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Introduction

Lung cancer remains the leading cause of cancer deaths in both 
males and females in the United States (1). Small cell lung cancer 
(SCLC) accounts for about 15% of all cases of lung cancer 
worldwide, is an aggressive neuroendocrine subtype of lung 
cancer for which there is no effective treatment (2,3). Patients 
with limited disease (LD) have a median survival time of  
16-24 months when treated with chemotherapy and concurrent 
thoracic radiation (4,5). Chemotherapy remains the standard 
therapeutic modality for extensive disease (ED), with a median 
survival of 7-12 months (4). At the same time, prophylactic 
cranial irradiation (PCI) in chemotherapy-responding patients, 
allowing a modest gain in disease-free survival (DFS) and 
overall survival (OS) and decrease the risk of developing brain 
metastases (6,7). However, no major therapeutic progress has 
been achieved in SCLC in the past decade and there remains 
an unmet need for more effective treatments. In recent years, 
there has been an increase in effort to understand the molecular 
biology of SCLC and to exploit this knowledge for therapeutic 
control through the development of so-called targeted therapies 
(please see Figure 1 and Table 1). This is most attractive because 

response rates to chemotherapy in SCLC are high, and so less 
toxic, orally administered treatments to maintain a complete or 
partial response and prevent or delay relapse would theoretically 
be of major potential benefit. Here, we summarize potentially 
viable targets and new agents that have been developed and 
employed in recent, ongoing and future clinical trials to attempt 
to improve clinical outcomes in this disease.

Targeting angiogenesis

Angiogenesis is essential for sustained growth and metastatic 
spread of cancer, SCLC is more vascularized than non-small 
cell lung cancer (NSCLC), as shown by a higher microvessel 
density (8). Patients with SCLC express functional vascular 
endothelial growth factor receptor (VEGFR)-2 and VEGFR-3 
on their tumor cells (9) and have increased levels of serum 
vascular endothelial growth factor (VEGF) (10). Increased 
pretreatment levels of VEGF and basic fibroblast growth factor 
are associated with poor outcome (11-13).

Matrix metalloproteinases

Matrix metalloproteinases (MMPs) are a family of enzymes 
responsible for remodelling the extracellular matrix in processes 
of growth and morphogenesis. MMPs and their tissue inhibitors 
(TIMPs) are important in tumour development and progression. 
To date, at least 22 related members have been identified. 
MMPs have been correlated with advanced clinical stage and 
poor survival in some tumours. The matrix metalloproteinase 
inhibitors (MMPIs) were among the first agents proposed 
to act in part via inhibition of angiogenesis to be evaluated in 
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Figure 1. VEGF vascular endothelial growth factor, EGFR epidermal growth factor receptor, IGF1-R insulin growth factor 1 receptor, PI3K phosphati-
dylinositol 3-kinase, PTEN phosphatase and tensin homolog, P53 protein 53, RB1 retinoblastoma 1, CDK4 cyclin dependant kinase 4, p16/INK4a 
cyclin dependant kinase inhibitor p16, p21 cyclin dependant kinase inhibitor 1, MDM2 murine double minute 2, BCL2 B-cell lymphoma 2, RAS rat 
sarcoma,PP2A protein phosphatase 2A, MEK mitogen activated protein kinase, PKC protein kinase C, ERK extracellular-signal-regulated kinase.
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SCLC. Two agents were investigated in randomized trials in 
SCLC: marimastat (BB 2516, British Biotech) and tanomastat 
(BAY 12-9566, Bayer Healthcare Pharmaceuticals), the results 
are disappointing, neither improved survival and side effects 
adversely impacted on quality of life (14,15).

Thalidomide

Thalidomide is known to possess both immunomodulatory 
and anti-angiogenic properties, but the mechanism is not well 

understood. The French Intergroup conducted a randomized 
phase III trial that suggested a survival advantage (11.7 versus 
8.7 months; P=0.16) with the addition of thalidomide as a 
maintenance therapy versus placebo following response to a 
four-drug chemotherapy regimen in ED SCLC. Patients with 
a performance status (PS) of 1 or 2 who received thalidomide 
had a significantly longer survival (P=0.02) compared to the 
patients with a PS of 1 or 2 who received the placebo. However, 
there was a higher incidence of toxicities including thrombosis 
and neuropathy in the thalidomide arm, which led to about half 
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Table 1. Main new targeted agents investigated for use in treatment of small cell lung cancer.

Target Agent Clinical trial phase Comments

Targeting angiogenesis

VEGF-A Bevacizumab II Promising

VEGFR-1, 2, 3 Cediranib II Negative

VEGFR, EGFR Vandetanib II Negative

VEGFR, PDGFR, Raf-1 Sorafenib I, II Negative

Thalidomide II, III Negative

VEGFR, PDGFR, FLT-3, RET, KIT Sunitinib I, II Negative

VEGF-A, B Aflibercept II Negative

MMPIs Marimastat II, III Negative

Tanomastat II, III Negative

Targeting cell-signaling pathways controlling proliferation

c-kit Imatinib II Negative

Src AZD0530 II Negative

Src Dasatinib II Negative

EGFR Gefitinib II Effective in SCLCs with  
EGFR mutation

Farnesyltranferase Tipifarnib II Negative

mTOR Temsirolimus II Negative

mTOR Everolimus I, II Negative

IGFR IMC-A12 I Under further evaluation

IGFR CP-751, 871 I Under further evaluation

IGFR AMG 479 I, II Under further evaluation

c-MET AMG 102 I, II Under further evaluation

Apoptosis promoters

Bcl-2 Oblimersen II Negative

Bcl-2 AT-101 [R-(-) gossypol] I, II Negative

Bcl-2, Mcl-1, Bcl-w, Bcl-XL, A-1 Obatoclax mesylate I, II Negative

Bcl-2, Bcl-w, Bcl-XL ABT-263 I Under further evaluation

26S proteasome Bortezomib II Negative

Plk 1 serine/threonine kinase PIK1 Inhibitor BI 2536 II Negative

HDAC Vorinostat I, II being tested

HDAC Belinostat I being tested

HDAC Entinostat I being tested

Multidrug resistance inhibitors

P-glycoprotein, MDR-1 Biricodar II Negative

Vaccines and immune conjugates

CD56 BB-10901 II Under further evaluation

GD3 BEC2/bCG adjuvant vaccine III Negative

p53 Autologous dendritic cell-adenovirus II Negative



Journal of Thoracic Disease, Vol 5, No 4 August 2013 541

the patients needing withdrawal or dose reduction (16). The 
London Lung Cancer Group then conducted a 724-patient 
randomized phase III trial that evaluated thalidomide versus 
placebo in combination with carboplatin and etoposide 
chemotherapy then as maintenance in ED-SCLC. The results 
show that thalidomide in combination with chemotherapy did 
not improve survival of patients with SCLC but was associated 
with an increased risk of thrombotic events. Among patients 
with limited-stage disease, there was no evidence of a survival 
difference, but among patients with extensive disease, survival 
was worse in the thalidomide group. Progression-free survival 
rates were also similar in the two groups. Thalidomide was 
associated with an increased risk of having a thrombotic event, 
mainly pulmonary embolus and deep vein thrombosis (17).

Vascular endothelial growth factor and VEGF receptor 
(VEGFR)

Bevacizumab
Bevacizumab is a humanized monoclonal antibody targeting the 
VEGF-A receptor. The promise of antiangiogenic therapy for 
treatment of solid tumours was first realized with it. This agent 
has attracted most interest for evaluation in SCLC but its role 
remains undetermined.

Bevacizumab has been evaluated as a maintenance therapy 
and in combination with concurrent chemoradiation in LD 
SCLC.A maintenance phase II study of bevacizumab at a dose 
of 15 mg/kg after initial concurrent cisplatin, irinotecan and 
radiotherapy showed good tolerability with objective responses 
of 80%, 2-year PFS of 54% and a median PFS of 15 months (18).  
Another single-arm phase II study evaluated maintenance 
bevacizumab (10 mg/kg) following concurrent irinotecan, 
carboplatin and radiotherapy in LD SCLC. This study suggested 
that bevacizumab increases the risk for tracheoesophageal (TE) 
fistula when administered with and following CRT. Potential 
mechanisms include enhanced regional tissue injury and 
impaired mucosal healing (19).

Several phase II trials investigating bevacizumab have been 
reported in ED SCLC. One trial that that combined bevacizumab 
with cisplatin and irinotecan in ED SCLC reported an ORR of 
75%. Median progression-free survival (PFS) was 7.0 months 
and median overall survival (OS) was 11.6 months (20). Another 
phase II trial evaluated carboplatin, irinotecan and bevacizumab 
in ED SCLC showed an objective response rate (ORR) 84% and 
median TTP was 9.13 months and median overall survival was 
12.1 months. 1- and 2-year overall survivals were 51% and 14%, 
respectively. Grade 3/4 toxicity (≥10%) included neutropenia 
(39%), thrombocytopenia (22%), dehydration (10%), diarrhea 
(31%), fatigue (20%) and pulmo nary symptoms (10%). 
No significant bleeding occurred (21). While these results 
are promising, patients eligible for bevacizumab are a highly 

selected population since exclusion criteria for bevacizumab are 
haemoptysis, presence of brain metastases and hypertension. 
Results from the randomized phase II SALUTE study, evaluating 
platinum-etoposide plus bevacizumab versus platinum-etoposide 
plus placebo in patients with previously untreated ED SCLC, 
an acceptable toxicity profile, there was a statistically significant 
improvement in PFS (5.5 versus 4.4 months for bevacizumab 
arm compared to the placebo arm), the ORR was numerically 
greater but not statistically significant (58% versus 48%) and 
there was no improvement in the median OS (9.4 versus  
10.9 months) (22).

The Hoosier Oncology group has completed a second-line 
study of bevacizumab and paclitaxel in patients with sensitive 
relapsed SCLC, results show that the addition of bevacizumab to 
paclitaxel does not improve outcomes in relapsed chemosensitive 
SCLC and none of the vascular endothelial growth factor 
polymorphisms evaluated were significantly associated with 
response (23). The Hellenic Oncology Research Group has also 
comlpeted a second-line study of bevacizumab and paclitaxel in 
patients with chemoresistant relapsed SCLC, the overall objective 
response rate was 20%, including one complete remission, whereas 
the disease control rate was 36.7%, the median progression-free 
survival 2.7 months and the median overall survival 6.3 months. 
Grades 3 and 4 toxicities were limited in neutropenia, diarrhea and 
fatigue. There was one case of non-fatal pulmonary embolism. The 
results show that the combination of paclitaxel with bevacizumab 
was feasible and active in this poorognosis and heavily pretreated 
population of patients with advanced, chemoresistant SCLC, 
representing a valid therapeutic alternative which merits further 
evaluation (24).

Cediranib
Cediranib is highly potent inhibitor of VEGFR-1, -2 and -3 
tyrosine kinases. A phase II study evaluated its safety and efficacy 
in relapsed/recurrent SCLC. Of 25 patients recruited, nine 
patients had stable disease (SD), but none had a confirmed partial 
response. The median progression-free survival and overall survival 
were 2 and 6 months, respectively, there was no improvement 
in the primary endpoint of OS, Cediranib failed to demonstrate 
objective responses in recurrent or refractory SCLC (25).

Vandetanib
Vandetanib is another multitargeted TKI with dominant 
activity in vitro against the VEGF receptor. A randomized 
phase II trial was conducted to investigate vandetanib as a 
maintenance therapy after complete or partial response following 
chemotherapy, with or without radiotherapy, in LD and ED 
SCLC. Vandetanib failed to demonstrate efficacy as maintenance 
therapy for small-cell lung cancer. The study overall was reported 
to be negative for any survival benefit but in planned subgroup 
analyses there was a trend to longer MST in patients with LD 
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SCLC who received vandetanib (26).

Sorafenib and sunitinib
Sorafenib and sunitinib, two other small multitargeted TKIs, are 
also currently under evaluation in SCLC. Sorafenib is a multiple 
kinase inhibitor of Raf kinase, VEGFR-2, VEGFR-3 and platelet-
derived growth factor receptor (PDGFR) β and affects pathways 
involved in tumor progression and angiogenesis. A phase II trial 
was conducted by Southwest Oncology Group, sorafenib was 
administered at a daily oral total dose of 800 mg to 82 patients 
with SCLC who had progressed after one platinum-based 
regimen and patients were stratified by platinum sensitivity. 
The results show that four partial responses (three in patients 
sensitive to platinum) and 25 achieved stable disease (12 in 
patients sensitive to platinum). The median PFS was 2 months, 
and MST was 6.7 and 5.3 months in the platinum-sensitive  
and -refractory groups, respectively. Main toxicities included 
grade 3 skin toxicity in 25% and grade 3/4 flu-like syndrome 
in 14% of patients (27). Based on the lack of disease control 
seen in this trial, further investigation of single-agent sorafenib 
in the small cell lung cancer population is not recommended. 
Combination trials of sorafenib and chemotherapy are ongoing.

Sunitinib is an oral, small-molecule, multitargeted receptor 
tyrosine kinase inhibitor active against PDGFR-a and PDGFR-b, 
VEGFR-1, VEGFR-2 and VEGFR-3, stem cell factor receptor (kit), 
FMS-like tyrosine kinase 3 (FLT3), colony stimulating factor 
receptor (CSF-1R) and the glial cell-line derived neurotrophic 
factor receptor (RET). A phase II study of sunitinib was conducted 
to evaluate the efficacy and safety in patients with relapsed or 
refractory SCLC (28). 24 patients received sunitinib (50 mg/day) 
for four weeks on and two weeks off in a 6-week cycle and 23 
were evaluated for response. The ORR was 9% and the median 
PFS and OS were 1.4 and 5.6 months, respectively. Grade 
3/4 toxicity for sunitinib included thrombocytopenia (63%),  
neutropenia (25%), asthenia (8%) and anorexia (8%). One 
or two dose reductions were required by 46% of patients. This 
approach does not appear to warrant further clinical study. 
Another phase II study evaluated irinotecan and carboplatin 
followed by maintenance sunitinib in the first-line treatment 
of ED SCLC. A total of 34 patients were enrolled. The results 
show that maintenance sunitinib was well tolerated following 
platinum doublet chemotherapy as first-line treatment for ED 
SCLC. All patients without progression or intolerable toxicity 
continued receiving single-agent sunitinib (25 mg orally daily) 
until progression. The median TTP was 7.6 months and the 
6-month ORR was 91%. No grade 3/4 toxicities were observed 
in the four patients who received sunitinib (29), this phase II 
trial provides support for further study of sunitinib maintenance 
therapy following platinum-doublet chemotherapy in patients 
with ES-SCLC. The 1 year OS of 54% is encouraging, and a 
randomized trial would be appropriate to assess sunitinib’s 

impact following chemotherapy. The combination of sunitinib 
(25 mg/day days 1-14) with standard dose cisplatin and 
etoposide for untreated ED SCLC appeared to cause prolonged 
neutropenia and an unacceptable rate of treatment-related 
mortality. This combination of chemotherapy and sunitinib is 
not recommended (30).

Aflibercept
Aflibercept (Sanofi-Aventis and Regeneron Pharmaceuticals) is 
an angiogenesis inhibitor with a unique mechanism of action. 
It is a fusion protein comprised of segments of the extracellular 
domains of VEGFR-1 and VEGFR-2 fused to the constant 
region (Fc) of human IgG1 that functions as a soluble decoy 
receptor, binding to VEGFA and B, thereby preventing binding 
to their cell receptors. Topotecan with or without Aflibercept in 
treating patients with ED SCLC is currently being investigated in 
a phase II trial.

Targeting cell-signaling pathways controlling 
proliferation

c-Kit receptor tyrosine kinase

Imatinib is a phenylaminodipyrimidine derivative that targets 
the tyrosine kinase domain of the hybrid bcr-abl kinase protein 
as well as c-kit and platelet-derived growth factor receptor 
(PDGFR). Preclinical findings show that overexpression of c-kit 
in 28-73% of SCLC, its use in SCLC presented a novel molecular 
therapeutic approach (31,32).

However,  n o n e  o f  f o u r  pha se  I I  t r ia l s  o f  i mat i n i b 
demonstrated sufficient efficacy in either overall response rate 
or survival for further development. The first trial administered 
imatinib by Johnson et al. at a dose of 600 mg once daily 
(OD) in 19 untreated ED or relapsed sensitive SCLC patients  
(9 chemonaïve patients with ED and 10 sensitive relapsed 
SCLC patients). Tumor tissue samples from four (21%) of the  
19 patients had the KIT receptor (CD117). There were no 
objective responses (33). Another phase II trial evaluated 
high-dose imatinib (up to 400 mg twice daily) in relapsed or 
treatment-refractory SCLC with proven c-kit overexpression 
as identified by immunohistochemistry (IHC), but there were 
no objective responses, and all patients had disease progression 
by week 4 (34). The trial performed by Dy et al. also evaluated 
imatinib for patients with relapsed SCLC with c-kit expression 
and the result was also negative (35). Schneider et al. evaluated 
maintenance imatinib after treatment with irinotecan and 
cisplatin chemotherapy for c-kit overexpressing ED SCLC 
again with no evidence for benefit (36). In combination with 
irinotecan and cisplatin chemotherapy, imatinib also failed to 
demonstrate improvement in overall response rate and survival. 
Moreover, the combination was toxic with an increase in 
grade 3-4 neutropenia and diarrhoea, possibly due to impaired 
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clearance of irinotecan in the presence of imatinib (37).

Epidermal growth factor receptor tyrosine kinase (EGFR-TK)

Gefitinib is a small molecule EGFR-TKI, it was tested in 
previously treated chemosensitive SCLC in a small phase II trial. 
There was no improvement in response rate or survival (38). The 
low incidence of EGFR exon 19 or 21 mutations (39,40) may be 
the cause of the negative result of the study.

Erlotinib is another small molecule EGFR-TKI, there is not 
any reports about its treatment in SCLC.

c-MET receptor tyrosine kinase

The receptor tyrosine kinase c-MET and its ligand, hepatocyte 
growth factor (HGF), regulate multiple cellular processes that 
stimulate cell proliferation, invasion and angiogenesis. Mutations 
in c-MET have been identified in a small proportion of SCLC 
and c-MET expression is increased at the invasive front in SCLC 
biopsies. Ma et al. have shown that c-MET/HGF pathway is 
functional and c-MET is often mutated in SCLC (41). Increased 
expression of the ligand for c-MET (HGF) is also associated 
with worse survival. A number of agents have been developed 
and AMG 102 (Amgen Inc) is currently in trial in SCLC as 
first-line therapy combined with platinum and etoposide 
(42,43).

Insulin-like growth factor receptor tyrosine kinase

The insulin-like growth factors (IGF) and their receptors 
play pivotal roles in cellular signaling transduction and thus 
regulate cell growth, differentiation, apoptosis, transformation 
and other important physiological progresses. The insulin-
like growth factor 1 receptor (IGF-1R) mainly engages in the 
Ras/mitogen-activated protein kinase (MAPK) pathway and 
the phosphoinositide 3-kinase/protein kinase B (PI3K/AKT) 
pathway, and this pathway has been demonstrated to lower the 
threshold for chemotherapy-induced apoptosis via activation 
of the phosphatidylinositol 3-kinase (PI3K)-Akt pathway, as 
well as promote invasion and metastasis (44). There are already 
dozens of agents developed for the inhibition of IGF-1R, which 
are categorized into monoclonal antibodies, small molecule 
inhibitors and so on. Agents in this class of novel agents 
under evaluation include AMG 479 (Amgen Inc), IMC-A12 
(cixutumumab, ImClone Systems Inc) and CP 571,871 (Pfizer 
Inc), and AMG 479 is currently in clinical trial in combination 
with platinum and etoposide chemotherapy in SCLC.

Farnesyltransferase

Farnesyltransferase is an enzyme that is involved in the covalent 

addition of a farnesyl group to several G-proteins including 
ras proteins essential for intracellular signal transduction. 
R115777 (tipifarnib, ZarnestraTM) is a farnesyl transferase 
inhibitor that blocks the farnesylation of proteins involved in 
signal transduction pathways critical for cell proliferation and 
survival. A phase II trial was conducted to evaluated tipifarnib 
as a monotherapy in patients with sensitive relapsed SCLC. No 
objective responses were seen, nor was there improvement in 
progression free survival (PFS) or median OS and so the trial 
was terminated early (45).

Src kinase

SRC is an oncogene with an essential role in the invasiveness 
and metastasis of solid tumors including small cell lung cancer. 
Dasatinib is an oral multikinase inhibitor that inhibits src-family 
kinases, c-kit, PDGFR-b and bcr-abl proteins. A phase II study of 
dasatinib was to determine the efficacy of second-line dasatinib 
in patients with chemosensitive relapsed small cell lung cancer 
(Cancer and Leukemia Group B 30602). Dasatinib did not reach 
the efficacy criteria in this clinical setting and the study was 
terminated (46).

The mammalian target of rapamycin (mTOR)

mTOR signaling pathway senses and integrates a variety 
of environmental cues to regulate organismal growth and 
homeostasis. The pathway regulates many major cellular 
processes and is implicated in an increasing number of 
pathological conditions including cancer. Two mTOR inhibitors 
that have been evaluated in SCLC are temsirolimus and 
everolimus. In one phase II trial that investigated temsirolimus 
as a maintenance therapy, the PFS was 1.9 months for those 
patients receiving 25 mg temsirolimus whilst those patients on 
250 mg had a PFS of 2.5 months (P=0.24) (47). In another phase 
II study evaluating everolimus as a maintenance monotherapy 
following completion of standard chemotherapy in relapsed 
SCLC, everolimus was well tolerated with only a few CTC grade 
3 toxicities and no grade 4 or more toxicities. However, there 
was no significant improvement in disease control rate (DCR 
26%, duration of disease control 2.7-6.3 months), which was 
the primary endpoint of the study. The median PFS and OS 
were 1.4 and 5.5 months, respectively (48). The results show 
that everolimus was well tolerated but had limited single-agent 
antitumor activity in unselected previously treated patients with 
relapsed SCLC. Further evaluation in combination regimens for 
patients with sensitive relapse may be considered. A preliminary 
report from the other phase II trial showed the similar results (49). 
Everolimus in combination with chemotherapy in previously 
untreated patients with SCLC have been undertaken (50). The 
results worth looking forward to.
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Apoptosis promoters

Bcl-2

Bcl2, a powerful anti-apoptotic frequently that is found in high 
concentrations in SCLC, could possibly be responsible for an 
increase in chemoresistance, thus targeting Bcl-2 could provide 
therapeutic benefit (51,52). The results of a phase II study 
evaluating the addition of an antisense bcl2 oligonucleotide to 
carboplatin–etoposide as first-line treatment for ED SCLC were 
disappointing as the addition showed no benefit on OS and 
survival without relapse and grade 3/4 haematological toxicities 
were also higher for oblimersen (53). Other novel Bcl-2 family 
inhibitors, such as obatoclax mesylate and ABT-263 are two BH3 
mimetics that have shown promise in preclinical models and 
are currently undergoing investigation for use in the treatment 
of SCLC (54). In animal models, ABT-737 induced marked 
regression and cure of SCLC xenografts (55). AT-101 (gossypol 
acetic acid, Ascenta Pharmaceuticals), an orally administered 
bcl-2 inhibitor from the BH3 mimetic family, has been evaluated 
in the phase I/II setting in combination with topotecan in 
platinum-pretreated patients with relapsed or refractory SCLC. 
Though AT-101 appeared safe for administration in conjunction 
with topotecan and no appreciable difference in the toxicity 
profile compared to topotecan alone, there was no evident 
improvement in efficacy with a lack of objective responses and 
further enrollment to this trial was halted (56).

26S ubiquitin-proteosome complex

Bortezomib is an inhibitor of the 26S ubiquitin-proteosome 
complex. In preclinical models, bortezomib inhibits the growth 
of small cell lung cancer by inhibiting the antiapoptotic Bcl-2 
signaling pathway (57,58). A phase II trial of bortezomib as a 
monotherapy in platinum-pretreated relapsed ED SCLC failed 
to demonstrate efficacy (58). As shown in preclinical models, 
testing of bortezomib in combination with an apoptotic trigger 
such as chemotherapy, is a rational clinical approach. A trial of 
topotecan plus bortezomib has been initiated to test this concept.

Polo-like kinase 1

Polo-like kinase 1 (PLK1) plays key roles in the regulation 
of mitotic progression, including mitotic entr y, spindle 
formation, chromosome segregation, and cytokinesis. Many 
studies have shown that high PLK1 expression often correlates 
with poor prognosis. Using a variety of methods, including 
small-molecule inhibition of PLK1 function and/or activity, 
apoptosis in cancer cell lines, cell cycle arrest in normal cell 
lines, and antitumor activity in vivo have been observed (59). 

The Plk1 inhibitor BI 2536 was investigated as a monotherapy 
in relapsed sensitive SCLC in an open-label two-stage phase 
II trial but after stage I the trial was terminated due to lack of 
antitumour activity (60).

Histone deacetylase

Histone deacetylase (HDAC) inhibitors have led to tumor 
growth inhibition and apoptosis in vivo (61,62). There are some 
trials that are ongoing to investigate various HDAC inhibitors 
such as vorinostat, belinostat and entinostat. Of all the apoptosis 
promoting agents currently in development, the spotlight is 
on the BH3 mimetics as the agents with greatest potential for 
therapeutic efficacy.

Multidrug resistance inhibitors

Chemotherapy for patients who develop recurrent SCLC is less 
effective than the initial chemotherapy. A number of resistance 
mechanisms have been identified in SCLC, including up-
regulated expression of genes involved in multidrug resistance 
(MDR). Biricodar (VX-710, IncelTM, Vertex Pharmaceutical) 
is a multidrug resistance inhibitor that acts on P-glycoprotein 
and multi-drug resistance-associated protein-1 (MDR-1), both 
of which are proteins involved in chemotherapy resistance in 
cancer. It was studied in a phase II trial in patients with relapsed 
SCLC in combination with doxorubicin and vincristine. The 
response rate observed was low (at 19%), and there was a 
high incidence of grade 3/4 neutropenia (53%) including two 
mortalities from sepsis. Although there were durable responses, 
the side effects were serious and the study was terminated  
early (63).

Vaccines and immune conjugates

p53 cancer vaccine
 
Cells become susceptible to DNA damage and dysregulated cell 
growth if p53 genes are deleted or mutated. On this basis, gene 
therapies targeting p53 have been explored. A trial evaluated 
the combination of a p53 cancer vaccine with chemotherapy in 
patients with ED SCLC. This vaccine, consisting of dendritic 
cells transduced with the full-length wild-type p53 gene, was 
delivered via an adenoviral vector. A total of 29 patients with ED 
SCLC were vaccinated repeatedly at 2-week intervals. Most of 
the patients received three immunizations. p53-specific T cell 
responses to vaccination were observed in 57.1% of patients. 
Interestingly, patients who mounted a T-cell response were found 
to have a higher response rate to second-line chemotherapy 
compared to those who did not (64).
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BB-10901

CD56 is expressed on small-cell lung cancer and other solid 
tumors of neuroendocrine origin. BB-10901 (IMGN901) 
consists of a CD56-binding antibody with a potent cancer-cell 
killing agent, DM1. It acts by delivering the cytotoxic component 
DM-1 internally via a transmembrane receptor, leading to tubulin 
polymerization and subsequent cell death. BB-10901 has shown 
encouraging early activity in patients with pretreated, relapsed or 
refractory SCLC, with activity demonstrated in second- or greater-
line settings and a favourable safety profile (65).

BEC2

BEC2 (mitumomab, ImClone Systems) is an anti-idiotypic 
murine IgG2b monoclonal antibody that is known to mimic 
GD3, a ganglioside is expressed on the cell surface of most 
SCLC cells. BEC2 monoclonal antibody is used in conjunction 
with bacille Calmette-Guerin (bCG) vaccine to mount an 
endogenous immune response to GD3. A phase III trial was 
undertaken to evaluate the use of BEC-2 (2.5 mg)/bCG 
adjuvant vaccination as a maintenance therapy versus none in 
patients with LD SCLC who have responded to chemotherapy. 
A total of 515 patients were randomly assigned. The primary 
toxicities of vaccination were transient skin ulcerations and 
mild flu-like symptoms. There was no improvement in survival, 
PFS or quality of life in the vaccination arm. The OS from 
randomization was 16.4 and 14.3 months in the observation and 
vaccination arms (P=0.28), respectively (66).

Discussion

The SCLC is a significant healthcare problem worldwide 
because of its aggressive nature and high propensity for relapse 
its aggressive nature and high propensity for relapse. Several 
targeted agents have altered the paradigm of treatment in some 
cancer groups. However, we have yet to see a revolution of the 
same magnitude in the treatment of SCLC (Please see Table 2).  
The preclinical findings of the various aberrant processes in this 
type of cancer have not yet been successfully translated into 
better outcomes with the addition of the novel targeted agents. 
The low expression or mutation of a gene may have caused the 
negative results of some clinical trials. We should select suitable 
SCLC patients in further clinical trials by characterizing the 
targeted gene and the results of previous clinical trials including 
the promising results from subgroup analysis.

Translational research is scientific research that facilitates 
the translation of findings from basic science to practical 
applications that enhance human health and well-being. 
Translational research can correlate target pathway activation/
inhibition with clinical endpoints, this is important to maximize 
knowledge gained from trials and to identify predictive markers 
with which to direct targeted agents to patients who are most 
likely to benefit. In practice, SCLC is rarely resected and so 
biopsy tissue for molecular studies is very limited and serial 
biopsies are a major challenge. Serological cell death biomarkers 
and circulating tumor cells (CTCs) have potential uses as tools 
for pharmacodynamic blood-based assays and their subsequent 
application to early clinical trials. Serological biomarkers of 

Table 2. Completed phase III randomized trials of targeted therapies in SCLC.

Author (ref.) Study population Treatment NO. patients OS (months) Comments

Rigas JR et al. (14) Patients in CR and PR BAY 12-9566 vs. 
control

327 3.2 vs. 5.3 P=0.05 Negative

Shepherd FA et al. (15) Response to first-line 
chemotherapy in SCLC 
patients

Marimastat vs. 
control

266 vs. 266 9.3 vs. 9.7 P=0.90 Negative

Pujol JL et al. (16) ED SCLC after 
response to 
chemotherapy

Thalidomide vs. 
control

49 vs. 42 11.7 vs. 8.7 P=0.16 Negative, but thalidomide 
had a significantly longer 
survival in patients with a 
PS of 1 or 2 (P=0.02)

Lee SM et al. (17) LD and ED SCLC Thalidomid ± 
chemotherapy

724 10.1 vs. 10.5 P=0.28 Negative

Giaccone G et al. (66) LD SCLC after 
response to 
chemotherapy

BEC-2 vs. control 515 14.3 vs. 16.4 P=0.28 Negative

ED, extensive-stage disease; SCLC, small cell lung cancer; CR, complete response; PR, partial response; LD, lim ited-stage disease; PS, 
performance status; OS, overall survival.
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cell death (M30 and M65) have also been characterized for 
expression and clinical significance in SCLC and can be applied 
as pharmacodynamic biomarkers for trials of apoptosis inducing 
agents (67). CTCs may provide a better surrogate and are 
abundant in patients with SCLC, particularly ED stage. CTCs 
obtained from peripheral blood samples can now be applied in 
early clinical trials of new agents to screen patients for expression 
of a particular target and/or as a pharmacodynamic tool to 
monitor for response to treatment since CTCs drop precipitously 
in number following chemotherapy (68).

In conclusion, to date, no targeted therapy being approved 
for use in SCLC. Clinical research in this field is still in progress, 
the results of trials on bevacizumab, gefitinib and bcl-2 inhibtors 
are promising. With new translational tools, knowledge of SCLC 
biology and innovative trial designs is increasing, we believe that 
it should hopefully not be too long before we see a significant 
therapeutic breakthrough with targeted therapy for this highly 
aggressive disease.
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