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Introduction

Small cell lung cancer (SCLC) is an aggressive disease that 
is virtually associated with smoking habits [1]. It contributes to 
13% of lung cancer cases in USA [2]. In Europe males has higher 
incidence in Central/eastern part, whereas female incidence is 
noticed more in Northern part. In spite of the huge development 
in management of advanced non small cell lung cancer over the 
last few years including new molecular targeted therapies that 
help tailoring treatment in this disease as well as improving its 
outcome, there is no much progress has been done in clinical 
research of SCLC [3]. The standard management remains the 
same over the last 3 decades. This could be attributed to the 
lack of translational research in the field of SCLC. In SCLC there 
is limited tumor tissue for molecular studies since surgical 
treatment is rarely a standard treatment in this disease. 
This, in addition to the rapid disease progression with poor 
understanding of the mechanisms contributing to therapeutic 
resistance could be significant barriers for progress in SCLC’s 
translational, clinical research and management [4]. 

SCLC is sensitive to both chemotherapy and radiation 
therapy. Complete response could be achieved in 40% to 60% 
in limited stage disease. Despite the high rate of response, 
median survival ranges from 12 to 20 months, with only 6% 
to 12% of patients are living beyond 5 years. Less than 5% of 
extensive stage SCLC lives more than2 years [5]. The demand for 
more translational research is obvious. Exploration of effective 
molecular targets may help in improving the dismal outcome 
of this disease. Clinicians use practical staging system for SCLC: 
limited disease (tumors limited to a single radiation portal) 
versus extensive disease (contra lateral hemi thorax or distant 
metastasis). However, the use of TNM staging can be advocated 
on the basis of its prognostic relevance [6]. Limited stage is 
usually treated with concomitant chemo radiation. In metastatic 
disease chemotherapy is the modality of treatment. Prophylactic 
cranial irradiation is used in both conditions in selected cases [7].  
Not until recently therapeutic agents other than chemotherapy 
related to limited stage, relapsed or extensive stage SCLC started  
 

 
to be included in the in the current clinical practice guidelines 
[7,8].

Objectives

To discuss the important cellular and molecular 
changes involved in the pathogenesis of SCLC as well as the 
pharmacological advances of targeted therapy in this disease, 
we did a literature review using unlimited midline search for the 
related topics. 

Keywords: SCLC; Molecular biology; Molecular targets; 
Targeted therapy

Results

Small cell carcinomas are defined by their unique histology 
and are morphologically identical, regardless of the site of origin 
[9]. The morphological features of SCLC are so distinct that the 
diagnosis is based mostly on routine light microscopy. Cells 
express synaptophysin, chromogranin A and CD-56. Ancillary 
support by immune histo chemistry is only needed to rule out 
the limited differential considerations in special circumstances 
[9]. Two subtypes of SCLC are recognized: the pure form (70%) 
and the combined form (30%). Combined SCLC is defined as 
having a distinct non-small cell carcinoma component, such 
as adenocarcinoma, squamous cell carcinoma and large cell 
carcinoma [9]. A subset of NSCLCs with mutated EGFR return 
as SCLC when they are resistant to EGFR tyrosine kinase 
inhibitors [10]. A retrospective data based on 231 patients sub-
grouped patients of SCLC into peripheral or central according 
the primary location. In this study peripheral type was more 
common (56%) Although it has been associated with higher 
frequency of interstitial lung disease, still peripheral type was 
an independent prognostic factor for better survival [11].

Molecular Pathology

Tumor suppressors genes

P53 protects against cellular genetic instability .Particularly 
it helps regulating cell cycle G1/S&2/M transition by acting as 
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transcription factor regulating downstream genes including 
p21, MDM2, GADD45 [12,13]. It is also involved in regulation of 
apoptosis by acting on Bcl2 associated X (BAX) which is a protein 
coding gene. P53 is located in chromosome 17p13. It is mutated 
in more than 90% of SCLCs [14]. Most inactivating mutations are 
point mutations in the DNA binding domain (missense mutation, 
70%–80%), but homozygous deletions also occur [15]. P53 
mutations correlate with cigarette smoking; in particular GC to 
TA trans- versions are caused by the carcinogen benzo (a) pyrene 
in tobacco smoke [16]. The MDM2 oncogene product inhibits 
p53 function by blocking its regulation of target genes and also 
enhances proteasome-dependent degradation of p53 [12].

Retinoblastoma Gene (RB)

Inactivation of both RB alleles at chromosome region 13q14 
is common in lung cancers [17]. Protein abnormalities can be 
detected in about 90% of SCLCs [18]. Functional RB loss can 
include deletion, nonsense mutations, or splicing abnormalities 
which can frequently lead to a truncated RB protein [12]. 
The p16-cyclin D1-CDK4-RB pathway is involved in the cell 
cycle. CyclinD1 inhibit the activation of RB by stimulating 
its phosphorylation through CKD4. Hypophosphorylated RB 
controls transcription factors E2F1, E2F2 and E2 F3 which are 
necessary for G1/Stransition [19]. When RB is phosphorylated, 
E2F1 will be released and activated and that will allow cell cycle 
progression. Apoptotic protease activating factor -1(Apaf -1) 
andcaspases is proapoptoticgenes that can be suppressed by 
phosphorylated RB [20]. P16 is located in 9p21, it regulates RB 
through inhibition of CDK 4. Its mutation is less frequent in SCLC 
in comparison to NSCLC [12].

3p Tumor suppressive Genes

Allele loss involving chromosome arm 3p is one of the most 
frequent (100% in SCLC and 90% in NSCLC) and earliest genetic 
alterations found in lung cancer [15]. 3 regions of 3p loss where 
identified resulting in the presence of RASSFI A, FUSI1, SEMA3B, 
SEMA3F and FHIT/FRAB3 which are multiple tumor suppresser 
genes involved in cell cycle regulation as well as apoptotic 
mechanisms [21]. RAR beta gene which is a receptor for retinoic 
acid is also located in 3p24. It functions by methylation (72% 
incidence in small cell lung cancer) [22].

Transforming Growth Factor Beta

Plays an important role in cell proliferation and survival. In 
the early stage of small cell cancer it inhibits cell proliferation. 
Later on, it conversely, induces angiogenesis [23].

Ongogenes

MYCfamily

Include 3protein c -MYC, n -MYC, L -MYC. Amplification of 
one member of the MYC family occurs in 18% to 31% of SCLCs 
[24]. c-MYC amplification occurs in both SCLC and NSCLC, 

whereas n-MYC and L-MYC amplifications nearly always occur 
in SCLC [15]. Bcl2 is expressed in more than80% in SCLC [25]. 
Bcl2 is an important gene in regulation of apoptosis (inhibiting 
factor). It promotes cell survival and involved in tumor genesis 
as well resistance to chemotherapy [26].

Growth promoting signaling pathways

PI3K/AKT/PTEN Pathway

PI3Ksarea group of protein kinases that regulates several 
cellular processes such as cell proliferation, survival, growth, 
apoptosis, cytoskeletal rearrangement (motility and adhesions) 
[27,28]. They activate the downstream pathway AKT and mTOR 
which regulates protein synthesis through targeting ribosomal 
protein S6 kinase 1 (S6K1) as well as eukaryotic Enhanced 
translation initiation factor 4E-binding protein 1 (4EBP1).The 
tumor suppressor gene PTEN is a negative regulator of this 
pathway [29-31]. PI3K and PTEN mutations can be found in 
SCLC. Phosphorylated AKT is found in 70% of SCLC cases. There 
is also elevation of phosphorylated4EBP1 and mTOR protein 
expression [32,33].

RAS/RAF/MEK/ERK Pathway

RAS mutation is usually found in NSCLC specially 
adenocarcinoma (20-30%) but it is rare in SCLC [19]. ERBB1 and 
ERBB2 which are transmembrane kinase receptors, responsible 
for initiating cellular transduction signaling in MAP kinase 
pathway are also do not demonstrate abnormalities in SCLC in 
comparison to NSCLC [15,19,34].

Other tyrosine kinase receptors: cKIT 

SCLC cells express cancKIT receptor and its ligand stem cell 
factor in 40-60% [15,35,36]. When binding to its ligand this 
receptor activate JAK- STAT, PI3K and MAP kinase pathways. 
This will initiate cell growth and differentiation [33]. 

cMET

 Over expression and amplification of cMET was demonstrated 
in SCLC. This receptor is activated by its ligand hepatocye 
growth factor which will lead to downstream signaling of PI3K 
and STAT 3 pathway. This pathway regulates cell proliferation, 
survival, motility and ability of invasion [27,29]. Higher level of 
hepatocyte growth factors was associated with poor prognosis 
in this disease [27,33].

Fibroblast Growth Factor

one mechanism for the activation of PI3K-AKT and Ras/Raf/
MEK/Erk signaling pathways is through the binding of fibroblast 
growth factor (FGF) to fibroblast growth factor receptor (FGFR).
Elevation ofFGF-2 an isoform of this tyrosine kinase is associated 
with chemo resistance and poor outcome in SCLC [37,38].
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nsulin like growth factor -1

Insulin like growth factor -1 and insulin like growth factor 
2 are ligands that bind to insulin growth like factor receptor-1, 
this will lead to activation of PI3K-AKT pathway in SCLC. IGF-1 is 
elevated in more than95% of SCLC cell lines [27,33].

6Angiogenesis

Tumor angiogenesis is important for cancer cell survival, 
growth and invasion. It is controlled by several mechanisms 
like vascular endothelial growth factor (VEGF) which acts on 
VEGF receptors (VEGCF-R) high level of VEGF have been found 
in patients of small cell cancer [33]. Basic fibroblast growth 
factor also induces angiogenesis FGF-2) [12]. Chemokines (like 
interleukin-8) may act as angiogenic factors for small cell cancer 
[39].

Developmental (cell fate) pathways

Notch pathway

This pathway is important for regulation of airway epithelial 
development specially in determining neuroendocrine versus 
non-neuroendocrine differentiation [29,40]. Notch signaling 
is initiated by activation of Notch receptors (type 1-type 4) 
by 3 ligands (Delta 1, Jagged one and Jagged 2) [41]. This will 
further lead to activation of transcription targets such asHes1. 
In turn Hes1 will block transcription of human achaete-scute 
homolog-1 (h-ASH-1), which is important for the development 
of neuroendocrine cell in the lungs [29,40]. Notch-1 is in active 
in SCLC, howeverh-ASH-1 is highly expressed [40].

6.6 Hedgehog pathway

There are 3 ligands in this pathway: Indian (IHh), Sonic 
(SHh) and Desert (DHh) Hedgehog. Binding of Hh ligands to 
Patched receptor one (Ptch-1) with lead to release to release 
of Smotransmembrane protein which in turn activate the 
downstream transcription of Hh targets in the nucleus including 
GLi -1 [29]. In small cell lung carcinoma, the activation of this 
pathway could be one if the mechanism for chemotherapy 
resistance in case of presence of progenitor cell in SCLC [29,42]. 
Wnt pathway is activated through Dishevelled (Dvl) over 
expression mainly in NSCLC [43]. 

Role of Immunity  

Targeting body immune response rather than the cancer cell 
itself is becoming a rapidly evolving therapeutic approach. The 
role of immunity in solid malignant tumors has been observed 
through the presence of spontaneous regression in some cancers 
like melanoma and renal cell carcinoma. This approach is under 
investigation in SCLC.

T regulator cells has inhibitory effect under inflammatory 
conditions to prevent autoimmunity by either secreting 
substances like IL-10 and TGF beta or by expression of 
inhibitory receptors like programmed cell ligand - (PD-L1) or 

cytotoxic T lymphocyte associated antigen CTLA-1. Together 
with stimulatory molecules ( GITR, OX40, ICOS) regulated by 
binding of CD28 TO B7 in the antigen presenting cells, these 
molecules and receptors are called immune check points. 
Evading immune destruction is one of mechanism of the cancer 
cell to survive and develop as shown by Hanahan and Weinberg 
[44]. Immunediting is defined as multistep process including 
three phases: elimination of highly immugenic cancer cells, 
equilibrium between immunomedited destruction and adaptive 
immune system which will leave behind persistent weakly 
immugenic malignant clones/variants which will be able in the 
third phase to escape the immune system [44-46].

Other mechanisms of SCLC Molecular Pathogenesis

a. Telomerase enzyme: This enzyme is detected in 
100% of cases of small cell cancer [47]. Up-regulation of 
telomerase maintains telomeric repeat and thus prevents 
shortening of cell life span [48].

b. Heat shock proteins-90: it as molecular chaperone 
that regulates the folding, stabilization and function of a 
number of proteins with important cellular functions [49]. It 
is a major inhibitor of apoptosis in SCLC [50].

c. Cell surface markers: CD56 is an isoform encoded 
by the NCAM gene (neural cell adhesion molecule) which 
modulates neuroendocrine cell growth, migration and 
differentiation. NCAM is found in 100% of SCLC. NCAM 
ligands or antibodies can inhibit malignant cell progression 
[29,51].

d. Gangliosides: these are glycolipids, usually found 
in central nervous cell membranes. They interfere with 
adhesion molecules and cell receptors. FucGM1 (70% 
expression), GM2 (60% expression) and GD3 (405 
expression) are types of gangliosides described in SCLC [52]. 
CD 24 is a cancer stem associated cell membrane protein 
involved in cell adhesion and can promote cell invasion. It is 
highly expressed in SCLC but rare in NSCLC [53,54].

e. Proteomic and epigenetic changes: Poly ADP 
ribose polymerase 1 (PARP1) is found to be over- expressed in 
SCLC [55]. PARP inhibition down regulates key components 
of the homologous recombination pathway, such as RAD51 
and BRCA1 [56]. Enhancer of zeste homolog 2(EZH2) is a 
protein crucial for SCLC cell survival. It also over expressed 
in SCLC [57,58].

The role of targeting molecular alterations in treating 
SCLC

Targeting tumor suppressive genes

Mutated p53 has long half life and highly expressed in cancer 
cells which make it more amenable to cancer immunotherapy 
[29]. DC-ad- p53 is dendritic cell transduced with human wild 
type p53 containing recombinant adenovirus have been studied 
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in SCLC in a phase I/ II study combined second chemotherapy 
and DC-ad- p53 improved survival in those who were evaluated 
to have positive immune response, however this was not 
statistically significant upon randomization in phase II [59,60]. 
Another study investigated the vaccine in 29 patients, showed 
similar results [61]. So far there are no clinical trials that show 
significant clinical benefit to this mode of treatment.

In regard to RB protein it was shown in a preclinical trial that 
agents like heat shock protein-90 inhibitor (17-AAG) can cause 
cell cycle arrest at G1 mediated by the presence of RB, however 
in cancer cell lacking RB proteins the cell cycle progress through 
G1,cells undergo arrest at M1 phase then become apoptotic but 
do not differentiate. Induction of differentiation by introduction 
of retinoblastoma gene in the cells my help increasing the 
antitumor effect of the drug [62]. Further investigation is 
needed in SCLC to explore the efficacy of this mechanism. Again, 
no significant results from clinical trials targeting 3p tumors 
suppressive genes or RAR beta expressing tumors.

Targeting Oncogenes

Oblimeresan is an antisense oligo nucleotide molecule 
inhibiting bcl-2tested in SCLC results were promising in the 
preclinical studies but did show even worst outcome when 
it was combined with carboplatin and etoposide in phase II 
trial. Side effects were more in the experimental arm [63]. 
Another oral agent at- 101(gossypol) was found to be inactive 
in recurrent chemo sensitive small cell lung carcinoma [64]. 
Obatodax mesyalate is an intravenous antiBcl2 failed to increase 
response when added to topotecan in phase II study [65]. In a 
preclinical study antisense MYCRNA expression has increased 
the sensitivity of platinum agents but not doxorubicin or 
vincristine, in chemotherapy –resistant SCLC cell lines [66]. In 
another preclinical study controlling MYC -eIF4E (eukaryotic 
translation initiation factor) by si RNA was associated with 
decrease resistance to everolimus when it was used to treat 
SCLC [67]. R-enolase is a bifunctional gene encoding a glycolytic 
enzyme and a DNA binding protein, c-MYC binding protein 
(MBP-1). MBP-1 binds the c-MYC promoter and down-regulates 
c-MYC transcription [53]. There is a study suggested that up- 
regulation of these genes may inhibit c- MYC activity [53,68]. 
Targeting oncogenes needs further validated translational and 
clinical research to prove its efficacy in SCLC.

Targeting signaling pathways

PI3K/AKT/PTEN pathway: Inhibitors of this pathway have 
been tested in both preclinical and early phase clinical trials. 
mTOR inhibitor everolimus was used as single agent in small cell 
lung cancer patients who progress on chemotherapy but with 
limited efficacy [69]. A phase1b study combined everolimus with 
chemotherapy. The treatment was associated with increased 
incidence of infectious and hematological toxicities mandated 
limiting the dose of everolimus to 2.5 mg and using GSCF support 
for all patients. The best overall response was partial response. 
With this data the authors concluded that everolimus is unlikely 

to be further investigated in an unselected SCLC population [70].

Temsirolimus is other intravenous mTOR inhibitors that 
did not show survival benefit as a maintenance treatment [71]. 
Dual inhibition of mTOR and other pathways was also tried as a 
treatment strategy; In a preclinical study there was as synergistic 
effects of erlotinib (EGFR inhibitor) and everolimus combination 
therapy at molecular level: cell viability, proliferation and 
autophagy [72]. mi RNA was also used to dysregulate the PI3K/
AKT/PTEN pathway [56,73]. Some authorities also tried dual 
pi3K and mTOR inhibition or Pan PI3k pathway inhibition in 
early phase clinical trials [29]. So far none of these trials has 
given enough clinical evidence to change the current clinical 
practice.

EGFR

 As expected single agent EGFR mutation inhibitor gefitinib 
did not improve neither the survival nor the response in small 
cell cancer due to lack of expression of epidermal growth factor 
receptors in this disease [74]. Careful selection of patients may 
help some categories that could benefit from this strategy, since 
there is presence of histological subset of small cell cancer 
includes combined NSCLC and SCLC. Again third generation EGFR 
inhibitors may play a role since some EGFR resistant NSCLC may 
return back as small cell lung cancer, however further molecular 
studies is needed to identify the right patients.

cKIT

 Imatinib which targetsc- kit receptors as well as platelet 
derivative growth factor receptors failed to show real objective 
response or survival benefit either in combination with 
chemotherapy carboplatin and etoposide or as maintenance 
after first line chemotherapy [75]. A phase II clinical trial tried 
high dose imatinib 400 mg bid in patients who expressed c kit 
receptors but the results were not impressive [76].

cMET

 A preclinical trial used small interfering RNA (siRNA) and 
selective prototype c-MET inhibitor SU11274, inhibiting the 
phosphorylation of c-MET itself and its downstream molecules 
such as AKT, S6 kinase, and ERK1 [77]. Multiple agents inhibiting 
c-MET were tried in early phase clinical trial without obvious 
effect. Ponatinibis ananti FGFR (fibroblast growth factor 
receptor) which is currently under investigation for both small 
and non SCLC (NCT01935336). Another study (NCT02109016) is 
recruiting patients to assess the efficacy of the FGFR–3inhibitor 
lucitanib.

Insulin like growth factor

 Further translational and clinical research is needed to 
assess the efficacy of this target. For example AMG 479 is 
currently in clinical trial in combination with platinum and 
etoposide chemotherapy in SCLC [NCT00791154].

Angiogenesis
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Bevacizumab a humanized monoclonal antibody targeting 
VEGFA receptor was investigated in several phase II trials. 
In view of promising results, a phase III clinical trial assigned 
patients to receive cisplatin plus etoposide (arm A) or the same 
regimen with bevacizumab (arm B) for a maximum of six courses. 
In the absence of progression, patients in arm B continued 
bevacizumab alone until disease progression or for a maximum 
of 18 courses. The primary end point was overall survival (OS).
All patients included in the study were treatment naïve. The 
results were recently published, the addition of bevacizumab 
to cisplatin and etoposide in the first-line treatment of ED-
SCLC had an acceptable toxicity profile and led to a statistically 
significant improvement in progression-free survival (P= 0.03), 
which, however, did not translate into a statistically significant 
increase in OS [78].

Sorafinib (acts against VEGFR-2, VEGFR-3) and sunitinib 
are small molecule multitargeted agents which were both 
investigated in extensive SCLC. So far, the results are not 
carrying anypractice changing data. Some of these studies are 
still ongoing. [NCT00466232, NCT00182689 for sorafinib}.{, 
NCT00616109, NCT00453154 for sunitinib}. Aflibercept acts 
as VEGF trap by inhibiting the binding of VEGF-A, VEGF B to 
their receptors. This agent is still under investigation in SCLC 
in a phase II trial [NCT00828139}.Some of the agents were 
found to act in part via inhibition of angiogenesis for example 
matrix metalloproteinase inhibitors and thalidomide. Both was 
investigated in SCLC and found to have no impact on survival. 
Actually there were associated with more side effects [79,80].

Targeting developmental (cell fate) pathways

 Although activation of Notch is suggested as away to 
suppress SCLC cells there no active agents that studied in 
phase clinical trial to prove this therapeutic strategy. However 
a preclinical study a DLL3(inhibitor of Notch pathway)-
targeted antibody-drug conjugate (ADC), showed efficacy in 
patient derived engrafts models [81]. Hedgehog(HH)pathways 
inhibitor vismodegib was investigated in small cell lung cancer 
in combination with first line chemotherapy but there was no 
clinical benefit(NCT00887159)[82]. Another agent so nidegib 
also showed activity against SCLC [83]. IPI-926 is a third agent 
targeting HH pathway which was tested in phase I trial including 
several types of cancer in patient who failed multiple lines 
of treatment [84]. As it was discussed before, Wnt pathway is 
mainly involved in non SCLC.

Targeting immunotherapy

 Clinical research is expanding in this field. CTLA4 inhibitors, 
PD1/ PDL1 inhibitors and vaccines all investigated in SCLC. 
Ipilimumab(anti CTLA 4) has been tested in phase II study in 
combination with chemotherapy or after chemotherapy(phased 
regimen).The purpose of the phased regimen is to allow antigen 
release induced by chemotherapy before exposure to ipilimumab 
[85]. The phased regimen arm has significantly improved the 
immune related progression free survival (HR0.64, p= 0.03) but 

did not change the progression or the overall survival. there is 
an ongoing phase III clinical trial the purpose of this study is 
to determine whether the addition of ipilimumab to etoposide 
and platinum therapy will extend the lives of patients with 
ED SCLC more than etoposide and platinum therapy alone 
(NCT01450761).NivolumabaPD-1 inhibitor was investigated 
either alone or in combination to ipilimumab in a phase I/II trial 
(Checkmate 32). Nivolumab monotherapy and nivolumab plus 
ipilimumab showed antitumor activity with durable responses 
and manageable safety profiles in previously treated patients 
with SCLC [86]. (NCT02359019) is an ongoing phase II trial in 
which pembrolizumab has been given to extensive lung cancer 
patients after completion of chemotherapy.

Progression free survival is primary end point and overall 
survival will be a secondary one. Rovalpituzumab tsarina 
(ROVA –T) is an antibody-drug conjugate targeted to DLL3 on 
the surface of tumor cells. Since DLL3 is highly expressed in 
SCLC cells, the cytotoxic agent pyrrolo benzodiazepine will be 
delivered only to malignant cells rather than normal tissues with 
manageable toxicity [87]. Rovalpituzumab tsarina (ROVA –T) has 
demonstrated encouraging single-agent anti-tumor activity and 
durability in recurrent or refractory SCLC(NCT01901653). A 
phase II trial (NCT 02674568) investigating ROVA –T as third line 
or later treatment for subjects with relapsed or refractorydelta-
Like protein 3-expressing SCLC is ongoing. Primary endpoints 
are objective response rate and overall survival. Although 
vaccine the rapies look promising from theoretical point of view, 
but they did not show real efficacy in treating SCLC [61,88]. The 
results of the randomized clinical study of maintenance therapy 
with immunomodulatory MGN1703 in patients with extensive 
disease SCLC after platinum-based first-line therapy are awaited 
(NCT02200081).MGN1703 activates the innate immune system 
via the Toll-like receptor 9 (TLR9) [89].

Telomerase enzyme inhibitors

Investigated in early phase clinical trials mainly in NSCLC 
[90]. Since this enzyme is highly expressed in SCLCas mentioned 
before, it is promising therapeutic target in the future.

Targeting heat shock protein 90

 A Phase I/II studied ganetespib (a head shock protein 90 
inhibitor) in combination with doxorubicin in solid tumors 
(Phase I). The results encouraged expanding this drug into phase 
II trial including refractory SCLC (NCT02261805). This trial was 
terminated in 2016 in view of negative results of ganetespib in a 
phase III study in non small cell carcinoma. An article published 
in The Journal of Expert Opinion in Investigational Drugs has 
evaluated ganetespib in both small and non small cell cancers. 
The authors’ opinion is that ganetespib clinical trial was halted 
prematurely in SCLC despite preliminary evidence of prolonged 
stable disease in few patients [91].

Targeting cell surface markers

A phase II trial of huN901-DM1 in relapsed small cell cancer 
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provided clinical activity and safety of this novel drug which is an 
immune conjugate that binds to the CD56 receptors internalize 
the cytotoxic agent DM1 [92]. Preclinical studies suggested 
that antiganglioside GD2 monoclonal anti bodies would be 
efficient when they are combined with other cytotoxic drugs 
[93]. Targeting CD24 through monoclonal antibodies SWA11 has 
shown some efficacy in preclinical trials. Immunoconjugation 
of doxorubicin with SW11 to introduce this cytotoxic drug 
inside the SCLC cells when it binds to cell surface CD24 was also 
investigated [94,95].

PARP-1 inhibitors

 Olaparib and talazoparib were used in SCLC. Some 
biomarkers has been found to predict positive response to 
talazoparib which are proteins involved in DNA damage Repair 
for example PARP,FANCD2 and pCHK2.On the other hand high 
PI3K levels has predicted poor response to this drug [55,96]. 
Preclinical studies suggested thatEZH2 protein inhibition could 
be a potential target in treating SCLC [58].

Statins

It was shown that inhibition of -hydroxy-3-methylglutaryl 
coenzyme (HMG-CoA) reeducates, by stations may suppress the 
synthesis small G proteins such as RAS. In addition statins may 
induce pro-apoptotic, anti-angiogenic, and immunomodulatory 
effects [97]. When pervastatin was added to standard 
chemotherapy in small cell cancer in recent phase III study; the 
results were unsatisfactory [98].

Discussion

Despite the positive results in some preclinical research, the 
outcome of early phase trials as well as in the few phase III clinical 
trials done in this disease is disappointing so far. In view of the 
previously mentioned difficulties facing clinical research in SCLC, 
considering novel clinical trial designs may help overcoming 
these obstacles. Umbrella trial designs focus on molecular 
defined subsets of one histology type, each subset can test differ 
targeted agent [99]. On the other hand basket trial designs 
involve including multiple defined molecular subpopulations 
across different tumor types to evaluate the targeted therapy in 
question [99]. If a trial shows benefit from any targeted therapy 
under investigation, the predicted molecular feature can be 
potentially enriched. This is called adaptive enrichment designs 
[99]. The outcome from Molecular Screening for Optimization of 
Cancer Treatment (MOSCATO) 01 has recently reported higher 
progression free survival rates in hard- to- treat cancers when 
targeted therapy for different types of histology, including 
lung cancer which were selected using multigame panel test 
(NCT01566019). The difference is prognosis of small cancer 
when it is sub- typed according to location of the tumor might 
be an area for further translational research. Utilizing liquid 
biopsies may help understanding drug resistance in SCLC. In 
conclusion, the considerable number of molecular and genetic 

alternations which are present in small cell cancer has not been 
reflected in the management landscape of this disease. Changing 
research strategies might be a better way to evaluate the benefit 
of the current as well as new therapeutic agents in treating SCLC.
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