel had a higher incidence of grade 

3/4 hematologic toxicities. Previous treatment with paclitaxel 

did not influence patient outcome. These trials established 

docetaxel as the reference chemotherapy for second-line treat-

ment. There has been interest in the weekly administration of 

docetaxel in order to reduce adverse events while retaining 

efficacy. Three randomized trials did not show any survival 

difference between the weekly and every 3 week administra-

tion schedules and weekly docetaxel was associated with less 

neutropenia.62–64 There is insufficient data to support the use 

of doublet chemotherapy as second-line treatment. A meta-

analysis evaluating single agent and doublet chemotherapy in 

the second-line setting showed a higher RR when two drugs 

were used (15.1 vs 7.3%; P = 0.0004), with no difference 

in OS (37.3 vs 34.7 weeks; HR 0.92; 95% CI: 0.79–1.08; 

P = 0.32).65 Until further evidence is available, single agent 

therapy is recommended for second-line treatment.

Pemetrexed first established its role in the treatment of 

NSCLC in the second-line setting. In a large Phase III trial 

pemetrexed was compared to docetaxel.32 Treatment with 

pemetrexed had a comparable RR of 9.1% compared to 

8.6% for docetaxel (P = 0.105) and an equivalent median 

OS (8.3 vs 7.9 months respectively; HR 0.99; 95% CI: 

0.82–1.2; P = 0.226). QOL was similar between treatment 

groups, however pemetrexed had fewer hematologic toxicities 

and hospitalizations. A retrospective subset analysis sug-

gested that pemetrexed was more effective for patients with 

nonsquamous histology.33

Gefitinib and erlotinib are EGFR-TKIs that have been 

tested in the second-line setting in multiple trials.66–71 

Gefitinib was evaluated in the Phase II Iressa Dose Evalu-

ation in Advanced Lung (IDEAL) trials.66,67 The drug was 

approved based on these studies because of its ability to 

provide meaningful benefit as second-line treatment for 

patients with NSCLC. In the Phase III ISEL trial, 1692 

previously treated patients were randomized to receive 

gefitinib 250 mg or placebo.70 Unfortunately, there was not 

a significant survival advantage for the gefitinib-treated 

patients compared to placebo (OS 5.6 vs 5.1 months for 

placebo; HR 0.89; 95% CI: 0.77–1.02; P = 0.087). A post-

hoc analysis showed improved survival in never-smokers 

and Asian patients. Gefitinib was withdrawn from the US 

market after the negative result of the ISEL trial. The BR.21 

study (n = 731) compared erlotinib to placebo in previously 
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treated patients.71 Daily erlotinib was associated with an 

improved response (8.9% vs 1%; P 0.001) and prolonged 

survival (OS 6.7 vs 4.7 months; HR 0.70; 95% CI: 0.58–0.85; 

P  0.001). A survival benefit was observed across all treat-

ment groups including the elderly, non-Asians, and patients 

with squamous cell histology and poor PS.

The INTEREST trial (n = 1466) compared gefitinib with 

docetaxel in the second-line setting.69 Efficacy was equiva-

lent with a median OS of 7.6 months for gefitinib and 8.0 

months for docetaxel (HR 1.020; 96% CI: 0.905–1.150). 

There was significant crossover treatment at the time of 

disease progression. Gefitinib treated patients generally 

had less toxicity and a better QOL. On the BETA trial 

bevacizumab was combined with erlotinib and compared 

to erlotinib alone.72 Addition of bevacizumab doubled RR 

(6.2% vs 12.6%; P = 0.006) and increased PFS (1.7 vs 3.4 

months; HR 0.62; 95% CI: 0.52–0.75; P  0.0001), but 

did not improve OS (9.2 vs 9.3 months; HR 0.97; 95% 

CI: 0.80–1.18; P = 0.7583). Many new drugs continue to 

be evaluated in the second-line setting either alone or in 

combination with established second-line agents.

Recent trials
There are many trials that are being conducted in the treat-

ment of advanced NSCLC. It is beyond the scope of this 

review to discuss all of these studies. Some of the trials are 

attempting to answer questions regarding the use of cur-

rently approved agents for NSCLC treatment. For example, 

ECOG will shortly activate a Phase III trial that will attempt 

to refine the use of maintenance therapy. Patients who have 

advanced nonsquamous NSCLC will be treated with carb-

platin/paclitaxel/bevacizumab followed by randomization 

to maintenance therapy with bevacizumab, pemetrexed, or 

pemetrexed/bevacizumab. As previously mentioned, SWOG 

0819 is a Phase III trial that will evaluate the addition of 

cetuximab to chemotherapy ± bevacizumab. In a separate 

prospective analysis the value of EGFR by FISH as a pre-

dictive molecular marker for cetuximab activity will also 

be assessed.

Most of the newer trials involve a plethora of promising 

novel agents that are being investigated in lung cancer in the 

first or second-line setting as monotherapy or in combination 

with chemotherapy.

Vandetanib, a multitargeted inhibitor of EGFR, VEGFR, 

and RET is far along in development and has been evaluated 

in four large Phase III clinical trials as a single agent or in 

combination with chemotherapy in relapsed NSCLC.73–75 

The ZODIAC trial employed docetaxel ± vandetanib while 

ZEAL utilized pemetrexed ± vandetanib. The combination 

of docetaxel and vandetinilb had a significant improve-

ment in PFS when compared to docetaxel alone (4.0 vs 3.2 

months; HR 0.79; 97.58% CI: 0.70–0.90; P  0.001), but 

there was no difference in OS.74 In the ZEAL trial there was 

no statistically significant survival benefit for the addition 

of vandetanib to pemetrexed, however it is possible that a 

smaller patient sample size may have contributed to this 

outcome.75 The ZEST trial compared vandetanib with ero-

lotinib and the drugs had a similar efficacy.73 Results are 

awaited from the ZEPHYR trial which compares vandetanib 

to placebo after EGFR-TKI treatment (NCT00404924 www.

clinicaltrials.gov). On the ZODIAC study, multiple biologic 

markers including EGFR by IHC and FISH, EGFR and 

KRAS gene mutations, and VEGF/VEGF-2 levels were 

evaluated, but the number of tumor samples was small and 

there were no obvious predictive markers. This is unfortu-

nate considering the benefit from vandetanib is very modest 

and it would be important to discover markers predictive 

for clinical gain from this drug.

Sorafenib, a multikinase inhibitor that targets Raf, VEGF 

and PDGF receptors, has United States Food and Drug 

Administration (FDA) approval for clear cell carcinoma of the 

kidney and hepatocellular carcinoma. It has activity against 

NSCLC and has been tested in a large Phase III study.76 The 

ESCAPE trial evaluated carboplatin/paclitaxel ± sorafenib in 

first-line chemotherapy for NSCLC.77 Nine fatal pulmonary 

hemorrhages occurred exclusively in squamous cell cancer 

patients, the incidence evenly divided between both study 

arms. Median OS was similar for both treatment groups but 

a subgroup analysis showed a detrimental effect for sorafenib 

in squamous cell histology (median OS 8.9 vs 13.6 months; 

HR 1.81). There is an ongoing Phase III clinical trial compar-

ing sorafenib to placebo for third or fourth-line treatment of 

patients with nonsquamous histology (NCT00863746, www.

clinicaltrials.gov).

Cediranib is an oral tyrosine kinase selective inhibitor 

of VEGF. The BR.24 trial randomized patients to receive 

carboplatin/paclitaxel and cediranib (45 mg or 30 mg) 

or placebo. Despite an improvement in RR and PFS for 

the cediranib-treated patients, MS was not improved and 

there was an increase in adverse events.78 A Phase III trial, 

BR.29, is planned that will randomize patients to receive 

chemotherapy ± cediranib at the lower dose of 20 mg 

(NCT00795340, www.clinicaltrials.gov).

Insulin-like growth factor receptor-1 (IGFR-1) is a 

transmembrane heterotetrameric protein, encoded by the 

IGFR-1 gene located on chromosome 15q25–q26, promoting 
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oncogenic transformation, growth, and survival of cancer 

cells.79 In a randomized Phase II trial, the IGFR-1 antibody, 

figitumumab (CP-751,871), was combined with carboplatin/

paclitaxel and demonstrated a RR of 54% compared to 42% 

for chemotherapy alone.80 The RR of 78% for patients with 

squamous histology was particularly impressive and may 

be related to a higher expression of IGF-1R on the tumor 

cells. This agent was being evaluated in a Phase III study 

(NCT00596830, www.clinicaltrials.gov). The trial was ter-

minated early and results are awaited. This represents just a 

few of the agents that are further along in their development 

and are being evaluated in Phase III trials.

Future directions
Molecular markers in nonsmall 
cell lung cancer
The use of various molecular markers to determine treatment 

is a current trend for research in the treatment of NSCLC. 

EGF is important in the malignant process and appears to 

mediate cancer cell growth, proliferation, and metastasis. 

EGFR is over-expressed in 43%–89% of NSCLC patients, 

and seemingly, should be an excellent target for cancer treat-

ment.35 However, EGFR expression/over-expression on tumor 

cells detected by IHC or FISH has had variable correlation 

with response to EGFR-TKIs.81,82 A deletion mutation in exon 

19 and a missense mutation in exon 21 (L858R) have been 

associated with an increased sensitivity to the EGF-TKIs.83 

Exon 19 deletion patients have a longer PFS with erlotinib 

compared to exon 21 mutation carriers.84 Asian ethnicity, 

adenocarcinoma histology, never-smoking status, and female 

sex are clinical characteristics that correlate with a higher 

incidence of EGFR mutations.85,86

The IPASS study enrolled a clinically-enriched popula-

tion of NSCLC patients who were more likely to carry the 

EGFR gene mutation (ie, never/former light smokers, pre-

dominantly Asian patients) and randomized them to gefitinib 

or carboplatin/paclitaxel as initial treatment.87 The incidence 

of EGFR mutations in the study was 60%. The patients with 

EGFR mutations had better PFS with gefitinib than carbo-

platin/paclitaxel (HR 0.48; 95% CI: 0.36–0.64; P  0.001). 

The patients who did not have an EGFR gene mutation did 

significantly worse with gefitinib compared to chemotherapy 

(HR 2.85; 95% CI: 2.05–3.98; P  0.001). For the EGFR wild 

type patients, the response rate in the gefitinib group was only 

1% compared to 70% for those who were mutation positive. 

It is clear that clinical demographics alone should not be 

used to determine the use of EGFR-TKIs for the treatment of 

advanced NSCLC in the first-line setting. The tumor should 

be evaluated for EGFR mutations and if the specimen is not 

sufficient for analysis or the patient has EGFR wild type then 

traditional doublet chemotherapy should be utilized.

A large prospective observational study showed feasibil-

ity of EGFR mutation analysis in real practice in Spain.84 

EGFR mutations were found in 16.6% and RR, median 

PFS, and OS of the patients with EGFR gene mutations who 

were treated with erlotinib was 70.6%, 14, and 27 months, 

respectively, which was comparable to the benefit observed 

in Asian patients treated with gefitinib. Of note, the PFS and 

OS of patients who received erlotinib as second or third-line 

treatment was equivalent to those who received erlotinib 

first-line. A question arises as to whom should be tested for 

the EGFR gene mutation. EGFR mutations are uncommon 

in squamous cell cancer even in the Asian population.85,88 

EGFR mutations in current smokers are seen in 5% or less, 

but were found in approximately 10% of ex-heavy smokers 

(50–60 pack-year history of smoking).84,89,90 In addition 

to patients with more typical demographics associated with 

EGFR mutations, testing should also be considered in former 

smokers with adenocarcinoma if an EGFR-TKI is being 

considered for first-line treatment.

The utility of EGFR analysis prior to treatment in the 

second-line setting is debatable. On the BR.21 trial, all 

subgroups benefited from erlotinb, even those who were 

less likely to carry a mutation (ie, male, squamous cell car-

cinoma, smoker, non-Asian).71 Subgroup analyses of BR.21 

showed that EGFR mutations and high EGFR copy number 

by FISH predicted a better response rate (27% EGFR muta-

tion positive vs 7% EGFR wild type; P = 0 .035, and 5% for 

EGFR FISH-negative vs 21% for FISH-positive; P = 0.02).91 

EGFR copy number was the strongest prognostic marker 

and a significant predictive indication of survival benefit 

from erlotinb. On the INTEREST trial that randomized 

patients being treated second-line to gefitinib or docetaxel, 

molecular correlative studies were also done.69 There was no 

demonstrable association between EGFR mutational status 

and EGFR by IHC and/or FISH and benefit from erlotinib. 

The results from these correlative studies are often hampered 

by few and/or inadequate tumor samples. Survival results are 

further contaminated by crossover treatment after disease 

progression.

K-RAS gene encodes the intracellular pathway protein of 

the EGFR signaling cascade and is mutated in 7.9%–28.8% of 

NSCLC patients.85,92 It has been suggested that K-RAS muta-

tions may be a predictive marker for resistance to erlotinib 

or gefitinib in NSCLC.93–95 Larger studies are necessary to 
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confirm the predictive value of the mutations, but KRAS gene 

analysis may be a promising tool in identifying populations 

who do not respond to EGFR-TKIs. Interestingly, based 

on the evaluation of tumor samples from the BMS 099 and 

FLEX trials, KRAS mutations do not appear to predict for 

disease response from cetuximab treatment as is seen in 

colon cancer.47,48 EGFR mutations and EGFR analysis by 

IHC and FISH were also not helpful in determining benefit 

from cetuximab.

Another area of research involves investigations into 

the mechanisms of resistance to the EGFR-TKIs. Acquired 

resistance has been associated with secondary EGFR muta-

tions such as T790M and D761Y.96 Gene amplification of 

MET, the receptor for hepatocyte growth factor, has also 

been implicated as a mechanism for resistance.97 Knowledge 

of these resistance patterns has resulted in the development 

of a number of new agents that are currently in early clinical 

development.

Excision repair cross-complementing 1 (ERCC1) plays a 

key role in DNA excision repair and increased tumor expres-

sion has been associated with platinum resistance in vitro 

and in vivo.98–101 A large Phase III study randomly assigned 

NSCLC patients to a control or genotypic group.102 The 

control group received treatment with docetaxel/cisplatin. 

The genotypic group patients had ERCC1 mRNA analysis on 

tumor and received docetaxel/cisplatin if ERCC1 expression 

was low and docetaxel/gemcitabine if ERCC1 expression was 

high. This prospective customized approach was feasible. 

The genotypic group had a higher response rate compared 

to the control group (51.2% vs 39.3%; P = 0.02) with similar 

survival outcomes for both study arms.

Ribonucleotide reductase subunit 1 (RRM1) gene encodes 

a subunit of ribonucleotide reductase and its high expression 

has been associated with resistance to gemcitabine.103 The 

MADeIT study was a prospective Phase II trial in which 

advanced NSCLC patients were required to have a tumor 

biopsy for determination of ERCC1 and RRM1 for subse-

quent selection of first-line treatment.104 Patients treated by this 

selection process had a promising response rate of 44% and a 

one-year survival of 59%. A Phase III trial (NCT00499109, 

www.clinicaltrials.gov) is currently underway that is using 

ERCC1 and RRM1 to customize treatment.

Thymidylate synthase (TS), an enzyme that plays an 

important role in DNA biosynthesis, is a main target of peme-

trexed.105 High TS expression in squamous cell carcinoma 

may account for the inactivity of the drug in this disease.106 

TS levels are being prospectively incorporated into clinical 

trials to assess their predictive potential for pemetrexed 

activity. It is hoped that all of these molecular markers may 

aid in therapeutic decision making and eventually improve 

patient outcome.

A novel fusion of echinoderm microtubule-associated 

protein-like 4 (EML4) gene with the intracellular signal-

ing portion of the receptor tyrosine kinase encoded by the 

anaplastic lymphoma kinase (ALK) gene was identified in 

NSCLC.107 In a Phase I trial, PF-02341066, an oral ALK/

MET inhibitor, had a RR of 59% in patients with the EML4-

ALK gene fusion.108 The EML4-ALK gene fusion is found 

in only 3%–4% of lung adenocarcinomas and these patients 

share some similar clinical characteristics with those who 

harbor the EGFR gene mutations (ie, never/light – smokers, 

adenocarcinoma).109–112 There has been a great deal of 

excitement over this agent despite the fact that only a small 

number of patients may potentially benefit from it. This 

illustrates the fact that lung cancer is very heterogenous and 

an understanding of the biology of individual tumors is of 

paramount importance.

It is likely that, in the future, treatment will vary widely 

from patient to patient and that personalized medicine will 

be the key component in the management of NSCLC. This 

will happen via scientific correlative studies associated with 

innovative clinical trial design. The BATTLE study is currently 

underway at MD Anderson Cancer Center, Houston, Texas, 

USA, in which 11 biomarkers including EGFR, KRAS, BRAF, 

Cyclin D1, VEGF, VEGFR-2, and RXR are tested in patients 

after they have failed first-line chemotherapy.113 Patients are 

randomized to treatment based on their molecular profiles. A 

preliminary report indicates the feasibility of this approach 

and it is hoped this tailor-made therapy can be applied more 

widely to improve survival for lung cancer patients.
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