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Přehled

Targeted Therapi es in the Tre atment 
of Advanced Non‑Small‑Cell Lung Cancer: Update

Cílené terapi e při léčbě pokročilého nemalobuněčného karcinomu plic: 
nové poznatky

Mendoza L.
INC Rese arch, Prague, Czech Republic

Summary
After several ye ars of clinical tri als in the setting of advanced non‑small‑cell lung cancer (NSCLC) 
that were characterized by a lack of efficacy of chemotherapy over best supportive care, we have 
more recently seen me aningful clinical benefits re alized from selected targeted therapi es. In 
their constant development, the survival advantage of these new anti‑cancer therapi es has been 
demonstrated not only in the first‑line setting, but, lately, even in pati ents with recurrent dise ase 
after failure of one or two previ o us chemotherapy lines. The first agents in this bro ad class to 
demonstrate clinical efficacy were the epidermal growth factor receptor (EGFR) tyrosine kinase 
(TK) inhibitors. Erlotinib, an EGFR, and bevacizumab, a vascular endotheli al growth factor recep‑
tor (VEGFR), are the best representative new drugs for tumo ur control and palli ati on. This article 
revi ews the most promising new targeted agents including those that have alre ady been ap‑
proved and are currently used in the medical practice.
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So uhrn
Po několika letech klinických studi í pokročilého nemalobuněčného karcinomu plic (non‑small‑cell 
lung cancer – NSCLC), které byly charakteristické nedostatečno u účinností chemoterapi e v po‑
rovnání s nejlepší podpůrno u péčí, jsme v poslední době zaznamenali významný klinický pří‑
nos vybraných cílených terapi í. Během ne ustálého vývoje těchto nových protinádorových te‑
rapi í byla prokázána lepší prognóza přežití nejen v prvotní léčbě, ale v poslední době dokonce 
u paci entů s recidivo u po předchozí jedné nebo dvo u neúspěšných chemoterapi ích. Prvními 
látkami v této rozsáhlé skupině, u kterých byla prokázána klinická účinnost, byly tyrozinkinázové 
(TK) inhibitory receptorů epidermálního růstového faktoru (epidermal growth factor receptor – 
EGFR). Nejlepšími zástupci nových léčiv pro kontrolu a zmírnění nádoru jso u erlotinib (typ EGFR) 
a bevacizumab (receptor vaskulárního endotelového růstového faktoru –  vascular endothelial 
growth factor receptor – VEGFR). Tento článek uvádí přehled nejslibnějších nově cílených látek 
včetně těch, které již byly schváleny a v so učasné době jso u v lékařské praxi po užívány.
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Introducti on
Despite aggressive surgical and chemo‑
therape utic interventi ons, NSCLC is the 
le ading ca use of cancer‑related de ath in 
men and women in North America and 
Europe with overall cure rates of less than 
15%. Abo ut 75 to 80% of all lung cancers 
are NSCLC. Most pati ents with advanced 
NSCLC present with metastatic dise ase 
and, if left untre ated, have a medi an sur‑
vival after di agnosis of 4– 5 months and 
a 1- ye ar survival of less than 10% [1]. After 
several ye ars of clinical tri als in the setting 
of advanced NSCLC, the use of combined 
chemotherapy (CT) has resulted in a mo‑
dest incre ase in survival at the cost of 
significant toxicity to these pati ents [2]. 
Consequently, there is substanti al inte‑
rest in identifying potenti ally explo itable 
new entiti es against lung cancer. Major 
advances in the understanding of cancer 
bi ology have identifi ed many potenti al 
targets for rati onally designed novel the‑
rapi es (tab. 1). Most of these targets are 
components of signalling pathways or 
metabolic processes contributing to one 
of the hallmarks of the cancer phenotype. 
Drugs directed at these targets sho uld 
prove more specific for cancer cells than 
the traditi onal cytotoxic agents, which 
target all proliferating tissues. The ad‑
vent of new molecular- targeted drugs 

has therefore generated much optimism 
in the improvement of pati ent’s survival 
and qu ality of life. The first agents in this 
bro ad class to demonstrate clinical acti‑
vity were gefitinib (Iressa; AstraZeneca) 
and erlotinib (Tarceva; OSI Pharmace uti‑
cals, Roche, Genetech). Gefitinib and er‑
lotinib are two small‑molecule drugs that 
specifically target the TK activity of EGFR. 
Within the gro up of new agents against 
EGFR we sho uld also include monoclo‑
nal antibodi es (mAbs). Cetuximab (Erbi‑
tux; Bristol Myers- Squibb and ImClone) 
and panitumumab (Vectibix; Amgen) are 
drugs that have been studi ed most ex‑
tensively in NSCLC to date. More recently, 
the anti angi ogenic agent bevacizumab 
(Avastin; Roche and Genetech), which is 
a recombinant humanized mAb against 
VEGF, has also demonstrated enco ura‑
ging activity against NSCLC. On the basis 
of the positive results, FDA and the Eu‑
rope an Medicines Agency (EMEA) ap‑
proved it for the first‑line therapy in the 
subset of untre ated pati ents with advan‑
ced NSCLC. Another kind of molecules 
discovered, representing multitarge‑
ted inhibitors of EGFR and VEGFR such 
as ZD6474  (Vandetanib; AstraZeneca), 
and agents such as sunitinib (Sutent; Pfi‑
zer) and sorafenib (Nexavar; Bayer), are 
also being tested in clinical tri als. In this 

article, we revi ew current data on the 
role of the most promising new targe‑
ted agents that are currently in a  more 
advanced phase of development for the 
tre atment of NSCLC.

Inhibitors of EGFR TK Activity
The rati onale for EGFR inhibiti on as a tar‑
get for cancer therapy was proposed 
ne arly 25 ye ars ago, when it was noted 
that EGFR is frequently overexpressed 
in human tumo urs. EGFR belongs to the 
TK super- family of cell- surface recep‑
tors, which is composed of ERBB1  (also 
known as HER1), ERBB2  (also known as 
HER2), ERBB3 (also known as HER 3), and 
ERBB4  (also known as HER4) receptors. 
Recent retrospective analyses have re‑
ported EGFR expressi on in 62% of NSCLC 
cases, and its expressi on is correlated 
with a  po or prognosis [3– 5]. EGFR ex‑
pressi on is more common in squ amo us 
cell carcinoma of the lung than in ade‑
nocarcinoma [6,7], in nonmucino us 
vari ants of bronchi o alve olar carcinoma 
(BAC) than in mucino us vari ants [8], 
and in cavitating than in noncavitating 
tumo urs [6]. In a  meta‑analysis, EGFR 
overexpressi on was noted in 58% of lung 
squ amo us cell carcinomas, 39% of ade‑
nocarcinomas, and 38% of large- cell car‑
cinomas; it did not correlate significantly 

Tab. 1. Current status of the most developed targeted therapi es for NSCLC. 

Agent	 Target	M echanism	D evelopment phase	 Company

Erlotinib	 EGFR	 TK inhibitor	 FDA & EMEA approved	 OSI Pharmace uticals, Roche, Genetech
Gefitinib	 EGFR	 TK inhibitor	 Phase III	 AstraZeneca
Cetuximab	 EGFR	 Binds extracellular domain	 Phase III	 Bristol Myers Squibb, ImClone
Panitumumab	 EGFR	 Binds extracellular domain	 Phase III	 Amgen
Lapatinib	 EGFR, HER2	 TK inhibitor	 Phase III	 GlaxoSmithKline
HKI- 272	 EGFR, HER2	 TK inhibitor	 Phase II	 Wyeth
Trastuzumab	 HER2	 Binds extracellular domain	 Phase II	 Genetech
Pertuzumab	 HER2	 Binds extracellular domain	 Phase II	 Roche, Genetech
Bevacizumab	 VEGF	 Sequesters ligand	 FDA & EMEA approved	 Roche, Genetech
ZD6474	 VEGFR- 2, VEGFR- 3, EGFR,	 TK inhibitor	 Phase II	 AstraZeneca
Sunitinib	 VEGFR, PDGFR, Flt- 3, C- kit	 TK inhibitor	 Phase II	 Pfizer
Sorafenib	 VEGFR- 2, PDGFR and RAF	 TK inhibitor	 Phase II	 Bayer
Vatalanib	 VEGFR- 1, VEGFR- 2, PDGFR	 TK inhibitor	 Phase II	 Novartis, Schering AG
VEGF trap	 VEGF	 Fusi on protein	 Phase II	 Regeneron
CCI- 779	 mTOR	 Macrolide derivative	 Phase II	 Wyeth
RAD001	 mTOR	 Macrolide derivative	 Phase II	 Novartis

EGFR –  Epidermal Growth Factor Receptor; VEGF –  Vascular Endotheli al Growth Factor; VEGFR –  Vascular Endotheli al Growth Factor Recep‑
tor; TK –  Tyrosine Kinase; PDGFR –  Platelet- Derived Growth Factor Receptor
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with survival [9]. Vari o us strategi es have 
been developed to target the family of 
EGFR. The most studi ed include small 
molecules of the intracellular TK domain 
and mAbs, which either bind the ligand 
or compete with the ligand for the extra‑
cellular domain.

Small‑Molecule Inhibitors of EGFR
Gefitinib and erlotinib are small mole‑
cules that reversibly target EGFR TK by 
competing with ATP for access to TK’s 
intracellular ATP binding pocket [10]. 
These TK inhibitors can be administered 
orally, have a rapid onset of acti on, and 
potenti ally have better tumo ur pene‑
trati on than anti‑EGFR mAbs. Gefitinib, 
an anilinoquinazoline, was the first TK in‑
hibitor selective for EGFR agent tested 
bro adly in advanced NSCLC. Two rando‑
mized, phase II, multicentre tri als (Iressa 
Dose Evalu ati on in Advanced Lung Can‑
cer, IDEAL 1 and 2) [11,12] that compa‑
red two dosages (250  and 500 mg/ day) 
of gefitinib conducted in more than 
400  pati ents with advanced NSCLC, 
pre‑tre ated with platinum‑based CT, de‑
monstrated activity with a response rate 
(RR) between 12– 18% and an approxima‑
tely 40% improvement of the lung cancer 
symptoms. Side effects were generally 
mild, consisting of acneiform rash, dry 
skin and di arrhoe a, but were significantly 
more common and severe at the higher 
dosage. Unfortunately, subsequent tri als 
of untre ated NSCLC pati ents [13,14], con‑
ducted after gefitinib was provisi onally 
approved by FDA in May 2003, showed 
no improvement in efficacy with the ad‑
diti on of gefitinib compared with CT 
alone. Notably, in the multicentre study 
709, Iressa Survival Evalu ati on in Lung 
Cancer (ISEL) [15], 1,692  previ o usly 
tre ated pati ents with advanced NSCLC 
were randomized to receive gefitinib 
250 mg/ day or placebo. A difference was 
observed between gefitinib and pla‑
cebo in terms of survival (5.6 vs 5.1 mon‑
ths), altho ugh not re aching statistical 
significance (P = 0.087) in the overall sur‑
vival of the entire populati on studi ed. 
However, gefitinib in a  defined subset 
of never- smokers and pati ents of Asi an 
origin demonstrated significantly better 
survival. On the basis of these negatives 
results, the FDA restricted the approval 

for gefitinib o utside its use in the subset 
of pati ents where the drug demonstrated 
efficacy, and the new drug applicati on 
for approval in Europe was withdrawn 
[16]. More recently, a  randomized clini‑
cal tri al (S0023) that was sponsored by 
the Nati onal Cancer Institute (NCI) and 
conducted by the So uthwest Oncology 
Gro up (SWOG) and AstraZeneca was clo‑
sed after interim analysis beca use no sur‑
vival benefit was fo und compared with 
a placebo following chemotherapy and 
radi ati on for pati ents with NSCLC that 
had spre ad only to ne arby tissues or 
lymph nodes [17]. In additi on, the results 
of second‑line therapy suggested that 
gefitinib is likely to be comparable to do‑
cetaxel in terms of medi an survival, but 
is better tolerated [18]. Due to that, FDA 
is not considering market withdrawal of 
gefitinib at present. New clinical tri als 
are being developed and other ongo ing 
tri als are being completed. These will 
determine the future role of gefitinib 
tre atment.

Similarly as gefitinib, erlotinib is an oral‑
ly‑active, EGFR- specific quinazoline TK in‑
hibitor that demonstrated antitumo ur 
activity in xenograft models. Several 
phase II and III clinical tri als with 150 mg 
erlotinib testing its efficacy in advanced 
NSCLC pati ents have been performed. 
In 57  previ o usly tre ated pati ents with 
EGFR- expressing NSCLC, the response 
rate (RR) to erlotinib was 12.3%. Respon‑
ses were seen regardless of the number 
of pri or chemotherapy regimens [19]. The 
medi an survival was 8.4 months, and the 
1- ye ar survival was 40% [19]. In chemona‑
ive pati ents, in two different clinical tri als, 
erlotinib achi eved a RR from 10% to 23%, 

a response plus stable dise ase of 51% to 
53%, and medi an overall survival (OS) of 
11 to 13 months [20,21]. Pati ents subse‑
quently tre ated with CT after erlotinib ex‑
peri enced a RR to chemotherapy (CT) of 
6%, suggesting that there may be some 
degree of cross‑resistance [21]. From the 
results obtained in two large phase III 
studi es [22,23], which included 1,172 and 
1,079 non pre‑tre ated advanced NSCLC 
pati ents, respectively, demonstrated that 
the additi on of erlotinib to CT resulted 
in no incre ase of the durati on of survi‑
val compared with pati ents tre ated with 
CT alone. However, longer survival and 
progressi on‑free survival (PFS) was seen 
with the additi on of erlotinib to CT in the 
subset of pati ents who had never smo‑
ked [22,23]. Among pre‑tre ated pati ents, 
the randomized phase III, placebo- con‑
trolled, do uble- blind tri al (BR.21) demon‑
strated that erlotinib can prolong sur‑
vival in pati ents with advanced NSCLC 
after first-  or second‑line CT [24]. The OR 
was 6.7 months and 4.7 months, respe‑
ctively (P < 0.001), in favo ur of erlotinib 
compared with recipi ents of placebo. On 
the basis of this tri al, erlotinib tablets as 
monotherapy for the tre atment of locally 
advanced and metastatic NSCLC after 
failure of at le ast one pri or CT regimen 
was approved by the FDA in November 
2004 and by EMEA in June 2005.

In multivari ate analysis, prognostic fac‑
tors that have emerged as being inde‑
pendent clinical predictors of survival in 
vari o us tri als of EGFR TK inhibitors (tab. 2) 
have included female sex [25], go od per‑
formance status [25– 27], adenocarci‑
noma histology [25], history of no pri or 
chemotherapy [26], Asi an race [27], never 

Tab. 2. Prognostic factors associated with enhanced survival of NSCLC patients  
in EGFR KI inhibitor clinical trials. 

Female sex
Good performance status
Adenocarcinoma histology
History of no prior chemotherapy
Asian race
Never having smoked
Less than 5% weight loss
No prior cisplatin
More than 12 months from the time of diagnosis to enrollment in a trial
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having smoked [27], less than 5% weight 
loss [27], no pri or cisplatin [27], and a lon‑
ger than 12- month interval from time of 
di agnosis to enrollment in the tri al [27]. As 
menti oned above, never- smoker advan‑
ced NSCLC pati ents have demonstrated 
consistent and profo und improvement 
in survival when they were tre ated with 
gefitinib or erlotinib. Results from phar‑
macokinetic studi es have shown that er‑
lotinib activity is significantly different in 
smokers than in non‑smoking he althy 
volunteers and the erlotinib cle arance is 
24% faster in current smokers than in for‑
mer smokers or never- smokers [28]. The 
results suggest that the PK relati onships 
that differ by smoking status may be 
more important than clinical or bi ologi‑
cal characteristics, and that higher doses 
of erlotinib may be required for current 
smokers.

Other pati ents who may particularly 
benefit form small‑molecule inhibitor 
therapi es include those with molecular 
fe atures such as EGFR mutati ons or EGFR 
gene amplificati on detected by fluores‑
cence in situ hybridizati on (FISH). EGFR 
mutati ons are fo und in tumo urs of ap‑
proximately 7% to 12% of North Ameri‑
can or Europe an NSCLC pati ents [29– 33], 
where as they are seen in 19% to 59% of 
NSCLC Asi an pati ents [31,34– 36]. Pro‑
spective tri als were thus undertaken to 
evalu ate the activity of TK inhibitors in 
pati ents with TK mutati ons. In a  study 
conducted by the West Japan Thoracic 
Oncology Gro up Tri al [37], single‑agent 
gefitinib was administered at 250 mg 
to 28  pati ents with advanced NSCLC 
and had an OR rate of 77%. Similarly, in 
a  study performed in Spanish pati ents 
with advanced NSCLC tre ated with er‑
lotinib, mutati ons were detected in ap‑
proximately 15% of cases and the ove‑
rall response (OR) rate re ached in such 
populati on was 80% [38]. More over, an 
OR rate of 86% was reported with erlo‑
tinib, with fo ur complete responses (CR) 
observed only in never- smoker pati ents, 
in a tri al with no previ o usly tre ated stage 
IV NSCLC pati ents carrying mutati ons in 
the TK domain of the EGFR [37]. Compi‑
lati on of these data reve als that EGFR mu‑
tati ons are identifi ed in approximately 
80% of responders to EGFR small‑mole‑
cule TK inhibitors.

In additi on, the role of EGFR gene copy 
number as a  predictor of response to 
EGFR TK inhibitors has also been studi ed 
extensively. The findings suggest that 
the high EGFR gene copy number iden‑
tifi ed by FISH may be an effective predic‑
tor for the drug efficacy [39]. A prospe‑
ctive phase II study [40] was designed 
to assess the clinical activity of gefitinib 
in NSCLC pati ents whose tumo urs de‑
monstrate high EGFR gene copy num‑
bers. Of 42 pati ents enrolled, 36 pati ents 
were never- smokers and 19  were EGFR 
positive. The OR was 48%, where as one 
subject re ached a  CR and 19  subjects 
re ached parti al response (PR). In pati ents 
with high EGFR gene copy numbers the 
observed response was 68%. Thus, it 
appe ars that there may be a number of 
molecular markers that are associ ated 
with response or o utcome in NSCLC 
pati ents tre ated with EGFR TK inhibitors.

Monoclonal Antibodi es 
against EGFR
Several monoclonal antibodi es that tar‑
get the EGFR are under development. At 
present, cetuximab is approved for he ad 
and neck cancer as a second‑line therapy, 
as well as for the tre atment of metasta‑
tic colorectal cancer. Cetuximab, a  chi‑
meric human- murine IgG1 mAb, blocks 
ligand binding to EGFR, thereby dimi‑
nishing receptor dimerizati on and a uto‑
phosphorylati on, and induces EGFR re‑
ceptor downregulati on, reducing the 
number of receptors on the cell surface. 
The immunoglobulin IgG1 isotype of ce‑
tuximab may also engage host immune 
functi ons, such as antibody- dependent 
cellular cytotoxicity (ADCC). The sing‑
le‑agent activity of cetuximab against 
advanced NSCLC was studi ed in a phase 
II study. Pati ents with advanced NSCLC 
who progress following tre atment with 
a platinum‑based regimen were eligible. 
At ASCO (American Soci ety of Clinical 
Oncology) 2004, Lynch and colle agues 
reported the interim analysis results from 
29 EGFR- positive pati ents showing a PR 
rate of 7% and a stable dise ase (SD) rate 
of 17% [41]. Interestingly, both of the re‑
sponders did not harbo ur mutati ons in 
the EGFR ATP binding domain. It is possi‑
ble that the presence of EGFR mutati on 
is not critical in predicting response to 

mAbs against the EGFR. In another clini‑
cal tri al, Rosell and colle agues conducted 
a randomized phase II study to evalu ate 
the activity of cetuximab in pati ents with 
previ o usly untre ated advanced NSCLC 
[42]. Pati ents with EGFR- positive tumo urs 
were randomized to tre atment with cis‑
platin plus vinorelbine alone or in com‑
binati on with cetuximab. The study inclu‑
ded 86 pati ents with 43 in e ach arm. The 
response rate was 35% for pati ents in the 
cetuximab arm, compared to 28% with CT 
alone. The medi an survival was 8.3 mon‑
ths with combinati on therapy and 
7 months with CT alone. The 1- ye ar sur‑
vival and dise ase stabilizati on rates also 
favo ured the cetuximab arm. Data from 
the randomized phase III FLEX (First‑line 
in Lung Cancer with Erbitux) tri al presen‑
ted at ASCO 2008 Annu al Meeting have 
shown that the EGFR- positive pati ents 
with advanced NSCLC, tre ated first‑line 
with a combinati on of cetuximab, cispla‑
tin and vinorelbine, live significantly lon‑
ger than pati ents tre ated with the plati‑
num‑based chemotherapy alone [43]. An 
overall survival difference of 1.2 months 
(11.3  vs 10.1  months) favo ured the ad‑
diti on of cetuximab to chemotherapy 
(P = 0.004). The revi ew and approval of 
these results by the regulatory a utho‑
riti es is expected in order to grant the use 
of cetuximab in combinati on with CT as 
first‑line tre atment in pati ents suffering 
from advanced EGFR- positive NSCLC. 
Other studi es are underway combining 
cetuximab with chemotherapy plus 
bevacizumab as frontline therapy for 
advanced NSCLC and combining it with 
chemoradi otherapy for stage III dise ase.

Panitumumab (Vectibix; Amgen), also 
known as ABX- EGF, is a fully humanized 
IgG2 mAb that targets EGFR and, unlike 
cetuximab, medi ates its effect thro ugh 
mechanisms other than ADCC. Craw‑
ford and colle agues reported the results 
of a  phase I  study that evalu ated pani‑
tumumab in combinati on with carbo‑
platin and paclitaxel (standard CT regi‑
men used in the United States for NSCLC) 
[44]. The study enrolled 21 pati ents with 
previ o usly untre ated advanced NSCLC. 
Three dose levels of panitumumab were 
studi ed. The recommended dose for 
phase II studi es was 2.5 mg/ kg adminis‑
tered on a weekly basis in combinati on 
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with the standard doses of carbopla‑
tin and paclitaxel. For the 19  evalu able 
pati ents, the medi an survival was an 
impressive 17  months, with a  medi an 
time- to- progressi on (TTP) of 7  months. 
A two‑part, randomized phase II clinical 
tri al to evalu ate the safety and activity of 
panitumumab in combinati on with car‑
boplatin and paclitaxel as first (N = 194) 
and second (N = 50) line of tre atment of 
advanced NSCLC have been completed 
and the results are e agerly awaited.

Approximately 2% to 23% of pati ents 
with NSCLC have a  high erbB2  gene 
copy number [45,46], and erbB2 protein 
expressi on by immunohistochemistry 
(IHC) is positive in tumo ur samples from 
7% to 50% of NSCLC pati ents [45,47]. In 
a phase II tri al of the anti‑erbB2 antibody 
trastuzumab (Herceptin; Genetech) com‑
bined with paclitacxel plus carboplatin in 
NSCLC pati ents with tumo urs positive for 
erbB2 on IHC, 24.5% responded and the 
medi an OS was 10.1 months [47]. Howe‑
ver, the overall efficacy was similar to that 
expected with chemotherapy alone. In 
a phase II tri al of another humanized an‑
ti‑erbB2  mAb, pertuzumab (also called 
2C4, formerly known as Omnitarg; Ge‑
netech), from 43 pati ents tre ated neither 
CR nor PR responses were seen. Eigh‑
teen of 43 (41.9%) and nine of 43 (20.9%) 
pati ents had stable dise ase at 6  and 
12 weeks, respectively [48]. Further clini‑
cal development of pertuzumab sho uld 
focus on rati onal combinati ons of pertu‑
zumab with other drugs active in NSCLC.

Angi ogenesis Inhibitors 
in NSCLC Tre atment
Several angi ogenesis inhibitors have 
been studi ed in NSCLC. They include 
mAbs to VEGF and VEGFR and inhibi‑
tors of VEGFR TK [49]. The best- studi ed 
angi ogenesis inhibitor is bevacizu‑
mab, an anti‑VEGFR antibody. In a  ran‑
domized, controlled tri  al involving 
99  pati ents with previ o usly untre ated 
advanced NSCLC, bevacizumab added 
to paclitaxel plus carboplatin impro‑
ved OR rate compared with paclitaxel 
plus carboplatin alone. The medi an TTP 
was significantly higher for pati ents re‑
ceiving a high‑dose (15 mg/ kg) bevaci‑
zumab regimen than for those receiving 
a low‑dose (7.5 mg/ kg) bevacizumab re‑

gimen (7.4 vs 4.2 months; P = 0.023) [50]. 
In additi on, 19  pati ents who progres‑
sed on CT alone were crossed over to 
single‑agent bevacizumab, and five of 
them re ached SD [50]. Subsequently, the 
Eastern Co operative Oncology Gro up 
(ECOG) E 4599  study, which enrolled 
878 pati ents who had not received pri or 
CT, compared paclitaxel plus carbopla‑
tin with bevacizumab and witho ut be‑
vacizumab in advanced NSCLC [51]. 
This was the first phase III tri al to de‑
monstrate a  survival advantage obtai‑
ned from a  first‑line tre atment combi‑
ning a  targeted bi ological agent with 
CT alone, reporting a  prolongati on of 
PFS (6.2 vs 4.5 months) and OS (12.3 vs 
10.3 months) [51]. One- ye ar survival was 
51% for pati ents receiving CT plus be‑
vacizumab versus 44% for pati ents re‑
ceiving CT alone. Two- ye ar survival was 
23  vs 15%, respectively. FDA approved 
the novel combinati on for first‑line tre at‑
ment of pati ents with unresectable, lo‑
cally advanced, recurrent or metastaic 
non‑squ amo us NSCLC in October 2006.

A second large multicentre phase  III 
study, AVAIL (BO17704), adding the 
angi ogenesis inhibitor bevacizumab to 
the combinati on of gemcitabine plus 
cisplatin, a regimen which is popular in 
Europe, improved progressi on‑free sur‑
vival (PFS) by 20 to 30% and the RR was 
incre ased by up to 70% compared with 
CT alone in pati ents with advanced 
NSCLC. The durati on of tumo ur response 
was incre ased from 4.7  to 6.1  mon‑
ths compared with CT alone. These re‑
sults, which were presented at the 
ASCO 2007  Annu al Meeting [52], sup‑
port the findings from the e arli er ECOG 
4,599  study and show a  significantly 
longer PF independent of the CT regi‑
men used. Based on these data, EMEA 
has granted marketing a uthorizati on 
for bevacizumab in additi on to any pla‑
tinum‑based CT for the first‑line tre at‑
ment of advanced NSCLC other than 
with predominantly squ amo us histo‑
logy. Bevacizumab appe ars to be gene‑
rally well tolerated. However, some be‑
vacizumab‑associ ated adverse effects 
warrant speci al attenti on, including hy‑
pertensi on, proteinuri a, and haemo‑
rrhage. Most cases of haemorrhage 
with bevacizumab have been mild, but 

some seri o us pulmonary haemorrhages 
have occurred. There are several other 
anti angi ogenic agents, with several dis‑
tinct mechanisms of acti on under clini‑
cal development, tested for their safety 
and efficacy in NSCLC pati ents. Cedi‑
ranib (RecentinTM, AZD2171; AstraZe‑
neca) is a  highly potent and selective 
VEGF signalling inhibitor that targets all 
three VEGF receptors. Cediranib has de‑
monstrated safety and enco uraging ac‑
tivity in a phase I combinati on tri al with 
carboplatin plus paclitaxel [53]. Other 
anti angi ogenic agents, including soluble 
VEGFR inhibitors, are in e arli er stages of 
clinical tri al of lung cancer tre atment. At 
the present time, it is not cle ar whether 
the haemorrhagic complicati ons iden‑
tifi ed in the bevacizumab tri al are speci‑
fic to this compo und or not.

Multitargeted Kinase Inhibitors
In additi on to manipulating components 
of EGFR, complementary molecular the‑
rape utic appro aches that involve simul‑
tane o usly targeting distinct signalling pa‑
thways have potenti al benefit. Altho ugh 
most of these appro aches are empirical 
by nature, a rati onale does exist for targe‑
ting both the tumo ur and its vasculature. 
One of the agents that exemplifi es this 
strategy is ZD6474, an orally available TK 
that can inhibit both VEGF and EGFR [54]. 
ZD6474  has shown efficacy in tumo ur 
xenografts that are resistant to cetixu‑
mab and gefitinib [55,56]. In a  phase 
I study of ZD6474, fo ur of nine pati ents 
with refractory NSCLC achi eved PR [57]. 
Phase II clinical tri als of ZD6474 in combi‑
nati on with standard chemotherapi es in 
first-  and second‑line settings for advan‑
ced or metastatic NSCLC are ongo ing. 
ZD6474  combined with carboplatin 
plus paclitaxel as a  frontline therapy in 
NSCLC (IIIB– IV) demonstrated a 39% PR 
rate in a randomized, do uble- blind tri al 
[58]. In the randomized phase II study, 
the activity of ZD6474  plus docetaxel 
was assessed in pati ents with previ o usly 
tre ated NSCLC. The medi an PFS was 
18.7 weeks for ZD6474 100 mg plus do‑
cetaxel; 17  weeks for ZD6474  300 mg 
plus docetaxel; and 12 weeks for doceta‑
xel [59]. Based on the favo urable results 
of the latter tri al, AstraZeneca has com‑
menced a  prospective phase III study 
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comparing docetaxel alone with doce‑
taxel plus 100 mg ZD6474 or placebo in 
the setting of second‑line tre atment for 
pati ents with advanced NSCLC after fai‑
lure of the first‑line tre atment. In a rando‑
mized phase II tri al involving 168 pati ents 
with locally advanced or metastatic 
NSCLC who had progressed despite first-  
or second‑line platinum‑based therapy, 
pati ents received either ZD6474 (300 mg 
once daily) or gefitinib (250 mg once 
daily) until dise ase progressi on or limi‑
ting toxicity, with PFS as the primary 
end po int. There was a statistically signi‑
ficant improvement in medi an PFS with 
ZD6474 compared with gefitinib (11 vs 
8.1 weeks; P = 0.025) [60]. On progressi on, 
pati ents had the opti on to cross over to 
the alternative therapy (part B). In part B, 
stable dise ase for > 8 weeks was achi eved 
in 16 of 37 pati ents (43%) who switched 
from gefitinib to ZD6474 and in seven of 
29 (24%) who switched from ZD6474 to 
gefitinib. Based on these results, an in‑
ternati onal randomized phase III tri al is 
planned to compare ZD6474  with er‑
lotinib as second-  or third‑line therapy 
for pati ents with advanced NSCLC. Ano‑
ther internati onal randomized phase 
III tri al will be opening to accru al in the 
ne ar future and will evalu ate whether 
ZD6474 offers a survival advantage over 
best supportive care in pati ents with 
dise ase that has progressed on an EGFR 
TKI and for whom no standard tre atment 
opti ons are available.

Sorafenib is an oral multikinase inhibi‑
tor that inhibits the RAF/ MEK/ ERK cancer 
pathway in vari o us cancer cell lines and 
tumo ur xenografts and exhibited po‑
tent oral antitumo ur activity in a bro ad 
spectrum of human tumo ur xenograft 
models [61]. Sorafenib also targets the 
VEGFR 2  and 3, and platelet- derived 
growth factor receptor (PDGFR) family 
and KIT receptor TK [62]. Together, these 
data suggest that sorafenib may inhibit 
tumo ur growth by a  du al mechanism, 
acting either directly on the tumo ur 
(thro ugh inhibiti on of RAF and KIT sig‑
nalling) and/ or on tumo ur angi ogene‑
sis (thro ugh inhibiti on of VEGFR and 
PDGFR signalling). Sorafenib combined 
with agents used to tre at NSCLC has de‑
monstrated to be effici ent in controlling 
the growth of NSCLC tumo urs in precli‑

nical models [63]. A pilot tri al with sora‑
fenib administered at 400 mg twice daily 
continuo usly in a 28- day cycle to pati ents 
with recurrent NSCLC was performed 
[64]. In this tri al, the efficacy of sorafenib 
was assessed by me ans of dynamic con‑
trast- enhanced magnetic resonance ima‑
ging combined with tumo ur bi opsy. Out 
of five pati ents evalu able for response, 
two pati ents re ached PR; two achi eved 
stable dise ase and one pati ent progres‑
sive dise ase. Concomitantly, sorafenib 
was also tested as a single agent (400 mg 
twice daily, continuo us) in a phase II tri al. 
In this tri al, from the 52 pati ents who re‑
ceived sorafenib (400 mg twice daily), 
51 were evalu able for efficacy. The drug 
showed promising efficacy in pati ents 
with advanced, progressive NSCLC, with 
approximately 60% of pati ents achi eving 
dise ase stabilizati on with a medi an PFS of 
23.7 weeks [65]. Overall, the 51 evalu able 
pati ents had a medi an OS of 29.3 weeks. 
Based on these observati ons, the NCI re‑
cently sponsored a tri al of a single‑agent 
sorafenib in pati ents previ o usly tre ated 
with NSCLC.

Sunitinib is a  novel small molecule, 
an orally selective multitargeted TK in‑
hibitor that exhibits direct antitumo ur 
activity against tumo ur cells depen‑
dent upon signalling thro ugh PDGFR, 
KIT, FLT- 3 (fms‑like TK), or VEGFR for pro‑
liferati on and survival in additi on to 
anti angi ogenic activity thro ugh its potent 
inhibiti on of VEGFR and PDGFR signalling 
[66]. Socinski et al [67] reported the data 
of an open- label, two‑stage, multicen‑
tre phase II tri al evalu ating the single‑a‑
gent activity of sunitinib (4/ 2  schedule; 
fo ur weeks on tre atment followed by two 
weeks off) in refractory NSCLC. Eligibility 
criteri a included confirmed di agnosis of 
NSCLC pati ents previ o usly tre ated with 
one to two CT regimens. Pati ents received 
sunitinib at 50 mg per day for fo ur weeks 
followed by two weeks off tre atment 
(six weeks considered as a cycle). Of the 
63 pati ents tre ated with sunitinib, seven 
pati ents had confirmed parti al respon‑
ses, yi elding an OR rate of 11.1%. An ad‑
diti onal 18 pati ents (28.6%) experi enced 
stable dise ase of at le ast eight weeks in 
durati on. Medi an PFS was 12.0  weeks, 
and medi an OS was 23.4  weeks. The 
a uthors concluded that sunitinib has pro‑

vocative single‑agent activity and is well 
tolerated in previ o usly tre ated pati ents 
with recurrent and advanced NSCLC, with 
the level of activity similar to currently 
approved agents. The tri al is being exten‑
ded to explore a continuo us dosing stra‑
tegy of sunitinib at 37.5 mg/ day p.o. due 
to three haemorrhage‑related de aths re‑
ported in this study. Data from a phase II 
study demonstrated the antitumo ur acti‑
vity of continuo us dosing schedule of su‑
nitinib in 47 previ o usly- tre ated pati ents 
with advanced, recurrent NSCLC, who 
had received one to two pri or CT regi‑
mens. One pati ent (2%) had a  confir‑
med PR and eight pati ents (17%) had 
stable dise ase  >  3  months. Medi an PFS 
was 12.1  weeks and observed medi an 
OS 37.1 weeks [68]. The tri als with suni‑
tinib pati ents to demonstrate its efficacy 
as single or combined agent in NSCLC are 
ongo ing.

Conclusi ons
Management of pati ents with lung can‑
cer has changed considerably in recent 
ye ars. Nowadays, the most effective tar‑
geted therapi es as single agents are 
being integrated into a  standard CT or 
combined with other targeted therapy 
drugs in current clinical tri als to provide 
survival benefits beyond those achi eva‑
ble with CT. EGFR TKI therapy such as er‑
lotinib has produced an OS benefit in 
the salvage setting. However, the use of 
EGFR TK inhibitors based on current data 
seems to be ori ented to the subset of 
pati ents with NSCLC.

Anti angi ogenic targeted therapi es 
such as bevacizumab have demonstra‑
ted a survival benefit in the first‑line the‑
rapy and are being actively studi ed with 
multiple CT combinati ons and other new 
targeted therapi es as well.

Lung cancer is a heterogene o us dise ase 
with multiple mutati ons. It is unlikely that 
only one signalling pathway is driving the 
oncogenic behavi o ur of tumo urs. The‑
refore, multikinase inhibitors represent 
a  gro up of new targeted therapi es that 
can play a major role in the tre atment of 
NSCLC in the ne ar future.
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