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Abstract
Purpose of Review The aim of this review is to focus on the recent advances in the molecular knowledge of small cell lung 
cancer (SCLC) and potential promising new treatment strategies, like targeting the DNA damage pathway, epigenetics, 
angiogenesis, and oncogenic drivers.
Recent Findings In the last few years, the addition of immunotherapy to chemotherapy has led to significant improvements 
in clinical outcomes in this complex neoplasia. Nevertheless, the prognosis remains dismal. Recently, numerous genomic 
alterations have been identified, and they may be useful to classify SCLC into different molecular subtypes (SCLC-A, 
SCLC-I, SCLC-Y, SCLC-P).
Summary SCLC accounts for 10-20% of all lung cancers, most patients have an extensive disease at the diagnosis, and it is 
characterized by poor prognosis. Despite the progresses in the knowledge of the disease, efficacious targeted treatments are 
still lacking. In the near future, the molecular characterisation of SCLC will be fundamental to find more effective treatment 
strategies.
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Introduction

Small cell lung cancer (SCLC) accounts for about 10–20% 
of all lung cancers and it is characterized by a high rate 
of proliferation, early metastases, and poor prognosis [1, 
2]. As many as 98% of patients are smokers providing 
direct evidence that tobacco carcinogens are responsible 
for the initiation of SCLC [2, 3]. About 70% of patients 

have extensive disease (ED-) at diagnosis with a 2-year sur-
vival rate of approximately 2% [4]. For more than 30 years, 
chemotherapy (CT) with platinum and etoposide (PE) has 
been the standard front-line therapy [5, 6]. The introduc-
tion of immune checkpoint inhibitors (ICIs) set a new step 
in clinical practice for patients with ED-SCLC [7••].

As demonstrated by IMpower133 and CASPIAN, beyond 
others first-line trials conducted in asiatic population such 
as CAPSTONE-1 and ASTRUM-005, the addition of ICI to 
first-line platinum-based chemotherapy significantly improved 
overall survival (OS) with a reduction of 25 to 30% of the rela-
tive risk of death [7••, 8, 9••, 10]. Nevertheless, more research 
is needed to further improve this dismal benefit. Although 
SCLC is characterized by numerous genomic alterations, 
effective targeted therapies are still lacking. Indeed, over the 
past decade, the complete genomic profile of SCLC has high-
lighted a broad and complex genetic landscape of this tumour, 
including somatic mutations on transcription factors, receptor 
tyrosine kinases genes, and epigenetic changes in chromatin 
modifiers enzymes [2, 11–14]. However, all the trials to date 
have failed to demonstrate a survival benefit from using tar-
geted agents. A deeper study of molecular aberrations could 
lead to the identification of new therapeutic targets [9••, 15].
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Toward a New Molecular Classification

Despite almost all cases of SCLC have total genomic loss 
of function of both TP53 and RB1, and are treated as a 
single disease, they are characterized by high heterogene-
ity [2]. Several authors have tried to classify SCLC into 
different subgroups based on molecular features.

Towards this end, Carney and colleagues identified 
in vitro two subtypes of SCLC, a classic (70%) and a vari-
ant subtype (30%). The classic phenotype cell lines express 
L-dopa decarboxylase, bombesin-like immunoreactivity, 
neuron-specific enolase, and the brain isozyme of creatine 
kinase. The variant subtype lack the expression of either 
L-dopa decarboxylase or bombesin-like immunoreactivity. 
The variant subtype is the most aggressive and is charac-
terized by shorter doubling time and higher resistance to 
chemotherapy [16]. Furthermore, Poirier and colleagues 
identified two genes, achaete-scute homologue 1 (ASCL1) 
and neurogenic differentiation factor 1 (NEUROD1), both 
involved in neuroendocrine cells differentiation, but dif-
ferentially expressed in SCLC. These genes are mutually 
exclusive in SCLC cell lines. ASCL1 has lower expres-
sion in variant SCLC compared to classic SCLC, and the 
authors proposed ASCL1 as the best candidate for differ-
entiating SCLC subtypes [17]. ASCL1 and NEUROD1 
regulate different genes, but ASCL1 is the leading cause 
of tumour formation. ASCL1 targets oncogenes such as 
MYCL1, SOX2, RET, and BCL2, suggesting it is required 
for SCLC survival. In addition, ASCL1 regulates NOTCH 
pathway genes, such as Delta-like ligand 3 protein (DLL3), 
which may represent a possible therapeutic target in SCLC. 
NEUROD1 targets the oncogene MYC, and cMYC protein 
expression is a predictive biomarker for multiple Aurora 
kinase inhibitors (AURKi). Therefore, ASCL1-positive and 
NEUROD1-positive SCLC cells have different origins and 
create two distinct subgroups of SCLC [18•].

Another gene identified in SCLC cells and potentially 
helpful to stratify SCLC into subgroups is the yes-associ-
ated protein 1 (YAP1). YAP1 is a key step in the tumour-
suppressive Hippo pathway, which controls cell prolifera-
tion, apoptosis, and organ size. When Hippo signalling is 
active, YAP1 is inactivated and isolated in the cytoplasm 
for degradation. When Hippo signalling is inactive, YAP1 
promotes pro-survival gene expression, proliferation, and 
tissue growth. RB1 is co-expressed with YAP1 in SCLC 
cell lines, thus it can be considered a surrogate of YAP1. 
Wild-type RB1 is present in about 25% of SCLC patients 
and is associated with decreased survival compared to 
patients with mutant RB1 [19].

POU class 2 homeobox  3 (POU2F3), also known 
as SKN-1a/OCT-11, is a transcription factor required 
for the generation of a chemosensory cell type of the 

gastrointestinal and respiratory tracts. POU2F3 is 
expressed in about 18% of SCLC and is mutually exclu-
sive with ASCL1 and NEUROD1. Thus, POU2F3 iden-
tifies a unique subgroup of SCLC characterized by low 
expression of neuroendocrine markers. Interestingly, 
POU2F3-expressing cells are dependent on the tyrosine 
kinase receptor insulin-like growth factor 1 (IGF-1R) and 
therefore potentially sensitive to inhibitors of IGF-1R.

Based on these findings, Rudin et al. proposed a molec-
ular classification of SCLC tumours. They identified 4 
molecular subtypes called SCLC-A, SCLC-N, SCLC-Y and 
SCLC-P, according to the expression of transcription factors 
required for neuroendocrine (ASCL1 or NEUROD1) or non-
neuroendocrine (YAP1 or POU2F3) differentiation. The last 
letters (in SCLC-?) indicate the transcription factor strongly 
associated with each subtype [20•].

Subsequent in vivo studies analysed the expression of 
ASCL1, NEUROD1, POU2F3 and YAP1 by immunohis-
tochemistry (IHC). Baine’s research group observed that 
69% of cases are ASCL1 dominant and 17% are NEUROD1 
dominant. They confirmed that POU2F3 expression (7% of 
SCLC) is mutually exclusive of ASCL1 and NEUROD1. In 
addition, ASCL1/NEUROD1 double-negative tumours (14% 
SCLC) are a distinct subtype of SCLC characterized by low 
expression of neuroendocrine markers. Conversely, 7% of 
ASCL1/NEUROD1 double-negative cases have no identified 
transcription factors. Notably, YAP1 is absent or expressed 
at low levels in SCLC cells, compared with non-small cell 
lung cancer (NSCLC) cells where it is strongly expressed 
[21, 22••]. YAP1 protein expression seems also to correlate 
with the stage of disease, with highest expression in limited 
stage SCLC, an inflamed tumour microenvironment, and a 
better prognosis 23•]. Thus, it is not clear if YAP1-positive 
SCLC tumours represent a distinct subtype.

A similar study validated the molecular classification 
by IHC and showed intratumoral heterogeneity in SCLC 
tumours, which can contribute to chemo-resistance. In fact, 
Qu and colleagues observed that SCLC tumours can be 
positive for two (17.6%) or three (2.8%) subtype markers. 
Tumours that are predominantly positive for MYC are in 
either POU2F3 or YAP1 subgroups, while MYC negative 
tumours are mostly in ASCL1 and NEUROD1 subtypes. 
Moreover, tumour-associated CD8 + T cells are intercon-
nected with molecular subtype; the non-ASCL1/NEUROD1 
subtypes have significantly more CD8 + T cells than those 
of the ASCL1/NEUROD1 subtypes, thus they can benefit 
more from immunotherapy. Finally, Qu and colleagues also 
showed that a small percentage (6.3%) of SCLC tumours are 
negative for all four subtype markers [20•].

More recently, Gay and colleagues identified a SCLC 
subtype negative for all transcription factors, named SCLC-
inflamed (SCLC-I). SCLC-I exhibits an inflamed phenotype 
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that may make it more sensitive to immunotherapy. Indeed, 
it is characterized by high levels of immune checkpoints, 
MHC genes, and interferon-γ signalling pathway compo-
nents and high levels of immune cell populations, such as T 
cells, natural killer cells, and macrophages [24].

Therefore, a molecular classification of SCLC repre-
sents the starting point to improve the current standard of 
care, overcome resistance to chemo-immunotherapy and to 
develop biomarker-guided therapies. The main character-
istics of the molecular subtypes are reported in Fig. 1 and 
Table 1.

Targeting the DNA Damage Repair Pathway

Interest in DNA damage and repair (DDR) has rapidly 
increased since it emerged that aggressive tumours, includ-
ing SCLC, have a DDR pathway alteration.

Impairment in DDR pathway is a well-known predictive 
biomarker of platinum sensitivity. Furthermore, it is a pre-
dictive biomarker of ICIs benefit due to its positive correla-
tion with tumour mutation burden (TMB).

There are five major DNA damage repair pathways. The 
base excision repair (BER) mechanism repairs single strand 
breaks. The homologous recombination repair (HRR) and 
the non-homologous end joining (NHEJ) fix double-strand 
breaks. The mismatch repair (MMR) mechanism repairs rep-
lication errors. Finally, the nucleotide excision repair (NER) 
repairs platinum and UV radiation damage [25, 26].

PARP Inhibitors

Poly (ADP-ribose) polymerase (PARP) inhibitors target a 
family of proteins called PARP involved in several processes 
including DNA repair (using BER, HRR and NHEJ) and 
apoptosis. PARP1 and PARP2 are key proteins that are acti-
vated when DNA damage occurs, which they detect and then 
send signals to other proteins to repair it.

There are tumours in which one of the DNA repair path-
ways, HRR, is no longer functional due to mutations in one 
of its main components, such as BRCA1 or BRCA2 proteins. 
Therefore, the DNA damage, originating from the genetic 
instability of the tumour, can neither be repaired either by 

Fig. 1  SCLC subtypes according to molecular features (SCLC-A, SCLC-N, SCLC-P, SCLC-Y) and Inflamed SCLC
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PARP- 1 nor inhibited by the drug, or by the alternative 
pathway of homologous recombination, whose functionality 
is intrinsically compromised in these types of tumours. The 
simultaneous mutation (or inhibition) of a pair of genes or 
biochemical pathway, unlike the mutation (or inhibition) of 
only one of these, causes cell death and is called synthetic 
lethality.

SCLC is sensitive to DNA damage, and PARP1 is highly 
expressed in SCLC. Combination strategies with PARP 
inhibitors (PARPis) have been studied previously in second 
line, and then in first line, with only modest results.

Following an initial phase I/II study that established the 
recommended phase II study dose of olaparib in combination 
with temozolomide (TMZ), a phase II study was conducted 
to evaluate clinical activity in relapsed SCLC. The combi-
nation demonstrated a 41.7% overall response rate (ORR), 
median progression-free survival (PFS) of 4.2 months and 
median overall survival (OS) of 8.5 months [27].

Likewise, a phase II study evaluated the combination 
of veliparib and TMZ versus placebo and TMZ (1:1) in 
recurrent SCLC. It showed an increased ORR (39% v 14%; 
p = 0.016), but neither an increase in PFS (p = 0.19) nor 
in median OS (8.2 months versus 7.0 months; p = 0.50). 
Moreover, grade 3/4 thrombocytopenia and neutropenia 
were more common in the combination arm. Notably, a 
statistically and clinically significant improvement of PFS 
(5.7 v 3.6 months; P = 0.009) and OS (12.2 v 7.5 months; 
P = 0.014) was observed in patients with SLFN11-positive 
tumours treated with veliparib plus TMZ [28].

Based on these results, PARPis were tested in earlier 
lines.

Olaparib was evaluated as a maintenance monotherapy in 
patients with SCLC in partial or complete response follow-
ing first-line treatment or chemo-radiation therapy. Patients 

were randomized 2:2:1: olaparib 300 mg twice a day (BD), 
olaparib 200 mg three times a day (TDS), placebo BD, or 
placebo TDS. There was no significant difference in either 
PFS or OS between olaparib and placebo [29].

First-line veliparib was tested in combination with cis-
platin plus etoposide chemotherapy in patients with ED-
SCLC. Patients were randomized 1:1: chemotherapy plus 
veliparib versus chemotherapy plus placebo. The experimen-
tal combination showed a significant benefit in PFS (median 
PFS 6.1 vs 5.5 months, observed stratified PFS HR 0.63, 
one-sided P = 0.01), but neither in OS nor ORR. No predic-
tive biomarkers were identified [30].

Conversely, in another study SLFN11 was identified as 
a potential predictive biomarker of benefit from PARPis in 
patients with untreated ED-SCLC. In this phase 2 study, 
randomization was 1:1:1: veliparib plus chemotherapy 
with carboplatin plus etoposide (CE) followed by veliparib 
maintenance, veliparib plus CE followed by placebo or pla-
cebo plus CE followed by placebo (control arm). The first 
arm combination improved PFS compared with the control 
arm (HR 0.67; 80% confidence interval (CI). 0.50–0.88; 
p = 0.059), although the difference was not clinically sig-
nificant (median PFS 5.8 versus 5.6 months), with a trend 
in SLFN11 positive patients (HR, 0.6; 80% CI: 0.36–0.97). 
Moreover, there was no significant benefit in OS [31].

Another PARPi, niraparib, was tested as a maintenance 
strategy in Asian patients with ED-SCLC with partial or 
complete response to first line chemotherapy in a rand-
omized, double-blind, phase 3 study. Likewise, niraparib 
showed a statistically significant improvement in PFS (HR 
0.66; 95% CI: 0.46–0.95; p = 0.0242), even though clinically 
modest (median PFS 1.54 versus 1.36 months) [32].

Therefore, despite the fact that the DDR pathway repre-
sents a potential therapeutic target, DDR alterations seem 

Table 1  SCLC molecular subtypes and main gene alterations

Molecular subtype SCLC-A SCLC-N SCLC-Y SCLC-P SCLC-I

RB and TP53 loss of function

Neuroendocrine differentiation Non-neuroendocrine differentiation

Gene alterations
and Treatment targets

ASCL1 NEUROD1 YAP POU2F3 No gene alterations

Upregulation
MYCL1
SOX2
RET
BCL2

MYC
Arginine deprivation
AURK A/B
CHK1
LSD1
IMPDH

RB1
Arginine deprivation
AURK A/B
CHK1
IMPDH

IGF-1R
Arginine deprivation
AURK A/B
CHK1
IMPDH

MHC
INFY PATH-

WAY 
T cell-receptor 

genes

Downregulation
NOTCH signalling
DLL3
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not to correlate with platinum chemotherapy outcomes in 
SCLC, in contrast to ovarian or breast cancers.

Another area of research is the use of PARPi to overcome 
ICI resistance. Preclinical studies demonstrated that inhibi-
tion of DDR proteins such PARP enables the anti-tumour 
immune response of PD-L1 inhibition through T cell-medi-
ated effects. These pre-clinical studies provided a rationale 
for combining PARP inhibitors with immunotherapies in 
SCLC [33, 34]. A phase 2 study of durvalumab plus olapa-
rib in patients with relapsed SCLC did not meet its primary 
endpoint of PFS, but it did demonstrate the importance of 
appropriate patient selection on the basis of tumours and 
tumor microenviroment (TME) biological characteristics 
[35]. Several trials studying combination of PARP inhibi-
tor plus ICIs are ongoing, for both pre-treated ED-SCLC 
(phase 2 NCT04701307, phase 1/2 NCT04728230), and for 
the maintenance/consolidation therapy following first-line 
treatment (phase 2 NCT04782089, phase 2 NCT04334941, 
phase 1b/2 NCT03830918).

Lurbinectedin

Lurbinectedin is a drug that prevents oncogenic transcription 
activity in cancer cells. It inhibits RNA formation by pre-
venting the binding of transcription factors to their promot-
ers, thus promoting DNA double-strand breaks and inducing 
cell death [36, 37]. Moreover, lurbinectedin reduces inflam-
mation of the tumour microenvironment and decreases 
transcription within tumour-associated macrophages. This 
induces tumour cell death, reduces angiogenesis, and 
enhances anti-tumour immunity [38]. Lurbinectedin showed 
increased beneficial activity in tumours with defects in DNA 
mismatch repair, including SCLC.

Initially, a phase II single-arm basket trial evaluated 
patients with ED SCLC pre-treated with only one line of 
treatment. Patients were treated with lurbinectedin 3.2 mg/
m2 every 3 weeks until disease progression or unacceptable 
toxicity. An ORR of 35.2%, median PFS of 3.5 months and 
OS of 9.3 months were reported [39]. Based on these results, 
lurbinectedin has been granted by FDA as orphan drug sta-
tus for the treatment of patients that progress after first-line 
platinum-based chemotherapy.

Moreover, combination strategies were tested to improve 
efficacy. A phase I study investigated the association of lur-
binectedin 2.0 mg/m2 and doxorubicin 40 mg/m2. The com-
bination achieved an ORR of 91.7% in second-line patients 
with sensitive disease (platinum-free interval ≥ 90 days) and 
an ORR of 33.3% with resistant disease (platinum-free inter-
val < 90 days). In third-line setting patients achieved an ORR 
of 20% in all subgroups [40].

Following these encouraging results, the Phase III study 
ATLANTIS tested the same combination compared to 
topotecan or CAV (cyclophosphamide, doxorubicin, and 

vincristine) in over 600 patients progressing to first-line 
platinum-containing chemotherapy. The combination did 
not improve OS compared to the control arm. Furthermore, 
an OS difference was not observed in either patients with or 
without central nervous system involvement. Despite this, 
the combination showed a better toxicity profile compared 
to the control arm [41].

Targeting Angiogenesis

The angiogenesis process is crucial for tumorigenesis and 
remains active during cancer growth. The vascular endothe-
lial growth factor (VEGF) pathway is over-active in a lot of 
tumours, including SCLC [42]. It has been demonstrated that 
the hypoxia-inducible factor 1a (HIF-1a) can promote SCLC 
growth and angiogenesis and, therefore, be another potential 
therapeutic target [43].

Bevacizumab is a humanised monoclonal antibody tar-
geting VEGF, approved for several malignancies, such as 
colon-rectal, kidney, and ovarian cancer [44]. Bevacizumab 
is the most studied antiangiogenic therapy in SCLC, with 
inconsistent results.

In metastatic SCLC a number of studies have been con-
ducted, mainly phase II studies.

Regarding relapsed pre-treated-patients, bevacizumab 
was evaluated in combination with chemotherapy (topote-
can or paclitaxel) in two phase II studies. Results showed 
good tolerability, but few efficacy advantages compared to 
historical controls [45, 46].

Recently, a phase I study evaluating lurbinectedin plus 
paclitaxel with or without bevacizumab in advanced solid 
tumours, including SCLC, showed no major interactions 
between the drugs [47].

Most of the trials evaluated bevacizumab in combina-
tion with chemotherapy in a first line setting. Two phase II 
studies focused on the combination of a platinum agent plus 
irinotecan and bevacizumab, which showed similar results. 
In fact, median PFS was 7 months (95% CI, 6.4–8.4 months) 
with cisplatin, irinotecan and bevacizumab, and median time 
to progression was 9.13 months (95% CI, 7.36–9.46 months) 
with carboplatin, irinotecan and bevacizumab. Likewise, 
median OS was 11.6 months (95% CI, 10.5–15.1 months) 
and 12.1 months (95% CI, 9.6–13.5 months), respectively 
[48, 49]. Bevacizumab was also evaluated in the first line 
maintenance setting in the phase II studies showing an 
improvement in PFS and OS compared to historical con-
trols for those patients who received cisplatin and etoposide 
without bevacizumab maintenance [50]. The SALUTE trial 
was the first placebo-controlled, double-blind, randomized 
phase II trial that assessed bevacizumab in this therapy set-
ting. It showed a small PFS improvement (5.5 months in the 
Bevacizumab arm versus 4.4 months in the placebo arm, HR 
0.53) without an OS advantage [51].
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More recently, two phase III trials have been conducted 
to evaluate the efficacy of adding bevacizumab to chemo-
therapy as first-line treatment. They confirmed a favour-
able toxicity profile of the combination, although without 
either a clinically significant PFS or an OS improvement 
[52, 53].

Regarding limited-disease SCLC, only one phase II study 
investigating the activity of bevacizumab as maintenance 
therapy after chemo-radiotherapy has been conducted, and 
reported a median OS of 15 months, ORR and 2-year PFS of 
80% and 54% respectively [54]. However, safety represents a 
concern for the high incidence of tracheoesophageal fistulae.

Pazopanib is an orally administered tyrosine kinase 
inhibitor (TKI) targeting vascular endothelial growth factor 
receptor (VEGFR), platelet-derived growth factor recep-
tors (PDGFR), and c-kit. It has been studied in SCLC as 
maintenance therapy following platinum and etoposide 
chemotherapy, in the study KCSG-LU12-07, which showed 
a statistically significant PFS improvement (3.7 months in 
pazopanib group versus 1.8 months in the placebo group, 
p < 0.0001). However, pazopanib did not show a good toxic-
ity profile with 51.2% interruption rate due to adverse events 
[55]. Pazopanib has also been evaluated in second line of 
therapy by the Hellenic Oncology Research Group. In this 
phase II study, patients with platinum-sensitive and plati-
num-resistant SCLC were enrolled and received pazopanib. 
Albeit small, the study showed promising activity in patients 
with platinum-sensitive disease, with a DCR of 48.3% [56].

Sunitinib is an oral TKI that binds VEGFR, PDGFR, Flt-
3, and Kit [44]. As with pazopanib, sunitinib has been stud-
ied as maintenance therapy following CT in SCLC in two 
trials. In a phase II, non-randomized trial, it was evaluated 
following CT with irinotecan and carboplatin, and showed 
a 1-year OS of 54% with rare adverse events [57]. In the 
CALGB 30504 a randomized, placebo-controlled, phase 
II trial, patients were randomized to receive sunitinib or a 
placebo after etoposide plus platinum-based chemotherapy. 
Sunitinib was found to be safe and effective. Indeed, median 
PFS was 2.1 months for placebo and 3.7 months for sunitinib 
arm (p = 0.02) [58].

Nintedanib is a potent TKI that links to VEGFR1-3, 
FGFR 1–3, and PDGFR α and β [59]. A phase 2 study was 
conducted to evaluate its efficacy and safety in relapsed/
platinum-refractory SCLC. Nintedanib had a manageable 
toxicity profile but very poor efficacy in these patients’ set-
ting. Indeed, ORR was 5%, with 1 month of PFS [59].

Anlotinib is an orally administered TKI directed to 
VEGFR, fibroblast growth factor receptor (FGFR), PDGFR, 
and c-kit [44]. Several studies have been developed in China, 
where anlotinib is approved for patients with pre-treated 
SCLC to evaluate the safety and the efficacy of this drug 
[44]. It has been studied alone as a third or fourth line of 
treatment [60], and in combination with standard CT as a 

first line of therapy [61, 62], showing good tolerability and 
promising clinical efficacy.

Another drug studied mainly in China is apatinib, a 
VEGF2 inhibitor. Likewise, some studies evaluating apat-
inib as maintenance or in second and further line therapies 
have been developed. As with anlotinib, apatinib showed a 
safe toxicity profile and interesting clinical activity [63–66].

Targeting Proteins and Oncogenic Drivers

Oncogenic drivers are genes with acquired mutations that 
are causally linked to cancer initiation and progression 
[67]. In NSCLC, a number of oncogenic driver muta-
tions have been determined, enabling a molecular targeted 
treatment approach. Conversely, in SCLC the main driver 
mutations are loss of function of suppressor genes such as 
RB1 (60–90%) and TP53 (75–90%) [11, 68]. RB and TP53 
mutations lose function and as a result are un-targetable. 
Nevertheless, a few activating mutations have been identi-
fied in SCLC, introducing the initial concept of “oncogene-
addiction” in this aggressive tumour.

DLL‑3

DLL-3 (delta-like protein 3) is a cell surface protein that 
inhibits the tumor suppressor gene NOTCH-1 and con-
sequently upregulates the expression of Achaete-scute 
homolog 1 (ASH-1), a transcription factor driving SCLC 
oncogenesis [69]. DLL-3 is highly expressed in SCLC and 
other high-grade neuroendocrine tumours but not in nor-
mal lung tissue, suggesting that this protein may play an 
important role in neuroendocrine tumorigenesis and can be 
a vector for delivering cytotoxic agents to DLL3-positive 
cells [70–72]. Rovalpituzumab tesirine (Rova-T) is a first-
in-class, antibody–drug conjugate (ADC) composed of an 
IgG1 monoclonal antibody that targets DLL3 linked to a 
toxic DNA agent, pyrrolobenzodiazepine (PBD), and a 
protease-cleavable linker [73]. Phase I and phase I–II stud-
ies have been conducted to assess safety and pharmacoki-
netics [74–76]. These seemingly promising results led to 
the development of phase II trials, like the Trinity Study, 
in which DLL-3 high SCLC demonstrated a 14.3% ORR 
with a median OS of 5.7 months [77]. These disappointing 
results have since been confirmed by a few Phase III trials. 
The THAOE study, a randomized trial, compared Rova-T 
with topotecan in second-line therapy in DLL3-high meta-
static SCLC, but did not show any benefits in terms of OS 
[78]. Likewise, the MERU trial, a phase III study evaluat-
ing Rova-T in maintenance therapy after first-line platinum 
chemotherapy did not meet the primary endpoint. Thus, the 
lack of survival benefit led to an early discontinuation of 
the study. Moreover, Rova-T was associated with higher, 
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unique, and unacceptably adverse events (AEs) like pleu-
ral and pericardial effusions, peripheral oedema and photo-
sensitivity [79]. Therefore, the development of Rova-T has 
been discontinued. Nevertheless, new generation anti-DLL-3 
drugs are currently under investigation. AMG 757 (tarlata-
mab) is a first-in-class bispecific T cell engager that binds 
DLL-3 and CD3 domains of the T cell receptor, leading to 
T cell-mediated tumour lysis. In vitro, an interesting killing 
activity has been shown, which led to the development of 
Phase I trials, currently ongoing [80–82]. Moreover, a phase 
II trial (NCT05060016) is evaluating safety and efficacy in 
the pre-treated SCLC population. Another drug, AMG 119, 
a chimeric antigen receptor T cell (CAR-T), showed promis-
ing results in vitro and in vivo, but the Phase I trial has been 
suspended for the time being [80].

CD56

CD56, also known as NCAM1, is an adhesion molecule 
involved in nervous system differentiation and immune 
surveillance. CD56 aberrant expression is evident in many 
solid tumours with neuroendocrine origin, like SCLC. For 
this reason, it could be an appropriate molecular target [83]. 
Lorvotuzumab mertansine (LM, IMGN901) is an ADC with 
an anti-CD56 antibody linked to a microtubule inhibitor, 
DM1 [69]. A phase I–II study evaluated LM in association 
with carboplatin/etoposide regimen in ED-SCLC, but this 
showed no evidence of efficacy improvement in the combi-
nation regimen as well as resulting in an increased number 
of AEs. In fact, 21 patients (63.6%) had a treatment-related 
adverse event (TRAEs) resulting in death [84]. Another 
Phase I study showed 96.9% of TRAEs, mostly grade 1 or 2 
[83]. Therefore, further investigations are needed to better 
understand safety and efficacy of LM.

TROP 2

TROP2 (trophoblast cell surface antigen-2) is a transmem-
brane glycoprotein member of the EpCAM family, overex-
pressed in many tumours (e.g., breast cancer and NSCLC), 
acting either like an oncogene driver or an onco-suppres-
sor. Non-tumour-tissues rarely express TROP2, so it can 
be a reliable therapeutic target [69]. Sacituzumab govite-
can (SG) is a Trop2-directed antibody linked to SN-38, an 
active metabolite of irinotecan [85, 86]. The IMMU-132–01 
phase I–II basket trial evaluated the efficacy and safety of 
SG in several tumours, including sixty-two SCLC patients. 
In this population, an ORR of 17.7% was shown, with a 
median OS of 7.1 months (95% CI, 5.6–8.1 months) and a 
median PFS of 5.5 months (95% CI, 3.6–7.6 months) [86]. 
A phase I–II clinical trial in previously treated ED-SCLC 
patients showed an ORR of 14%, a median OS of 7.5 months 
(95% CI, 6.2–8.8) and a median PFS of 3.7 months (95% 

CI, 2.1–4.3) [87]. These results are encouraging but need to 
be confirmed in larger prospective studies. Trials evaluat-
ing SG in combination with PARP inhibitors are currently 
ongoing [69].

SOX2

SOX2 is a pluripotency factor and a key regulator of neu-
roendocrine cells. A SOX2 amplification, regulated by the 
Hedgehog cascade, is associated with SCLC growth [11]. A 
phase I trial of sonidegib (Hedgehog inhibitor) in combina-
tion with cisplatin and etoposide for ED-SLCLC treatment 
showed an ORR of 79% (95% CI, 49–95%) and 6/15 TRAEs 
[88]. Another study evaluating vismodegib, another Hedge-
hog inhibitor, in combination with cisplatin and etoposide 
did not show any benefit in terms of either OS or PFS [89].

Bcl‑2

Bcl-2 is an anti-apoptotic protein frequently overexpressed 
in SCLC [90]. A phase I and a phase II study with navi-
toclax, a selective inhibitor of Bcl-2 and Bcl-x, showed 
limited activity in advanced and recurrent SCLC with a 
high rate of serious thrombocytopenia [91, 92]. To miti-
gate this relevant side effect navitoclax was re-engineered 
as venetoclax. Venetoclax selectively binds Bcl-2 without 
causing thrombocytopenia, and showed promising preclini-
cal results [90, 93]. A phase II study with another Bcl-1 
inhibitor, obatoclax, in addition to carboplatin and etoposide 
demonstrated a good safety profile, but no clinical benefit in 
terms of either ORR, OS or PFS [94]. Similarly, AT-101 is 
an oral, pan-Bcl2 inhibitor, evaluated in a phase I-II trial in 
combination with topotecan. The combination is safe, but 
no clinical benefit was achieved in the early phases, so the 
enrolment closed [95].

AURK

AURKs (aurora kinases) are a family of kinases that play a 
key role in the cell cycle, in particular in the cell duplication. 
Aurora kinase A (AURKA) promotes mitosis through activa-
tion of checkpoint kinase 1 (CHK1), and is highly expressed 
in SCLC, thus representing a potential therapeutic target. 
An AURK hyperexpression is a pro-tumorigenic pathway in 
many cancer types, including SCLC. For this reason, a num-
ber of AURK inhibitors (AURK-is) have been developed 
in the last few years [96]. AURK-is action mechanism has 
been tested in mice [97], and this led to Phase I and Phase 
II clinical trials in pre-treated patients. Alisertib is an oral 
AURKA inhibitor that, as a single agent, showed beneficial 
activity in a phase II trial in terms of ORR (21%, 10/48 
pts) in relapsed or refractory SCLC [98]. Following these 
encouraging findings, alisertib was studied in combination 
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with weekly paclitaxel compared to placebo plus weekly 
paclitaxel in relapsed or refractory SCLC. The combination 
proved a PFS advantage (HR 0.77, 95% CI: 0.557–1.067, p 
0.113), while no benefit in OS was observed. Interestingly, as 
previously reported in another study [99], Myc was revealed 
to be a potential predictive biomarker. In fact, although the 
number of patients is small (33), a greater advantage for 
PFS was observed in patients with c-Myc expression (4.64 
vs 2.27 months, HR 0.29, 95% CI: 0.12–0.72) compared to 
c-Myc-negative patients [100].

Danusertib, a multi AURK-i, was tested in 24-h infu-
sion in solid tumours in a Phase I study. It included 2 
SCLC patients of which one had an ORR of 23 weeks 
[101]. A Phase II trial with danusertib showed a median 
PFS of 8.1 weeks (95% CI, 7.1–8.9) and a median OS of 
11.4 months (95% CI, 4.5–n.r.) in the SCLC cohort [102].

Finally, prexasertinib, a selective CHK1 inhibitor, was 
investigated as a single-agent in a phase II trial in patients 
with pre-treated ED-SCLC, but it failed to demonstrate ben-
eficial activity [103].

MYC

MYC gene amplifications have been identified in 6–25% of 
SCLC, especially in the SCLC-N subtype, and are associ-
ated with poorer outcomes and treatment resistance [97]. 
Indeed, data suggests that MYC promotes a subset of more 
aggressive SCLC subtype with lower expression of neuroen-
docrine markers [96]. A preclinical trial showed that argi-
nine depletion with pegylated arginine deiminase (ADI-PEG 
20) suppresses tumour growth in mice that had MYC-driven 
tumours [99]. A Clinical trial to evaluate ADI-Peg 20 is 
ongoing (NCT03449901). A few cases have been described 
in which MYC amplification can make cells sensitive to 
AURK-is [104], and this is supported by preclinical data 
[97, 105].

Targeting Epigenetics

Epigenetic refers to modulation of gene expression profil-
ing without alteration of the DNA sequence [106]. Several 
studies demonstrated a critical role of epigenetic alterations 
during SCLC development and progression [107–111].

DNA methylation is one of the epigenetic processes, and 
it is involved in key SCLC genes’ regulation [112–114].

DNA methyltransferases (DNMTs) are the effectors of 
this process, and DNMTs inhibitors are small molecules 
that when used in low doses, can induce the expression of 
silenced genes, while when used in high doses can directly 
kill cancer cells [115, 116].

Another important epigenetic mechanism consists of his-
tone modifications, in particular methylation and acetylation. 

Histone methyltransferases (HTMs) and histone demethyl-
ases (HDMs) are the effectors of histone methylation, while 
acetylation is regulated by histone acetyltransferases (HATs) 
and histone deacetylases (HDACs) [117]. A few studies 
showed that these mechanisms are a cause of SCLC patho-
genesis and development and of chemotherapy sensitivity/
resistance [118–121].

Several inhibitors of histone modifications have been 
tested for SCLC treatment. When considering HDAC inhibi-
tors, preclinical studies demonstrated that different mole-
cules suppress SCLC cell proliferation and promote chemo-
therapy anti-tumour effects in SCLC cell lines [122–126]. 
Many phase I/II trials are currently ongoing. Furthermore, 
little, and inconsistent data is available. One single-centre 
phase I trial showed that the combination of the HDAC 
inhibitor belinostat with cisplatin plus etoposide is safe and 
active in SCLC and other neuroendocrine cancers [127]. 
Nevertheless, a phase II trial evaluating the HDAC inhibi-
tor panobinostat and a phase II trial investigating the HDAC 
inhibitor romidepsin showed a lack of activity of these two 
compounds [128, 129].

Also, HMTs and HDMs inhibitors showed activity against 
SCLC lines in preclinical studies. For example, the HMT 
enhancer of zeste homolog 2 (EZH2) is highly expressed 
in SCLC, and preclinical evidence showed that its inhibi-
tion can overcome SCLC chemoresistance [130]. At present 
no data derived from clinical trials is available for EZH2 
inhibitors.

Lysine specific demethylase-1 (LSD1) is a highly 
expressed HDM in various haematological and solid 
tumours, including SCLC [131]. Its inhibitors, ORY-1001 
(Iadademstat) and GSK2879552, repressed SCLC tumo-
rigenesis and growth in preclinical studies [132, 133]. At 
present the findings from clinical studies are discourag-
ing and inconsistent with pre-clinical analysis. A phase I 
multicentre, open-label study that investigated the safety, 
pharmacokinetics, pharmacodynamics, and clinical activ-
ity of the LSD1 inhibitor GSK2879552 in patients with 
relapsed or refractory SCLC was terminated due to a high 
incidence of adverse events and poor disease control [134]. 
Nevertheless, there is a lot of interest in epigenetic drugs, 
in particular LSD-1 inhibitors, and many phase I or II clini-
cal trials are ongoing (e.g., NCT05420636, NCT03850067, 
NCT05268666, NCT03460977).

Finally, multitarget epigenetic molecules are also cur-
rently under investigation. Very recently, JBI-802 has been 
identified as a dual LSD1/HDAC6/8 inhibitor, which dis-
played huge antiproliferative effects in SCLC and others hae-
matological and solid tumours [135]. Moreover, combina-
tions with DNMT and HDAC inhibitors are being researched 
only in preclinical settings to date [136].

Therefore, all this data underlines the crucial role of epi-
genetics in carcinogenesis and proliferation of tumor cells.
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Furthermore, recent studies have demonstrated the 
crucial role of epigenetic machinery in modulating 
immune cell functions and antitumor immune response, 
modifying tumour immunogenicity as well as affecting 
immune cells [137].

Epigenetic modifications regulate the antigen processing 
and presentation, the maturation and differentiation of den-
dritic cells, the activation, trafficking and infiltration of T 
cells, and the development of Treg [137, 138]. Moreover, it 
is demonstrated that the expression of PD-1 and PD-L1 in 
SCLC is partly related to an upregulation of DNA methyl-
transferase 1 (DNMT1) [139].

Considering in particular the antigen presentation phase, 
preclinical data showed that SCLC has a low intrinsic 
expression of MHC class I and II molecules [140, 141], and 
one of the underlying mechanisms behind this consists of 
epigenetic modifications, as demonstrated by the restoration 
of MHC class I expression as well as the T cell-mediated 
killing of tumour cells due to the pharmacological inhibition 
of EZH2 in SCLC cell lines [142].

Conversely, considering the lack of function of T cells in 
the TME, recent studies found that DNMT inhibitors and 
histone modifications inhibitors can reverse tumour immune 
evasion. This is in addition to being able to modulate T cell 
exhaustion state towards effector and memory T cell phe-
notypes in mouse models of NSCLC, ovarian cancer and 
melanoma cell lines, thus sensitizing to anti-CTLA4 and 
anti-PD1 therapy [143–145]. In this context, the LSD1 HDM 
plays a critical role due to its ability to suppress endogenous 
double stranded RNA (dsRNA) levels and interferon (IFN) 
responses in tumour cells, as demonstrated by a preclini-
cal study that showed that LSD1 inhibition in tumour cells 
causes intracellular dsRNA stress and resultant IFN activa-
tion and anti-tumour T cell immunity promotion. Moreo-
ver, the authors demonstrated that LSD1 depletion converts 
tumours resistant to PD-1 blockade to cells responsive to 
ICIs [146]. Based on these findings, clinical trials on LSD1 
inhibitors in combination with ICIs are ongoing for vari-
ous solid tumours, including SCLC. A phase I/II trial is 
evaluating bomedemstat in combination with maintenance 
atezolizumab for ED-SCLC in first-line following induc-
tion chemo-immunotherapy (NCT05191797). A phase 
IImulti-cohort study is ongoing to assess safety and efficacy 
of CC-90011, an oral LSD1 inhibitor, in combination with 
nivolumab in pre-treated SCLC patients (NCT04350463).

Epigenetic mechanisms also have a role in the evasion of 
innate immunity. In particular, it has been demonstrated that 
SCLC aggressiveness and metastasis is partially related to 
a low expression of NK-activating ligands (NKG2DL) due 
to an epigenetic silencing with consequent loss of NK cell 
recognition. Restoring NKG2DL using HDAC inhibitors in 
preclinical models suppressed tumour growth and metas-
tasis by inducing infiltration and activation of NK and T 

cells [147]. Research on the potential role of these epigenetic 
drugs to overcome ICI resistance is at a very early stage, but 
expectations are high for the future.

Overcoming the ICI Resistance

After more than 20 years without innovation in SCLC man-
agement, ICIs targeting PD-1/PD-L1 axis have changed 
treatment algorithm for this disease [7••, 9••]. Moreover, 
there is a compelling rationale for ICI efficacy based on the 
high immunogenicity of SCLC related to a high genomic 
instability and consequent high tumour mutational burden 
(TMB) [148]. Nevertheless, ICI efficacy remains modest, 
and there is a significant focus on overcoming the ICI resist-
ance in SCLC in first-line and relapsed settings.

The main strategy to increase ICI therapeutic activ-
ity consists of combinations of different immunotherapy 
approaches, which co-target immune molecules highly 
expressed in SCLC. Indeed, recent studies on SCLC biol-
ogy showed a low expression of PD-L1 and tumour-infiltrat-
ing lymphocytes (TILs) in SCLC samples in contrast to a 
higher expression of other immune inhibitory proteins, such 
as B7-H3, the T cell immunoreceptor with immunoglobu-
lin and ITIM domain (TIGIT), the T cell immunoglobulin 
mucin receptor 3 (TIM3), the lymphocyte activation gene 3 
(LAG3), and others [149, 150].

TIGIT

TIGIT is transmembrane protein expressed by a variety of 
immune cells that, when activated, induces a tolerogenic 
microenvironment. In particular, it competes with CD226 
(a transmembrane protein that enhances lymphocytes cyto-
toxicity mechanisms) on activated T cells for binding to 
CD155, CD112, and CD113 ligands, and it also acts on 
Natural Killer cells. Moreover, in various cancers, the TIGIT 
expression profile correlates with the expression of other 
immune inhibitors receptors, including LAG3, CTLA4, and 
PD-16–7. Anti-TIGIT monoclonal antibodies are tested in 
several ongoing trials, which have enrolled patients affected 
by various solid tumors. Considering limited-stage SCLC, 
a phase II-3-arm study (NCT04952597) is examining the 
combination of the anti-TIGIT monoclonal antibody oci-
perlimab (BGB-A1217) plus tislelizumab (anti-PD1) con-
current with chemoradiotherapy (CRT). Another phase II 
study (NCT04308785) is evaluating atezolizumab with or 
without the anti-TIGIT tiragolumab as consolidation therapy 
following CRT.

Turning to untreated ED-SCLC, the phase III SKY-
SCRAPER-02 (NCT04256421) is ongoing: 490 patients 
have been enrolled and randomized to receive standard care 
(atezolizumab plus carboplatin and etoposide) either with or 
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Table 2  Synoptic review of the most relevant clinical trials with new emerging agents in advanced SCLC

Target Class and drug Paper Phase Primary end point Main result

DNA damage repair 
pathway

PARP-inhibitors
Olaparib + Temozolo-

mide
Farango AF (30) II ORR ORR 41.7%

Olaparib Woll P (32) II PFS PFS 7.8 months
Olaparib + Durvalumab Thomas A (38) II ORR ORR 10.5%
Veliparib/Pla-

cebo + Temozolomide
Pietanza MC (31) II Improvement in 4-month 

PFS
PFS TMZ/veliparib (36%) 

vs TMZ/placebo (27%; 
p 0.19)

Veliparib + Carbopl-
atin + Ethoposide

Byers. LA (34) II PFS PFS 5.8 months

Niraparib Aix SP (35) III PFS and OS PFS 1.54 months and OS 
9.92 months

Lurbinectedin + Doxo-
rubicin

Aix SP (44) III OS OS 8.6 months

Angiogenesis
Bevacizumab + Cispl-

atin + Ethoposide
Tiseo M (56) III OS mOS 6.7 months

Pazopanib Sun JM (58) II PFS mPFS 3.7 months
Pazopanib Koinis F (59) II PFS-R at week 8 PFS-R 59% in platinum-

sensitive cohort
Sunitinib Spigel DR (60) II 1-year overall survival 

(OS)
1-year overall survival 

(OS) 54%
Sunitinib Ready NE (61) II PFS mPFS 3.7 months
Nintedanib Han JY (62) II ORR ORR 5%
Anlotinib + platinum-

based CT + Ethoposide
Liu C (65) II PFS PFS 6.0 months

Protein and oncogenic 
drivers

DLL-3 Rova-T Blackhall F (82) III OS mOS 6.3 months
Rova-T Johnson ML (83) III OS and PFS OS 8.5 months, PFS not 

performed
Tarlatamab Paz-Ares L I Safety Serious adverse events 

(AE) 51.4%
CD56 Lorvotuzumab mertan-

sine
Socinski MA (88) I/II Phase I: dose-limiting 

toxicities (DLTs); 
Phase II: PFS

DLTs 21%, PFS 
6.2 months

TROP2 Sacituzumab Govitecan Bardia A (91) I/II Phase I: safety, phase II: 
ORR

Grade ≥ 3 TRAEs 59.6%, 
ORR 17.7%

SOX2 Sonidegib + Cispl-
atin + Ethoposide

Pietanza MC (93) I Safety Serious AE 67%

Vismodegib + Cispl-
atin + Ethoposide

Belani CP (94) II PFS and OS PFS 4.4 months, OS 
9.8 months

Bcl-2 Navitoclax Rudin CM (96) II Safety Dose interruption 46.3%
Obatoclax 

mesylate + Carbopl-
atin + Ethoposyde

Langer CJ (99) II ORR ORR 62%

AURK Alisertib + Paclitaxel Owonikoko TK (105) II PFS PFS 3.32 months
Danusertib Schöffski P (107) II Progression-free rate 

(PFR) at 4 months
PFR 0%

Prexasertinib Byers LA (108) II ORR ORR platinum-sensitive 
5.2%, platinum-refrac-
tory 0%
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without tiragolumab. Unfortunately, at the interim analysis 
at a median follow up of 14.3 months this study failed to 
meet its co-primary endpoints of PFS improvement (median 
PFS was 5.4 months (95% CI 4.7–5.5) with tiragolumab vs 
5.6 months without this agent). Nevertheless, the study will 
continue as planned until final OS analysis [151, 152].

LAG‑3

LAG-3 is an inhibitory immunoreceptor expressed on 
immune cells including activated T, T-regulatory, NK. and 
plasmacytoid dendritic cells. Its best-characterized ligand 
is the major histocompatibility complex class II (MHC-II), 
but there are other ligands, such as fibrinogen-like pro-
tein 1 (FGL-1). Sustained T cell activation in a chronic 
inflammatory environment, such as TME, increases LAG-3 
co-expression with co-inhibitory receptors including PD-1 
and, when activated, LAG-3 contributes to T cell suppres-
sion and subsequent immune dysfunction [153]. Several 
LAG-3–targeting molecules are currently in early stages of 
clinical development with early results suggesting a mod-
est benefit when used as single agents, but dual LAG-3/
PD-1 blockade has a significant role in reducing tumour 
growth by increasing the proportion of effector T cells in 
the tumour [154, 155].

To date, patients with SCLC have been recruited only in 
basket trials such as a phase 1/2 study evaluating LAG525 
(anti-LAG3) in combination with spartalizumab (anti-PD-1). 
This SCLC cohort met the criteria for expansion on the basis 
of the clinical benefit rate [156]. The ongoing phase 1 trial 
is evaluating tebotelimab, which is a monoclonal antibody 
engineered to bind PD-1 and LAG-3 concomitantly or inde-
pendently (NCT03219268).

TIM‑3

TIM-3 is an inhibitory receptor with a crucial role in both 
innate and adaptive immune responses, and it is often co-
expressed with PD-1 [156, 157]. TIM-3 also has a role in 
resisting PD-1 blockade, and preclinical studies demon-
strated that dual TIM-3 and PD-1 blockade is more effec-
tive than targeting either pathway alone [158, 159]. Further, 
Anti-TIM3 drugs, like the anti-LAG3 drugs mentioned 
above, are at a very early stage of development. At the 
moment, the available data for SCLC patients derives from 
the small numbers of a phase 1 basket trial [160], so it will 
still take a long time to understand the real potential of these 
treatments.

Other strategies to overcome ICI resistance include com-
binations of ICIs with inhibitors of proteins that are highly 

Table 2  (continued)

Target Class and drug Paper Phase Primary end point Main result

MYC ADI-Peg 20 Ongoing trials
Epigenetics
HDAC inhibitors Belinostat + Cispl-

atin + Ethoposide
Balasubramaniam S 

(133)
I Maximum tolerated dose Well tolerated. SCLC 

ORR: 43% SD, 57% PR
Panobinostat De Marinis F (134) II ORR ORR 0%
Romidepsin Otterson GA (135) II ORR ORR 0%

LSD1 GSK2879552 Bauer TM (140) I safety Withdrawal 24%, 1 AE-
related death

Overcoming the ICI 
resistance

TIGIT Tiragolumab + CT/ICIs Rudin CM (160) III OS and PFS OS 13.6 months (HR 
1,04); PFS 5.4 months 
(HR 1,11)

LAG3 LAG525 (± spartali-
zumab)

Schöffski P (164) I/II Safety Serious AEs: 5% mono, 
5.8% combination. ORR 
10% with combination

TIM3 Sabatolimab (± spartali-
zumab)

Curigliano G (168) I/Ib Safety Grade ≥ 3 TRAEs 51%. 
ORR 6% with combina-
tion. AE G3-G5

Fucosyl-GM1 BMS-986012 
(± Nivolumab)

Chu Q (170) I/II Safety Grade 4 TRAEs 2%. ORR 
4% mono, 38% with 
combination

Car-T Ongoing Trials
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or selectively expressed in SCLC, including PARP, already 
discussed in previous paragraph, and fucosyl-GM1.

Fucosyl‑GM1

Fucosyl-GM1 is a monosialoganglioside with limited 
expression in normal tissue, but highly expressed on SCLC 
cells. Encouraging preclinical results of BMS-986012 [161], 
a monoclonal antibody that binds to Fucosyl-GM1 with high 
affinity and specificity, led to a phase 1/2 clinical trial. In this 
trial the safety and preliminary efficacy of BMS-986012, 
both as a monotherapy and in combination with nivolumab, 
in patients with relapsed or refractory SCLC were evalu-
ated [162]. Considering that the study enrolled pre-treated 
patients, albeit some without ICIs, the BMS-986012 plus 
nivolumab combination showed encouraging results in this 
first-in-human study with an ORR of 38% and a median OS 
of 18.7 months. Based on these results, a phase 2 study is 
currently evaluating the safety and efficacy of BMS-986012 
combined with carboplatin, etoposide, and nivolumab in first 
line (NCT04702880).

Finally, one of the major areas of study and interest in the 
field of immunotherapy is chimeric antigen receptor (CAR) 
T cells, which are genetically modified T lymphocytes with 
a transgenic receptor capable of binding a specific antigen 
as well as an intracellular signalling domain that triggers the 
cytolytic effects. Initially, CAR T cells therapy was devel-
oped for blood malignancies but in recent years its use is 
being trialled for solid tumours, with encouraging results, 
even if they are less significant than haematological malig-
nancies, which is due to tumour heterogeneity and hostile 
TME[163]. Different CAR-T cells have been developed 
against SCLC with promising results in pre-clinical studies. 
DLL3-CAR T cells showed preclinical positive results in 
term of safety and efficacy [164]. Anti-CD56 CAR T cells 
significantly reduced tumour burden in animal models of 
neuroblastoma and SCLC, but they only had a modest effect 
on survival; further investigations to limit toxicity related to 
on-target, off-tissue effects are needed [165]. AC133-specific 
CAR T cells exhibited an important cytotoxicity, and pro-
longed survival in a humanized orthotopic SCLC model, 
with a modest activity in monotherapy and a higher efficacy 
when combined with PD-1-inhibition and CD73-inhibition 
[166]. GD2-specific CAR T cells reduced the tumour burden 
in vitro and in vivo in xenograft models of GD2-expressing 
lung tumours (SCLC and NSCLC), and the susceptibility 
of tumours to this treatment was enhanced by pre-treatment 
with tazemetostat (EZH2 inhibitor), which can upregulate 
GD2 expression in tumour cells [167].

A phase 1 study to assess the tolerability and safety 
of the AMG 119, an anti-DLL-3 CAR T, was initiated 
in 2018, but it has been suspended for the time being 
(NCT03392064). A phase 1 first-in-human study with 

DLL3-targeted chimeric antigen receptor T cells (LB2102) 
and a phase 1 with autologous CAR T cells against the 
GD2 antigen in patients with advanced lung cancer, 
NSCLC and SCLC, are being planned (NCT05680922 and 
NCT05620342). So far, CAR-T cells have shown promising 
results in preclinical studies, but many more studies in-
humans are needed before we can consider them an innova-
tive therapeutic strategy in SCLC.

Conclusions

Recently, many studies have led to the identification of the 
specific genetic abnormalities that characterise SCLC. The 
growing dataset in gene expression profiling in SCLC seems 
to be suggesting a new direction. A deeper understanding of 
SCLC at molecular level is at the base for the development 
of new, effective, and safe treatments. Several encouraging 
therapeutic approaches have been reported, the most prom-
ising of which target angiogenesis and epigenetics. Finally, 
therapies targeting proteins or oncogenic drivers show posi-
tive preliminary results (Table 2). Further studies based on 
molecular classification of SCLC and updated data on these 
novel therapies will hopefully improve outcomes in SCLC. 
Nonetheless, more research is needed to face the currently 
dismal prognosis and prospects of SCLC.
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