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Introduction

Lung neuroendocrine (NE) neoplasms account for 
approximately 20% of all lung cancers. They can be 
subdivided into low- and intermediate-grade NE tumors 

represented by typical and atypical carcinoids, and 

high-grade NE carcinomas represented by large cell 

neuroendocrine carcinoma (LCNEC) and small cell lung 

carcinoma (SCLC). LCNEC and SCLC account for 3% 
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and 13–15% of all lung cancers, respectively. In recent 
years, the incidence of SCLC has slightly decreased, 
whereas that of LCNEC has discreetly raised (1,2). The vast 
majority of LCNEC and SCLC patients are heavy smokers 
around 65 years of age, with metastatic disease at diagnosis. 
Both carcinoma types are very aggressive, with 5-year 
overall survival rates below 15–25% (LCNEC) and 5% 
(SCLC) for extensive stages (2,3). However, the therapeutic 
management of NSCLCs and SCLCs has not changed 
much in recent years, favoring for SCLCs platinum and 
etoposide-based chemotherapy and for LCNECs therapies 
close enough to that of NSCLCs.

However, whereas the histological classifications 
were unchanged until recently, several publications have 
dismembered LCNECs and SCLCs at the genomic and 
transcriptomic levels, leading to the identification of new 
molecular subtypes. The LCNEC group is heterogeneous, 
constituted both by tumors that harbor mutations that can 
be found in SCLC but with an expression pattern typical of 
NSCLC, and by tumors carrying typical NSCLC mutations 
but with a pattern of expression of SCLC, questioning their 
clinical management as NSCLCs or SCLCs. Regarding 
SCLCs, different “variants” have been successively 
described besides the predominant “classic” subtype, based 
on morphology, immunophenotype and expression profiles, 
and this distinction could allow for more personalized 
treatments.

SCLC

Morphological classification

According to the 2015 classification of lung tumors (3,4), 
SCLCs are defined as malignant carcinomas with NE 
characteristics. They belong to the group of neuroendocrine 
neoplasms (NENs) of the lung and are the most aggressive 
NENs with the worst prognosis. Since the 2004 WHO 
classification (5), only pure SCLC and combined SCLC 
have been recognized. On histopathological examination, 
pure SCLC is composed of a dense proliferation of small 
tumor cells, arranged in sheets or ribbons, with extensive 
areas of necrosis. Less frequently, NE (organoid) features 
such as rosettes, palisades and nests may be found. At high 
power fields, tumor cells are round to spindle-shaped; they 
usually measure less than the size of 3 resting lymphocytes 
and have a sparse cytoplasm. The chromatin is finely 
granular, with a typical salt and pepper appearance and 
with inconspicuous nucleoli. Nuclear molding is common 

as well as apoptotic bodies and nuclear debris known as 
the Azzopardi effect. Mitoses are also numerous, with 
an average number of 80 per 2 mm2 area. These features 
are most evident in surgical specimens where tumor cells 
appear larger with a distinct cytoplasm and a focal vesicular 
chromatin (6). Combined SCLCs account for 10% to 25% 
of all SCLC and are defined by a mixture of pure SCLC and 
of adenocarcinoma, squamous cell, large cell or sarcomatoid 
(spindle or giant cells) carcinoma (4,5), whatever the amount 
of NSCLC component. In contrast, for combined LCNEC 
and SCLC, a minimum of 10% of LCNEC is required. 
Combined SCLCs are more frequently diagnosed on widely 
sampled surgical specimens in comparison to biopsies 
(7,8). Combined SCLC and pure SCLC share the same 
epidemiology and clinical presentation, even if combined 
SCLC tends to be more peripheral and could harbor a 
worse prognosis, possibly due to relative resistance of non-
SCLC components to SCLC standard chemotherapy (9). 
Interestingly, an intermediate variant of SCLC was present 
in the 1981 WHO classification (10) and was defined by 
larger cells with distinct cell borders, a moderate amount 
of eosinophilic cytoplasm, and a single nucleus with a 
prominent central nucleolus and paranucleolar chromatin 
clearing (11). This intermediate subtype of SCLC was then 
removed from the subsequent classifications, the presence 
of larger cells being attributed to the larger size of the 
samples, with no significance per se.

Immunophenotype

Immunohistochemistry can be of great help to assert 
the diagnosis of SCLC, particularly on small biopsies 
when tumor cells are crushed. The vast majority of 
SCLCs diffusely express Achaete-Scute Family BHLH 
Transcription Factor 1 (ASCL1, also called hASH1) (12,13) 
as well as CD56 (NCAM1) with a membrane staining 
(14,15). In contrast, synaptic vesicle protein Synatophysin 
and dense-core associated protein Chromogranin A 
cytoplasmic stainings are observed in 54% and in 37% 
of the cases, respectively, and can be focal (3,4,16-19). In 
addition, thyroid transcription factor 1 (TTF1) is expressed 
in 90% of SCLCs (20). However, 10% to 25% of SCLCs 
could lose neuroendocrine markers (4,21) and this absence 
seems to be a characteristic of the intermediate variant 
described by Gazdar et al. in 1985 (11). In addition, some of 
the SCLCs with negative neuroendocrine markers have also 
been shown to lose cytokeratin and express vimentin. P16 
nuclear staining is observed in almost all SCLCs, unlike 
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RB1, which is assumed to be absent (22,23). Regarding 
pathogenesis, SCLCs were initially supposed to arise from 
normal bronchial NE Kulchintsky-type cells, involved in 
lung growth and differentiation through the activation of 
airway chemoreceptors (24). It is now believed, based on 
genomic profiling studies, that SCLC could derive from 
multipotent precursor cells common to NE and non-
NE pulmonary neoplasms. Indeed, Sutherland et al. (25) 
showed in transgenic mice that, while NE cells serve as 
the prevalent cell of origin of SCLC, SCLC can also arise, 
albeit with a lesser penetrance, from alveolar type II cells 
in which Trp53 and Rb1 have been inactivated. The authors 
proposed that the loss of Rb1, a critical controller of NE 
differentiation, could be a mechanism by which, under 
specific conditions, a subset of progenitor-like alveolar 
type II cells could differentiate toward a more NE cell-
like state. These findings are in accordance with studies of 
treatment-resistant EGFR-mutated adenocarcinomas which 
have undergone a histological transformation to SCLC 
(26,27). In these cases, small-cell tumours were identified 
by morphology and positive immunohistochemical staining 
for synaptophysin, chromogranin, or NCAM, together with 
a loss of RB1, and genomic sequencing showed that these 
transformed SCLC tumours retained the original EGFR-
activating mutation (26). Furthermore, in transgenic mice, 
Lin C et al showed that expression of the EGFR exon 21 
L858R mutation under the control of the SPC promoter 
leads to tumorigenesis (28). Alveolar type II cells could thus 
serve as the cell of origin of SCLC as well as EGFR-mutant 
adenocarcinoma, depending on the molecular alterations in 
presence, as EGFR TKI-resistant SCLCs have been shown 
to branch out early from the adenocarcinoma clones that 
harbor completely inactivated RB1 and TP53 (27). 

Of note, to date, no preneoplastic lesions have 
been identified for LCNEC or SCLC in humans, but 
preneoplastic neuroendocrine cells have been isolated in a 
mouse model of SCLC (29). Especially, no transitions from 
well-differentiated neuroendocrine tumors to SCLC have 
been described.

Molecular classification: identification of SCLC subtypes

Genome and transcriptome analyses on nearly 200 resected 
SCLCs (30-32) unveiled a high load of somatic mutations 
(8.62 nonsynonymous mutations per megabase). These 
molecular studies identified bi-allelic inactivation of TP53 
and RB1 in nearly all the tumors analyzed, mostly through 
mutations, loss of heterozygosity (LOH), or inactivating 

rearrangements. Inactivating mutations in NOTCH genes, 
which lead to the inactivation of HES1, an antagonist 
of ASCL1, were found in 25% of SCLC tumors. The 
transcription factors SOX2 and the MYC family of proteins 
were also frequently altered in SCLC: SRY-box 2 (SOX2) 
was amplified in 27% of SCLC cases and MYC genes were 
altered through copy number amplification (9% MYCL1, 
4% MYCN, and 6% MYC) and fusion transcripts (RLF-
MYCL1). In addition, recurrent mutations in chromatin 
remodeling genes such as CREBBP, EP300, as well as PTEN, 
SLIT2 or EPHA7 mutations or FGFR1 amplifications have 
also been described.

Two main key lineage-specific factors, ASCL1 and 
NEUROD1, responsible for neuroendocrine differentiation 
are reactivated in SCLC (33). ASCL1 activates NE 
differentiation, and regulates stemness, cell cycle progression, 
and mitosis. ASCL1 expression is limited to dormant 
progenitor pulmonary NE cells in mature lung but its 
reactivation in NE carcinomas maintains tumor development 
and survival. Its targets are MYCL1, RET, SOX2, BCL2 and 
nuclear factor I B (NFIB) oncogenes, as well as NOTCH 
ligand DLL3. Of note, NKX2-1 (also called TTF1) gene 
expression is also positively regulated by ASCL1 (34) as well 
as BRN2 (brain-2; also known as POU3F2) (35). In contrast, 
NEUROD1 promotes neurogenic differentiation of cells 
during development and malignant behavior in SCLC cell 
lines. It targets MYC (36) and oncogenic MycT58A promotes 
the development of slow growing NE tumors (37). Of 
note, both ASCL1-high and NEUROD1-high SCLCs 
express insulinoma associated protein 1 (INSM1), which is 
a driver of NE differentiation in many organs and tissues. 
Extensive transcriptional analyses performed in human 
tumors, genetically engineered mouse models (GEMMs) 
and patient-derived xenografts (PDXs) (32,37,38) have 
revealed differential activation of these regulatory pathways. 
They led to the identification beside the classical SCLCs 
expressing high levels of ASCL1, of SCLC variants either 
expressing more NEUROD1 than ASCL1 or neither one 
(11,36,37,39-41). A certain plasticity has been reported 
between the different subtypes of SCLCs, with variants more 
frequently observed in tumors recurring after initial response 
to therapy (42). The dual ASCL1- and NEUROD1-negative 
variants have no NE phenotype and express RE1 silencing 
transcription factor (REST). They harbor an epithelial to 
mesenchymal transition (EMT) profile and activate the 
NOTCH, HIPPO and TGFβ pathways (40). These non-
NE NOTCH-active SCLCs are probably slow growing 
tumors, but could be relatively chemoresistant in in vitro 
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studies (43,44). They are driven either by YAP1 or POU2F3 
master genes (32,45,46) with the current distinction of four 
subtypes of SCLCs, each of them mainly driven by a specific 
gene: SCLC-A, driven by ASCL1, SCLC-N by NEUROD1, 
SCLC-Y by YAP1  and SCLC-P by POU2F3 (47).  
YAP1 is a regulator of transcription activated by the 
HIPPO growth signaling pathway, and SCLC-Y tumors 
are RB1-positive by immunohistochemistry, which is rarely 
observed in SCLC (45), but they are enriched for CCND1 
amplification and CDKN2A inactivation, which result in RB1 
inactivation and cell-cycle control defects (48). POU2F3 is 
a master regulator of the NE low SCLC subtype, involving 
IFGR1 pathway to increase cell proliferation. Interestingly, 
it has been proposed that SCLC-P tumors could arise from 
chemosensory tuft cells (46). Recently, Gay et al. identified 
by non-negative matrix factorization (NMF) analysis of 
RNAseq in a series of 81 resected SCLC tumor samples and 
62 SCLC cell lines, a cluster called SCLC-IM, composed 
of “mesenchymal” tumors which lose cytokeratin and 
express vimentin, are NE markers negative and highly 
express immune checkpoints, STING-related genes, and 
inflammatory markers (49). This SCLC variant could be 
more sensitive to immune checkpoint inhibitors, which is 
of particular interest given the fact that the vast majority of 
SCLCs are considered as cold tumors. Indeed, they exhibit 
low levels of CD3, CD8 and CD20 tumor-infiltrating 
lymphocytes (TILs), low ratios of total/effector T-cells (50)  
and only 5% to 15% of tumors are PD-L1 positive with a 
1% cut-off (51,52), contrasting with high TILs and stromal 
macrophages PD-L1 expression. In addition, class I and 
II major histocompatibility complex (MHC) molecules 
and regulatory chemokines, such as IL-2 and Macrophage 
Activating Factor, are down-regulated in most SCLCs, 
contrasting with a high production of IL-15, all these 
findings favoring intrinsic resistance to immunotherapies (53).

Regarding epigenetic abnormalities, DNA methylation 
patterns can also define different SCLC subtypes. A 
global DNA hypomethylation is observed in most SCLCs, 
but a subgroup of SCLCs present hypermethylated 
promoter CPG islands leading to specific gene silencing. 
This subgroup is characterized by a poor prognosis and 
a high expression of the EZH2 (E2F target and histone 
methyltransferase) gene (41,54). EZH2 is a target of E2F, 
which is normally repressed by RB1, and overexpressed in 
SCLC due to the universal loss of RB1. EZH2 is a histone 
methyltransferase that forms the polycomb repressive 
complex 2 (PRC2) and plays a role in homeostasis of 
SCLC cells. EZH2 mediates tri-methylation of histone 

H3 at lysine 27 (H3K27me3) in discrete promoter CpG 
islands, leading to transcriptional repression. Schlafen 
family member 11 (SLFN11) is one of the genes repressed 
by EZH2 and its loss of expression results in increased 
DNA damage repair after cytotoxic chemotherapy through 
Homologous Recombination system activation and this 
loss has been implicated in chemotherapy resistance in 
SCLC PDX (55). Other epigenetic abnormalities have been 
reported in SCLC, such as Caspase 8 (CASP8), FAS and 
TRAIL-R1 gene promoter silencing methylation (56). 

Therapeutic implications

To date, SCLC standard of care consists in non-targeted 
approaches. They are based for limited stage SCLC on 
concurrent chemoradiation, and for extensive stage SCLC, 
on chemotherapy alone or chemotherapy combined with 
anti-PD-L1 checkpoint inhibitors, such as atezolizumab and 
durvalumab (54,55). The most commonly recommended 
chemotherapy regimen is platinum-etoposide (PE), which 
has been proven to increase survival with less toxicity than 
other regimens that combine anthracyclines, vinca-alkaloids, 
methotrexate and/or cyclophosphamide (57). SCLCs are 
chemosensitive in first-line setting, with response rates 
ranging from 70% to 80%, with up to 50% of complete 
responses. However, the majority of patients die from 
recurrences, which are refractory to chemotherapy. With 
the addition of atezolizumab to chemotherapy (58), median 
PFS has been shown to be 5.2 vs. 4.3 months (HR =0.77, 
95% CI: 0.62–0.096, P=0.02), and median OS reached 12.3 
vs. 10.3 months (HR =0.70, 95% CI: 0.54–0.91, P=0.007). 
Interestingly, benefits were consistent across all patients’ 
subgroups and no biomarker, including PD-L1 expression 
or tumor mutation load, predicted the magnitude of 
benefit in this trial, despite preliminary data suggesting 
some predictive role (59). Recurrent SCLC is divided into 
two categories: refractory (disease progression occurring 
less than 3 months from completion of initial therapy) 
or sensitive (progression after 3 months) (60). Rates of 
response to second-line therapy are substantially lower in 
patients with refractory/resistant disease. Reinitiation of 
the front-line chemotherapy regimen is proposed if the 
initial response duration is 6 months or more based on 
ported response rates of 50–60%. The benefit of second-
line chemotherapy in recurrent SCLC was evaluated in 
a randomized trial comparing oral topotecan with best 
supportive care (61). Although topotecan induced response 
in only 7% of patients, it did significantly improve overall 
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survival.
With the recognition of SCLC variants, emerging 

therapies guided on biology could be proposed in the 
future. DLL3 inhibitors, including antibody drug 
conjugate, bi-specific T cell engager and chimeric antigen 
receptor (CAR)-T cell constructs, could be specifically 
recommended in SCLC-A (62). Rovalpituzumab teserine 
(Rova-T) is an antibody drug conjugate consisting of 
a monoclonal antibody targeting DLL3, a cathepsin-
cleavable linker, and a pyrrolobenzodiazepine (PBD) 
warhead (62). The first-in-human clinical trial of Rova-T 
in recurrent SCLC demonstrated encouraging activity 
despite frequent severe side-effects attributable to the 
PBD warhead. However, subsequent studies including the 
phase 2 TRINITY study and the phase 3 TAHOE trial 
in the second line setting showed disappointing efficacy 
data leading to the discontinuation of the development of 
Rova-T (63,64). Besides antibody-drug conjugates, other 
DLL3-targeting therapies are under investigation in SCLC 
and include the bispecific T cell engager (BiTE) AMG 
757 (NCT03319940), and a chimeric antigen receptor 
CAR-T AMG119 (NCT03392064). Other strategies for 
SCLC-A could include BCL2-inhibitors, as BCL2 is a 
target of ASCL1, but limited clinical evidence is available 
in SCLC patients treated with BCL2 inhibitors such as 
venetoclax (65). Inhibitors of LSD1 (Lysine-specific histone 
demethylase A1), a flavin adenine dinucleotide FAD-
dependent demethylase highly expressed in SCLC-A (66), 
are also in early stage development. The SCLC-N variant 
expressing high levels of MYC and NEUROD1 could be 
sensitive to Aurora kinase inhibitors when combined with 
chemotherapy as shown in mouse models (37). Single-
agent alisertib (MLN8237) was evaluated in a phase 1 study 
which included 48 patients with SCLC, 36 presenting 
with chemotherapy-sensitive disease and the remaining 
with chemotherapy-refractory disease. The ORR in this 
group was 21% (67). Aurora amplification has also been 
associated with resistance to taxanes, justifying proposing 
a combination of paclitaxel as second line therapy. In a 
randomized phase II trial, the combination of alisertib plus 
paclitaxel showed a modest improvement in survival, with 
no statistical significance. Ultimately, as Aurora kinase also 
phosphorylates and impairs LKB1/STK11, whose loss is 
one of the resistance factors to immunotherapies, immune 
checkpoint inhibitors could benefit from the association 
with Aurora kinase inhibitors. Trials are ongoing with other 
agents such as LY3295668 that preclinically demonstrated 
synthetic lethal activity in RB1-deficient tumors (68). 

Another strategy in SCLC-N could involve PI3K/mTOR 
pathway and HSP90 inhibitors (65). SCLC-P cell lines were 
reported to be sensitive to IGFR1-inhibitors (46), however, 
such inhibitors are currently not available in the clinic. 
SCLC-IM may actually represent the molecular subtype 
that would be biologically the most prone to be sensitive 
to immunotherapy, but this has not been formally tested 
so far. Ultimately, as PARP1 is highly expressed in SCLC, 
PARP inhibitors (PARPIs) were evaluated in combination 
with chemotherapy. A phase II trial with veliparib plus 
temozolomide in previously treated SCLC patients failed to 
meet its primary end-point of improved PFS but did show 
an improved ORR of 39%. SLFN11 was a clear predictive 
marker of benefit with improved PFS (5.7 vs. 3.6 months) 
and OS (12.1 vs. 7.5 months) in the subset of patients with 
tissue for analysis (69). Veliparib was tested in combination 
with cisplatin and etoposide doublet in 128 patients with 
ES SCLC in a randomized control trial. The median PFS 
was 6.1 vs. 5.5 months [unstratified hazard ratio (HR) =0.75, 
one-sided P=0.06] (70). PARPIs are also being studied in 
combination with various other novel agents, including 
the vascular endothelial growth factor inhibitor cediranib, 
or the WEE1 G2 checkpoint kinase inhibitor AZD1775 
(71,72). Figure 1 summarizes the main molecular subtypes 
of SCLC and LCNEC and the potential therapeutic 
impacts of such classification. However, despite all these 
encouraging perspectives for a class of tumors that until now 
has not benefited from targeted therapies, a major pitfall is 
the absence of selection of patients based on molecularly-
defined SCLC subsets. Retrospective biomarker analyses 
are planned in some of the trials, but they are limited by the 
reduced availability of material from patients with advanced 
disease.

LCNEC

Histopathological classification

LCNEC is a high-grade neuroendocrine carcinoma with 
strong similarities to SCLC, regarding epidemiology, 
prognosis and genetics. LCNEC was classified in the 1999 
and 2004 WHO classifications of lung tumors as a large-
cell carcinoma variant (5,73), but in the 2015 classification, 
LCNEC was in a separate chapter, close to SCLC (4). Its 
definition is based on the recognition of NE morphology 
and expression of NE markers by immunohistochemistry, or 
presence of NE granules with electron microscopy, which is 
rarely performed nowadays. However, large-cell carcinomas 
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with NE morphology but non-NE immunophenotype 
have been reported, as well as large-cell carcinoma with 
non-NE morphology but with NE immunophenotype 
or ultrastructural features (17). To date, no preneoplastic 
lesions have been identified for high-grade NENs, but 
genomic abnormalities characteristic of these carcinomas 
has been detected in normal epithelial cells in smokers (74).

Histologically, LCNECs are characterized by a NE 
morphology with organoid nesting, trabecular growth, 
palisading or rosette-like structures; they typically exhibit 
a high mitotic rate, higher than 10 mitoses per 2 mm2, 
often between 80 and 100 per 2 mm2, and a non-small 
cell cytology with a cell size larger than three times the 
diameter of resting lymphocytes. However, some LCNECs 
presenting a predominant number of smaller cells have 
been reported, suggesting a significant size variability (75).  
Cytoplasms are classically ample and eosinophilic to 
basophilic, and there is a low nuclear-to-cytoplasm ratio. 
Chromatin is frequently vesicular with prominent nucleoli. 
Necrosis is often widespread but can be focal. All these 
diagnostic criteria have been described from surgical 
specimens, but they can be difficult to demonstrate on 
small biopsy specimens, as NE morphology is required 

for the diagnosis. Most of the time, these tumors are 
classified as non-small lung carcinomas on biopsies and 
cytology, and recognized as LCNEC only on subsequent 
surgical specimens. Even in these cases, recognition of NE 
morphology with palisading and rosettes can be subtle. 
Demonstration of NE markers, which is mandatory for the 
diagnosis of LCNEC, is of great help on small specimens. 
Among them, CD56 is probably the most sensitive for 
LCNEC diagnosis (expressed in 92% to 98% of LCNECs) 
but lacks specificity as nearly 10% of adenocarcinomas, 
squamous cell carcinomas, and large-cell carcinomas 
express it with up to 30% of positive cells. Conversely, 
chromogranin A, expressed in nearly 70% of LCNECs, is 
likely the most specific but lacks sensitivity. Synaptophysin 
is expressed in 87% LCNECs but lacks specificity as it 
can be found in up to 10% of adenocarcinomas and 5% of 
squamous cell carcinomas (76) but CD56, synaptophysin 
and chromogranin A are co-expressed in less than 4% of 
non-NE NSCLC (77,78). The expression of these markers 
is widely dependent on the level of differentiation and at 
least 50% of malignant cells positive for one of the above-
mentioned antibodies is required for the diagnosis (4,5). 
ASCL1 can also be detected in most LCNECs (22,79), 

Figure 1 Main molecular subtypes of small cell lung carcinoma (SCLC) and large cell neuroendocrine carcinoma (LCNEC) with their 
potential therapeutic impacts. This figure includes cases of SCLC and LCNEC stained with Hematoxylin Eosin Saffron (×200 for SCLC 
and ×100 for LCNEC), and LCNECs stained with RB1 antibody (immunohistochemistry using 13A10 clone from Leica Biosystems, Buffalo 
Grove, IL USA; immunoperoxidase, ×200). 
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as well as TTF1 which is expressed by 41% to 75% of 
LCNECs (80-82).

Molecular classification

George et al. have provided a very comprehensive multi-
omics analysis of LCNECs based on whole exome/genome 
sequencing (WES/WGS) of 60 matched tumor-normal 
cases, RNA sequencing of 69 tumors, and Affymetrix 6.0 
SNP arrays for copy number variations on 60 tumors (83).  
This study revealed amplifications of the 8p12 region 
containing the FGFR1 gene (7%) and of the 14q13 
region containing the NKX2-1 (TTF-1) gene (10%), as 
in adenocarcinomas and squamous cell carcinomas of the 
lung, respectively, but also amplifications of the 1p34 region 
containing the MYCL1 gene (12%) and of the 8q24.21 
region containing the MYC gene (5%), as in SCLC (see 
above). TP53 and RB1 mutations were found in 92% and 
42% of the cases, respectively, as well as LKB1 (STK11) 
(30%) and KEAP1 (22%) mutations. In addition, loss-
of-heterozygosity (LOH), biallelic alterations and larger 
genomic rearrangements leading to somatic alterations of 
RB1 and STK11/KEAP1 were found in up to 82% of the 
cases and were mutually exclusive. RAS-pathway (KRAS/
NRAS/HRAS) mutations (10%) and BRAF mutations, 
which occur preferentially in lung adenocarcinomas, 
were also reported, as well as other genomic alterations 
affecting CREBBP, EP300, NOTCH, MEN1, and ARID1A. 
Subsequently, other studies using targeted sequencing 
(54,84-88) confirmed these observations, and found 
additional amplifications of MYCN (2%), SRY-box 2 
(SOX2) (11%), and cyclin E1 (CCNE1) (9%) (85), as well 
as SMARCA2 mutations (11%), PI3KCA-AKT-mTOR 
mutations (88), and neurotrophic receptor tyrosine kinase 2 
(NTRK2) and 3 (NTRK3) gene mutations (19%) (85).

Regarding expression profiles, LCNECs constitute their 
own class, differing from other NSCLCs and carcinoids, 
but close to SCLCs (83). They can be divided molecularly 
into two separate subtypes, the type I being characterized 
by STK11/KEAP1 alterations, but with an NE phenotype, 
high expression of ASCL1 and DLL3 and downregulation 
of NOTCH pathway, as in the SCLC classical subtype 
(see above). Conversely, the type II is characterized by RB1 
alterations, but a predominant non-NE phenotype (with 
low expression of chromogranin A and synaptophysin), high 
levels of REST and NOTCH, and immune cell response 
activation. Rekhtman et al. (85) also deciphered different 
molecular subtypes: one with TP53/RB1 inactivation and 

MYCL amplification, and another one with retained TP53/
RB1 functions, NOTCH mutations and either STK11/
KRAS/TTF1 mutations, similar to that of adenocarcinoma, 
or KEAP1 mutations or SOX2/FGFR1 amplifications, as 
with squamous cell carcinoma. Ultimately, they reported 
a “carcinoid-like” subtype with MEN1 mutations and low 
mutational burden. Gene expression profiling showed that 
SCLCs and LCNECs belong to the same clusters, and as 
LCNECs can be combined with SCLCs, suggesting that 
LCNECs probably originate from the same precursors 
than SCLCs. However, given their low ASCL1 expression 
and their higher expression of the non-NE specific marker 
hairy/enhancer of split 1 (HES1), a basic helix-loop-
helix transcription factor acting as a key effector of notch 
signaling pathway (89), LCNECs are also close to non-NE 
NSCLCs in some ways. Regarding targetable mutations, 
they are rarely detected in LCNECs, with to 2% and 1% 
of EGFR and BRAF mutations respectively, which are 
more frequently observed in wild-type RB1 LCNECs (85). 
By contrast, KRAS mutations are observed in 22–24% of 
LCNECs and are considered to be responsible for poor 
response to chemotherapy (85,90). 

Therapeutic implications

Surgical removal has to be considered each time it is 
possible and a perioperative chemotherapy has been 
suggested to be beneficial to patients with resected LCNEC 
(91,92). For advanced stages, there is no standard of 
treatment for LCNEC, which can be either treated by 
SCLC-type chemotherapy (platinum-etoposide based) 
(93-99) or by NSCLC-type chemotherapy regimens 
(gemcitabine/taxane/pemetrexed combined with platinum). 
However, LCNEC seemed to respond poorly to PE-
based chemotherapy (100), with a far better benefit 
obtained with gemcitabine- or taxane-based chemotherapy 
(87,90,99,101,102). Subsequently Derks JL and al showed 
in a retrospective series of LCNECs classified according 
to their molecular profile that patients with LCNECs RB1 
wild-type and/or expressing RB1 by immunohistochemistry 
have superior overall survival when treated with NSCLC-
like chemotherapy compared to SCLC-like chemotherapy 
(9.6 vs. 5.6 months) (87), with no difference in outcome for 
patients with inactivated RB1. The effectiveness of second-
line chemotherapy could be different between LCNECs 
and SCLCs (103). While PD1/PDL1 inhibitors showed 
no efficacy in SCLCs as a second-line treatment, responses 
are reported in LCNECs in late-line setting with overall 
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similar efficacy as in NSCLCs (104,105). Trials are ongoing 
to further confirm this finding (NCT03591731) (Figure 1).  
Ultimately, LCNECs which may harbor targetable 
abnormalities should be systematically screened to drive 
potential access to precision medicine approaches using 
kinase inhibitors.

Conclusions

The above summarized genomic studies on SCLCs and 
LCNECs have provided new potential avenues for a more 
adapted treatment of these aggressive cancers. Although 
promising, the effectiveness of these therapeutic options 
needs extensive and rigorous testing in thoroughly designed 
clinical trials before reaching the clinical setting. 
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