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Introduction

Small-cell lung cancer (SCLC) accounts for approximately 
15% of all newly diagnosed lung cancer cases and is 
strongly correlated with cigarette smoking. SCLC is 
morphologically and histologically distinct from non-small-
cell lung cancer (NSCLC), extremely aggressive and is 
characterized by rapid doubling time, high growth fraction 
and early metastatic spread (1-3). Extension of the disease 
is considered the main prognostic factor and, based on this, 

SCLC is divided into limited-stage (LS-SCLC-confined 
to the thorax in a single radiation field) and extensive-stage 
disease (ES-SCLC-spread beyond the ipsilateral lung and 
regional lymph nodes and cannot be included in a single 
radiation field). The majority of patients are diagnosed 
with ES-SCLC, with metastases commonly observed in 
the contralateral lung and distant organs (4). Patients with 
limited disease are generally treated with platinum-based 
chemotherapy in combination with radiotherapy, which 
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achieves a 15% to 20% cure rate. In recent years, the only 
advances in the management of SCLC have been in the 
field of radiotherapy where chest and prophylactic cranial 
irradiation have been demonstrated to significantly increase 
survival (3,5). For ES-SCLC patients, chemotherapy alone, 
represented by 4 to 6 cycles of cisplatin or carboplatin and 
etoposide, is the standard front-line treatment. Irinotecan 
plus platinum is an alternative option, especially outside 
the United States. Despite high initial responses to 
chemotherapy, patients inevitably develop drug resistance 
and relapse, sometimes rapidly, and succumb to the disease 
at a median of 10 to 12 months after diagnosis (1,2,5). 
Two-year survival for these patients is less than 5%. After 
relapse, single-agent topotecan is considered the standard 
second-line treatment, showing an improvement in overall 
survival (OS) compared with best supportive care (26 versus 
14 weeks) and less toxicity than the combination regimen of 
cyclophosphamide, doxorubicin and vincristine (CAV) (5-7). 
Similar to other second-line therapies, treatment outcome 
to topotecan is generally better in those patients with longer 
disease control after first-line platinum based therapy. Other 
drugs, including taxanes, vinorelbine and gemcitabine, have 
demonstrated activity in this setting but have failed to show 
better survival outcomes compared to topotecan. Recent 
data suggest a role for temozolomide, mainly in those 
patients with central nervous system lesions and methylated 
methylguanine-DNA methyltransferase (8). Because of 
this dismal prognosis, there is an urgent need to develop 
novel, more specific and effective therapies for SCLC. 
Molecularly-targeted therapies have been demonstrated to 
be successful for treatment of advanced NSCLC. Molecular 
profiling of NSCLC has been introduced into routine 
clinical practice since the presence of specific oncogenic 
alterations, including epidermal growth factor receptor 
(EGFR) gene mutations and anaplastic lymphoma kinase 
(ALK) rearrangements, can be useful to guide treatment 
selection for specific subgroups of patients. Because of 
the limited therapeutic options and the poor survival of 
SCLC patients, several promising targeted agents have 
been developed on the basis of the growing number of 
molecular abnormalities identified for this cancer. However, 
despite numerous clinical trials, none has provided robust 
and practice-changing results and, to date, there are no 
currently approved targeted agents for this lung cancer 
subtype. Herein, we focus on reported results from the 
main clinical trials and future developments in targeted 
approaches aimed to improve therapeutic management of 
SCLC. 

Molecular alterations in SCLC

SCLC is characterized by genomic instability and very 
high mutation load consistent with the effects of long-
term exposure of DNA in cells to the carcinogens found in 
tobacco smoke (9). Genomic characterization of SCLC has 
been complicated by the difficulty in obtaining sufficient 
tumor tissue for analyses since this aggressive cancer is 
usually diagnosed at unresectable stages in small biopsies or 
cytology specimens. The development of patient-derived 
xenograft (PDX) models has made a huge contribution 
to deeper understanding of SCLC biology, especially 
characterization of driver mutations. The typical alterations 
found in SCLC are the nearly uniform loss of function of 
the tumor suppressors TP53 and RB1, which have long been 
described and confirmed in recent comprehensive genomic 
studies (1,10-16). In addition, a high frequency of deletions 
in chromosome 3p, which contains several tumor suppressor 
genes, has been reported (17). Loss of TP53, found in 75–
90% of patients, could represent an important early event in 
SCLC tumorigenesis. The p53 protein has been described 
as “the guardian of the genome” because of its crucial role 
in maintaining genomic integrity after DNA damage by 
inducing cell cycle arrest or apoptosis and regulating the 
activity of DNA repair mechanisms. Moreover, recent 
studies have highlighted roles for p53 in modulating 
many other cellular processes, including metabolism, 
stem cell maintenance, invasion and metastasis, as well as 
communication within the tumor microenvironment (18). 
Loss of p53 function determines a condition of genomic 
instability and alteration of DNA repair mechanisms, which 
could be the molecular basis for further development and 
accumulation of key somatic driver mutations. Recently, 
whole-genome sequencing of 110 SCLC samples revealed 
the presence of somatic genomic rearrangements in TP73, 
another p53 family member, resulting in an oncogenic 
version of this gene, TP73Δex2/3 (14,19). 

The retinoblastoma (RB1) is a tumor suppressor gene 
first identified in retinoblastoma that is inactivated in nearly 
all SCLCs (12,13). The product of this gene is a protein 
that plays an important role in regulation of the cell cycle 
(mainly in transition from G1 to S phase), apoptosis and 
cellular differentiation (20,21). In mice models, inactivation 
of TP53 and RB1 in respiratory epithelial cells resulted 
in the development of tumors closely resembling human 
SCLC, thus suggesting the key role of these genes in SCLC 
tumorigenesis (22). 

Loss of RB1 has been also associated with upregulation 



53Translational lung cancer research, Vol 5, No 1 February 2016

© Translational lung cancer research. All rights reserved. Transl Lung Cancer Res 2016;5(1):51-70www.tlcr.org

of enhancer of zeste 2 (EZH2), a histone methyltransferase 
which is a core member of the polycomb repressive complex 
2 (PRC2) and promotes cancer by epigenetically silencing 
tumor suppressor genes. It is also known to regulate Ras 
and p65/RelA (a measure of NF-κB activity). SCLC is 
characterized by extreme plasticity and cloning capacity 
consistent with a high degree of stemness. EZH2 expression 
was shown to regulate the proliferation of neural stem cells 
and the phenotypic switch between basal and secretory cells 
in lung epithelium, suggesting its expression is associated 
with increased cell plasticity (19,23). EZH2 was shown 
to be functionally active in SCLC tumors, exerting pro-
tumorigenic functions in vitro, and was associated with 
aberrant methylation profiles of PRC2 target genes 
indicative of a “stem-cell like” profile in SCLCs (24). EZH2 
can promote tumorigenesis by regulating cell cycle and 
apoptosis in SCLC cell lines (25). In our previous study, 
BRCA1 mRNA expression was significantly correlated with 
EZH2 and Musashi-2, another gene involved in stem cells’ 
self renewal and differentiation that regulates the Notch 
pathway via inhibition of Numb mRNA translation. Higher 
expression of EZH2 and BRCA1 were found in SCLC 
samples (26).

RB1 also binds directly to pluripotency genes, such as 
Oct4 and SOX2. In a comprehensive genomic study using 
next-generation sequencing technologies to characterize 
36 primary SCLC tumors and 17 SCLC cell lines, SOX2 
amplification was found in approximately 27% of samples. 
Suppression of SOX2 using shRNAs blocked proliferation 
of SOX2-amplified SCLC lines (16). Amplified SOX2 
was first characterized as a driver oncogene in squamous 
lung cancer (27). SOX2 is a member of a large family 
of transcription factors involved in the maintenance of 
embryonic stem cells, induction of pluripotent stem cells 
and lung development; when overexpressed, it leads to 
tumorigenesis, including SCLC (28). In the same study, 
RNA sequencing identified multiple fusion transcripts and 
a recurrent RLF-MYCL1 fusion in 9% of SCLCs. Silencing 
of MYCL1 in SCLC cell lines that had the RLF-MYCL1 
fusion decreased cell proliferation, suggesting its role as a 
key driver oncogene (16). 

MYC is amplified in 20–30% of SCLC cases (29). The 
MYC family proteins, MYC, MYCN and MYCL, are 
transcriptional factors activated by numerous upstream 
intracellular pathways and regulating expression of a large 
number of genes involved in cell cycle and cell growth. 
The precise role of MYC in SCLC development or 
progression is not fully understood, however its role in 

the control of pluripotency, self-renewal, and epithelial-
to-mesenchymal transition (all processes involved in 
neoplastic transformation) (19) it is well recognized. 
The phosphatidylinositol-3-kinase (PI3K)/AKT/mTOR 
signaling pathway, which regulates cell proliferation 
and growth as well as many other cellular functions, is 
commonly deregulated in several cancer types. Therefore, 
the pathway has been largely exploited for cancer drug 
discovery (30). The constitutive activation of the PI3K/
AKT/mTOR pathway is also observed in a significant 
percentage of SCLC cases, as a result of alterations affecting 
key genes in the pathway, such as deletions of PTEN, 
PIK3CA mutations, or mTOR overexpression (15,16,19,31). 
By performing whole exone sequencing and copy number 
analysis on surgically resected SCLCs, genetic alterations in 
the PI3K/AKT/mTOR pathway were detected in 36% of 
the tumors and the individual changes in this pathway were 
mutually exclusive, suggesting the key driving role of each 
of the genes (31). The activation of the PI3K/AKT/mTOR 
pathway in SCLC has been correlated with aberrant cell 
proliferation and survival and resistance to chemotherapy, 
including platinum-compounds and radiotherapy (32,33). 
SCLC cell lines with genetic alterations in the PI3K/AKT/
mTOR pathway did not show apparent cisplatin-mediated 
cytotoxicity but treatment with specific inhibitors (BEZ235, 
BKM120, INK128, MK2206) significantly impaired tumor 
cell proliferation (31). 

Inactivating mutations in NOTCH family genes have 
been identified by whole-genome sequencing in 25% of 
human SCLC tumors, suggesting these alterations may 
represent a major feature of SCLC (14). NOTCH signaling 
is critical in regulation of the neuroendocrine compartment 
size in lung development and its inactivation could therefore 
contribute to malignant transformation of neuroendocrine 
cells. In fact, in the same study, activation of NOTCH 
signaling led to significantly fewer tumors and prolonged 
survival in SCLC transgenic mouse models (14,19). 

Up-regulation of anti-apoptotic signaling pathways can 
also occur in SCLC. Specifically, the anti-apoptotic protein 
BCL-2 is overexpressed in SCLC cell lines and primary 
tissues and inhibits the proapoptotic proteins BAX and BAK. 
Overexpression of BCL-2 may be possibly correlated to loss 
of p53, which transcriptionally regulates BCL-2 (34-36).  
SCLC is a highly vascularized tumor and angiogenesis is 
essential for growth and early metastatic spread. SCLC 
expresses functional VEGF receptors, VEGFR-2 and 
VEGFR-3 (37), and VEGF has been associated with poor 
outcome in SCLC patients (38). 
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Although infrequently, other genes can also be altered 
in SCLC, including those encoding for receptor tyrosine 
kinases (RTKs), such as FGFR, EGFR, KIT, insulin-
like growth factor 1 receptor (IGF-1R) and MET. The 
alterations affecting RTKs include overexpression, somatic 
gene mutations and gene amplification (15,39-46). 

In 122 cases of SCLC patients, including 102 specimens 
obtained by biopsy and 20 from surgical resection, EGFR 
mutations were detected in five SCLCs (4%) (39). Patients 
with EGFR mutations were more likely to have SCLC 
combined with adenocarcinoma compared with the overall 
SCLC population. In three tumors with the combined 
SCLC subtype, both components of adenocarcinoma and 
SCLC had an EGFR mutation. In the very appealing study 
by Peifer et al., that performed integrative genome analyses 
on resected SCLC specimens, FGFR1 amplifications were 
found to occur in 6% of SCLCs (15). Preclinical data 
suggest that FGFR1 amplification is a driver oncogene in 
SCLC. Indeed, PD173074, a selective FGFR inhibitor, 
blocks SCLC growth both in vitro and in vivo (40). FGFR1 
protein and messenger RNA (mRNA) expression and 
amplification, and also expression of its specific ligands, 
FGF2 and FGF9, were analyzed in primary tumors from 90 
SCLC patients. FGFR1 protein expression was identified 
in 7% of cases and demonstrated a significant correlation 
with FGFR1 mRNA levels and FGFR1 gene amplification. 
FGFR1 mRNA expression also correlated with both FGF2 
and FGF9 protein and mRNA expression. These results 
suggest the potential activation of the FGF/FGFR1 pathway 
in subset of SCLCs, which can be potentially targeted by 
specific inhibitors (41). Similarly to SOX2 amplification, 
amplified FGFR1 was first discovered and functionally 
validated as a driver oncogene in squamous lung cancer, 
highlighting that some genomic aberrations can overlap 
among different lung cancer subtypes (28).

The c-KIT protein is a member of the type III RTK 
family. High levels of expression of c-KIT and its ligand, 
the stem cell factor (SCF), have been widely found in 
SCLC tumors (42). Abnormal expression of c-KIT may be 
involved in pathogenesis of SCLC by autocrine/paracrine 
stimulation of the SCF/c-KIT signaling pathway. In a 
retrospective analysis of 203 SCLC patients, expression of 
c-KIT by immunohistochemistry was observed in 87.7% of 
SCLC tumor samples and was an independent prognostic 
factor (43). The insulin-like growth factors (IGF) and 
their receptors play fundamental roles in cellular signaling 
transduction and regulate cell growth, differentiation, 
apoptosis, transformation and other important physiological 

processes. The IGF-1R is mainly involved in the activation 
of the Ras/mitogen-activated protein kinase (MAPK) 
pathway and PI3K/AKT pathway, and also forms cross-
talk with the EGFR pathway. Insulin-like growth factor-I 
(IGF-I) is a potent autocrine growth factor for SCLC. The 
IGF-1R has also been demonstrated to be over-expressed in 
SCLC (44). 

Aberrations in epigenetic regulators have been found to 
be a major feature of SCLC. Indeed, recurrent mutations 
in genes encoding histone modifiers such as the histone 
acetyltransferases (HATs) CREBBP and EP300 and the 
histone methyltransferases MLL, MLL2 and EZH2 have 
been described in comprehensive genomic studies in 
SCLC tumor samples (15,16,47,48). Using an integrative 
proteomic and transcriptomic analysis, SCLCs showed 
significantly increased levels of EZH2, thymidylate 
synthase, apoptosis mediators, and DNA repair proteins, 
including the PARP1, a DNA repair protein and E2F1 
co-activator that was highly expressed at the mRNA and 
protein levels. SCLC growth was inhibited by PARP1 and 
EZH2 knockdown (47). The Hedgehog (Hh) signaling 
pathway is involved in embryonic development of the airway 
epithelium by regulation of morphogenesis and stem-
cell fate. Abnormal activation of this pathway also plays a 
significant role in SCLC development and progression. 
Constitutive activation of the Hh signaling molecule 
Smoothened (Smo) promoted clonogenicity of human 
SCLC in vitro and initiation and progression of mouse 
SCLC in vivo. Pharmacological inhibition of this signaling 
inhibited growth of human and mouse SCLC models, most 
notably following chemotherapy (49).

Targeted agents tested in SCLC

Receptor tyrosine kinases (RTKs) inhibitors

Several compounds targeting specific RTKs have been 
developed and tested in clinical trials in SCLC patients 
(Table 1). Imatinib mesylate (STI571) is an oral small 
molecule inhibitor of tyrosine kinase activity of c-kit which 
acts through occupation of the ATP binding site within 
the TK domain. Its activity is associated with the presence 
of activating mutations of the KIT gene at exons 9 and 11, 
which are commonly observed in gastrointestinal stromal 
tumors (GISTs) (50). Imatinib was evaluated in pre-
clinical studies in SCLC as single-agent or in combination 
with chemotherapy (51,52). However, in different phase 
II studies, imatinib mesylate has failed to demonstrate 



55Translational lung cancer research, Vol 5, No 1 February 2016

© Translational lung cancer research. All rights reserved. Transl Lung Cancer Res 2016;5(1):51-70www.tlcr.org

significant clinical activity in SCLC as monotherapy as 
well as in combination with chemotherapy in previously 
untreated patients or in the maintenance setting following 
chemotherapy (53-57). The cause of these negative results 
may be due to the low incidence of KIT exon 9 or 11 
mutations in SCLC, as reported in some studies (58,59). 

The efficacy of EGFR tyrosine kinase inhibitors (TKIs), 
including gefitinib, erlotinib and afatinib, has been widely 
established in patients with EGFR-mutant NSCLC (60). 
However, they have failed to show significant clinical benefit 

for treatment of unselected patients with relapsed SCLC (61).  
These negative results are most likely explained by the 
rarity of EGFR mutations in SCLC. EGFR mutations may 
occur more frequently in histological combined subtypes 
of SCLC with adenocarcinoma and gefitinib and erlotinib 
have demonstrated some activity in these subgroups (39). 
Therefore, selection of molecularly-defined subgroups of 
patients could improve outcomes with these small molecule 
TKIs and oncogene-directed therapeutic approaches need 
further evaluation.

IGF-I/IGF-1R signaling activation has been shown to 
inhibit chemotherapy-induced apoptosis through PI3K/
AKT pathway, and inhibition of this signaling pathway can 
sensitize SCLC to the cytotoxic effects of chemotherapy 
and radiotherapy in preclinical models (62,63). Small 
molecule inhibitors of the IGF-1R tyrosine kinase, such as 
linsitinib (OSI-906), and humanized monoclonal antibodies, 
including cixutumumab and dalotuzumab (MK-0646), 
are currently being studied in ongoing clinical trials in 
SCLC (NCT00887159, NCT1533181, NCT00869752) 
(Table 1) (64). A phase II trial of the monoclonal antibody 
figitumumab in association with cisplatin (or carboplatin) 
and etoposide as first line treatment of extensive disease 
SCLC was terminated prematurely due to low participants 
enrollment and the halting of the figitumumab development 
program (NCT00977561). Some potential molecular 
biomarkers of response to IGF-1R inhibitors have been 
investigated to better select patients for treatment. IGF-1R, 
IR, IGF-1 and -2, IGFBP3 and IGFBP6 expression did not 
correlate with sensitivity of SCLC cell lines to OSI-906. In 
contrast, lower baseline phospho-ERK levels were shown in 
OSI-906 sensitive line compared to resistant-cells. OSI-906 
exposure resulted in a concentration-dependent decrease 
in phospho-IGF-1R and phospho-Akt in sensitive and 
resistant lines, but induced cell cycle arrest and apoptosis 
only in sensitive lines. Therefore, IGF-1R inhibitors may 
be effective therapies for a SCLC subset with low pre-
treatment phospho-ERK levels (65). 

Targeting the FGFR1, which is amplified in 5–6% of 
SCLCs (15,66) may represent a promising therapeutic 
approach and FGFR pathway inhibition represents an 
active area of investigation in SCLC. PD173074, a small 
and potent molecule inhibitor of FGFR, blocked SCLC 
growth in vitro and in vivo (40). Molecular alterations of 
different members of the FGF/FGFR1 pathway have been 
described and can affect response to specific inhibitors (41). 
The FGFR inhibitor ponatinib is currently being studied 
in a biomarker driven trial in lung cancer (NCT01935336). 

Table 1 Selected targeted therapies in SCLC 

Targets Inhibitors

Receptor tyrosine kinases

KIT Imatinib

EGFR Gefitinib, erlotinib

IGF-1R Cixutumumab, figitumumab, 

dalotuzumab, linsitinib

FGFR Ponatinib, lucitanib, nindetanib

MET Rilotumumab, SU11274

PI3K/AKT/mTOR pathway

mTOR Everolimus, temsirolimus

AKT MK-2206

PI3K BKM120

Dual inhibitor PI3K/

mTOR

PF-04691502, BEZ235

Apoptosis Oblimersen, navitoclax, obatoclax

Hedgehog pathway LDE225, LY2940680, BMS-833923, 

GDC-0449

DNA repair Olaparib, veliparib, talazoparib

Aurora kinase A Alisertib

Neuroendocrine markers

NCAM1 Lorvotuzumab

Heat shock proteins Ganetespib, STA-9090

HDAC Vorinostat, belinostat, panobinostat

Angiogenesis Bevacizumab, sorafenib, sunitinib, 

pazopanib, aflibercept, vandetanib, 

cediranib, thalidomide, NGR-hTNF

Immunotherapy Ipilimumab, pembrolizumab, 

vaccines (Ad.p53, Bec2), 

MGN1703

SCLC, small-cell lung cancer; EGFR, epidermal growth  

factor receptor, IGF-1R, insulin-like growth factor 1 receptor; 

HDAC, histone deacetylase. 
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A phase II trial to assess the efficacy and safety of lucitanib, 
which targets FGFR1-3, VEGFR1-3, and PDGFRα/β 
and has both anti-tumor and anti-angiogeneic activity, in 
advanced lung cancer (both NSCLC and SCLC) with FGF, 
VEGF and PDGF genetic alterations, is currently ongoing 
(NCT02109016). BIBF1120, a multitargeted drug that 
inhibits FGFR, VEGFR and PDGFR is also under clinical 
evaluation (NCT01703481, NCT01441297).

The RTK c-MET is also expressed in SCLC. c-MET 
ant its ligand, hepatocyte growth factor (HGF), regulate 
numerous cellular processes that stimulate cell proliferation, 
invasion and angiogenesis (42,45). Activating mutations of 
c-MET, although relatively rare, can also be found in SCLC. 
However, in the study by Voortman et al, these mutations 
did not influence c-MET phosphorylation and its inhibition 
by specific TKI treatment (46). In another study in MET 
mutant SCLC cells, HGF induced MET phosphorylation, 
increased proliferation, invasiveness and clonogenic 
growth. The MET inhibitor PHA-665752 blocked MET 
phosphorylation and counteracted HGF-induced effects. 
Phosphorylation of MET in clinical samples was correlated 
with poor prognosis (67). MET can be effectively inhibited 
by small molecules and monoclonal antibodies (Table 1). In 
pre-clinical studies in SCLC cell lines, the small molecule 
MET inhibitor SU11274 was found to synergize with the 
Top1 inhibitor SN-38 (68). Rilotumumab (AMG 102) is a 
fully human MAb (IgG2) that specifically targets HGF. It 
binds to aminoacid residues at the NH2-terminus of the 
β-chain of human HGF, with a preference for the mature, 
heterodimeric form. A multicenter, phase Ib/II trial of AMG 
102 in combination with platinum-based chemotherapy as 
first-line treatment for extensive stage SCLC has completed 
accrual (NCT00791154). 

PI3K/AKT/mTOR pathway inhibitors

Due to the key role of PI3K/AKT/mTOR pathway 
activation in mediating aberrant cell proliferation and 
survival and resistance to chemotherapy and radiotherapy 
in SCLC, a number of inhibitors of single key components 
of the pathway, including PI3K, AKT and mTOR, have 
been developed in recent years. Some of these inhibitors 
have demonstrated promising activity and induce reversal 
of chemoresistance in pre-clinical studies (33,45,69-72). 
Different rapamycin analogs have been tested in clinical trials 
in SCLC patients, however results have reported only limited 
clinical activity. In a phase II study, everolimus administered 
as single agent in previously treated, relapsed SCLC, showed 

limited activity, with a disease-control rate at six weeks of 
26% (95% CI, 11–40%), only one partial response observed 
and a median progression-free survival (PFS) of 1.3 months. 
However, the drug demonstrated manageable toxicity (73). 
In a phase Ib study, 21 previously-treated SCLC patients 
received everolimus at three different doses in combination 
with paclitaxel. At the dose of 5 mg once daily in combination 
with paclitaxel, everolimus showed an acceptable safety 
profile and an overall objective response rate of 28% (74). 
However, in a phase Ib dose-escalation study in the first-line 
setting of extensive-stage SCLC patients, the combination of 
different doses of daily or weekly everolimus with cisplatin 
and etoposide was associated with excessive hematological 
toxicity. Indeed, grade 3/4 febrile neutropenia occurred 
in 40% of patients receiving daily everolimus and for this 
reason, the protocol was amended to introduce the use 
of prophylactic granulocyte colony-stimulating factor 
(G-CSF). Everolimus 2.5 mg/day plus G-CSF was the only 
feasible dose given with standard-dose chemotherapy and 
was associated with a disease control rate of 58.3% (nine 
of 12 patients evaluable for response). Although showing a 
promising PFS of 8.1 months, everolimus plus etoposide did 
not seem to substantially improve tumor response compared 
with etoposide alone (75). The identification of biomarkers 
which can predict sensitivity or resistance to everolimus and 
other mTOR inhibitors could be helpful to select patients 
for treatment and could also suggest novel potential drug 
combinations to improve their efficacy in the clinical setting. 
In a previous study, everolimus was particularly active in a 
subset of SCLC cell lines with PI3K/AKT pathway activation 
and low BCL-2 expression (71). Interestingly, the limited, 
single-agent activity of the BH3-mimetic drugs ABT-737 and 
ABT-263 can be rescued by mTOR inhibitors in SCLC, as 
demonstrated in in vitro and in vivo preclinical studies (76,77). 
Recently, MYC and the eukaryotic translation initiation factor 
4E (eIF4E) were found to be overexpressed in everolimus-
resistant SCLC cells. Interestingly, after reduction of MYC 
or eIF4E by siRNAs, some resistant cells displayed increased 
sensitivity to everolimus, suggesting their contribution to 
determining resistance to the mTOR inhibitor. Therefore 
MYC-eIF4E and mTOR inhibitors can represent a new 
potential therapeutic combination (78). In pre-clinical 
studies, erlotinib with everolimus was demonstrated to have 
synergistic effects on SCLC cell viability, proliferation and 
autophagy (79). AKT inhibitors are also under investigation. 
In a phase II trial the AKT inhibitor MK-2206 is being 
evaluated in those cancers (advanced NSCLC, SCLC and 
thymic malignancies) harboring PIK3CA mutations or 



57Translational lung cancer research, Vol 5, No 1 February 2016

© Translational lung cancer research. All rights reserved. Transl Lung Cancer Res 2016;5(1):51-70www.tlcr.org

amplification, AKT or PTEN mutations (NCT01306045). A 
phase I trial of the PI3K inhibitor BKM120 in combination 
with cisplatin and etoposide in advanced solid tumors and 
SCLC is also ongoing (NCT02194049). Dual inhibitors 
of PI3K and mTOR, such as BEZ235 and PF-04691502, 
could represent the most promising drugs, since they have 
been demonstrated to inhibit the pathway at multiple 
levels, also blocking a possible reactivation that can result 
in drug resistance, and are currently being evaluated in 
phase I studies in advanced cancer patients (NCT01195376, 
NCT00927823). 

Agents targeting apoptosis 

Triggering cell apoptosis is one of the most promising 
therapeutic anti-cancer approach since several cancer types, 
including SCLC, are characterized by overexpression 
of antiapoptotic BCL-2 family members, the molecular 
sentinels of apoptosis (34-36). Inhibition of BCL-2 
increased the efficacy of cisplatin and etoposide in human 
SCLC lines in tissue culture and in murine xenografts, 
suggesting this combination may significantly increase the 
antitumor efficacy of cytotoxic chemotherapy alone (80). 
Different BCL-2 family inhibitors, including antisense 
oligonucleotides (e.g., oblimersen), ABT-737, navitoclax 
(ABT-263) and obatoclax (CX15-070), have been tested in 
clinical trials in SCLC. Oblimersen (G3139) is an antisense 
oligonucleotide complementary to the first six codons 
of the BCL-2 mRNA, and represents the first targeted  
BCL-2 inhibitor tested in clinical trials. It has demonstrated 
synergy with cytotoxic agents in preclinical models and 
good tolerability in phase I trials in combination with 
standard chemotherapy (81,82). A randomized phase II 
trial was conducted to assess the efficacy and toxicity of 
carboplatin and etoposide with or without oblimersen, as 
first line therapy for extensive-stage SCLC. The results 
showed no benefit in terms of response rate, failure-free 
survival and OS for the oblimersen arm, but higher grade  
3 to 4 hematologic toxicity, compared to chemotherapy 
alone (83). 

Obatoclax mesylate is a small-molecule BH3-mimetic 
that disrupts the dimerization between anti-apoptotic factors 
such as BCL-2, BCL-XL and MCL-1 and pro-apoptotic 
proteins such as BAX and BAK. Obatoclax exerts cytotoxic 
effects across a range of solid tumor cell lines and xenograft 
models and has been shown to synergize with conventional 
cytotoxic chemotherapy (84,85). A randomized, phase 
II trial evaluated the efficacy and safety of obatoclax 

in combination with carboplatin and etoposide for the 
treatment of extensive-stage SCLC patients. The primary 
endpoint was objective response rate and this was higher 
for the obatoclax and chemotherapy arm (62%) compared 
to chemotherapy alone (53%), although not statistically 
significant (P=0.143). Obatoclax in combination with 
chemotherapy was well tolerated but failed to significantly 
improve PFS and OS (86). In a previously reported open-
label, phase II study, the addition of obatoclax to topotecan 
in patients with relapsed SCLC showed a lack of benefit 
in terms of overall response rate (ORR). Indeed, of nine 
patients enrolled, no responses and only five stable diseases 
were observed (87). 

Navitoclax (ABT-263) is a BH3 mimetic that directly 
binds BCL-2 and BCL-XL, blocks their binding to BIM 
and thereby enables BIM-mediated induction of apoptosis. 
However, ABT-263 does not bind the prosurvival BCL-2  
family member myeloid cell leukemia 1 (MCL-1). 
Navitoclax was demonstrated to be well tolerated and have 
preliminary encouraging efficacy in a phase I study (88), 
but showed limited activity in a phase II trial in which it 
was administered as single agent in pre-treated patients 
with recurrent and progressive SCLC. In this study, among 
39 patients enrolled, partial response was observed in only 
one patient (2.6%) and stable disease in nine (23%) (89). 
Exploratory analyses suggested some potential predictive 
biomarkers, including plasma baseline levels of cytokeratin 
19 fragment antigen 21-1, which was also correlated with 
tumor BCL-2 copy number, neuron-specific enolase, pro-
gastrin-releasing preptide (pro-GRP), and circulating tumor 
cell (CTC) number (89). In a very recent, interesting study, 
SCLC cell lines with higher expression of the proapoptotic 
gene Bcl2-interacting mediator of cell death (BIM) showed 
higher sensitivity to the BH3-mimetic drug navitoclax. 
However, some cells are relatively resistant due to high 
expression of the antiapoptotic MCL-1, which is able to 
sequester BIM and abrogate apoptosis. The combination 
of the mTOR inhibitor ZD8055 and ABT-263 induced 
marked apoptosis in cell lines and significant tumor 
regressions in multiple SCLC xenograft models, probably 
because mTORC1/2 inhibition is able to reduce the 
expression of MCL-1 (77). Therefore, this study suggests a 
new synergistic combination therapy for SCLC including 
BCL-2 and mTOR inhibitors.

Hedgehog (Hh) pathway inhibitors

Hh pathway signaling activation has been revealed in airway 
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development during normal differentiation of pulmonary 
neuroendocrine precursor cells and in a subset of SCLC, 
which is known to have primitive neuroendocrine features. 
These tumors maintain their malignant phenotype in 
vitro and in vivo through ligand-dependent Hh pathway 
activation (90). Constitutive activation of the Hh signaling 
molecule Smo promoted clonogenicity of human SCLC 
in vitro and the development and maintenance of mouse 
models of SCLC in vivo. In the same study, pharmacological 
inhibition of Hh signaling inhibited the growth of mouse 
and human SCLC (49). Notably, treatment was highly 
effective in preventing the recurrence of residual tumors 
following chemotherapy, suggesting a synergistic role 
between the Hh pathway and chemotherapy (49). Several 
inhibitors of components of this pathway, including 
LDE225 and LY2940680, are currently being investigated 
in early phase trials in patients with extensive stage SCLC 
in combination with chemotherapy (NCT01579929, 
NCT1722292) (45). A phase Ib multiple ascending dose 
study to evaluate the safety and phamarcokinetics of BMS-
833923 (XL139) with carboplatin and etoposide followed 
by BMS-833923 in patients with extensive stage SCLC has 
been completed and results are pending (NCT00927875). 
Vismodegib (GDC-0449) is an orally bioavailable small 
molecule that targets the Hh signaling pathway, blocking 
the activities of the Hh-ligand cell surface receptors 
PTCH and/or SMO and suppressing Hh signaling. The 
drug is approved for treatment of basal-cell carcinoma. 
A randomized phase II study has been carried out to test 
cisplatin and etoposide in combination with either the Hh 
inhibitor vismodegib or with the anti-IGF-1R monoclonal 
antibody cixutumumab (IMC-A12) for patients with 
extensive stage SCLC, with PFS as the primary endpoint 
(NCT00887159). Those patients with stable disease or 
responses after four cycles of concomitant treatment were 
continued on vismodegib or cixutumumab until disease 
progression. One hundred and fifty-five patients were 
eligible for treatment. Although the combinations were 
fairly well tolerated, no statistically significant improvement 
in PFS or OS with the addition of either targeted agents to 
chemotherapy versus chemotherapy alone was observed. 
Median OS was higher for patients with low CTCs count at 
baseline compared to those with high CTC count (91). 

Agents targeting DNA repair alterations 

A network of complementary DNA repair systems is 
activated in normal cells to process DNA damage caused by 

endogenous and environmental factors, thus maintaining 
genomic integrity and suppressing tumorigenesis (92). 
Platinum-compounds, the backbone of SCLC treatment, 
cause harmful DNA cross-links which interfere with DNA 
repair mechanisms and induce DNA damage. Similar to 
other solid tumors, SCLC is characterized by genomic 
instability and dysfunctional DNA repair mechanisms can 
contribute to this feature. Targeting DNA repair itself 
can also represent a novel therapeutic strategy for SCLC 
to increase cytotoxicity of anticancer agents, reverse 
chemotherapy resistance and improve therapeutic efficacy. 
Poly (ADP-ribose) polymerase (PARP1) is a key enzyme of 
the base excision repair (BER) system, specifically involved 
in DNA single-strand break (SSB) repair, and an E2F1 
co-activator (93). By using an integrative proteomic and 
transcriptomic analysis, it was found that SCLC showed 
the highest expression of PARP1 at the mRNA and 
protein levels of all histological subtypes of lung cancers 
and was significantly more sensitive to PARP inhibitors 
than NSCLC. Inhibition of PARP in SCLC was shown to 
suppress the expression of several E2F1-regulated DNA 
repair proteins, including RAD51, which in turn may 
contribute to DNA repair deficiency and the sensitivity 
of SCLC to these drugs. PARP inhibition also enhanced 
chemotherapy efficacy (47). PARP inhibitors are strong 
radiation- and chemo-sensitizers in vitro (94). So far, 
the most successful application of the synthetic lethality 
concept in anti-cancer research has led to the discovery 
and development of PARP inhibitors to treat cancers 
with BRCA1 or BRCA2 mutations. Cells carrying BRCA 
mutations are up to 1,000 times more sensitive to PARP 
inhibitors than wild type cells (95). 

Talazoparib (BMN 673) is a highly potent PARP1/2 
inhibitor with selectivity for tumors with DNA repair 
defects, resulting in synthetic lethality. In preclinical study, 
BMN 673 demonstrated single agent activity in SCLC cell 
lines and xenografts. Sensitivity to BMN 673 was associated 
with elevated baseline expression levels of multiple DNA 
repair proteins (“DNA repair score”), whereas drug 
resistance was observed in SCLC models with baseline 
activation of the PI3K/mTOR pathway (96). BMN 673 
showed single agent anti-tumor activity in a two-stage (dose-
escalation and dose expansion) phase I study including 
patients with previously treated advanced SCLC and 
ovarian and breast cancer patients with germline mutations 
in BRCA1 and BRCA2. Partial responses were reported in 
2/20 patients (10%) and clinical benefit (complete response, 
partial response and stable disease ≥16 weeks) in 5/20 (25%). 
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The median duration of response was 13.7 weeks (95% 
CI, 12.0–15.3 weeks) (97). The drug was well tolerated, 
with the most common drug-related adverse events being 
myelosuppression, fatigue, nausea and alopecia.

Veliparib is also demonstrated to have limited activity as 
a single agent but significantly potentiated the cytotoxicity 
of standard chemotherapeutic agents, including platinum 
compounds and etoposide. Results from the phase I, dose-
escalation part of a phase I/II clinical study including 
treatment-naïve, extensive stage SCLC patients have been 
recently reported (NCT01642251). In this study, veliparib 
at 100 mg in combination with cisplatin and etoposide at 
standard doses was selected as the recommended phase 
II dose. The combination was safe and of seven evaluable 
patients, there were four partial responses (57.1%) and 
one complete response (98). Further studies are needed 
to identify biomarkers that may predict response to these 
drugs, including levels of PARP1 or other DNA repair 
proteins.

MYC inhibition

Several strategies have been used to target MYC-dependent 
cells, including bromodomain inhibitors such as JQ1 
that was able to lead to down-regulation of MYC-driven 
transcription, cell cycle arrest and senescence (19,99,100). 
By using a high-throughput cellular screen of a diverse 
chemical library it was observed that SCLC cell lines and 
mouse models were sensitive to transcription-targeting 
drugs, in particular to THZ1, a covalent inhibitor of cyclin-
dependent kinase 7 (CDK7). The expression of super-
enhancer associated transcription factor genes, including 
MYC, and neuroendocrine lineage-specific factors or SOX2 
was associated with high vulnerability to THZ1 treatment, 
suggesting these could represent potential predictive 
markers of response to these inhibitors (101). Another 
strategy to indirectly target MYC is through the use of 
Aurora Kinase inhibitors.

Aurora kinases inhibitors

The Aurora kinases comprise a family of protein kinases 
that play a critical role in the mitotic process. Aurora 
A kinase (AURKA) localizes to the centrosomes and 
spindle poles and recruits the cyclin B1-CDK1 complex, 
committing the cell to mitosis. Amplification of AURKA 
is oncogenic and has been observed in some cancer types, 
including colorectal, gastric and breast cancer and can be 

associated with resistance to some mircotubule-disrupting 
cytotoxic agents, such as paclitaxel. Aurora B kinase plays 
an important role in chromosome condensation, regulation 
of kinetochore function, and cytokinesis. AURKA activity 
inhibition significantly arrests mitotic progression through 
activation of the mitotic checkpoint. In contrast, inhibition 
of Aurora B kinase drives the cell out of mitosis. In cells 
with a defective postmitotic checkpoint or those with 
uncontrolled cell-cycle entry, such as those with MYC 
overexpression or loss of function RB, incessant DNA 
replication leads to endoreduplication, causing cell death 
secondary to genomic instability (102). MYC-amplified 
tumors, including SCLCs, are particularly sensitive to 
inhibition of aurora kinase (103,104). Alisertib (MLN8237) 
is a selective, ATP-competitive and reversible small-
molecule inhibitor of AURKA. In a multicenter, phase II 
trial in pre-treated patients with different advanced solid 
cancers, alisertib showed promising response rates as single-
agent in recurrent SCLC. Among response-assessable 
patients, objective responses were noted in 10 (21%) of 48 
participants with SCLC (105). The most frequent drug-
related grade 3–4 adverse events included neutropenia, 
leukopenia and anaemia, and serious drug-related adverse 
events were reported in 43% of patients. Since AURKA 
has a critical role in controlling mitotic spindle assembly, 
specific AURKA inhibitors may be strongly active in 
combination with taxane. A randomized, double-blind, 
placebo-controlled, phase II study of alisertib (MLN8237) 
in combination with paclitaxel versus placebo as second line 
therapy for SCLC is currently ongoing (NCT02038647). 
SCLCs with MYC overexpression are those most likely to 
benefit from these specific targeted agents.

Histone deacetylase (HDAC) inhibitors

HDACs are enzymes involved in the remodeling of 
chromatin which play a key role in epigenetic regulation 
of gene expression. Remodeling of chromatin results from 
modifying the structure of nucleosomes which comprise 
a histone octamer around which DNA is wrapped. The 
opposing activities of HATs and HDACs tightly regulate 
expression of a large number of genes involved in the 
control of cell cycle and proliferation and many other 
cellular processes through chromatin modification (106). 
HATs transfer acetyl groups to amino-terminal lysine 
residues in histones, which results in local expansion 
of chromatin and increased accessibility of regulatory 
proteins to DNA, whereas HDACs catalyze the removal 



60 Santarpia et al. Small-cell lung cancer and targeted therapies

© Translational lung cancer research. All rights reserved. Transl Lung Cancer Res 2016;5(1):51-70www.tlcr.org

of acetyl groups, leading to chromatin condensation and 
transcriptional repression. The therapeutic potential of 
HDAC inhibitors stems from their capacity to selectively 
induce apoptosis in tumor cells. In preclinical studies, 
HDAC inhibitors, including romidepsin, valproate and 
panobinostat have been shown to inhibit SCLC cell growth 
in vitro and in vivo and improve efficacy of chemotherapy 
(45,107-109). Also, the combination of HDAC inhibitors 
and DNA methyltransferases has shown activity (110). 
Panobinostat (LBH589), a pan-deacetylase inhibitor, was 
tested in a phase II study in patients with previously treated 
SCLC. Although few cases showed tumor shrinkage and 
sustained stable disease and the drug had a favorable profile, 
the study was prematurely closed due to lack of activity (111). 
Belinostat is being tested in a phase I study in association 
with cisplatin and etoposide in recurrent or advanced 
cancers, including SCLC (NCT00926640).

Heat shock protein 90 (Hsp90) inhibitors

Hsp90 serves as molecular chaperone that regulates the 
folding, stabilization and function of a great number of 
client proteins with important cellular functions, including 
the products of activated oncogenes. Many cancers 
have increased expression of Hsp90, suggesting Hsp90 
inhibition as a promising therapeutic target (112). In a 
recent preclinical study in SCLC cell lines, the Hsp90 
inhibitor ganetespib synergized with both doxorubicin and 
etoposide, two cytotoxic drugs with well known activity in 
SCLC. Expression of RIP1, a pro-survival scaffold protein 
that mediates chemotherapy resistance, was induced by 
doxorubicin and downregulated by ganetespib. Ganetespib 
and doxorubicin combination significantly inhibited SCLC 
growth in vitro and in mouse xenograft models (113).  
A phase I/II study of ganetespib in combination with 
doxorubicin in solid tumors (phase I) and in relapsed SCLC 
(safety dose expansion, phase II) is currently ongoing 
(NCT02261805). 

Anti-angiogenesis 

Bevacizumab, a humanized monoclonal antibody targeting 
VEGF and approved for first-line treatment of advanced 
NSCLC, was evaluated in clinical trials in SCLC patients in 
different settings. Single-arm, phase II studies were carried 
out in untreated, extensive-stage SCLC patients and showed 
promising results without serious or new safety signals 
observed (114-116). The single-arm, phase II CALGB 30306 

study was carried out to assess the efficacy of cisplatin and 
irinotecan in combination with bevacizumab in patients with 
untreated extensive-stage SCLC. Result in terms of efficacy 
outcomes was promising, with a median PFS of seven 
months, OS of 11.6 months and ORR 75%, including 5% of 
patients achieving a complete response. However, the trial 
did not meet the primary endpoint to improve 12-month 
survival rates (114). In the Eastern Cooperative Oncology 
Group (ECOG) 3501 study, patients with extensive stage 
SCLC received cisplatin and etoposide plus bevacizumab and 
ORR was 64%, median PFS 4.7 months and median OS 10.9 
months (115). In the first pacebo-controlled, double-blind, 
randomized multicenter phase II clinical trial, bevacizumab 
added to first-line standard chemotherapy (etoposide plus 
carboplatin or cisplatin) for treatment of extensive-stage 
SCLC improved PFS (5.5 months compared to 4.4 months 
in the placebo group; HR, 0.53; 95% CI, 0.32–0.86), with 
an acceptable toxicity profile. However, no improvement in 
OS was observed (9.4 vs. 10.9 months for bevacizumab and 
placebo group, respectively; HR, 1.16; 95% CI, 0.66–2.04). 
As the authors commented, the trial was probably not 
powered to evaluate the impact on OS and no data about 
second-line treatments were collected. It is possible that 
imbalances in subsequent therapies might have confounded 
the ability of the study to demonstrate a survival difference 
between the two groups (117). An Italian multicenter, 
randomized phase III trial comparing combination cisplatin, 
etoposide and bevacizumab versus the same chemotherapy 
regimen alone in the first-line treatment of SCLC patients 
with extensive disease is ongoing, with OS as the primary 
endpoint (118). Also, in the second-line setting, the 
combination of bevacizumab with standard chemotherapy, 
topotecan or paclitaxel showed activity and promising 
PFS compared to historical controls in phase II, single-
arm studies (119,120). A phase II study of bevacizumab in 
combination with cisplatin and etoposide and radiation for 
patients with limited-stage SCLC has completed accrual 
(NCT00387699). Other anti-VEGF/VEGFRs agents have 
been studied in SCLC, including mutikinase inhibitors with 
a broad spectrum of anti-tumor activity, such as sorafenib, 
sunitinib, cediranib, vandetanib and thalidomide (Table 1). 
A phase II trial of sorafenib in platinum-treated extensive 
stage SCLC failed to achieve disease control (121). A phase 
II study of cisplatin and etoposide plus concurrent and 
sequential sorafenib in patients with previously untreated 
SCLC was terminated early on the basis of excessive toxicity 
observed and preliminary efficacy data showing that study 
was unlikely to meet its primary endpoint (a 60% 1 year 
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survival rate was expected with the addition of sorafenib, 
compared to 35% to 40% of the historical control) (122). 
The combination of sunitinib with standard chemotherapy 
seemed to cause prolonged neutropenia and an unacceptable 
rate of treatment-related mortality (123). A single-arm 
trial testing second-line sunitinib in SCLC reported a 9% 
partial response and 29% stable disease rate with significant 
toxicity (63% grade 3 or 4 thrombocytopenia and 25%  
neutropenia) (124). Different phase II trials evaluated 
maintenance sunitinib following first line platinum based 
chemotherapy for patients with extensive-stage SCLC, with 
conflicting results in terms of efficacy and toxicities, although 
some substantial differences existed among these trials and 
in sunitinb dosages (125-127). In the recently published 
CALGB 30504 study, maintenance sunitinib was safe and 
improved PFS compared to placebo (2.1 months for placebo 
and 3.7 months for sunitinib; HR, 1.62; 95% CI, 1.02–2.60; 
P=0.02) in extensive-stage SCLC (127). Cediranib failed to 
show objective responses in a phase II study in patients with 
progressive SCLC after one prior platinum-based regimen 
and the initial dose had to be reduced due to excessive grade 
3/4 toxicities (128). Vandetanib as maintenance therapy in 
responding SCLC patients after chemotherapy failed to 
improve median survival times compared with placebo and 
was associated with more toxicities and dose modifications 
for gastrointestinal toxicity and rash (129). 

Although showing promising results in early phase II 
trials, in a large, randomized phase III trial, thalidomide 
in combination with carboplatin and etoposide did not 
improve survival of patients with limited or extensive-
stage SCLC and was associated with an increased risk of 
thrombotic events (130). In another randomized, double-
blind, placebo-controlled phase III study of thalidomide 
in extensive-stage SCLC after response to chemotherapy, 
treatment with thalidomide was not associated with a 
significant improvement in survival (11.7 vs. 8.7 months, 
respectively; HR 0.74; 95% CI, 0.49–1.12; P=0.16) but 
with higher incidence of neuropathy (131). Currently, the 
regimen that was used in this trial, the PCDE (etoposide, 
cisplatin, cyclophosphamide and 4'-epidoxorubicin) is not 
a standard for SCLC patients, and other chemotherapy 
regimens, including etoposide and cisplatin combined with 
thalidomide, warrant of further investigation. Pazopanib is 
also being tested in ongoing trials in SCLC as maintenance 
therapy after platinum/etoposide first-line therapy 
(NCT01797874) and in previously treated patients with 
relapsed SCLC (NCT01713296, NCT01253369).

Other anti-angiogenetic therapies that have been tested 

include aflibercept (ligand-trap binding VEGF) and the 
NGR-hTNF (a recombinant protein specifically designed to 
act on tumor blood vessels). The addition of aflibercept to 
weekly topotecan as treatment of patients with progressive 
SCLC was tested in a randomized phase II trial. Patients 
were stratified according to response and treatment-free 
interval as either platinum sensitive (complete response or 
partial response and >90 day treatment-free interval for 
extensive stage or ≥180 days for limited stage) or platinum 
refractory (no response and/or treatment-free interval 
≤90 days for extensive stage and <180 days for limited- 
stage). The 3-month PFS was significantly improved with 
the addition of aflibercept in patients who had platinum-
refractory disease (27% vs. 10%; P=0.02) but not in patients 
with platinum-sensitive disease (24% vs. 15%; P=0.22). 
Disease control rate was higher with aflibercept in both 
groups of patients, no differences in OS were observed and 
the addition of aflibercept increased toxicity (132). NGR-
hTNF, a new vascular targeting agent generated by the 
fusion of the CNGRCG peptide interacting with CD13 on 
blood vessels to the N-terminal do-main of murine (m) or 
human (h)TNF is currently being tested in several phase II-
III trial in different tumor types. This drug can improve the 
intratumoral doxorubicin penetration by normalizing tumor 
vasculature and decreasing tumor interstitial fluid pressure. 
The combination of NGR-hTNF and doxorubicin was 
demonstrated to be safe in relapsed SCLC patients and 
showed evidence of antitumor activity and promising PFS 
which appeared to be weakly correlated with platinum-
sensitivity in the subset analyses (133). 

At the present, overall efficacy and safety results for 
angiogenesis inhibitors in SCLC suggest that careful 
selection of patients on the basis of reliable predictive 
biomarkers is urgently needed.

Immunotherapy

Melanoma and lung cancers show the highest mutation 
frequencies of all tumor types, which is probably related to 
exposure to well known carcinogens, such as UV radiation 
in the case of melanoma and tobacco smoke in the case of 
lung cancers (134). These mutations generate a variety of 
tumor-specific antigens that may contribute to increased 
lung cancer immunogenicity. In recent years, several 
immunotherapies have been developed and tested in lung 
cancer. To date, the most promising seem to be checkpoint 
inhibitors against the CTLA-4 and PD-1/PD-L1 pathway 
which counteract the mechanisms exploited by tumors to 
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suppress and evade the immune system. A higher mutational 
load as assessed by whole-exome sequencing in NSCLC 
samples from patients was strongly associated with response 
to the anti-PD-L1 antibody pembrolizumab. Efficacy was 
also correlated with a molecular smoking marker, specific 
DNA repair pathway mutations, and a higher burden of 
candidate neoantigens (135-137). In addition to a very 
high mutational burden, SCLC is characterized by high 
expression of PD-L1 (138), suggesting that activation of 
the PD-1/PD-L1 is a major mechanism through which 
tumor cells escape immunosurveillance and that these cells 
can be particularly sensitive to the PD-1/PD-L1 pathway 
blockade. High PD-L1 expression has been also correlated 
with survival. Ipilimumab is a fully humanized IgG1 anti-
CTLA-4 monoclonal antibody that blocks binding of 
CTLA-4 to its ligand, thus boosting antitumor immune 
responses. Ipilimumab was tested in a randomized, double-
blind, multicenter phase II trial in extensive-disease SCLC 
patients in which it was combined with carboplatin and 
paclitaxel in a phased schedule (after chemotherapy) or in 
a concurrent schedule and compared with chemotherapy 
plus placebo (139). The rationale for the phased regimen 
was that chemotherapy could allow antigen release before 
initiation of immune modulation by ipilimumab. The 
primary end point was immune-related PFS (irPFS), 
assessed by immune-related response criteria and modified 
WHO criteria. Other end points included PFS, best 
ORR, OS and safety. Phased ipilimumab improved irPFS 
compared to control (6.4 vs. 5.3 months, HR, 0.64, P=0.03) 
but no statistically significant improvement in PFS or OS 
was observed (139). Ipilimumab is being tested in a phase III 
trial in SCLC in association with etoposide plus a platinum 
agent (NCT01450761). Preliminary safety and efficacy data 
in SCLC from an ongoing multi-cohort phase Ib study of 
pembrolizumab in patients with PD-L1 positive advanced 
solid tumors (KEYNOTE-028) after failure of standard 
therapy have been recently presented (140). The primary 
endpoints of this study are ORR by RECIST 1.1 and safety. 
Pembrolizumab showed promising anti-tumor activity in 
SCLC patients. The ORR was 35% (seven partial responses 
out of 20 evaluable patients). Median time to response was 
8.6 weeks; responses were rapid and durable, with six of 
seven patients showing ongoing responses at data cutoff. 
Treatment toxicity was consistent with previous experience, 
with one treatment-related death from colitis (140).  
An ongoing phase II study is testing pembrolizumab in 
extensive stage SCLC patients as maintenance treatment 
following combination therapy (NCT02359019). A phase 

I study is testing pembrolizumab plus radiation therapy 
and combination chemotherapy (NCT02402920). Also a 
phase III trial is ongoing to test the other PD-1 inhibitor, 
nivolumab, versus topotecan as second line in advanced 
SCLC (CheckMate 331, NCT02481830). 

In contrast to promising results with immune checkpoint 
inhibitors, the role of therapeutic vaccines aimed to elicit 
antigen-specific immune responses seems limited in 
patients with SCLC. The p53 protein is altered in >90% of 
patients with SCLC, mostly as a result of point mutations 
or abnormalities in degradation of wild-type p53. This 
leads to accumulation of mutant or wt-p53 protein and 
expression of p53-derived epitopes on tumor cell surfaces 
in the context of the MHC class I. Therefore, p53 has 
been suggested as a potential antigenic target to exploit 
with immunotherapeutic strategies (141). A clinical study 
conducted to assess the immunologic and clinical effects of a 
cancer vaccine consisting of dendritic cells (DC) transfected 
with a viral construct containing the full-length wild-
type p53 gene (adenovirus Ad.p53) in previously treated 
patients with extensive stage SCLC showed low benefit 
in terms of clinical responses to vaccination whereas most 
patients had disease progression (142). However, a high 
rate of objective responses to chemotherapy immediately 
after vaccination was observed, suggesting that induction of 
anti-p53 cellular immunity can synergize with subsequent 
chemotherapy to provide potent systemic antitumor activity 
and that a combination strategy could be more effective. A 
randomized, phase II clinical trial is ongoing to evaluate this 
vaccine with or without all-trans retinoic acid (ATRA) after 
first-line standard chemotherapy treatment in extensive-
stage SCLC patients (NCT00617409). It has been theorized 
that adding ATRA to INGN-225 will decrease the number 
of myeloid-derived suppressive cells and allow increased 
DC differentiation and function, thus improving immune 
responses. Objective response rate to second-line paclitaxel 
in each arm (with or without ATRA) is the primary 
objective. Preliminary results from this study have shown 
that administration of the vaccine after chemotherapy is 
safe (143). The ORR to paclitaxel was seen in 1/11, 2/12, 
and 3/14 patients for arms A (control), B (vaccine) and C 
(vaccine and ATRA), respectively. A higher positive immune 
response was seen in patients receiving ATRA in addition 
to the vaccine and this subgroup of patients also showed 
superior OS although survival in the vaccinated groups was 
inferior compared to the control group (143).

The glycosphingolipid antigen GD3 is highly expressed 
in SCLC but rarely expressed in normal tissues, suggesting 
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it as a potential candidate for a vaccine. Although promising 
results in early studies, in a large randomized phase III 
trial, median OS did not differ statistically with the use of 
adjuvant anti-idiotypic antibody mimicking the ganglioside 
GD3 (Bec2/BCG) compared to best-supportive care (14.3 
vs. 16.4 months, respectively; HR, 1.12; 95% CI, 0.91–1.371) 
in patients with limited stage SCLC (144). Other vaccines 
against gangliosides are being evaluated in clinical trials 
(NCT0134967). 

MGN1703 is a novel, synthetic covalently closed DNA 
construct, which activates the innate immune system via the 
Toll-like receptor 9 (TLR9) (145,146). TLR9 is expressed 
on B cells and plasmacytoid dendritic cells (pDC) and 
recognizes bacterial and viral DNA with unmethylated 
cytosine-guanine dinucleotide (CpG) motifs. Once 
activated, pDC and B-cells upregulate co-stimulatory 
molecules and produce chemokines and cytokines such as 
interferon alpha (IFN-a), monocyte inflammatory protein 1 
(MIP1), and other IFN-inducible genes to induce immune 
responses. MGN1703 showed immune activation and a 
significant stable disease rate in heavily pretreated patients 
with metastatic solid tumors and, at a dose of up to 60 mg 
twice weekly, was safe and well tolerated without dose-
limiting toxicities (147). Six out of 24 patients had stable 
disease after six weeks of treatment; three had stable disease 
after a total of 12 weeks. The efficacy and safety of the 
immunomodulator MGN1703, a TLR9 agonist, is under 
investigation in a phase II trial in patients with extensive 
disease SCLC who achieved at least a partial response 
following platinum-based first-line therapy (IMPULSE 
study; NCT02200081).

Inhibitors of neuroendocrine markers

SCLC is a high-grade neuroendocrine tumor and some of 
the neuroendocrine-specific markers of this cancer could 
potentially be therapeutically targeted (19). The neural cell 
adhesion molecule 1 (NCAM1, CD56) has been identified 
as one of the most promising targetable markers. CD56 is 
expressed by tumor cells in a majority of SCLC tumor cases, 
as well as on cells of other tumors of neuroendocrine origin. 
Lorvotuzumab mertansine (BB-10901) is an antibody-
drug conjugate (ADC) composed of the humanized anti-
CD56 IgG1 monoclonal antibody lorvotuzumab linked 
to the cytotoxic, tubulin-binding maytansinoid DM1 via 
a disulfide linkage. A recent study demonstrated the anti-
tumor activity of LM against SCLC xenograft models 
in mice, both as monotherapy and in combination with 

platinum/etoposide and paclitaxel/carboplatin, suggesting 
it as a promising novel effective targeted agent for SCLC 
therapy (148). Other studies have been completed with 
lorvotuzumab as monotherapy for the treatment of CD56-
positive solid tumors (NCT00346385) and in combination 
with etoposide and carboplatin for advanced solid tumors, 
including extensive stage SCLC (NCT01237678).

Conclusions

SCLC is the most aggressive form of neuroendocrine 
tumor of the lung. No significant improvements in 
systemic treatments have been made in recent decades 
and, despite initial sensitivity of SCLC to chemotherapy 
and radiotherapy, patients inevitably relapse, often rapidly, 
and die for their disease, with a very dismal survival. A 
deeper characterization of the genomic landscape of 
SCLC has revealed that this strongly smoking-associated 
cancer is characterized by a very high number of somatic 
mutations. Genomic characterization of SCLC has been 
complicated by the difficulty to obtain sufficient tumor 
tissue to analyze since this aggressive cancer is usually 
diagnosed in small biopsies or cytology specimens. The 
advent of high-sensitive, next-generation DNA sequencing 
technologies has led to the identification of novel targetable 
molecular abnormalities. Genomic alterations have been 
described in classical oncogenes and tumor suppressor 
genes that are shared with the adenocarcinoma and 
squamous cell carcinoma, but also in a variety of genes 
involved in transcriptional regulation and chromatin 
modification, which seem to play a critical role in the 
onset and progression of this specific lung cancer tumor 
subtype. Gene expression governed by epigenetic changes 
can represent a hallmark of SCLC. Based on these new 
insights in SCLC biology, novel rational targeted agents 
have been developed and tested in clinical trials in different 
settings of disease. However, the majority of the trials 
investigating targeted therapies against specific molecules 
and deregulated pathways, including RTKs and specific 
kinases, have provided disappointing results. Furthermore, 
some of these trials, specifically those including anti-
angiogenes i s  drugs ,  have  been character ized  by 
unacceptable toxicity. Based on these negative results, none 
of these targeted agents has been currently approved for 
clinical use for SCLC. The major limit of these studies is 
that most of them included patient populations not selected 
on the basis of the presence of specific predictive genomic 
alterations, thus limiting the assessment of the efficacy of 
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these agents in these potentially high responsive subgroups 
of patients. Thus, there is an urgent need for predictive 
biomarkers to select those patients most likely to respond 
to treatment while sparing those potentially resistant, in 
order to improve the therapeutic efficacy and decrease 
treatment-related toxicities. Immunotherapy has recently 
been introduced as a new treatment option for NSCLC 
patients. Therapeutic vaccines in SCLC have demonstrated 
limited clinical efficacy. In contrast, preliminary data from 
clinical trials with immune checkpoint inhibitors in SCLC 
are promising and more robust and definitive efficacy 
results and correlative biomarker analyses are eagerly 
awaited. Finally, more preclinical studies are needed and 
the collection of tissue specimens from SCLC patients for 
tumor genotyping at baseline, and possibly at progression, 
is strongly advocated in order to gain new insights into 
this complex disease and develop novel targeted drugs and 
potential therapeutic combinations to improve patient 
outcomes. Moreover, the implementation of newer, non-
invasive methods, such as liquid biopsies, in addition to 
next-generation sequencing techniques, will probably 
overcome the difficulty to obtain repeat tumor samples and 
allow tracking tumor genetic changes over time throughout 
the course of the disease. 
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