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ABSTRACT 

Background: Overall survival (OS) and quality of life in patients with advanced non small cell lung cancer (NSCLC) 
remains to the day highly unsatisfactory. Better understanding of the mechanisms of oncogenesis resulted in the devel-
opment of new drugs, which target a specific stage in tumor development. Additionally, optimal timing of chemother-
apy administration has been readdressed with the introduction of maintenance treatment in clinical practice. The aim of 
this review is to briefly summarize the developments in first line treatment of NSCLC with small molecule tyrosine 
kinase inhibitors, the role of crizotinib and the current options in maintenance treatment. Methodology: A search was 
performed in the PubMed database and in Clinical Trials.gov using the keywords erlotinib, gefitinib, crizotinib and 
maintenance treatment. Findings were reported in form of a narrative review. Conclusions: First line treatment with 
small molecule TKIs for NSCLC is both effective and feasible. EGFR mutation status remains the main prognostic fac-
tor of response. Pemetrexed and Erlotinib, currently approved for Maintenance Treatment in NSCLC, seem to benefit 
patients with advanced disease. Identification of suitable candidates for Maintenance Treatment, optimal timing and 
agent selection are issues that still remain largely unanswered. Early study results promise that addition of crizotinib to 
the treatment regimen of ALK positive NSLCL is likely to be beneficiary for a substantial number of patients. 
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1. Introduction 

Overall survival (OS) and quality of life in patients with 
advanced non small cell lung cancer (NSCLC) remains 
to the day highly unsatisfactory. Until recently, the only 
therapeutic choice for these patients was standard platinum 
doublet chemotherapy. Cisplatin or Carboplatin in combi- 
nation with Taxanes, Vinca Alkaloids or Antimetabo- 
lites represented the cornerstone of treatment. The urgent 
need for more effective agents and the better understand- 
ing of the mechanisms of oncogenesis resulted in the de- 
velopment of new drugs, which target a specific stage in 
tumor development. Additionally, optimal timing of che- 
motherapy administration has been readdressed with the 
introduction of maintenance treatment in clinical practice. 

2. NSCLC First Line Treatment with Small 
Molecule Tyrosine Kinase Inhibitors 
(TKIs) 

Treatment of NSCLC has changed significantly since 
Tyrosine Kinase Inhibitors—TKIs were instituted in 
clinical practice. The discovery of EGFR (Epidermal 

Growth Factor Receptor) mutations in a subgroup of pa-
tients with NSCLC in 2004 lead to the introduction of 
targeted treatment in thoracic oncology, treatment de-
pending on the genetic profile of the disease [1]. 

EGFR belongs to the transmembrane HER/ErbB re-
ceptor family and mediates the transduction of several 
extracellular ligands, as are the Epidermal Growth Factor 
(EGF), the Transforming Growth Factor alpha (TGF-α) 
and amphiregulin. EGFR is over expressed in numerous 
malignancies and thus it was used as a target for the de-
velopment of new antineoplastic agents. Erlotinib (Tar-
ceva) and Gefitinib (Iressa) are small molecule TKIs 
which selectively inhibit the phosphorylization of the 
intracellular EGFR kinase domain. They are adminis-
tered orally and have a mild toxicity profile, the main 
dose-limiting toxicities being diarrhea and skin rash [2]. 

Gefitinib has been approved for use on patients al-
ready treated for NSCLC, with the phase II study 
IDEAL-2 (Iressa Dose Evaluation in Advanced Lung 
Cancer 2). Erlotinib has been approved for the same in-
dication with the phase III trial BR. 21, which demon-
strated better response rates in patients of Asian origin, 
women, never or light smokers and patients with a histo- *Corresponding author. 
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logical pattern of adenocarcinoma. It was then revealed 
that these subgroups of patients harbored mutations of 
the EGFR gene, which were not present in Gefitinib and 
Erlotinib resistant tumors and are referred to as TKI- 
sensitizing EGFR mutations. 

The first studies for the use of ΤΚΙs as first line agents 
produced disappointing results. They were performed on 
patients with NSCLC, without controlling for TKI sensi- 
tizing EGFR mutations. Seven completed phase II stu- 
dies were retrieved. A phase II trial of Erlotinib showed a 
response rate of 23% with a median progression-free 
survival (PFS) of 2.8 months [3] and found that response 
rate was linked to histological type and smoking status. 
Two trials showed a response rate of 5% and 15% in un- 
selected patients treated with first line Gefitinib [4,5]. 
Two other single-arm studies of Erlotinib, one in elderly 
patients and one in patients with low performance status 
(PS > 2), demonstrated response rates of 8% and 10% 
respectively [6,7]. In the phase II Iressa Versus Vinorel- 
bine trial (INVITE) [8], previously untreated elderly pa-
tients were randomized to Gefitinibor Vinorelbine, and 
the response rate for Gefitinib was 3%. There was no 
statistically significant difference found between the two 
treatments. Another trial compared Erlotinib to combina-
tion Carboplatin and Paclitaxel inpatients with a PS ≥ 2. 
It showed a 4% response rate for Erlotinib and a better 
overall survival in the chemotherapy arm of 9.5 months 
[9]. The TOPICAL trial (Erlotinib in Treating Patients 
with Stage III or Stage IV Non Small Cell Lung Cancer, 
clinical trials. gov identifier NCT00275132) is a rando- 
mized phase II trial of Erlotinib as first line treatment in 
unselected patients not fit to receive chemotherapy. The 
study was completed in March 2012 and results are an- 
ticipated soon. 

Other phase II studies for the use of TKIs as first line 
treatment in NSCLC included patients with specific 
clinical characteristics. Two studies which were perform- 
ed on Asians, a population which is known to have high 
rates of EGFR mutations. These studies showed response 
rates of 30% [10] and 51% [11]. Another Japanese study 
of Gefitinib in elderly patients, [12] showed a response 
rate of 25%. A study by Lee et al. evaluated Gefitinib in 
Asian patients with adenocarcinoma who were never- 
smokers and showed a response rate of 33% with a me- 
dian overall survival of 20 months [13]. A study of Er- 
lotinib which included women with adenocarcinoma who 
were never-smokers or former smokers showed a re- 
sponse rate of 30% [14]. In the same study, patients who 
were positive for EGFR mutations had response rates of 
70%. 

A study of first-line Erlotinib in patients with pre-
dominantly BAC type adenocarcinoma [15] showed a 
response rate of 21%. Two other studies of Gefitinib in 
BAC type adenocarcinoma [16,17] have found response 

rates of 13% and 17%. Mucinous BAC is usually KRAS 
positive, which is a negative predictive factor of response 
to EGFR TKIs. Non-mucinous BAC has a better respon- 
se than mucinous BAC to Gefitinib. 

Studies that were performed on populations with mo-
lecular confirmation of EGFR mutations present with the 
best results. In the ONCOBELL trial of Gefitinib in ad- 
vanced NSCLC, patients were controlled for EGFR mu- 
tation status by fluorescence in situ hybridization (FISH) 
and immunohistochemistry (IHC) with P-Akt staining 
[18]. Never smokers were eligible even if only one marker 
was positive or if no tissue was available. The response 
rate was 57% in patients positive for EGFR IHC, 68% 
inpatients positive for EGFRFISH, and 71% in patients 
with TKI-sensitizing EGFR mutations. 

Two studies of first line Gefitinib performed on Japan- 
ese population positive for EGFR mutations [19,20] 
showed a response rate of 75%. Another study took place 
in the United States and evaluated Gefitinib inpatients 
with non-squamous cell carcinoma positive for EGFR 
mutations, finding a response rate of 55% [21]. 

A large multicenter Spanish study which included only 
patients with EGFR mutations was published in 2009 
[22]. Approximately two thousand lung cancer patients 
were screened for EGFR mutations and 350 patients 
were found positive. The study, a phase II trial of first- 
line Erlotinib included 217 of these patients. Persons not 
previously treated had a response rate of 74%, with a 
median progression-free survival of 14 months and me- 
dian overall survival of 28 months. 

A Japanese study evaluated first-line Gefitinib in pa- 
tients with EGFR mutations who were not fit to receive 
chemotherapy due to poor PS [23]. Inclusion criteria 
were a sensitizing mutation in EGFR exon 19 or 21, as 
well as age specific poor PS. The response rate was 66% 
and median overall survival was 17.8 months. 68% of 
patients had an improvement of PS from 3 - 4 to 0 - 1, a 
phenomenon described as “Lazarus response”. 

The IPASS study (Iressa Pan-Asia Study) was a ran- 
domized controlled phase III trial which compared first 
line treatment with TKIs to classical chemotherapy with 
a platinum doublet. It took place in Asia and included 
patients who were never smokers or former light smokers, 
had not received previous treatment and had adenocarci-
noma. The participants were randomized to receive Ge- 
fitinibor Carboplatin/Paclitaxel combination and the pri- 
mary endpoint was PFS. The trial proved that Gefitinib 
was superior to the platinum doublet in response rate and 
PFS [24]. 85% of the patients additionally consented to 
EGFR mutation analysis. In patients with EGFR muta- 
tion the response rate was 71% and the PFS10 months 
versus 1% and less than 2 months respectively in patients 
with no mutation. 

In the EURTAC trial, (European Randomized Trial of 

Copyright © 2013 SciRes.                                                                                  JCT 



Developments in the Management of Advanced Non Small Cell Lung Cancer 184 

Tarceva versus Chemotherapy) patients were randomized 
to receive Erlotinib as first line treatment or classical 
chemotherapy with a platinum doublet. An independent 
data monitoring committee recommended that the phase 
III EURTAC study be stopped early because it met its 
primary endpoint. It was shown that, compared to plati- 
num-based chemotherapy, Erlotinib significantly extend- 
ed PFS in newly diagnosed advanced NSCLC with TKI- 
sensitizing EGFR mutations. 

In conclusion, TKIs should be administered as first 
line treatment in patients with EGFR mutation positive 
NSCLC [25]. Testing for these mutations in patients with 
adenocarcinoma should become routine clinical practice 
[26]. 

3. Maintenance Treatment 

Maintenance Treatment in NSCLC is administered to 
patients who show no disease progression after four to 
six cycles of initial chemotherapy. Maintenance Treat- 
ment includes both Continuation and Switch Mainte- 
nance. According to the National Comprehensive Cancer 
Network guidelines, Continuation Maintenance refers to 
the use of at least one of the agents used in first line 
treatment. Switch Maintenance refers to the initiation of 
a different agent, which was not included in the first line 
regimen. 

In the Continuation Maintenance setting, which inclu- 
des continuation with the non platinum agent due to tox- 
icity, several trials are available. These trials are the con- 
tinuation of Paclitaxel (Belani, 2003), Gemcitabine (Bro- 
dowicz, 2006, Belani, 2010 and Perol, 2010), and Pe- 
metrexed (Paz Arez 2011) [27]. They randomized pa- 
tients with no progression after four cycles of chemo- 
therapy (or 16 weeks in the Paclitaxel trial) to continue 
with the non platinum agent until progression. With Con- 
tinuation Maintenance, there are positive results regard- 
ing PFS with both Gemcitabine and Pemetrexed. None of 
these studies demonstrates a benefit in overall survival. 
Thus, Continuation Maintenance with these agents can- 
not be recommended as standard practice. However, it is 
known that if Bevacizumab and Cetuximab are used in 
the first line setting they should be continued until pro- 
gression, as is demonstrated by the licensing studies for 
these agents (ECOG 4599, AVAIL and FLEX respec- 
tively). 

In Switch Maintenance, patients who have no progres- 
sion after four cycles of first line platinum doublet che- 
motherapy are randomized to receive immediate treat- 
ment with one of the four agents used in second line 
treatment, versus standard treatment at disease progres- 
sion. These trials include switch to Vinorelbine (Westeel 
et al., 2005), Docetaxel (Fidias et al., 2009), Pemetrexed- 
JMEN trial (Ciuleanu et al., 2009), Erlotinib-SATURN 

(Capuzzo, 2010) and ICFT trial (Perol, 2010), Gefitinib- 
EORTC trial (Gafaar et al., 2010) and to Erlotinib with 
Bevacizumab-ATLAS trial (Miller 2009) [27]. Allstudies 
show a benefit in PFS but only the JMEN and the SAT- 
URN study managed to show an advantage in overall 
survival. The JMEN trial of Pemetrexed resulted in a 
median overall survival benefit of 13.4 versus 10.6 mon- 
ths. However, patients with squamous cell cancers, who 
had no benefit from Pemetrexed, were also included in 
the study. A subset analysis of the patients with non 
squamous cancers showed an improved overall survival 
benefit of 5.2 months. The SATURN study of Erlotinib 
Switch Maintenance Therapy showed a benefit in median 
overall survival of one month, from 11 to 12 months. The 
trial demonstrates that patients with stable disease after 
first line treatment benefit more from maintenance Er- 
lotinib (with a 2.3 month improvement in overall survival) 
than patients who present radiological response after first 
line treatment. 

A meta-analysis by Behera and colleagues [27] also 
concluded that Switch maintenance was associated with a 
significant benefit in both overall and progression free 
survival. On the other hand, Continuation Maintenance 
was associated only with progression free survival bene- 
fit and showed no impact on overall survival. 

There is debate as to whether the benefit seen in the 
switch maintenance trials is a result of chemotherapy 
timing (i.e. offering it early after 4 cycles of initial che- 
motherapy versus offering it on progression) or whether 
it is the consequence of more patients receiving further 
active treatment. This is especially relevant as even 
within the setting of clinical trials less than 50% of pa- 
tients receive second line therapy on progression. 

According to data from these studies, patients who 
should receive maintenance treatment are those who have 
the worst prognostic factors and have benefited less from 
first line treatment. Indeed, patients who will fail to show 
improvement will probably have to proceed soon to alter- 
native chemotherapy. Unfortunately, the trials in Main- 
tenance Treatment did not estimate the effect of prognos- 
tic factors of response as are histological type, EGFR 
mutation or response to first line treatment. In practice, in 
patients positive for EGFR mutation Erlotinib should be 
preferred. Patients with wild type EGFR and non-squa- 
mous histology should receive Pemetrexed. It is at this 
point safe to say that Maintenance treatment offers these 
patients a chance of better survival through earlier treat- 
ment, before further treatment becomes impossible due 
to disease progression. 

4. Crizotinib 

Recently, an oncogenic rearrangement of the Anaplastic 
Lymphoma Kinase has been discovered in NSCLC (ALK, 
Anaplastic Lymphoma Kinase). ALK is an oncogene and 
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in lung cancer it is activated through fusion with the 
EML-4 oncogene. It is estimated that 2% - 7% of NSCLC 
is positive for the ALK mutation [28]. 

Crizotinibis an oral ATP-competitive selective inhibit- 
tor of the ALK and MET tyrosine kinase, which inhibits 
tyrosine phosphorylation of activated ALK at nanomolar 
concentrations. Dose escalation, toxic effects, and phar- 
macokinetics were reported in 2009 [29]. Toxicity profile 
is mild, with mainly gastrointestinal side effects. 

An early trial of Crizotinib in patients with ALK posi- 
tive advanced NSCLC by Kwak et al. showed a response 
rate of 57%, with an estimated probability of six-month 
progression-free survival of 72% [30]. In a retrospective 
study by Shaw et al., the investigators compared survival 
outcomes in Crizotinib treated patients and Crizotinib 
naïve controls [31]. Both groups included ALK positive 
and ALK negative cancers. The study concluded that in 
patients with advanced NSCLC, ALK-positive, Crizo- 
tinib therapy is associated with improved survival. It was 
also shown that ALK rearrangement is not a favorable 
prognostic factor in advanced NSCLC. 

The PROFILE 1005 study is a phase ΙΙtrial which in- 
cluded ALK positive NSCLC patients with disease pro- 
gression after previous treatment [32]. The early results 
show that Crizotinib is safe and well-tolerated with pre- 
liminary evidence of improved symptoms and clinically 
meaningful antitumor activity in patients with pre-treated 
ALK-rearranged NSCLC. 

To the date a number of Crizotinibtrials for NSCLC 
are in progress, with early results expected in about a 
year (NCT00965731, NCT01500824, NCT00932893, 
NCT00932451, NCT01154140, NCT01441128). 

5. Conclusions 

First line treatment with small molecule TKIs for NSCLC 
is both effective and feasible, with mild toxicity profile 
and oral administration route being key advantages of 
these agents. Careful patient selection according to 
EGFR mutation status is detrimental, as this remains the 
main prognostic factor of response. 

Pemetrexed and Erlotinib, the drugs currently appro- 
ved for Maintenance Treatment in NSCLC, seem to be- 
nefit patients with advanced disease. Identification of 
suitable candidates for Maintenance Treatment, optimal 
timing and agent selection are issues that still remain 
largely unanswered. Toxicity from prolonged treatment 
should always be taken into account and weighed against 
the expected benefits. 

Crizotinib is a new weapon in the fight against cancer. 
As with other TKIs, the mild toxicities and easy admini-
stration are favorable attributes. Promising results with 
this agent to the day, lead us to hope that its addition to 
the treatment regimen of ALK positive NSLCL will be 
beneficiary for a substantial number of patients. 

After decades of stagnant water in the treatment of ad- 
vanced NSCLC, new treatment opportunities are emerg- 
ing. The discovery of new mutations, the development of 
targeted agents and new treatment strategies are slowly 
moving this disease into a new light. With a long road 
ahead, the way is finally beginning to look promising. 
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