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Abstract
Lung cancer is one of the leading causes of death worldwide. It can broadly be divided into small cell
lung cancer (SCLC) and nonsmall cell lung cancer. There have been many advances over the recent years
in both fields. The purpose of this review is to provide a concise summary of SCLC for the general
respiratory readership.

Introduction
Lung cancer is the second most common cancer worldwide, being the most common in men and the
second most common in women. 2.2 million new cases of lung cancer were diagnosed in 2020 alone and
resulted in ∼1.8 million deaths worldwide [1, 2]. Smoking remains the main risk factor for the
development of lung cancer, with duration of smoking being the strongest determinant for risk [1, 3].

Lung cancer is broadly divided into small cell lung cancer (SCLC) and nonsmall cell lung cancer
(NSCLC). SCLC falls in the category of lung neuroendocrine neoplasms (NENs). SCLC is typically
detected and diagnosed in the more advanced, non-curative stages [4, 5]. The incidence of SCLC has
decreased over the past decade but it remains the most aggressive type of lung cancer, and despite initial
significant response to chemoradiotherapy, the 5-year overall survival remains poor [4–6]. The data around
other types of NENs are scarcer and will be discussed.

Epidemiology of SCLC and NEN tumors
Every year, there are at least 200 000 fatalities and an estimated 250 000 new cases of SCLC worldwide
[7, 8]. SCLC accounts for ∼15% of all lung cancers and is predominantly linked to smoking as a risk
factor, with a high incidence among heavy smokers [8]. SCLC is equally prevalent in males and females
and age plays a crucial role as its incidence rises with advancing age [9, 10]. Despite advancements in
therapeutic approaches, the prognosis remains challenging due to frequent late-stage diagnosis and the
unfavourable prognosis of this specific histotype compared to NSCLC [9, 10]. This is discussed in greater
detail in the section on “Morphological features”. Other types of NEN are typical and atypical carcinoids,
large cell neuroendocrine carcinomas (LCNEC), and carcinomas with neuroendocrine differentiation
[11–13]. Atypical carcinoids demonstrate a higher malignant behaviour when compared to typical
carcinoids and sometimes denote genomic similarities with LCNEC [14, 15]. LCNEC is a rare and highly
aggressive tumour histotype with a poor prognosis [16, 17].

Table 1 shows the incidence (age-adjusted annual incidence rate per 100 000 people) of the various NEN
subtypes [17].
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Presenting features specific to SCLC/NEN tumours: paraneoplastic syndromes
For both SCLC and NSCLC, patients are usually diagnosed with the disease when they exhibit symptoms
typical of an advanced stage of lung cancer, unless picked up at lung cancer screening or as incidental
findings [10]. SCLC commonly exhibits a rapid volume doubling time and so metastasizes early with a
propensity for extensive dissemination [11, 18]. Patients frequently manifest symptoms related to advanced
disease, such as cough, dyspnoea, chest pain, and systemic symptoms of fatigue, weight loss and
anorexia [11]. However, a feature of SCLC/NEN tumours is that they can present with paraneoplastic
syndromes due to ectopic hormone production from the neuroendocrine cells [11, 18–20].

Syndrome of inappropriate antidiuretic hormone (SIADH) is the most common paraneoplastic syndrome
associated with SCLC and is characterised by hyponatraemia, renal water retention, low plasma osmolality
relative to the urine, and high urine sodium levels. 10–45% of patients with SCLC develop SIADH at
some point in the course of the disease [18]. Ectopic Cushing syndrome is the second most common
paraneoplastic syndrome, occurring in up to 5% of cases, characterised by truncal obesity, moon facies,
acne and proximal muscle weakness amongst other signs and symptoms [18].

Neurological paraneoplastic syndromes are thought to occur in up to 9% of SCLC [18]. The presence of
anti-Hu antibodies leads to a syndrome comprising of cerebellar degeneration, opsoclonus-myoclonus-
ataxia, peripheral nerve palsy and limbic encephalitis; the presence of anti-Yo antibodies leads to cerebellar
degeneration; the presence of anti-P/Q type voltage-gated calcium channel antibodies lead to Lambert–
Eaton myasthenic syndrome and the presence of anti-Ri antibodies leads to opsoclonus-myoclonus-ataxia
syndrome [18]. SCLC can also be associated with an increase in coagulopathies such as Trousseau
syndrome, deep venous thrombosis and disseminated intravascular coagulopathy.

Table 2 shows the various paraneoplastic syndromes with the associated antibodies.

Methods for diagnosis and staging of SCLC/NEN
Accurate histological characterisation of any cancer through biopsy and imaging aids in precise diagnosis
and guides tailored therapeutic approaches [12].

Diagnosing SCLC and NEN involves a multidisciplinary approach using various diagnostic modalities.
Initial evaluation often includes imaging studies such as chest radiography, computed tomography (CT)
scans, and positron emission tomography scans with 18F-fluorodeoxyglucose (FDG-PET) [12]; these aid in
identifying the tumour and assessing its size, location and provide an estimate its metastatic spread.

Diagnostic modalities
For pathological diagnosis, histology is preferred over cytology [5, 12], and sampling remains the diagnostic
gold standard, obtained via numerous methods such as bronchoscopy, transthoracic needle aspiration, or
surgical resection [21, 22]. Histological examination and immunohistochemical staining confirm
neuroendocrine differentiation and subtype classification [23]. Immunohistochemistry plays a crucial role in
identifying neuroendocrine markers like chromogranin A (CgA), synaptophysin, and CD56 to distinguish
neuroendocrine tumours (NETs) from non-neuroendocrine lung cancers. Molecular testing, including
next-generation sequencing, assists in identifying actionable mutations and targeted therapies for specific
subtypes, enhancing personalised treatment approaches [23–25]. This is discussed in more detail later.

Staging modalities
The staging of SCLC follows both the American Joint Committee on Cancer (AJCC) TNM (tumour,
mode, metastasis) staging system and the older Veterans Administration (VA) scheme [26, 27]. The latter

TABLE 1 Incidence (age-adjusted annual incidence rate per 100 000 people) of the various neuroendocrine
neoplasm subtypes [17]

Type Incidence

Typical carcinoid 0.77
Atypical carcinoid 0.22
SCNEC 8.60
LCNEC 0.41

SCNEC: small cell neuroendocrine carcinoma; LCNEC: large cell neuroendocrine carcinoma.
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defines an extensive stage (ES) and a limited stage (LS), primarily based on the tumour’s anatomical
extent. Limited stage SCLC is confined to one hemithorax and can be encompassed within a tolerable
radiation field, while extensive stage SCLC extends beyond the confines of a single hemithorax [28]. LS
cases may be amenable to curative intent, whereas ES patients have a worse prognosis [29]. The AJCC
TNM staging follows the same descriptors for NSCLC [30, 31].

TABLE 2 Paraneoplastic syndromes with their associated antibodies

Paraneoplastic
syndrome

System Incidence Causative protein or
antibody

Clinical features Diagnosis

Hypercalcaemia Endocrine 10% PTHrP binds to PTH
receptors in the bone,
kidneys and influences
Ca–phosphorous
regulation

Polydipsia, polyuria, hypertonia,
renal failure, vomiting, altered
sensorium

Elevated Ca
Elevated PTHrP
Decreased PTH

SIADH Endocrine 10–45% Ectopic ADH secretion by
cancer cells which
inhibits free water
excretion in the distal
tubule of the kidney

Nausea, vomiting, cramps,
depressed mood, irritability,
personality changes
(aggression), seizures, stupor
or coma

Hyponatraemia; rule out
other causes such as
drug-induced, excess
fluids, low intake of
sodium due to cachexia

Ectopic Cushing
syndrome

Endocrine 5% Cancer cells express POMC
precursor gene which is
translated into a
prohormone later
cleaved into ACTH

In carcinoids: typical cushingoid
features like centripetal fat
distribution, proximal
myopathy, hypertension

In SCLC: less cushingoid features,
hyperglycaemia, weight gain
due to water retention

High serum ACTH,
hypercortisolism, i.e.
increased 24 UFC or
salivary cortisol; 1 mg
dexamethasone
suppression test

Carcinoid syndrome Endocrine 1–5% Serotonin release by
cancer cells

Acute: prolonged flushing in the
upper torso, bronchospasm,
diarrhoea

Chronic: fibrosis of right heart
valves, retroperitoneum

Rare: hypotension and cardiac
arrest

24 h urine 5-HIAA
Radiolabelled octreotide

Lambert–Eaton
myasthenic
syndrome

Neurological 3% Anti-VGCC Proximal muscle weakness,
typically improving with
repetitive action

EMG, anti-VGCC antibodies

Paraneoplastic
cerebellar
degeneration

Neurological <1% Anti-Yo, anti-Hu, anti-VGCC,
anti-Tr, anti-Ri

Rapid onset of truncal and
appendicular ataxia,
imbalance, dizziness, nausea,
diplopia, dysphagia, nystagmus

Paraneoplastic antibody
assay, MRI, rapid onset of
ataxia

Limbic encephalitis Neurological <1% Anti-Hu, anti-Ma2, anti-Ri Subacute onset of mental status
changes, memory deficits,
behavioural changes,
emotional lability, insomnia,
seizures

Clinical symptoms, EEG, MRI,
anti-Hu antibodies

Paraneoplastic
opsoclonus-
myoclonus

Neurological <1% Anti-Hu, anti-Ri, anti-Ma2,
anti-amphiphysin

Large amplitude ocular saccades
and other abnormal eye
movements alone or in
combination with myoclonus;
hypotonia, irritability, ataxia
and encephalopathy

Physical examination for
abnormal eye movement,
MRI, anti-Hu antibodies

Autonomic
neuropathy

Neurological <1% Anti-Hu, anti-gAChR Orthostatic hypotension,
arrhythmias, impotence,
intestinal pseudo-obstruction

Clinical symptoms, anti-Hu
antibodies

Hypercoagulability Vascular <1% Unknown Trousseau syndrome, deep
venous thrombosis,
disseminated intravascular
coagulopathy

Clinical symptoms,
coagulation panel, d-
dimers

PTH: parathyroid hormone; PTHrP:- parathyroid hormone-related protein; SIADH: syndrome of inappropriate antidiuretic hormone; ADH: antidiuretic
hormone; Ca: calcium; ACTH: adrenocorticotropic hormone; UFC: urine free cortisol; 5-HIAA: 5-hydroxyindoleacetic acid; EMG: electromyography;
VGCC: voltage gated calcium channel; EEG: electroencephalogram; MRI: magnetic resonance imaging.
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Given the propensity for early metastasis in SCLC, staging assessments are vital. This includes brain
imaging with magnetic resonance imaging (MRI) or CT scans to detect central nervous system
dissemination, as SCLC presents a tropism for the central nervous system. Evaluating distant
metastases may involve bone scans, abdominal imaging and occasionally bone marrow biopsy [10].
Liquid biopsy techniques, analysing circulating tumour cells, cell-free DNA or exosomes, offer
minimally invasive methods for tumour detection, monitoring treatment response, and identifying
resistance mechanisms [32]. However, their role in diagnosing and staging NENs currently remains
investigational [32].

LCNEC cells are avid for FDG-PET due to their high expression of the glucose transporter 1 (GLUT1)
and low differentiation. As a result, FDG-PET is a valid imaging assessment that can be used to
select patients with early-stage disease for radical treatment. It also has a high sensitivity and specificity
[16]. An octreoscan, a type of single-photon emission CT, identifies tumours by radiolabelled targeting
(111In-Pentetreotide) of somatostatin receptors. These scans have demonstrated higher sensitivity
than FDG-PET in patients with well differentiated NENs, while showing a lower sensitivity in poorly
differentiated ones [33]. A PET/CT system with the somatostatin receptor-based PET tracer
1,4,7,10-tetraazacyclododecane-NI,NII,NIII,NIIII-tetraacetic acid (D)-Phe1-thy3-octreotide (68Ga-DOTATOC)
has also been used in the evaluation of carcinoids [34].

A panel of biochemical tests is recommended in all patients with NEN and that should include CgA and in
patients with potential paraneoplastic syndromes: 24-h urine 5-hydroxyindoleacetic acid, serum cortisol,
adrenocorticotropic hormone, 24-h urine free cortisol and serum growth hormone-releasing hormone and
insulin-like growth factor 1. Table 3 shows a very simplified summary of the diagnostics.

Morphological features: World Health Organization histological classification, expression of
neuroendocrine markers, combined SCLC including LCNECs
Histology, in combination with TNM stage [30, 35], is an important tool for creating therapeutic strategies,
as well as a predictor for patient outcomes. The principles of histological classification are the same for all
tumours and refer to morphology first, supported by immunohistochemistry (IHC), and then molecular
techniques for a more accurate description of specific tumour subtypes.

TABLE 3 Summary of the diagnostics

Diagnostic modality Procedure Use

Medical history Examination by a
physician

Identifying typical lung cancer symptoms and risk
factors such as smoking history

Physical examination Clinical examination
by a physician

Differential diagnosis between infection and oncological
disease

X-ray Imaging Differential diagnosis
CT scan Imaging Staging: size, tumour location and spread to nearby

tissues and organs, identifying metastases (best
method of assessing adrenal metastases )

FDG-PET/CT Imaging Staging: tumour location, mediastinal lymph node
involvement, metastatic spread

MRI Imaging Staging: brain metastases
Bronchoscopy Biopsy Cancer tissue sampling
Transthoracic needle
aspiration

Biopsy Cancer tissue sampling

Surgical resection Biopsy Cancer tissue sampling
EBUS/EUS Biopsy Cancer tissue sampling
Mediastinoscopy Biopsy Cancer tissue sampling
Histology Pathological analysis Biological characterisation of lung cancer
Immunohistochemistry Pathological analysis Subtype classification by expression of specific markers

(e.g. expression of neuroendocrine markers
synaptophysin, chromogranin A, CD56)

Next-generation
sequencing

Genetic analysis Identifying actionable mutations

CT: computed tomography; FDG-PET: 2-deoxy-2-[18F]fluoro-D-glucose positron emission tomography; MRI:-
magnetic resonance imaging; EBUS: endobronchial ultrasound; EUS: endoscopic ultrasound.
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NENs of the lung are divided into two major biologically and clinically different groups with different
molecular features – neuroendocrine tumours and neuroendocrine carcinomas (NECs).

Both NETs and NECs are further subdivided into two subgroups: NETs subdivide into typical (TC) and
atypical (AC) carcinoid, whereas NECs are grouped into large cell (LCNEC) and small cell (SCNEC). The
current subclassification also recognises two types: pure SCLC/LCNEC and combined SCLC/LCNEC, the
latter is determined by the presence of features of a different histological carcinoma, NSCLC, variant or
containing at least a 10% large cell carcinoma component. There are also other rare types of thoracic
tumours such as mesenchymal tumours, haematolymphoid tumours and tumours of ectopic tissues.

The diagnosis of NENs may be challenging due to the heterogeneous nature of these tumours. Diagnosis is
thus based on a typical morphological appearance and a positive reaction in the tumour cells for at least
two neuroendocrine markers [36]. CgA and synaptophysin are considered the most sensitive and specific
markers of neuroendocrine differentiation that are used in routine diagnostics [37, 38].

CgA is an acidic glycoprotein that is widely expressed by neuroendocrine cells and is one of the most
abundant components of secretory granules. When a tumour develops in an endocrine tissue, it becomes
the main source of CgA. Measuring the levels of circulating CgA can be useful in diagnosing different
types of NENs, because of a high specificity and sensitivity, ranging from 27% to 81% [39].

Synaptophysin is a glycoprotein part of the neuroendocrine secretory granule membrane. It has higher
sensitivity but lower specificity than CgA. Both CgA and synaptophysin are appropriate for diagnosis of
well-differentiated NENs, but are less helpful when it comes to poorly differentiated NENs.

Other markers have been studied. Neuron-specific enolase (NSE) is used to identify neuroendocrine
cells [40]. It is also found in tumours, classified as adenocarcinomas or undifferentiated carcinomas, so its
specificity is limited and it is often referred to as “nonspecific enolase” by pathologists [41]. NSE is
observed in the majority of NET [42], and because it is a cytosolic marker, it can be detected even in
degranulated tumour cells [43]. Therefore, it is considered a useful marker.

CD56, or neural cell adhesion molecule, is also used in the diagnosis of neuroendocrine differentiation. It
is a glycoprotein involved in cell binding, migration and differentiation [44]. CD56 mRNA is expressed
both in neuroendocrine cells and NENs [45]. It has been shown not to be as specific to NENs in general;
however, it is nonetheless useful in diagnosing SCLC [46]. Insulinoma-associated protein 1 (INSM1) is a
protein that plays a huge role as a transcription factor in the differentiation of neuroendocrine cells. It is
present across various brain regions, as well as in pancreas, adrenal glands, thymus, thyroid and endocrine
cells of the gastrointestinal tract [47]. INSM1 has recently emerged as a reliable biomarker for
neuroendocrine differentiation in lung neoplasms [48]. Multiple studies demonstrate the high specificity of
INSM1 in SCLC, up to 100% [49]. Sensitivities for LCNEC have ranged from 75% [48] to 91.3% [50].
INSM1 has been found to have high sensitivity to carcinoid tumours, ranging from 98% to 100% [51].
Pulmonary NETs, including SCLC, LCNEC, atypical and typical carcinoid tumours, all express INSM1 with
high specificity (97%) that is similar to CgA (98%), but greater than CD56 (87%) and synaptophysin (90%).

Biology and molecular features
Besides morphological criteria (neuroendocrine morphology, mitotic count per mm2 and necrosis), NENs
have a distinct IHC expression of typical neuroendocrine markers, such as synaptophysin and CgA. A
significant difference between NETs and NECs lies in their prognosis, closely related to their degree of
differentiation: NETs are either well differentiated (G1) for typical carcinoid or moderately differentiated
(G2) for atypical carcinoid, whereas SCNEC and LCNEC are both always high-grade carcinomas (G3),
with G3 tumours conferring a poorer prognosis (figure 1) [52, 53].

Still, NETs are distinct and different from NECs as suggested by molecular studies with major differences
in IHC and molecular features between the four subgroups. It is considered that pulmonary neuroendocrine
cells are the precursor of all NECs (both SCNEC and LCNEC) [54–56]. Similarly, non-G3 NETs (typical
and atypical carcinoids) most probably also have a common precursor [57, 58].

Morphological and immunohistochemical features of NEN
Morphological appearance is the first pathological feature, indicating a possible diagnosis of a lung NEN.
As neuroendocrine differentiation is typical for NENs, all four subtypes consistently show expression of
neuroendocrine biomarkers such as CgA and synaptophysin, as discussed above.
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Ki 67 is also a biomarker, largely used in the classification of NENs of other organ origin, e.g. pancreatic,
gastrointestinal [35, 59]. It could be a useful biomarker in small samples to distinguish between the two
large groups of pulmonary NEN: NETs and NECs [60, 61]. Tumour samples should be submitted to IHC
in search of NENs only if neuroendocrine morphology has been first detected. IHC is also helpful in the
differential diagnosis to distinguish between NECs and poorly differentiated nonsmall cell carcinomas [62,
63]. They might mimic SCLC and the lack of expression of p40 [64, 65] or high molecular
weight cytokeratin, such as CK7, CK8 or CK18 [63, 66], excludes a diagnosis of G3 (basaloid) squamous
cell lung carcinoma [63]. The addition of CD56 may also be useful as it is a biomarker of SCLC, but not a
marker for neuroendocrine differentiation [67].

Recent publications indicate a new protein – INSM1 as a biomarker [50, 68]. INSM1 is expressed in up to
100% of NETs and over 90% in NECs and is detected in <5% of non-neuroendocrine lung cancers [50].
Not all SCLC expresses neuroendocrine biomarkers and a minority (about 10–15%) lack neuroendocrine
markers, identifying a subgroup of SCLC, referred to as variant subtype [69–71]. It is also thyroid
transcription factor 1 (TTF1) negative [72]. Abnormal expression of p53, e.g. diffuse staining or lack of
expression in all tumour cells, is typically a feature of NECs, but may also rarely be expressed in
NETs [58].

IHC expression is important not only as diagnostic marker, but it may also be relevant to therapy. In all
NENs, the expression of somatostatin receptors is closely related to the subtype of the lung tumour as well
[73]. Expression of other biomarkers such as retinoblastoma [69], delta-like canonical notch ligand 3 [74],
mammalian target of rapamycin [75], programmed death-ligand 1 [76] or thymidylate synthase [77, 78]
remain emerging targets for the treatment of SCLC and will be discussed in detail below.

Molecular pathology
Lung NENs feature a heterogeneous spectrum of molecular alterations, potentially valid for personalised
treatments. NETs and NECS have different molecular profiles.

Neuroendocrine tumours
Non-G3 NETs (atypical and typical carcinoids) probably have a common precursor [57, 58], and due to
this they are characterised by similar molecular findings, largely differing from those of NECs. They
typically have low tumour mutational burden) [79] and the number of somatic mutations increase with the
mitotic count, the proliferation rate, the grade of differentiation and Ki 67 [80]. Enrichment of genes of the
mitogen-activated protein kinase pathway, and changes in chromatin remodelling genes such as MEN1
(mutations or low MEN1 expression), AT-rich interaction domain 1A (ARID1A), and eukaryotic translation
initiation factor 1A X-linked (EIF1AX), as well as mucin 6 (MUC6), spectrin alpha erythrocytic 1 (SPTA1)
and transforming growth factor-β signalling, are one of the most frequent molecular changes in NETs [81].
Signatures with different gene alterations are associated with favourable (low mutational burden) or worse
prognosis (RET upregulation, OTP and CD44 downregulation, chromosomal instability) [82–84].

Neuroendocrine carcinomas
NECs are characterised by high tumour mutational burden [80]. Molecular analysis of NECs describes
alterations in the SMAD family member 4 (SMAD4 mutations), with mutations in JAK3, NRAS, RB1 and
VHL1 in SCLC, and FGFR2 mutations in LCNEC only [85]. Both SCNEC and LCNEC share alterations
as RB1, TP53, FGFR1 amplifications and many others (table 4). As a subtype with the highest number of

Neuroendocrine tumours Neuroendocrine carcinomas

Typical carcinoid Atypical carcinoid

G1 G2

SCNEC LCNEC

G3 G3

FIGURE 1 Three-tier spectrum of grade of differentiation within neuroendocrine neoplasms. SCNEC: small cell
neuroendocrine carcinoma, LCNEC: large cell neuroendocrine carcinoma.
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molecular alterations, LCNEC is more frequently characterised by deletions in cyclin-dependent kinase
inhibitor 2A (CDKN2A), TTF1 amplifications, and STK11 mutations as in non-neuroendocrine and
squamous cell tumours. LCNEC may also carry MEN1 mutations [86, 87].

Treatment according to stage
Small cell lung cancer
SCLC is an aggressive cancer with poor prognosis and significant risk of disease progression. The
management approach thus requires a proactive multidisciplinary team effort to expedite staging and
treatment to improve patient outcomes and survival.

The recommended treatment for SCLC varies according to the disease stage. Most studies used the VA
scheme (as mentioned earlier) to categorise patients into ES (stage III–IV) and LS (stage I–III) based on
the anatomical extent within the thorax, and performance status of the patient.

Management of LS-SCLC
Both the European Society for Medical Oncology and National Comprehensive Cancer Network clinical
practice guidelines recommend a multimodality approach in selected LS disease patients with a curative
intent [5, 10]. TNM staging further plays a role for selecting patients with early-stage disease who may be
candidates for surgery.

Early-stage SCLC
The role of surgery in LS disease is evolving but remains controversial, owing to the lack of contemporary
randomised control data and existing low-quality evidence. Prior to offering surgical treatment to selected
patients, pathological mediastinal staging is essential. In selected LS-SCLC patients who present in an
early stage (T1–T2N0(−1)M0), surgical resection, preferably lobectomy with mediastinal lymph node
dissection or systematic sampling, should be offered [10]. While systematic mediastinal nodal dissection
has been long established as the standard of care for nonsmall cell lung carcinoma, the role of systematic
nodal dissection in SCLC is still a matter of debate. A recent retrospective study looked at survival and
tumour recurrence in patients with cT1–2N0M0 SCLC who underwent curative intent surgery. The group
(n=112) that underwent systematic lymph node dissection had better overall survival (OS) (66.4% versus
48.4%) and recurrence-free survival (63.5% versus 37.6%) and lower local recurrence rates (11.6% versus
42.9%) compared with those who underwent sampling (n=35) [88]. These results are promising, however,
further prospective large multicentre randomised trials are needed to validate definitive OS and
recurrence-free survival benefit, as systematic lymph node dissection does increase operative time and
morbidity compared with sampling.

Adjuvant chemotherapy is always indicated and mediastinal radiotherapy is recommended in patients with
incomplete resection (R1–2) or in whom locally advanced disease is found (N2/3). A retrospective study of
surgical resection in early LS disease, pathological stages I and II, showed improved 5-year survival rates
of 64% and 65%, respectively, in the two patient groups. In an analysis of the National Cancer Database of
507 patients with stage I and II SCLC, lobectomy and adjuvant chemotherapy had better OS (median
48.6 months) compared with those receiving concurrent chemoradiotherapy (median OS 28.7 months) [89].
Other treatment options for patients unfit for surgery are fractionated radiotherapy and stereotactic
radiotherapy. Further prospective randomised control trials of a single or multimodality approach are
needed to inform the most suitable individualised patient care in early-stage SCLC.

TABLE 4 Mutations associated with small cell lung cancer and large cell neuroendocrine carcinoma

Mutations SCLC LCNEC

TP53 alteration Present Present
RB1 alteration Present Present
FGFR1 amplification Present Present
STK11 mutation Present
CDKN2A deletion Present
TTF1 amplification Present
MEN1 mutation Present

SCLC: small cell lung cancer; LCNEC: large cell neuroendocrine carcinoma.
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Locally advanced SCLC
The well-established treatment modality in patients with locally advanced SCLC (any T N2–3 M0) is
chemoradiotherapy, as surgery is not an option due to nodal involvement. The standard chemotherapy
regimen includes cisplatin (or carboplatin for favourable toxicity profile, as it is less emetogenic and
nephrotoxic but its dose-limiting toxicity is significant for myelosuppression, particularly thrombocytopenia)
plus etoposide. Traditional expert consensus is to prefer a cisplatin-based regimen in LS-SCLC in curative
intent settings, while a carboplatin-based regimen is preferred in ES-SCLC in palliative settings for its
favourable toxicity profile.

Thoracic radiotherapy plays a significant role in treatment of SCLC (table 5). While the standard of care is
concurrent twice daily radiotherapy, for logistical and patient reasons most centres deliver once-daily
radiotherapy. The current evidence-based recommendation is to initiate radiotherapy preferably with the
first or second cycle of chemotherapy. Four cycles of cisplatin plus etoposide and a course of radiotherapy
(45 Gy, given either once or twice daily) beginning with cycle 1 of the chemotherapy resulted in overall 2-
and 5-year survival rates of 44% and 23% [91]. A meta-analysis published in 1992 of 13 major trials,
comparing chemotherapy alone with chemotherapy combined with radiotherapy for limited SCLC,
demonstrated a 14% reduction in the mortality rate (p=0.001) [92]. The more recent CONVERT trial
confirmed that survival outcomes did not differ between twice-daily and once-daily concurrent
chemoradiotherapy in patients with LS SCLC, and toxicity was similar and lower than expected with both
regimens [93]. It is recommended that patients with good performance status (0–1) who respond to the
concurrent chemoradiotherapy are offered prophylactic cranial irradiation (PCI) to reduce risk of brain
metastases and improve OS [94, 95].

At present, there is no role for adjuvant immune checkpoint inhibitor treatment in locally advanced SCLC.
The STIMULI phase 2 study was designed to evaluate efficacy of maintenance nivolumab plus ipilimumab
after completion of concurrent chemoradiotherapy and PCI, but was marred by slow accrual and did not meet
the primary end-point of progression-free survival [96]. The ongoing phase III ADRIATIC trial of durvalumab
±tremelimumab in inoperable LS-SCLC after concurrent chemoradiotherapy may inform the role of immune
checkpoint inhibitors in LS-SCLC, but at present the evidence to incorporate this practice is lacking.

Management of ES-SCLC
SCLC is a chemosensitive cancer and usually responds rapidly to treatment with a response rate of up to
80% [97]. The historical mainstay of care has been first-line platinum-based chemotherapy with 4–6 cycles
of cisplatin (or carboplatin) plus etoposide, with a median survival of 7–11 months. A systematic review of
36 clinical trials (from 1980 to 1998) of the chemotherapy regimen (cisplatin plus etoposide) showed a
survival benefit in favour of the doublet regimen [97]. The other doublet regimens available as first-line
treatment includes cisplatin–irinotecan and cisplatin–topotecan. The emergence of immune checkpoint
inhibitors, with an increasing pool of evidence of their efficacy, opened the doors to their use as first-line
in combination with chemotherapy for ES-SCLC. The IMpower133 study evaluated atezolizumab in
combination with carboplatin and etoposide in metastasised SCLC and resulted in an improved 18-month
survival rate of 34% compared with 21% for the platinum-doublet alone, with a comparable safety profile
and quality of life [98]. The Keynote-604 study demonstrated OS was prolonged in patients receiving
pembrolizumab and chemotherapy compared with chemotherapy alone but did not demonstrate an effect
on progression-free survival or improvement in quality of life [99]. The CASPIAN trial assessed
durvalumab, with or without tremelimumab, to standard platinum plus etoposide chemotherapy in

TABLE 5 Indication and timing of concurrent thoracic radiotherapy and PCI in LS-SCLC

Thoracic RT
in SCLC

LS-SCLC (stage I–III: cT1–4, N0–3, M0)
Bulky mediastinal disease
Residual mediastinal disease after induction
chemotherapy

Concurrent starting with the first or second
cycle of chemotherapy

Could consider with third cycle of
chemotherapy to achieve tumour response to
initial chemotherapy to reduce radiation
toxicity

Twice daily thoracic RT of 45 Gy
in 1.5 Gy per fraction over
3 weeks

Alternative regimen, daily
thoracic RT of 60–70 Gy in
1.8–2.0 Gy per fraction over
5 weeks

PCI in
LS-SCLC

Recommended for stage II–III LS-SCLC
without progressive disease, age <70 years
with good performance status (ECOG 0–2)

After the completion of 4–6 cycles of
chemotherapy and concurrent thoracic RT

25 Gy in 10 fractions

PCI: prophylactic cranial irradiation; RT: radiotherapy; LS: limited stage; SCLC: small cell lung cancer; ECOG: Eastern Cooperative Oncology Group.
Information from [5, 90].
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treatment-naive patients with ES-SCLC and showed that addition of durvalumab to chemotherapy
significantly improved OS [100]. These studies show adding immune checkpoint inhibitors to standard
chemotherapy provides an OS advantage with an acceptable safety profile.

Oral topotecan is the only second-line therapy approved in Europe and has a response rate of <20% with a
median survival of 26 weeks compared with a median survival of 14 weeks in patients offered best
supportive care only [101]. Lurbinectedin, an alkylating agent granted orphan designation by the European
Medicines Agency, showed some promising results in a phase II trial; however, a subsequent ATLANTIS
study assessing lurbinectedin and doxorubicin versus topotecan did not improve survival in patients with
relapsed SCLC [102].

The role of PCI in ES-SCLC is unclear. In a prospective clinical trial published in 2007, the primary
end-point of time to symptomatic brain metastases was lower in the irradiated patient group and the 1-year
survival rate was 27% compared with 13% in non-irradiated patient group. A brain CT/MRI was not,
however, mandatory before inclusion [103]. Later, a Japanese clinical trial challenged the benefits of PCI
as while PCI reduced the incidence of brain metastases, there was no OS or cognitive benefit [104].

Thoracic radiotherapy may be considered after first-line chemotherapy in patients with residual thoracic
disease, as it demonstrated improved 2-year OS in the exploratory analysis of the CREST trial [105, 106].
In clinical practice, however, it is frequently reserved for symptom palliation in patients presenting with
superior vena cava syndrome and/or central airway compression.

Radiotherapy also plays an important role in the palliation of brain metastases, painful bone lesions and
spinal cord compression. There is a lack of evidence to recommend vascular or airway stenting to improve
quality of life or OS. Chemotherapy and radiation therapy offer effective palliation of symptoms, but
supportive care should be sought with particular emphasis on regular pain and emesis assessment and
psychosocial support. Early smoking cessation is associated with improved OS and the implementation of
interventions with this aim is recommended (table 6) [107].

Carcinoids and other NETs
Surgery is the recommended standard of care for both typical and atypical lung carcinoids even in the
presence of N2 disease. The best procedure depends on size, location and previous biopsy assessment but
anatomical pulmonary and lymph node resection are preferred [12]. Adjuvant chemotherapy appears to
have no benefit and is not routinely recommended but may be considered in fit patients with high risk of
relapse (e.g. N2 positive atypical carcinoid). The paucity of clinical trials on metastatic disease is a barrier
in the management of these patients, whose main objectives are control of tumour growth and functioning
syndromes [12].

Likewise, large clinical trials to define the approach to LCNEC are also lacking and recommendations are
largely based on extrapolation from other histological subtypes [108]. Multidisciplinary management of the
disease is thus advised. Surgery should be considered first-line in early-stage disease (stage I–III), with
lobectomy and pneumonectomy overperforming sub-lobar resection [107–109]. Unlike carcinoids, the
existing evidence, though retrospective in nature, supports adjuvant chemotherapy even in localised
disease, with cis/carboplatin plus either etoposide or irinotecan [110, 111]. Radiation therapy appears to
prolong survival in patients with stage III disease who are not surgical candidates and may be considered
first-line therapy in patients with localised disease unfit for surgery, with advantage for stereotactic ablative
radiotherapy [111, 112]. A benefit of radiation therapy among patients with stage I–II disease as adjuvant
therapy has not, however, been shown. Chemotherapy remains the standard treatment of stage IV disease,
with limited evidence supporting the superiority of SCLC regimens (i.e. cis/carboplatin plus etoposide)
over NSCLC regimens [113]. While a retrospective study suggests immunotherapy may have a role in
treating stage IV disease, further studies are required to both determine the most advantageous regimens as
well as which patients will benefit the most [112, 114].

TABLE 6 Treatment in extensive stage small cell lung cancer

First-line treatment 4 cycles Carboplatin+etoposide+atezolizumab Maintenance atezolizumab
4 cycles Platinum+etoposide+durvalumab Maintenance durvalumab
4–6 cycles Carboplatin+etoposide
Carboplatin+oral topotecan
Cisplatin+irinotecan

Second-line treatment Oral or i.v. topotecan
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Quality of life/survivorship
As bronchial carcinoid tumours are often characterised by indolent clinical behaviour, survival is much
better compared with SCLC/LCNEC. Most patients treated with surgery will be cured, leading to a 5- and
10-year OS rates of 93% and 82%, respectively. This is slightly worse for those with atypical carcinoids
where 5- and 10-year OS rates are 69% and 59%, respectively [115]. For those treated with surgery,
advanced age and the extent of lung resection is related to a decline in physical aspects of quality of life
[116]. Overall, in long term survival general quality of life is relatively well preserved [117].

However, the survival of patients with SCLC is poor, with a median OS of 2–4 months without treatment.
For patients with LS disease, the OS is much better than that for those with ES disease and LS disease
patients typically have a median OS of 16–24 months and a 5-year OS rate of 14%, with treatment. For
treated ES patients, this declines to a median OS of 6–12 months, whereas long-term survivorship is only
4% [118, 119]. At time of diagnosis, most untreated patients have an impaired quality of life with ES
patients being mostly affected [120]. For these patients, the pattern of metastasis is often related to the
symptoms patients perceive, reflecting on their quality of life. It is known that bone and brain metastases,
the most common sites of metastasis for SCLC, are responsible for more symptoms than other sites [121].
Better quality of life at baseline is a favourable prognostic factor toward survival, whereas patients that
respond to treatment report higher scores compared with untreated patients [120, 122]. The addition of
immune checkpoint inhibitors to chemotherapy, as introduced in recent years, improved quality of life after
initiating treatment, with more pronounced and persistent improvements in those treated with chemo/
immunotherapy compared with chemotherapy alone [123]. Observational studies evaluating quality of life
in the real world are lacking [120]. PCI reduces the incidence of brain metastases in patients who have
shown a response to chemotherapy for their ES-SCLC and might improve OS, however, it comes at the
cost of an increased risk of late memory impairment and fatigue [103].

In a large Dutch cohort of 12 796 patients diagnosed with SCLC or LCNEC, patients diagnosed with stage
I–II LCNEC do have a better prognosis compared with SCLC (median OS 32.4 versus 17.8 months),
whereas this declines at stage III (median OS 12.6 versus 12.2 months). At stage IV, the median survival
of LCNEC is worse than SCLC, with a median OS of 4.0 versus 5.3 months [124]. There are no studies
reporting on the quality of life for select cohorts of LCNEC patients, but as advanced stage LCNEC
resembles SCLC in clinical characteristics, quality of life of these patients will be comparable.

Conclusions
For any cancer, clinicians integrate findings from various diagnostic modalities to create a comprehensive
diagnostic profile, determining the tumour’s histological subtype, stage and molecular characteristics,
which are crucial for devising personalised treatment strategies. Lung NETs and SCLC are no different.
Multidisciplinary tumour boards play a pivotal role in refining diagnoses and developing individualised
management plans, considering the complex nature of neuroendocrine lung tumours and the evolving
landscape of targeted therapies and immunotherapies. Continued research into innovative diagnostic tools
and refined molecular profiling holds promise for enhancing early detection and optimising therapeutic
interventions for patients with neuroendocrine lung tumours.

Key points
• Neuroendocrine tumours, including SCLC, can present with paraneoplastic phenomena.
• A multidisciplinary approach is required for staging and deciding on management.
• As treatment options improve, long-term survivorship is also increasing.
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