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Background and Objective: Small cell lung cancer (SCLC) is an aggressive disease commonly 
occurring in individuals with a history of heavy smoking. Despite recent approvals of chemotherapy 
and immunotherapy in the first-line treatment of extensive-stage SCLC, it maintains a poor prognosis. 
Moreover, only a small percentage of patients benefits from the addition of immunotherapy to platinum-
based chemotherapy. The lack of significant progress in therapeutic options unrevealed the urgent need for 
a deeper understanding of tumor biology and easy-to-use predictive biomarkers, aiming to better tailor the 
treatment strategy. The aim of this review is to summarize recent evidence about the biology, molecular 
heterogeneity, as well as tumor microenvironment (TME) of SCLC and their forefront therapeutic 
implications.
Methods: A literature search was conducted using PubMed, focusing on articles published in English from 
1981 to October 2024. Studies on SCLC biology and subclassification were selected for further analysis and 
integrated in the current narrative review.
Key Content and Findings: SCLC entity implies four distinct molecular subtypes based on 
transcription factors expression, specifically achaete-scute homolog 1 (ASCL1), neurogenic differentiation 
1 (NEUROD1), POU class 2 homeobox 3 (POU2F3), and yes-associated protein 1 (YAP1), reflecting the 
tumor heterogeneity in terms of gene expression, transcriptional profiles, immune infiltration, and treatment 
sensitivity. Recently, a new subgroup, “SCLC-I”, has been proposed to replace the YAP1 subtype, showing 
higher responsiveness to immunotherapy. The TME, implying immune cell infiltration and their interactions 
with cancer cells, plays a crucial role in determining SCLC’s sensitivity to immunotherapy.
Conclusions: Advances in SCLC molecular characterization and the development of targeted therapies 
against specific molecular pathways might improve patients’ clinical outcome, supporting a more 
personalized approach to this complex disease.
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Introduction

Small cell lung cancer (SCLC) is an extremely aggressive 
neuroendocrine (NE) disease, accounting for approximately 
13% of all lung cancers, with very few therapeutic options, 
and is closely linked to heavy tobacco use (1,2).

SCLC is characterized by rapid growth and early 
development of metastases. Patients commonly present 
respiratory symptoms, including cough, dyspnea, and 
hemoptysis, with radiological imaging often showing 
a central pulmonary nodule with extensive mediastinal 
lymphadenopathy. The majority of SCLC patients present 
with distant metastases at initial diagnosis, particularly 
affecting controlateral lung, brain, liver, adrenal glands 
and bones (3). Histologically, SCLC is composed by 
diffusely distributed small or intermediate-size cells, with 
granular chromatin and scant cytoplasm, characterized 
by high mitotic activity, apoptotic features and extensive  
necrosis (4). According to the 5th edition of the World 
Health Organization (WHO) Thoracic Malignancies 
classification (5), most SCLCs express at least one positive 
NE marker (chromogranin A, synaptophysin, CD56, and 
INSM1) on immunohistochemistry (IHC) (6). Genetically, 
biallelic loss of function of TP53 and RB genes are the two 
most common alterations detected in SCLCs (7).

Patients with limited stage (LS) disease are treated 
with concurrent radiotherapy and platinum-based 
chemotherapy (8). Until a few years ago, the standard first-
line treatment for patients with extensive SCLC (ES-SCLC) 
was chemotherapy with platinum and etoposide, with a 
progression-free survival (PFS) of 4.3–5.7 months and a 
median overall survival (OS) of 7.5–10.9 months (9,10).

In ES-SCLC setting, the addition of anti-programmed 
dea th- l igand  1  (PD-L1)  monoc lona l  ant ibod ies 
(atezolizumab or durvalumab) to standard chemotherapy, 
followed by immunotherapy as maintenance, led to 
improved clinical outcomes in terms of PFS and OS (11,12), 
with a long-lasting benefit in a subgroup of patients and 
an approximate doubling of 2- or 3-year survival rates 
(13,14). Subsequently, other immune checkpoint inhibitors 
(ICIs), such as toripalimab, tislelizumab, adebrelimab, and 
serplulimab confirmed the durable response to combination 
therapy (15). Recently, also in LS-SCLC the addition 
of durvalumab after concurrent chemoradiotherapy led 
to significantly longer PFS and OS, when compared to 
placebo (16). Nowadays, validated biomarkers of sensitivity 
or resistance to ICIs are missing. PD-L1 tumor proportion 
score (TPS), a predictive biomarker for ICIs mostly in non-

small cell lung cancer (NSCLC), failed to predict response 
to chemo-immunotherapy in SCLC (17).

The lack of significant progress in therapeutic options 
might be attributed to our poor understanding of the 
biology of this entity. In contrast to the growing trend of 
personalized treatment of NSCLC patients, SCLC is still 
approached in clinical practice as a unique disease. The 
biological heterogeneity of SCLC has started to emerge 
only during the last few years. Recent advances have 
revealed a biological and clinical heterogeneity in SCLC, 
and different subtypes, with potentially different sensitivity 
to chemotherapy and ICIs, have been identified. Moreover, 
the rapid development of resistance to both chemotherapy 
and immunotherapy represents a clinical urgent challenge 
and the intra-tumoral heterogeneity at baseline and the 
evolutionary trajectory of the disease during treatment 
might be a contributing factor (18).

The aim of this review is to provide an overview of 
genomic alterations involved in SCLC heterogeneity 
as well as the complexity of immune cell infiltrate that 
characterizes the tumor microenvironment (TME). 
We describe the molecular classification into four 
SCLC subtypes and summarize its potential clinical 
and therapeutic implications. We present this article 
in accordance with the Narrative Review reporting 
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-24-755/rc).

Methods

This is a narrative review that reports on previously published 
articles identified through a search on PubMed. The 
search terms included “SCLC”, “molecular heterogeneity”, 
“molecular subtypes”, “SCLC subclassification”, and 
“biomarkers”. Articles written in English and published 
between 1981 and October 2024 were thoroughly 
reviewed. Relevant articles were selected to provide detailed 
information about the molecular classification of SCLC 
and its clinical and therapeutic implications. All the articles 
included are reported in the reference list. The search 
strategy is detailed and shown in Table 1.

Genomic alterations involved in SCLC 
carcinogenesis

Genomic analyses of SCLC tumor samples revealed a high 
incidence of loss-of-function gene alterations (deletions, 
truncations, and missense mutations), mainly in two 

https://tlcr.amegroups.com/article/view/10.21037/tlcr-24-755/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-24-755/rc
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suppressor genes, RB and TP53. These alterations were 
detected in at least 90% to 100% of cases and play a key 
role in regulating gene transcription, leading to cellular 
transformation and malignant progression (7,19).

RB inactivation, due to loss-of-function alterations, 
induces a loss of its ability to inhibit E2F factors with 
an improvement of uncontrolled cell plasticity and 
proliferation. On the other hand, p53 is a transcriptional 
factor involved in the maintenance of genomic stability, 
either arresting cell cycle or inducing cell apoptosis when 
an impaired replication has been revealed. Therefore, when 
it is inactivated, cells accumulate potentially oncogenic 
mutations.

Mutations in both genes are a prerequisite for SCLC 
pathogenesis, as confirmed in mouse model lung epithelial 
cells (20). However, the inactivation of RB and p53 is not 
enough to drive malignant progression, and other genomic 
events are needed (21).

Subclassification into four SCLC subtypes

Historical classification in classic/variant and NE high/NE 
low subtypes

Historically, SCLC was categorized into two primary 
subtypes: classic and variant subtypes, which were different 
in both morphological and molecular features (22,23). 
Classic SCLC cell lines are characterized by an in-vitro 
growth in non-adherent aggregates, while the variant ones 
usually grow as loosely aggregated or single cells. Variant 
SCLC showed a higher aggressivity and an increased 
resistance to radiation exposure. Occurrence of MYC 
amplification was more frequent in the variant subtype, 
often associated with loss of NE markers, including achaete-
scute homolog 1 (ASCL1) and neurogenic differentiation 1 

(NEUROD1) transcription factors.
In 2018, Zhang et al. (24) developed a 50-gene expression-

based score to classify SCLC in NE high and NE low 
subtypes, partially corresponding to the previously described 
two morphologies. This score, based on 50 genes highly 
or negatively correlated with NE differentiation, led to a 
more detailed characterization of two entities: the NE high 
phenotype was associated with ASCL1 and/or NEUROD1 
expression, while the NE low phenotype showed MYC and 
Notch activation and a molecular reprogramming toward 
epithelial to mesenchymal transition (EMT).

At the same time, Huang et al. (25) identified the 
transcription factor POU class 2 homeobox 3 (POU2F3) as 
an exclusive regulator of a small SCLC subgroup. This was 
recognized as an independent third entity, correlated with 
lack of NE markers and a high chemosensitivity. Conversely, 
yes-associated protein 1 (YAP1) expression and Hippo 
signaling activation were identified in a fourth subgroup, with 
poor NE differentiation, and hypothesized to predict chemo-
refractory and decreased patient survival (26).

Classification based on four main transcription regulators

In 2019, Rudin et al. proposed a consensus nomenclature 
for SCLC molecular subtypes, by collecting data from 
human tumors, cell lines and mouse models of SCLC. 
They provided a systematic molecular classification to 
divide SCLC into four major subtypes (SCLC-A, SCLC-N, 
SCLC-P, and SCLC-Y), with the last letter meaning the 
transcription regulator factor most strongly associated with 
each subtype: ASCL1, NEUROD1, POU2F3, and YAP1, 
respectively (9-12,27). These subgroups showed differences 
in morphology, gene expression, immune infiltration, 
invasiveness, and treatment sensitivity (28,29).

Table 1 Summary of the search strategy

Items Specification

Date of search September 2023 to October 2024

Databases searched PubMed

Search terms used “SCLC”, “molecular heterogeneity”, “molecular subtypes”, “SCLC subclassification”, and “biomarkers”

Timeframe From 1981 to October 2024

Inclusion and exclusion criteria Clinical trial, literature review, review paper. Full-text English published articles were included

Selection process V.C., S.D., I.T. conducted the selection independently, and consensus was obtained with the authors to 
include relevant information

SCLC, small cell lung cancer.
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The immunohistochemical and histopathologic 
classification into four subtypes was confirmed by Baine 
et al. in a large cohort of patients (30). SCLC-A and 
SCLC-N represent NE subtypes, with IHC expression 
of synaptophysin, CD56, chromogranin A, and INSM1. 
Research findings indicate that a significant proportion of 
SCLCs (up to 37%) displays co-expression of ASCL1 and 
NEUROD1, suggesting a potential functional interaction 
between these transcription factors (30,31). POU2F3 was 
mutually exclusive of ASCL1 and NEUROD1, while YAP1 
was expressed at low levels and was not exclusive of other 
subtypes.

In 2022, Qu et al. validated the proposed molecular 
classification of SCLC tumors using reproducible IHC 
staining and identified interesting associations between 
subtypes and therapeutic markers (32). They used three 
human SCLC tumor microarrays (TMAs) containing 
194 cores from 146 SCLC tumors. ASCL1, NEUROD1, 
POU2F3, and YAP1 were the dominant transcription 
factors in 78.2%, 5.6%, 7%, and 2.8% of the tumors, 
respectively; on IHC analysis, 6.3% of SCLC tumors were 
negative for all four markers (NAPYneg). They observed 
substantial intratumoral heterogeneity, referring to the 
presence of spatially distinct cell populations into the same 
tumor: 17.6% of the tumors appeared positive for two 
subtype markers and 2.8% were positive for three subtype 
markers. Interestingly, differently from other works (30,33), 
this study was able to identify a 2.8% YAP-positive SCLC 
subgroup, probably associated to the LS of the cohort (34). 
Authors’ results supported the feasibility of using IHC to 
distinguish SCLC molecular subtypes and suggested that 
NAPYneg tumors may represent a new molecular subtype.

The IHC classification of SCLC correlates with different 
transcriptomic patterns. As described by Chan et al. (35), 
single-cell RNA sequencing offers a unique opportunity 
to dissect the intratumoral heterogeneity of SCLC and 
its TME. Starting from IHC subtypes, they described 
distinct transcriptomic subtypes by using single-cell RNA 
sequencing. This methodology unraveled a biological 
complexity that cannot be described by IHC subtypes and 
supports IHC-based classification of SCLC.

Transcriptional patterns have to be seen as a dynamic 
and plastic entity: in mouse and human models, tumor 
progression may be accompanied by a transition from 
SCLC-A to SCLC-N and SCLC-Y subtypes, along with 
higher YAP1 expression (36). The ability of NE cells to 
transition to non-NE cells has been demonstrated by 
Ireland et al. (36), who speculates a dynamic transcriptional 

status of SCLC cells based on MYC-NOTCH molecular 
axis. Indeed, MYC might directly regulate the expression 
of several NOTCH pathway genes to drive NE cell 
dedifferentiation, confirming the “plastic” ability of NE-
high cells to transition to non-NE cells (37). The four 
SCLC subtypes and their differences in NE markers and 
transcriptional patterns are summarized in Figure 1.

Specific molecular features of SCLC subtypes

The SCLC-A subtype is characterized by high expression 
of NE markers and involves 70% of human SCLC (38,39). 
Studies of next-generation sequencing have demonstrated 
that SOX2 can act both as a human oncogene and a driver of 
different transcriptional programs in SCLC subgroups (40), and 
specifically in SCLC-A subgroup, it regulates in an ASCL1-
depend manner INSM1 transcription factor, essential for 
NE differentiation of lung cancer, and WNT11, involved 
in many mechanisms, including cell fate specification, 
proliferation, polarity and migration (41,42).

Similarly to SCLC-A, SCLC-N subtype exhibits high 
expression of NE genes, but it reflects distinct MYC gene 
expression patterns. The MYC family of transcription 
factors is frequently amplified in SCLC cell lines and 
patient tumors (21). The amplification of each MYC family 
member is exclusive and promotes tumor progression. As 
supposed by Patel et al. (43) through a RNA-sequencing 
analysis, SCLC-N detains higher expression of MYC genes, 
while L-Myc expression was enriched in the SCLC-A 
subtype. L-Myc and c-Myc expression are responsible 
for the maintenance of different transcriptional programs 
that are essential in SCLC subtype determination. Both 
subgroups appear to share an immunological “cold” profile 
with low expression of HLA gene and low T-cell infiltration.

POU2F3 is expressed in the cytoplasm of tumor cells 
in the SCLC-P subtype, predominantly associated with 
smoking habit, and comports the worse prognosis with low 
possibility to respond to ICIs alone (34). Both SCLC-P 
and the “triple negative” SCLC group constitute low-NE 
subtypes, with negative or minimal labeling for thyroid 
transcription factor-1 (TTF-1) and NE markers (44).

YAP1 expression is thought to be strictly linked to the 
reprogramming of SCLC from an NE-high to NE-low 
phenotype. This process is driven by MYC activation of the 
Notch signaling pathway. Initially, SCLC-Y was defined 
as a fourth distinct subtype, but more recent evidence 
showed that, differently from POU2F3, YAP1 expression 
was distributed at low levels in all subtypes. Then, at a 
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later time, the validation of SCLC-Y subtype failed, based 
on IHC and single-cell sequencing (30,31). However, 
YAP1 expression is negatively correlated with NE marker 
expression, but positively associated with combined SCLC 
histology. This led to the hypothesis that YAP1 expression 
may reveal plasticity within SCLCs switching from an NE to 
a low-NE state and the development of chemoresistance (36).

Recently,  an interest ing explanation about the 
controversial SCLC-Y subtype has been provided by 
Ng et al. (45). They noted that this subtype showed 
pathological features similar to SMARCA4-undifferentiated 
tumors (SMARCA4-UT), including RB1 expression and 
SMARCA4 and SMARCA2 deficiency. SMARCA4-UT 
represents a rare mimic of SCLC (46) and exhibits a diffuse 
and strong expression of YAP1: it is a highly aggressive 
lung malignancy with lack of epithelial markers. This is 
consistent with studies that failed to identify an SCLC-Y 
subtype (31) and support the hypothesis that SCLC-Y is a 
different and distinct entity from SCLC (32).

SCLC-I subtype

An inflamed subtype of SCLC lacking NEUROD1, ASCL1, 
and POU2F3 expression (SCLC-I) was recently proposed 
by Gay et al. to replace the YAP1 subtype (31). High 
expression of CD8A and CD8B characterizes SCLC-I and 
suggests greater cytotoxic cell infiltration, including T-cells, 
macrophages, and natural killer (NK) cells. SCLC-I tumors 
have the highest immune infiltrate and cytolytic activity, 
with overexpression of genes involved in inflammatory 
pathways, like antigen processing and presenting machinery 
(APM) genes (HLA-A, HLA-B, HLA-C, B2M, TAP1 and 
TAP2). Moreover, compared to other subtypes, SCLC-I 
tumors were characterized by a higher expression of 
immune checkpoint molecules, such as PD-1, PD-L1 
and CTLA4, and T-cell attractant chemokines, such as 
CCL5 and CXCL10. SCLC-I subtype has been shown 
to be involved in SCLC plasticity and chemoresistance: 
bioinformatic approaches and data from mouse SCLC cell 
lines suggest a potential developmental hierarchy among 

Figure 1 Molecular subtypes of SCLC: differences in NE markers, transcriptional patterns and potential therapeutics. SCLC, small cell 
lung cancer; NE, neuroendocrine.
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subtypes, with SCLC-A evolving to SCLC-N and then 
to SCLC-I (36,47), possibly related to treatment and/or 
progression of disease (48).

Genomic alterations involved in SCLC 
heterogeneity

Transcription deregulation through different factors 
a l terat ions has  been found to be responsible  for 
SCLC heterogeneity. For example, amplification and 
overexpression of the MYC gene family, including Myc, 
Mycl, and Mycn, have been found in 6–25% of primary 
SCLC tumors. This is correlated with poor outcome, 
tumor progression, and treatment resistance (48). Studies 
on human cell lines and the GEMM model of SCLC have 
demonstrated that Mycl is an SCLC driver (49,50), and its 
overexpression can affect the NE tumor phenotype (49).

As mentioned above, both mice models and human 
studies have demonstrated that MYC gene expression is 
linked to different expression of ASCL1 and NEUROD1, 
two neurogenic transcription factors (49,50). Furthermore, 
overexpression is involved in the metastatic process, 
through direct regulation of Nfib, a member of the nuclear 
factor I (NFI) family of transcription factors, that in turn is 
amplified in human SCLC tumors (15%), cell lines (34%) 
and GEMM mice model (21,49). The MYC amplification 
plays a critical role also in drug resistance: within relapsed 
SCLC models, cells that detain more MYC  copies 
received less DNA damage from chemotherapy (51). MYC 
amplification certainly may explain the evolution of drug 
resistance, but the translation of this molecular mechanism 
in patients’ clinical course remains to be clarified.

NOTCH pathway is generally involved in cell-fate 
decision in many tissues and in GEMM mice model 
has been shown that its activation was related to strong 
decrement of tumor and extended survival, suggesting a 
tumor suppressor’s role (7). NOTCH is closely related 
to NE differentiation through suppression of ASCL1 
expression (21) and promotion of non-NE SCLC fate (52) 
due to transit amplification and deprogramming of NE stem 
cells, following lung damage (53). Alteration of NOTCH 
usually regards 25% of SCLC patients (7).

Similarly, PEA3, a member of the E26 transformation-
specific (ETS) transcription factor family, is also involed in 
maintaining intra-tumoral heterogeneity; its overexpression, 
mediated by FGF pathway, has been found to promote the 
invasive migration ability of NE cells (54).

In a large cohort of SCLC samples, also PI3K and RAS/

MAPK pathway genes were involved in a small percentage 
of patients in tumor carcinogenesis. The molecular 
heterogeneity also concerns a different mutation pattern in 
different metastatic sites: brain lesions seem to be enriched 
by PTEN and mTOR alterations, suggesting that the PI3K/
AKT/MTOR pathway may play an important role in SCLC 
brain metastasis (55).

SCLC temporal evolution under treatment pressure

The SCLC heterogeneity also might reflect a temporal 
tumor evolution under treatment administration. By 
analyzing 160 tumor samples from 65 patients, George 
et al. (18) demonstrated that in chemotherapy-sensitive  
tumors, the rapidly growing and predominant clonal 
population of cancer cells is eliminated, but when the 
disease relapses, there is a significant increase in subclonal 
mutations. Instead, in primarily chemo-refractory tumors, 
the number of subclonal mutations does not significantly 
change under treatment. From tumor specimens of patients 
treated with ICI after chemotherapy, it has been evidenced 
that earlier ancestral clones that initially disappeared can 
subsequently re-expand at the time of clinical progression. 
Gene-damaging alterations in TP53 seem to cover a critical 
role in this context: the occurrence of co-mutations in TP53 
gene and TP73, CREBBP/EP300, or FMN2 genes make 
tumors poorly responsive to chemotherapy. In the same 
work, the authors do not find out a correlation between 
MYC family genes and drug resistance (18).

The SCLC heterogeneity under treatment pressure has 
also been confirmed by analyzing DNA methylation on 
both tumor tissue and circulating tumor DNA (ctDNA) in 
a cohort of 179 SCLC patients (56). Besides transcriptional 
classification, a DNA methylation-based method can 
be used as a surrogate of gene expression to develop a 
prognostic signature and to provide information about 
tumor evolution. In a large subset of patients, the promoter 
methylation levels changed between baseline and plasma 
samples collected at disease progression, translating into a 
switch from SCLC-A to SCLC-I subtypes. Differences in 
the promoter methylation of immune-related genes, such 
as CXCL12, CIITA, STAT1, and IFN-α and IFN-γ receptors, 
highlighted a shift toward an immune phenotype.

TME immune profile

TME is constituted by a complex network of cell types 
within the tumor tissue, involving immune and stromal 
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cells. The interactions within different (immune, stromal 
and tumor) cell populations are mediated by cytokines 
and metabolites and influence the tumor response to 
chemotherapy and immunotherapy.

The development of SCLC is characterized by a large 
amount of potentially immunogenic neoantigens, due to 
the close correlation of this disease with smoking habit (57). 
Despite the elevated immunogenicity and the high tumor 
mutational burden (TMB), SCLC is historically considered 
an immune-cold disease (58,59).

The proportion of monocytes, activated dendritic cells 
(DCs), and neutrophils in SCLC tissue is lower than in 
normal lung tissue (60). Moreover, antigen presentation 
mechanisms are defective in SCLC, because of an absent 
or lower expression of major histocompatibility complex 
(MHC) I or MHC II (61,62).

Tumor cells within SCLC tissues are responsible 
for the production and secretion of several chemokines 
and cytokines,  such as  CD156 and IL-15.  These 
molecules exert an inhibitory effect on tumor-infiltrating 
lymphocytes (TILs), promoting T cells differentiation 
to regulatory T (Treg) cells (63), while CD4+ TILs 
are downregulated in SCLC, resulting in an immune-
suppressive microenvironment. Regarding cytotoxic activity, 
several studies showed a high CD8+ TIL density within 
SCLC tumor tissues (64) and a high rate of CD8+ TILs 
is significantly associated with a favorable PFS and OS 
(38,65,66), also in patients treated with ICIs (64). Recently, 
the CXCL9-CXL10 chemokine axis has been suggested as 
a potential biomarker for predicting ICI efficacy. Indeed, 
co-expressing CCL5 in tumor cells and CXCL9/CXCL10 
in immune cells enhanced TIL infiltration: high CCL5 
expression indicates better survival in SCLC patients 
treated with ICIs, so CCL5 might represent a promising 
predictive biomarker (67).

The role of PD-L1 and TMB

PD-L1 expression is reported to be lower in SCLC cells 
compared to NSCLC (68). Recent studies assessing 
the combination of chemotherapy with a PD-1/PD-L1 
inhibitor failed to show different outcomes according to 
PD-L1 expression (69-71). Interestingly, in an exploratory 
analysis of the CASPIAN trial, a greater OS benefit was 
observed only in the subgroup of patients treated with 
a combination of durvalumab and tremelimumab and 
with PD-L1 expression ≥1% with respect to tumors with  
PD-L1 <1% (71). Despite this, to date, PD-L1 expression 

in the SCLC setting is not considered a reliable predictive 
biomarker, as a similar survival benefit of chemo-
immunotherapy over placebo plus chemotherapy was 
observed independently by PD-L1 subgroups in CASPIAN 
and Impower133 trials (69-71).

From exploratory analyses on blood samples in the 
Impower133 trial and on tissue samples in the CASPIAN 
trial, a high TMB does not appear to be predictive of ICIs 
response (11,72). Indeed, Paz-Ares et al. (71) reported a 
similar OS benefit for patients treated within CASPIAN trial 
regardless tissue TMB status. Similarly, in an exploratory 
analysis from SCLC patients enrolled in Impower133 trial, 
a high or low blood-based TMB value was not correlated 
with PFS or OS rate, showing a consistent benefit in all  
subgroups (11).

Distinction in immune “hot” and “cold” tumors

Easy-to-use clinical predictive factors for chemo-
immunotherapy are still lacking, so this reflects the 
molecular complexity of different SCLC subgroups. Besides 
adaptive immune system, also innate immune cells are 
involved within TME. NK cells, responsible for cytotoxic 
activity against tumor cells, were found to be reduced in 
SCLC, while M2-macrophages, correlated with a local 
immunosuppressive effect, represent one of the most 
abundant cell types in SCLC (73), thus contributing to 
immune escape (74). An abundance of M2-macrophages 
within SCLC tumor tissues is a validated predictor of a 
shorter OS (65,75).

The heterogeneity of SCLC, in addition to tumor cell 
components, is also reflected in the TME compartment; as a 
matter of fact, several articles in the literature attempted to 
subclassify this entity according to the immunophenotypic 
profile. In a retrospective study involving 63 patients with 
ES-SCLC treated with a combination of chemotherapy 
and ICIs, Kanemura et al. (76) identified a subgroup of 
“inflamed-patients” (based on PD-L1 expression and CD8+ 
TIL density) receiving a greater benefit in PFS, compared 
to “non-inflamed patients”. Through an immune-
related gene expression profiling (irGEP), they showed 
that “inflamed tumors” are characterized by increased 
stimulation of molecular pathways related to costimulatory 
signaling (including CD48, CD80, CD274, IL18, IL2RA, 
and IL15), cytokine and chemokine signaling (including 
CXCL10, IL10RA, and JAK3) and antigen presentation.

Also patients with the “immune-enriched” (IE) SCLC 
subtype, as defined by Yang et al. (77), showed a more 
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favorable outcome, in terms of disease-free survival (DFS) 
and OS. By evaluating resected tumor samples from 59 
LS-SCLC patients and by integrating transcriptomics and 
protein expression analysis, they distinguished two sub-
groups: an IE-subtype and an immune-deprived (ID)-
subtype, the last one characterized by lack of immune 
infiltration and a proliferative phenotype. In this cohort of 
resected patients treated with adjuvant therapy (chemo or 
radiotherapy), authors developed a computational index 
for the CCL5/CXCL9 chemokine axis, that showed a 
promising application in differentiating IE-tumors from 
ID-tumors.

R e f e r r i n g  t o  g e n o m i c  a n d  i m m u n o h i s t o c 
hemical classification in SCLC-A, SCLC-N, SCLC-P, 
and SCLC-Y (27), several evidences showed that non-
NE tumors can be considered an “immune-hot” subtype 
according to immune cell populations. An “immune-
cold” microenvironment is generally characteristic of NE 
tumors (including SCLC-A and SCLC-N subtypes) (78) 
and is correlated to a depletion of cytotoxic T cells and 
enrichment in immune-suppressive Treg cells (35). On 
the other side, non-NE SCLC tumors are characterized 
by higher expression of PD-L1 and immune-related genes 
expression, associated with antigen presentation (B2M, 
HLA genes), IFN-γ signaling, cytotoxic T-cell activity, and 
adaptive immune resistance (32,79,80). Patients with non-
NE tumors receiving ICIs derived greater clinical benefit 
compared to those with NE tumors (28), suggesting that the 
immune environment of SCLC has an impact on efficacy 
and response to ICIs (78).

Rudin et al. (29) conducted an exploratory post hoc 
analysis of CheckMate 032 trial on tumor samples of 
SCLC patients treated with nivolumab monotherapy or 
nivolumab combined with ipilimumab, after progression 
to platinum-based chemotherapy (81,82). In both cohorts 
of patients, CD8+ tissue infiltration and a higher MHC-I 
expression were significantly associated with improved 
survival. Moreover, an antigen presentation signature 
correlated with CD8+ positivity was found to be enriched 
in SCLC-Y subtype. Tumors from patients with durable 
benefit from ICIs presented molecular patterns associated 
with inflammation gene expression, NK cell activation, and 
IFN-γ signaling.

As mentioned above, Gay et al. (31) identified a SCLC 
subtype called “SCLC-I”, to replace the YAP1 subtype. 
Although the IMpower 133 trial was not statistically 
powered for subtype-specific analyses, a trend toward 
improved OS from chemotherapy and atezolizumab was 

noted in SCLC-I compared to other subtypes, which was 
not observed in the chemotherapy arm (31). The higher 
benefit from immunotherapy observed in SCLC-I is related 
to antigen processing MHC-I and APM expression (83), as 
evidenced by clinical and preclinical studies (61,84).

Recently, Wei et al. (85) identified a subgroup of SCLC 
called “Immunity_H”, characterized by a large population 
of immune cells and a high expression of PD-1, PD-L1, and 
CTLA4. Also, a high infiltration of CD8+ T cells, NK cells, 
dendritic cells, and macrophages was found, meaning a 
context of anti-tumor activity and pro-inflammatory setting. 
The “Immunity_H” subtype seems to be closely similar 
to the SCLC-I subtype, described by Gay et al. and both 
studies referred to a “hot” SCLC subgroup.

Similarly, Tosi et al. (86) also attempted to characterize 
an immune cell infiltrate able to predict the highest 
benefit from chemo-immunotherapy in SCLC patients. By 
analyzing 42 tumor samples from SCLC patients receiving 
ICIs, they found that an increased density of B lymphocytes 
and ASCL1+ tumor cells, as well as a higher expression 
of exhausted CD8-related genes in TME was related to 
a longer survival in SCLC patients. By combining this 
information with the presence of CD163+ macrophages 
close to tumor cells, it has been developed a combined score 
to stratify patients’ outcome.

Clinical and therapeutic implications of SCLC 
molecular classification

The potential role, prognostic and predictive, of NE 
subtype classification is not well determined. SCLC-A, 
SCLC-N, SCLC-P, and SCLC-I have been shown to 
have distinct therapeutic vulnerabilities. SCLC-A and 
SCLC-N are associated with immune cold tumors, based 
on low levels of immune cell-related RNA expression. In 
contrast, low NE subtypes are associated with increased 
immunogenicity, in other words, ‘hot’ or ‘immune oasis’ 
phenotype; consequently, low NE SCLC patients may more 
likely respond to immunotherapies (34,87-89). However, 
none of the four distinct subtypes detain a clear prognostic 
role.

Recently, Lissa et al. failed to find significant difference in 
OS between the SCLC subtypes. However, authors showed 
that NE tumors preferentially respond to replication stress-
targeted therapies, while patients affected by non-NE 
SCLC and treated with ICIs derived greater benefit when 
compared to those with NE tumors (28).

A small percentage of SCLC patients experience durable 
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responses to ICIs. Currently, there are no biomarkers able 
to predict a response to ICIs in SCLC. Identifying which 
patients will significantly benefit from ICIs, and which will 
not, remains a critical unmet need.

Using data from this Impower133 trial, Gay et al. 
retrospectively stratified survival data by SCLC subtype: 
an OS benefit was showen in the SCLC-I group compared 
to all others in the chemoimmunotherapy arm [hazard 
ratio (HR), 0.57; 95% confidence interval (CI): 0.32–0.99], 
but not in the chemotherapy plus placebo arm (HR, 0.75; 
95% CI: 0.46–1.22) (31). From the same clinical trial, Liu 
et al. demonstrated that the largest proportion of long-
term survivors (defined as survivors after 18 months from 
randomization) receiving chemoimmunotherapy was 
found in the SCLC-I group (28%, with respect to 11% of 
non-long-term survivors) (90). Similar data comes from 
subgroup analyses of the CASPIAN study: the greatest OS 
benefit from chemoimmunotherapy resulted in SCLC-I 
patients, with a median OS of 24.0 months, compared to 
12.1 and 11.5 months of SCLC-N and SCLC-A subtypes, 
respectively (HR, 0.55; 95% CI: 0.40–0.78) (91). These 
findings impressively demonstrate the potential of the 
SCLC-I subtype as a predictive biomarker for immune 
checkpoint blockade response in SCLC. Conversely, the 
SCLC-N subtype detain the most immunosuppressive 
TME and, therefore, may derive no benefit from ICIs (35). 
It is important to note that SCLC subtyping is an evolving 
area, and newer subtypes and the extent of intra-tumoral 
heterogeneity is only beginning to be understood.

Potential therapeutic perspectives according to 
SCLC molecular classification

In the last ten years, the introduction of a combination of 
ICIs with chemotherapy represented the most important 
and practice-changing novelty in the SCLC setting. Recent 
ongoing studies are focused on new drugs directed against a 
specific molecular target or modulating the immune system, 
according to SCLC subtype classification (Table 2).

The expression of DLL3 protein on the tumor cell 
surface is linked to the expression of ASCL1, so it may 
represent an interesting therapeutic target particularly 
for SCLC-A subtype. Among antibody-drug conjugates, 
rovalpituzumab is the first DLL3-targeted antibody that, 
after initial promising results, did not show an effective 
activity in SCLC (92,93). Subsequently, a bispecific T-cell 
engager molecule directed to the same molecule, tarlatamab, 
showed a good antitumoral activity with durable objective 

response rate (ORR) in phase I and phase II clinical trials 
involving pretreated SCLC patients (NCT03319940 and 
NCT05060016, DeLLphi-301) (94,95). Tarlatamab is a 
highly specific molecule, that binds to DLL3 on tumor 
cells and to CD3 on T cells and induces a cell-mediated 
tumor cell lysis. Moreover, DLL3 may represent along with 
clinical parameters and PD-L1 expression, an interesting 
independent risk factor for prognosis in SCLC patients, as 
suggested in a nomogram developed by Zhao et al. (96). A 
phase I trial with a combination of tarlatamab and chemo-
immunotherapy in first line and a phase III trial with 
tarlatamab as first-line maintenance or second line are now 
ongoing (NCT05361395, NCT06211036, NCT05740566).

Among drugs specifically directed against molecular 
pathways altered in SCLC-A subtype, Bcl-2 inhibitors 
(NCT03387332 and NCT03080311) (97),  histone 
deacetylase inhibitors (NCT03345485) (98), and hedgehog 
inhibitors (99) showed promising results and a manageable 
safety profile.

MYC gene amplification cooperates with RB1 and TP53 
loss of function to promote SCLC tumor cell aggressiveness. 
MYC  alteration is often associated with SCLC-N  
subtype (49). As demonstrated in a phase II study (100), 
a subset of patients with c-Myc expression showed an 
improved ORR and PFS with alisertib [an aurora kinase A 
(AURKA) inhibitor] in combination with paclitaxel, respect 
to paclitaxel alone, suggesting an enhanced sensitivity in 
SCLC-N subgroup. The phase II PUMA-ALI-4201 trial is 
now ongoing to investigate potential efficacy of alisertib as 
second-line after chemo-immunotherapy (NCT06095505).

A potential target for SCLC-P patients may be 
represented by insulin-like growth factor 1 receptor (IGF-
1R), due to its overexpression in this subtype (25). The 
combination of chemotherapy and dalotuzumab, an IGF-
1R inhibitor, showed promising results, achieving an ORR 
of 67% in a phase I study (101). In this subgroup also 
polyADP ribose polymerase (PARP) inhibitors seem to be 
a potential therapeutic option. Several studies evaluated the 
efficacy of PARP inhibitors, such as veliparib or olaparib, 
in association with temozolomide, reporting significative 
response rate (ORR about 40% in pre-treated patients) 
(102,103). Moreover, veliparib combined with platinum-
based chemotherapy as first-line confers a greater benefit in 
terms of PFS, especially for SLFN11 positive patients (104). 
Several ongoing studies evaluating combinations of a PARP 
inhibitor with chemo-immunotherapy or ICIs alone are 
shown in Table 2.

As described above, SCLC-I subtype represents 

http://clinicaltrials.gov/show/NCT03319940


Cognigni et al. Molecular subtypes of SCLC and clinical implications1450

© AME Publishing Company.   Transl Lung Cancer Res 2025;14(4):1441-1455 | https://dx.doi.org/10.21037/tlcr-24-755

Table 2 Ongoing studies in SCLC focused on new drugs against a specific molecular target or modulating immune system, based on SCLC 
classification into subtypes

Trial name Intervention Setting Phase Design
Planned 
participant 
enrollment

Status
Primary 
objective

NCT03319940 Tarlatamab +/− 
pembrolizumab

Progression to platinum-
based chemotherapy

I Non-randomized, 
open-label

392 Recruiting TEAE, DLT

NCT05060016, 
DeLLphi-301

Tarlatamab Progression to platinum-
based regimen and at 
least another prior line 
of therapy

II Randomized, 
open-label

222 Active, not 
recruiting

ORR, TEAE, 
serum 
concentrations 
of tarlatamab

NCT05361395 Tarlatamab + 
carboplatin + etoposide 
+ ICI (atezolizumab or 
durvalumab)

First-line Ib Non-randomized, 
open-label

340 Recruiting DLT, TEAE

NCT06211036, 
DeLLphi-305

Durvalumab +/− 
tarlatamab

First-line III Randomized, 
open-label

550 Recruiting OS

NCT05740566, 
DeLLphi-304

Tarlatamab vs. standard 
of care

Second-line III Randomized, 
open-label

490 Recruiting OS

NCT05623319 Pembrolizumab + 
olaparib

Maintenance to first-line II Single group, 
open-label

60 Recruiting PFS

NCT04728230, 
PRIO trial

Carboplatin + etoposide 
+ durvalumab + olaparib 
+ RT

First-line I/II Single group, 
open-label

63 Recruiting DLT

NCT04334941 Atezolizumab +/− 
talazoparib

Maintenance to first-line II Randomized, 
open-label

94 Active, not 
recruiting

PFS

NCT03830918 Atezolizumab +/− 
temozolomide and 
niraparib

Maintenance to first-line Ib/II Randomized, 
open-label

74 Recruiting RP2D, PFS

SCLC, small cell lung cancer; TEAE, treatment-emergent adverse events; DLT, dose-limiting toxicity; ORR, objective response rate; ICI, 
immune checkpoint inhibitor; OS, overall survival; PFS, progression-free survival; RT, radiotherapy; RP2D, recommended phase II dose.

a minority of this aggressive disease that potentially 
receives a long-last benefit from chemo-immunotherapy. 
Nowadays, in clinical practice, combination of platinum-
based chemotherapy and ICIs represents the “one-fit-all” 
strategy, but trial ongoing clinical trials will try to overcome 
resistance to ICIs by adding combination with target drugs 
(e.g., PARP inhibitors, anti-DLL3 drugs).

Despite the benefit in a minority of patients, SCLC 
remains characterized by a dismal prognosis in most cases. 
In recent preclinical and clinical studies, all efforts aim 
to distinguish different SCLC subtypes, with the goal of 
providing patients with targeted treatments and prolonging 
the benefits of chemotherapy and ICIs. The ultimate goal 
is to introduce a personalized treatment approach in SCLC 
setting as well, although to date this is not feasible in clinical 

practice. Tumoral plasticity and temporal heterogeneity 
of SCLC cells as well as enrollment of unselected patient 
group in clinical trial makes targeted treatments difficult to 
realize. Future studies will focus on deeper understanding 
of SCLC molecular characterization and on identification 
of distinct key molecular pathways, responsible for tumor 
development and intratumoral heterogeneity.

Conclusions

The addition of ICIs to standard chemotherapy significantly 
improves clinical outcomes only in a minority of SCLC 
patients. Nowadays, differently from other histology such as 
NSCLC, no reliable and easy-to-use biomarkers are known 
to be predictive of disease response. Unlike SCLC, which 

http://clinicaltrials.gov/show/NCT03319940
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is now clinically viewed as a single entity, tumor molecular 
heterogeneity, TME complexity, and tumor dynamic 
plasticity may significantly impact sensitivity to various 
therapeutic approaches. Indeed, recent evidence showed 
that features of SCLC subtypes based on transcriptional 
classification may reflect on different TME composition 
and on different response to ICIs. Advances in SCLC 
molecular characterization and the development of drugs 
specifically directed against molecular pathways might 
improve patients’ outcome in the next future and help to 
personalize treatment also in this complex disease.
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