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5.1	 �Overview and Classification

Neuroendocrine neoplasms (NEN) are a hetero-
geneous group of malignancies, with different 
morphological, immunohistochemical, and 
molecular characteristics rendered into a notice-
ably different clinical and biological behavior 
[1]. The NENs are represented by cells with neu-
roendocrine phenotype similar to the normal 
cells of the diffuse neuroendocrine system [2]. 
Since this system is ubiquitous throughout the 
body, any organ can be involved by such category 
of malignancies. The respiratory system is the 
second most common site of NEN, after the gas-
trointestinal tract [3]. The global incidence of 
pulmonary NENs is about 0.2–2/1,000,000/year 
[4]. Despite rare, NENs showed an average fre-
quency increase of 6% per year in the last 
30  years [5, 6], namely, from 0.31 to 
1.61/100.000 in the USA from 1973 to 2012 [5]. 
Particularly, the well-differentiated types of 
NENs seem to be on the rise, as opposed to the 
decrease in most aggressive type [6, 7]. This fig-
ure is probably due to the improvement in diag-
nostic tools and diffusion of lung cancer 
screening programs with computed tomography 
(CT) [4, 8]. Furthermore, the decrease in smok-
ing rate, extended use of filtered cigarettes, and 
changes in the pathological diagnostic criteria 
could have played a role in the relative reduction 
of poorly differentiated types [9].

Pulmonary NENs arise in the bronchial and 
bronchiolar epithelium, likely from the pluripo-
tent bronchial epithelial stem cells. They are com-
posed of tumor cells similar in phenotype to the 

endodermal pulmonary neuroendocrine cells, 
also known as Kulchitsky cells [10–12].

According to the 2015 World Health 
Organization (WHO) classification, there are 
four main types of pulmonary NEN: typical car-
cinoid (TC), atypical carcinoid (AC), large cell 
neuroendocrine carcinoma (LCNEC), and small 
cell lung carcinoma (SCLC) [13]. A correlation 
between smoking history and the onset of all 
these neoplasms has been clearly shown, with 
the exception of TC [1]. The major epidemio-
logical aspects of lung NENs are summarized in 
.  Table  5.1. Pulmonary NENs account for 
approximately 25% of all invasive primary lung 
cancers [14], mostly consisting in SCLC (75%), 
followed by LCNEC (15%), TC (9%), and AT 
(1%) [4]. This classification was updated in 2015, 
and each of the aforesaid four histologic variants 
reflects a unique type of neuroendocrine cell 
proliferation, with different histological grades. 
The histological grade of NENs ranges from low-
grade (TC), to intermediate-grade (AC) [15], to 
high-grade and poorly differentiated malignan-
cies (LCNEC and SCLC) [16]. The prognosis and 
management are widely variable among NENs 
according to such heterogeneous histological 
features [13, 17]. Noteworthy, the 2018 consen-
sus proposal of the International Agency for 
Research on Cancer (IARC) and WHO forwarded 
a uniform classification framework for NENs 
from any organ, with the aim of providing con-
sistent taxonomy. Hierarchical classification of 
NEN is established into two families: neuroendo-
crine tumor (NET) and neuroendocrine carci-
noma (NEC). The term NET is intended to 

.      . Table 5.1  Comparison between major epidemiological factors of lung NENs

Neuroendocrine tumor
(NET)

Neuroendocrine carcinoma (NEC)

TC AC LCNEC SCLC

Mean patient age 40–49 50–59 70–79 60–69

M:F ratio >2.5:1 2:1 2.5:1 >2.5:1

Association with smoking No Yes Yes Yes

Paraneoplastic syndromes ↓ ↓ ↓↓ ↑

NENs neuroendocrine neoplasms, TC typical carcinoid, AC atypical carcinoid, LCNEC large cell neuroendocrine 
carcinoma, SCLC small cell lung carcinoma, M male, F female, ↓ uncommon, ↓↓ very uncommon, ↑ frequent
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designate a family of well-differentiated neo-
plasms whose potential for dissemination 
depends on tumor site, type, and grade. 
Conversely, NEC is clearly indicative of high-
grade malignant histology and biological behav-
ior. In pulmonary NENs, the NET family 
encompasses the well-differentiated TC and 
AC.  Otherwise, the poorly differentiated and 
high-grade LCNEC and SCLC are assigned in 
the NEC family (.  Table 5.2) [18].

According to the WHO classification [13], the 
diagnosis of NEN is based on two parameters: the 
mitotic index per 2  mm2 of viable area and the 
presence/absence of necrosis (.  Table  5.3). The 
highest mitotic index and the most extensive 
areas of necrosis are typical of the high-grade 
poorly differentiated carcinomas, such as LCNEC 
and SCLC [13].

Furthermore, the last WHO classification 
mentions Ki-67 index for stratification of NENs 
[13, 19]. Interestingly, a new classification of lung 
NENs has been published [20], which combines 
mitosis count (≤2, 3–47, >47), necrosis propor-
tion (absent, <10%, or >10%), and Ki-67 cellular 
proliferation index (<4%, 4–24%, 25%). Such 
composite score correlated with prognosis and 
allowed stratification of AC and LCNEC.

Cytological (cell size and nuclear morphol-
ogy) and architectural features are additional 
characteristics which can be particularly useful 
to distinguish between LCNEC and SCLC [16]. 
The typical immunohistochemical markers for 
identifying NENs are chromogranin A, CD56, 
and synaptophysin. Such immunohistochemical 
pattern is usually required for diagnosis of lung 
NEN [7], especially in case of LCNEC that 

.      . Table 5.2  Lung NEN 2018 IARC-WHO proposed classification

Category Family Type Grade Current terminology

Neuroendocrine 
neoplasm (NEN)

Neuroendocrine 
tumor (NET)

Pulmonary neuroendocrine 
tumor (NET)

G1 Typical carcinoid (TC)

G2 Atypical carcinoid (AC)

Neuroendocrine 
carcinoma (NEC)

Pulmonary NEC, large cell type Large cell neuroendo-
crine carcinoma 
(LCNEC)

Small cell lung carcinoma 
(pulmonary NEC, small cell 
type)

Small cell lung 
carcinoma (SCLC)

IARC International Agency for Research on Cancer, WHO World Health Organization

.      . Table 5.3  Lung NEN classification (WHO 2015)[13]

Grade Mitosis Necrosis

Low gradea Typical carcinoid (TC) 1 <2 mitosis/2 mm2 Absent

Intermediate 
gradea

Atypical carcinoid (AC) 2 2–10 mitosis/2 mm2 Present

High gradeb Large cell neuroendocrine carcinoma 
(LCNEC)

3 >10 mitosis/2 mm2 Exten-
sive

Small cell carcinoma (SCLC) High

NENs neuroendocrine neoplasms, WHO World Health Organization, TC typical carcinoid, AC atypical carcinoid, 
LCNEC large cell neuroendocrine carcinoma, SCLC small cell lung carcinoma
aWell differentiated
bPoorly differentiated
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should be distinguished from undifferentiated 
large cell carcinoma, which is not classified as a 
NEN [16].

The staging system of NEN was quite hetero-
geneous in the past, while it is currently deemed 
within the standard of AJCC/UICC (American 
Joint Committee on Cancer/Union for 
International Cancer Control) eighth edition of 
TNM system for lung cancer [21].

5.2	 �Carcinoid

5.2.1	 �Epidemiology and Clinical 
Presentation

Lung carcinoid shows an annual incidence of 
2.3–2.8 cases per million [22]; it accounts for 
almost 25% of all carcinoids throughout the body 
[6, 8] and 2.2% of all lung neoplasms [23].

From among all lung carcinoids, 80–90% are 
classified as TC and the remaining 10–20% as AC 
[23, 24].

The majority of carcinoids occurs as sporadic 
disease, while 5–10% of carcinoids are found in 
association with multiple endocrine neoplasia 1 
(MEN 1) [25, 26]. Historically, TC occurs more 
frequently in women while AC in men. However, 
it seems that gender distribution is quite dynamic 
as it was recently observed that TC might be 
increasing in men [1]. The mean age at diagnosis 
is 45  years for TC and 55  years for AC 
(.  Table  5.1) [1, 27]. Carcinoid represents the 
most common primary pulmonary neoplasm in 
children and young adults [28]. Carcinoid was 
reported to occur more frequently in African-
American subjects [5].

At the time of diagnosis, lung carcinoid might 
be asymptomatic or result in nonspecific respira-
tory symptoms; usually the clinical pattern fol-
lows the tumor location [15]. Central carcinoid 
presents with cough, hemoptysis, dyspnea, 
wheezing, recurrent infections, or obstructive 
pneumonia. Conversely, peripheral carcinoid 
usually appears as asymptomatic incidental imag-
ing finding [29]. Most carcinoids are located cen-
trally, in the main (10%) or lobar bronchi (75%). 
A centrally located tumor is more frequently a TC 
than an AC; therefore, TC tends to manifest about 
10  years earlier because of signs and symptoms 
due to central airway obstruction.

Lung carcinoids are mostly nonfunctional 
(90%) [29]; hence, paraneoplastic syndrome is 
seldom reported [30].

TC has better prognosis than AC both because 
of their earlier symptoms and more indolent 
behavior. Indeed, both nodal involvement and 
distant metastatic spread are substantially lower 
in TC than AC at the time of diagnosis [31]. The 
5-year survival of patients with TC ranges from 
87% to 100%, while AT yields worse outcome 
ranging from 44% to 88% [28]. AC also shows a 
higher recurrence rate when compared to TC 
(33% vs. 3.6%) [32]. The major differences in the 
prognosis of carcinoids are reported in .  Table 5.4.

In a cohort of patients with metastatic disease 
(both TC and AC), the median survival is about 
24  months, with a 5-year overall survival rate of 
32% [33]. Negative prognostic factors for carcinoid 
are high grading and TNM stage, high tumor bur-
den, peripheral location, higher age at diagnosis, 
poor performance status, and absence of uptake on 
somatostatin receptor scintigraphy [34, 35].

Surgical resection is the optimal treatment for 
localized lung carcinoid [28].

In the suspect of AC, the tumor resection 
should be completed with parenchymal resection 
associated with extended lymph node dissection. 
Furthermore, adjuvant chemotherapy should be 
considered. Although carcinoid tumors generally 

.      . Table 5.4  Carcinoids’ differences in prognosis

TC AC

Metastases at 
presentation

Regional lymph 
node metasta-
ses: 5–15%
Distant 
metastases: 
3–5%

Regional 
lymph node 
metastases: 
50%
Distant 
metastases: 
25%

Survival 5-year survival: 
87–100%
10-year 
survival: 
88–94%

5-year 
survival: 
44–88%
10-year 
survival: 
18–64%

Recurrence 
(median 
time: 4 years)

3.6% 33%

TC typical carcinoid, AC atypical carcinoid
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show indolent behavior, they could recur. Relapses 
in patients with TC and AC usually occur within 
10 and 5  years, respectively. Therefore, surveil-
lance is recommended for a minimum of 20 years 
[36]. Metastatic and unresectable tumors may be 
treated with chemotherapy, immunotherapy (par-
ticularly with everolimus), or radiolabeled agents 
such as somatostatin analogs [28, 34].

5.2.2	 �Pathology

Carcinoids are usually rounded tumors, with an 
average size of 2–3 cm. The definition of carcinoid 
relies on size: a carcinoid is intended to be ≥5 mm 
in diameter [13], whereas any proliferation of neu-
roendocrine cells <5  mm is called tumorlet. The 
tumorlet pattern is typically an incidental finding 
in lung specimens showing various inflammatory 
or fibrotic conditions; nevertheless, it can also be 
found in the rare condition known as diffuse idio-
pathic pulmonary neuroendocrine cell hyperplasia 
(DIPNECH) [37]. Tumorlets show metastatic 
potential despite their limited size, especially 
when multiple in number and fused in larger size 
lesions in the context of DIPNECH [38, 39].

The nomenclature of TC and AC inherently 
reflects the grade, G1 and G2, respectively. 
Otherwise, the cytoarchitectural features are quite 
overlapping between TC and AC.  Notably, they 
both display a moderate amount of eosinophilic 
cytoplasm and nuclei with finely granular chro-
matin, which may also display a coarse pattern in 
a minority of AC.  Furthermore, inconspicuous 
nucleoli are seen in most TC, while they happen 
to be also more prominent in AC [37]. As opposed 
to TC (.  Fig.  5.1), AC displays possible focal or 
spotty (i.e., limited in size) necrosis and/or a 
mitotic index of 2–10 mitoses per 2  mm2 
(.  Table  5.3). In rare cases, AC morphology 
might be coupled with more than 10 mitoses per 
2 mm2; this scenario falls under the definition of 
LCNEC [13].

TC and AC are widely and strongly positive 
for the neuroendocrine markers chromogranin A, 
synaptophysin, and CD56 N-CAM (neural cell 
adhesion molecule) and usually for somatostatin 
receptors subtypes 2 and 5 (SSR2 and SSR5). 
Conversely, the expression of TTF1 (thyroid tran-
scription factor 1) is limited to peripheral lesions 
only. The proliferation rate by Ki-67 staining is 

lower in TC (less than 5%) than in AC (usually 
5–20%) [37].

5.2.3	 �Imaging

Typical and atypical lung carcinoids are indistin-
guishable from an imaging standpoint.

Chest X-ray is usually nonspecific, as it may 
show an isolated well-defined hilar or perihilar 
nodule/mass associated with parenchymal abnor-
malities, such as atelectasis or obstructive pneu-
monitis. Isolated signs of endobronchial mucoid 
impaction might also be depicted into the “finger-
in-glove” pattern [1].

CT is the main imaging technique for the 
detection, localization, and staging of these neo-
plasms. Size and location of the lesion might 
somehow suggest the differential between TC and 
AC, with the latter being relatively larger and 
more peripheral [28]. Three possible patterns are 
recognized for carcinoids: hilar or perihilar nod-
ules/masses, endobronchial nodules, and periph-
eral nodules [40].

In case of hilar or perihilar nodules/masses 
ranging 2–5  cm in size, the tumor is usually a 
well-defined round or ovoid lesion, and it can 

.      . Fig. 5.1  Typical carcinoid (TC). Image H&E×20 
(hematoxylin and eosin) shows a trabecular/solid islet 
structure, void of necrosis and with very limited cell 
pleomorphism, abundant cytoplasm, and monomorphic 
nuclei; note the absence of mitosis. Overall, such features 
identify a well-differentiated neuroendocrine neoplasm
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appear with lobulated margins. Such lesions are 
typically located near the bifurcation of central 
bronchi [40].

Endobronchial lesion is often seen in central 
carcinoid. They frequently grow as primary endo-
bronchial lesions with a subsequent extension to 
the adjacent lung parenchyma. Nonetheless, the 
endobronchial finding of carcinoid can also hap-
pen with opposite dissemination pathway, namely, 
a prominent extraluminal component can grow 
on the external aspect of the bronchus and subse-
quently trespass the bronchial wall into the bron-
chial lumen. Such scenario is known as “iceberg 
lesion” (.  Fig. 5.2) referring to the morphological 
parallelism between the tip of the iceberg (bron-
choscopic vision) and its massive drowning por-
tion (extrabronchial growth). Moreover, some 
small carcinoids can be entirely located within the 
bronchial lumen.

Carcinoid could also manifest as a solitary 
pulmonary nodule (SPN) in the lung periphery 
and may not show any bronchial relationship, 
usually measuring less than 3 cm in size [41].

Calcifications are seen in about 30% of carci-
noids, notably with punctate or diffuse pattern 
[1, 40].

Both TC and AC show uniform intense con-
trast enhancement, commonly above 30 
Hounsfield Unit (HU) (.  Fig. 5.2) [1]. However, 
some carcinoid may lack contrast enhancement 
and may have irregular contours, the majority of 
them being AC. Rarely, carcinoids can show cavi-
tation and areas of central macroscopic necrosis; 
this pattern is expected for larger lesions [1].

Other imaging techniques can be useful in the 
diagnosis and staging of carcinoid. Scintigraphy 
with octreotide is helpful in the localization of 
occult tumors, for staging purpose and estimation 
of somatostatin receptor density, which is relevant 
information for treatment selection [15]. On pos-
itron emission tomography (PET) with Fluorine18-
fluorodeoxyglucose (18F-FDG), most carcinoid 
tumors do not show increased activity, with the 
exception of ACs, particularly in case of higher 
proliferation rate [42].

Recent analysis showed that 68-gallium-
radiolabeled PET (68Ga-DOTA-PET) displayed 
higher uptake in TC rather than in AC. Such pat-
tern of uptake is attributed to the slow metabo-
lism and the increased somatostatin receptor 
expression of TC. On the other hand, 68Ga-DOTA 
uptake is decreased in AC due to its more aggres-
sive behavior (.  Fig. 5.3) [43].

5.2.4	 �Pathway of Diffusion: Local 
Spread

Central carcinoids can have an endoluminal com-
ponent with a focal or broad attachment to the 
bronchial wall. They usually do not infiltrate the 
bronchial mucosa, which may be substantially 
preserved above the lesion [30].

Although some carcinoids grow exclusively 
within the bronchial lumen, the invasion through 
the bronchial wall is common and can associate 
with infiltration of peribronchial soft tissue, carti-
laginous rings, and adjacent lung parenchyma 

a b c d

.      . Fig. 5.2  Axial and coronal chest CT images at lung 
window setting a, b show an endoluminal lesion in the 
right lower lobe bronchus (black arrow) extending into 
the lung parenchyma. At mediastinal window setting c, d, 

the solid lesion shows marked contrast enhancement and 
inner calcifications (white arrow), with distal endobron-
chial mucoid impaction (arrowhead). Histopathology 
demonstrated a typical carcinoid (TC)
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[30, 44]. This growth pattern gives a “dumbbell” 
appearance to the tumor, with variable propor-
tion between the endobronchial and the extra-
bronchial component (.  Fig. 5.2) [45, 46].

Peripheral carcinoids usually grow without 
signs of infiltration despite being nonencapsu-
lated tumors [44]. Infiltrating margins with exten-
sion into the adjacent lung parenchyma is 
reported with low frequency (22.2% of cases 
according to Ha and coworkers) [44].

AC is typically more aggressive than TC, and 
it is more likely to invade vascular or lymphatic 
structures (26.1% and 13%, respectively) [44], fol-
lowed by increased likelihood of local recurrence 
and poor prognosis [9, 42, 44].

Direct pleural involvement is uncommon for 
lung carcinoids, as opposed to the frequent 
involvement by thymic carcinoid [47]; thus, pleu-
ral effusion is quite rare, and it is more likely asso-
ciated with post-obstructive pneumonia [30].

a b

c d

.      . Fig. 5.3  Axial chest CT image in the lung window 
setting a of a solid nodule with lobulated margins in the 
anterior basal segment of the right lower lobe, showing 
both endobronchial (arrow) and extrabronchial 
intraparenchymal growth. Mediastinal window setting 
b demonstrates homogeneous contrast enhancement. 

18F-FDG-PET/CT c does not show increased activity due to 
the low proliferation index. 68-Ga-DOTA-PET/CT 
d exhibits a high uptake due to major somatostatin 
receptor expression. (Courtesy of Prof. V. Rufini). The 
nodule was confirmed to be a typical carcinoid (TC) at 
histopathology
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The most aggressive lung carcinoids may show 
infiltration of the mediastinal fat, with eventually 
direct extension to the mediastinal structures 
(superior vena cava, pericardium, etc.) [40].

5.2.5	 �Pathway of Diffusion: Lymph 
Node Involvement

Carcinoids may exhibit lymphatic invasion [44]; 
they may be associated with hilar or mediastinal 
lymph node metastatic involvement [48]. Regional 
lymph node metastases can be found in 5–15% of 
patients with TC, whereas in AC they can be 
found in almost 50% of cases [49]. Dissemination 
to hilar and mediastinal stations is usually 
depicted by enlarged lymph nodes at imaging.

However, enlargement of thoracic lymph 
nodes in carcinoids may also represent hyperpla-
sia from recurrent pneumonia or chronic periph-
eral infection [30]. This setting is more common 
in case of centrally located carcinoid determining 
bronchial obstruction.

According to Chong et  al. [50], a metastatic 
involvement of N1 stations was found in 5% and 
14% of TCs and ACs, respectively. Further dis-
semination to N2 stations was observed in 6% of 
TCs and 10% of ACs. Metastatic spread to distant 
intrathoracic lymph nodes is also possible, 
although it is rarely observed, namely about 7% of 
metastatic lung carcinoids [34]. The most fre-
quent involvement of extrathoracic stations is 
found in the upper abdomen. According to the 
TNM staging system for lung cancer [21], these 
metastatic nodes have to be considered as distant 
metastasis because their prognostic yield overlaps 
metastatic disease [34].

5.2.6	 �Pathway of Diffusion: Distant 
Metastatic Spread

Carcinoids can evolve with distant metastases; 
notably, they are found in 25% of patients with 
AC, compared to 3–5% of TC [49].

The most frequent sites of metastasis from 
lung carcinoid are the liver, bone, central nervous 
system, and adrenal glands [24, 34]. More than 
50% of patients with metastases from lung carci-
noids show multiple sites of metastasis, with the 
liver affected in most cases [51]. It should be 

underscored that liver involvement appears to be 
more common in metastatic lung carcinoids than 
in non-small-cell lung cancer (NSCLC) [51]. 
Metastatic disease from ACs is noted primarily in 
the bones, brain, and liver. Conversely, the rare 
metastases from TC preferably happen in the liver 
and bones [50]. For carcinoid tumors, a direct cor-
relation between the size of the primary lesion and 
the probability of metastasis has been reported for 
hematogenous dissemination to the liver [52].

Among carcinoid tumors from any organ, 
lung carcinoids show a higher propensity to 
metastasize to the bone and to central nervous 
system. Bone metastases from lung carcinoid dis-
play solitary or multiple sclerotic bone lesions. 
Noteworthy, the lone detection of bone metastases 
from carcinoid tumors is a predictive factor for 
primary lung carcinoids, with a frequency of 
about 34% [52]. Likewise, primary lung carci-
noids account for more than 50% of central ner-
vous system metastases by all carcinoids, even in 
this case being the most common primary origin 
of metastatic carcinoid. Of note, the propensity of 
lung carcinoid to such metastatic targets might be 
also explained by anatomical reasoning: the 
departure of neoplastic cells from the lung can 
directly harbor to both bone and brain via the sys-
temic circulation, whereas carcinoids from other 
regions (e.g., the midgut) are obligated to first 
pass through the liver and lungs.

Multiple synchronous bilateral lesions are 
reported, especially for TC.  In these cases, it is 
unclear whether this represents true metastasis, 
enlarging tumorlets, or a tendency to form multi-
ple primary pulmonary carcinoid tumors. Patients 
with multiple bilateral pulmonary TCs have been 
reported to have an excellent prognosis [50].

Unusual sites of metastatic spread can be 
occasionally seen toward pancreas, soft tissues, 
breasts, heart, skull, testis, and orbits [47].

The risk of recurrence is higher for resected 
ATs compared to TCs. Indeed, a smaller number 
of patients with TC (3.6%) than that with AC 
(33.3%) experience recurrences, with a median 
time to recurrence of 4 years, significantly longer 
than that for AC [32].

Most recurrences of carcinoid tumors of the 
lung are distant metastases, with local recurrences 
affecting only 2% of TC and 7% of AC [53, 54]. 
Metastatic lung carcinoid shows metachronous 
metastases in up to 50%, mostly in AC [34].
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5.3	 �Large Cell Neuroendocrine 
Carcinoma

5.3.1	 �Epidemiology and Clinical 
Presentation

Pulmonary LCNECs are rare neoplasms repre-
senting about 2.1–3.5% of all lung tumors and 
about 15% of lung NENs. However, this fre-
quency is potentially underestimated because of 
limitations in diagnosing LCNEC on cytological 
specimens [55, 56].

This neoplasm involves more frequently men 
than women (2.5:1), with a heavy smoking habit.

The average age at diagnosis is about 70 years 
[1, 55] (.  Table 5.1). This neoplasm shows periph-
eral location in 66–100% of cases. Centrally 
located LCNEC is associated with symptoms from 
bronchial obstruction and compression of vascu-
lar structures [57].

Slight predilection for upper lobe location has 
been reported, in about 63% of LCNEC [58].

LCNEC is rarely associated with paraneoplas-
tic syndromes [29].

Surgical resection is recommended for all 
nonmetastatic stages, with subsequent adjuvant 
chemotherapy. Unfortunately, the majority of pul-
monary LCNEC are not eligible for radical surgi-
cal treatment due to local or systemic spread [59]. 
The optimal therapeutic approach for systemic 
treatment is not established for LCNEC, yet [59].

It is increasingly understood that the pattern 
of response to chemotherapy is quite overlapping 
between LCNEC and SCLC, although with less 
chemo-responsivity, so they are frequently treated 
with the same chemotherapeutic regimens used 
for SCLC [55].

The prognosis of LCNEC is quite poor, with 
median overall survival of stages I–II, III, and IV 
about 32.4, 12.6, and 4.0  months, respectively. 
These figures are lower than survival rates in 
NSCLC [60]. Negative prognostic factors are 
advanced tumor stage, tumor size (greater than 
3 cm), and male gender [61].

5.3.2	 �Pathology

LCNEC usually appears as a circumscribed mass 
of 3–4  cm, with central foci of hemorrhage and 
necrosis. LCNEC is by definition a poorly differ-

entiated NEN, with high grading (G3). Diagnostic 
criteria for LCNEC are neuroendocrine morphol-
ogy (organoid nesting, palisading, or rosette-like 
structures), high mitotic rate (greater than 10 
mitoses per 2 mm2), and non-small-cell cytologic 
features (including large cell size and prominent 
nucleoli) (.  Fig. 5.4).

Diagnostic confirmation of neuroendocrine 
differentiation is required using immunohisto-
chemical markers such as chromogranin A, syn-
aptophysin, and CD56 or electron microscopy 
[13, 37]. In addition, TTF1 is usually strongly 
expressed, while SSR2 and SSR5 may also be pres-
ent. Ki-67 usually shows a very high proliferation 
index (50–100% of tumor cells) [37].

LCNEC histology is not easily demonstrated 
on small biopsies or cytology; in most cases, the 
diagnosis of LCNEC requires a surgical lung 
biopsy [37]. Staining for Ki-67 may help in identi-
fying the highly proliferative status of tumor cells.

5.3.3	 �Imaging

LCNECs share similar imaging characteristics 
with NSCLC; hence, there is no advantage in 
guessing the differential by imaging [29].

.      . Fig. 5.4  Large cell neuroendocrine carcinoma 
(LCNEC). Image H&E×20b (hematoxylin and eosin) depicts 
a solid structure with evident necrosis (left upper corner) 
and is composed by large in size, severely atypical cells 
with abundant cytoplasm, often prominent nucleoli, and 
evident mitotic activity. Overall such features identify a 
poorly differentiated neuroendocrine neoplasm
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LCNEC typically manifests as a large periph-
eral pulmonary mass, with well-defined lobular 
margins, even though spiculated borders may be 
observed. Calcifications are uncommon, occur-
ring in less than 9% of cases [28], and air bron-
chogram is extremely rare [58]. The tumor shows 
soft tissue density substantially similar to chest 
wall muscles. The contrast enhancement is quite 
variable: heterogeneous or peripheral, due to cen-
tral necrosis in case of large lesions [58]. Extensive 
necrosis is also possible, but cavitation is rarely 
seen. Hilar and mediastinal nodal enlargement is 
frequent [28].

According to one series, pleural effusion has 
been described in almost a quarter of cases [62].

In case of centrally located lesion, post-
obstructive signs can be observed such as mucus 
plugging, atelectasis, or pneumonia.

The comprehensive imaging of LCNEC 
includes 18F-FDG-PET/CT, which is helpful for 
staging purpose. Furthermore, PET-CT yields 
prognostic information: SUV >13.7 has been 
related to worse prognosis [63].

Although LCNEC contains somatostatin 
receptors and can be octreoscan/68Ga-DOTA-
PET positive, this imaging modality is not sug-
gested for the evaluation of this malignancy.

5.3.4	 �Pathway of Diffusion

LCNEC is a high-grade malignancy, with a high 
propensity to local and distant spread.

Tumor cells usually entirely fill pulmonary 
alveoli, or they can show a compressive growth 
pattern. This type of local growth into the lung 
parenchyma gives the tumor the appearance of a 
large lesion with well-defined margin. Still, lobu-
lated margins observed on imaging may reflect 
the interruption of tumor growth by anatomic 
boundaries [58].

In centrally located lesions, tumors are usually 
adherent to the bronchial wall, with an associated 
endobronchial polypoid component that invades 
the surrounding lung parenchyma. In these cases, 
an endobronchial growth pattern can be seen, 
usually associated to invasion of lung paren-
chyma.

Tumor emboli in the adjacent lung paren-
chyma can be observed [64].

Vascular and lymphatic invasion are possible, 
and they can correspond to the radiological evi-
dence of spiculations. Where observed, lymphatic 
permeation and vascular invasion were signifi-
cantly associated with poorer outcome [64]. 
Other causes of spiculations are irregularly protu-
berant tumor nests or a diffuse desmoplastic 
response to tumor growth [58].

Lesions show multiple punctate necrosis. In 
large tumors, necrotic foci may become larger and 
prone to be confluent in extensive areas of necro-
sis, reflecting the CT appearance of inhomoge-
neous enhancement with peripheral rim within 
the lesion.

Direct pleural tumor seeding of LCNEC cells 
is uncommon [64]. This involvement may explain 
at least some of the pleural effusions not associ-
ated with pneumonia.

At diagnosis, LCNEC presents high rate of 
lymph node metastasis (60–80%) [55]. 
Metastatic involvement of lymph node is usually 
limited to hilar and mediastinal nodes. 
Metastatic lymph nodes have been associated 
with a poor outcome [65].

At diagnosis, distant metastasis can be found 
in about 40% of patients affected by LCNEC [55].

Most common metastatic sites are liver (47%), 
bone (32%), and brain (23%), similar to that seen 
in SCLC [60]. Another possible site of metastatic 
spread is adrenal gland. Moreover, multiple case 
reports have also described metastasis in atypical 
locations, including skin, scalp, and breast, sub-
stantially similar to other lung NENs.

Some patients may have oligometastatic dis-
ease (defined as ≤3 metastatic lesions) at the time 
of diagnosis. Despite radical treatment, recur-
rence is quite common; it is reported in almost 
40% of patients, with over 90% of cases occurring 
within 2 years [61].

Local or regional recurrence has been reported 
in 27–35% of cases. Local recurrence usually 
affects bronchial stump in patients undergoing 
surgery, while lymph node recurrence mostly 
involves mediastinal and/or supraclavicular 
lymph nodes.

Distant recurrence is observed more fre-
quently than local recurrence. This happens in 
about 56–60% of cases, with most cases involv-
ing brain and liver, followed by bone and lung 
[66, 67].
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5.4	 �Small Cell Lung Carcinoma

5.4.1	 �Epidemiology and Clinical 
Presentation

Small cell lung carcinoma (SCLC) is the most 
common lung NEN; it represents 15% of any lung 
cancer [68]. It is strongly associated with cigarette 
smoking, with 95% of all patients having a history 
of heavy tobacco exposure. Other risk factors 
include exposures to agent including radon, halo-
genated ethers, arsenic, and asbestos.

SCLC typically affects patients between the 
ages of 60 and 70 years [69]. It has been more fre-
quently observed in men than in women (ratio 
2.6:1) (.  Table  5.1), even if women smokers are 
more likely to develop SCLC [70].

At the time of diagnosis, early-stage SCLC is 
very rare, representing only 5% of all cases [71]. 
The low incidence of early-stage SCLC is mainly 
attributable to its highly aggressive biological 
behavior, rapid tumor growth, and absence of 
early symptoms [71].

Patients typically present with a short dura-
tion of rapidly progressive symptoms.

Most patients present with advanced disease, 
and only 5% of cases of SCLC can display as a soli-
tary lung nodule, usually incidentally discovered 
[37] or during CT lung cancer screening programs. 
The aggressive behavior of SCLC hampers early 
diagnosis and survival advantage of SCLC in lung 
cancer screening programs by low-dose CT [72].

Patients of any disease stage may present with 
a variety of paraneoplastic syndromes, such as 
endocrine ones: the syndrome of inappropriate 
antidiuretic hormone (SIADH) and Cushing’s 
syndrome due to ectopic adrenocorticotroph hor-
mone (ACTH) production. Furthermore, neuro-
logic syndromes, as Lambert-Eaton syndrome, 
limbic encephalitis, and encephalomyelitis, can 
precede cancer diagnosis [9, 68].

5.4.2	 �Staging, Treatment, 
and Prognosis

According to the Veterans Administration Lung 
Study Group (VALSG) system, SCLC patients are 
classified as having limited-stage (LS) or extensive-
stage (ES) disease [73]. The definition of LS disease 

includes patients with disease limited to one hemi-
thorax, with hilar and mediastinal nodes that can 
be encompassed within one tolerable radiotherapy 
portal, and possibly with ipsilateral supraclavicu-
lar lymph nodes. LS-SCLC is deemed a potentially 
curable disease. Conversely, ES disease is charac-
terized by neoplastic invasion beyond the afore-
mentioned boundaries.

The eighth TNM staging system replaces the 
VALSG [21]. According to TNM, stages I–III cor-
respond to LS-SCLC, while stage IV corresponds 
to ES-SCLC.

Surgical resection with mediastinal lymph 
node dissection, followed by adjuvant chemo-
therapy, is indicated only for true stage I patients, 
which unfortunately are very rare (<5%). Most 
patients with LS receive a combination of cispla-
tin/carboplatin and etoposide plus thoracic radia-
tion therapy (RT) [74].

Prophylactic cranial irradiation (PCI) is rec-
ommended for patients with good performance 
status who have responded to chemotherapy [75].

ES-SCLC is approached by chemotherapy 
with palliative purpose. Patients with a good 
response to therapy should be considered for PCI 
and/or thoracic RT [74].

SCLC is typically very responsive to chemo-
therapy; therefore, chemotherapy can prolong 
survival [76]. Unfortunately, relapse with 
chemoresistant disease is inevitable, with fewer 
than 10% of patients with ES alive after 2  years 
[74]. The overall survival rate is only about 5%: 
patients with ES-SCLC have a mean survival of 
about 8–10 months and a 2-year survival rate of 
10%, against the 15–20 months in the LS disease, 
with 20–25% of long-term survival [77]. The 
5-year survival rates of SCLC and LCNEC are 
reported in .  Table 5.5.

Negative prognostic factors include extensive 
disease, poor general conditions, weight loss, and 
markers such as lactic dehydrogenase. Conversely, 
positive prognostic factors include younger age, 
good general conditions, and single metastatic 
site in patients with extensive disease [78].

5.4.3	 �Pathology

SCLCs are by definition poorly differentiated 
NENs. Tumor cells are round to fusiform, with 
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scant cytoplasm, and measure less than the diam-
eter of three resting lymphocytes, with finely 
granular nuclear chromatin. Nucleoli are incon-
spicuous or absent. Tumor cells grow in sheets 
and nests with frequent necrosis, often extensive. 
Lesions exhibit a high mitotic rate (60–80 per 
2  mm2) (.  Fig.  5.5). Unlike LCNEC, SCLC can 
readily be diagnosed in small specimens such as 
bronchoscopic biopsies, fine-needle aspirates, or 
core biopsies [37].

Up to 90% of SCLCs are positive for at least 
one neuroendocrine marker such as CD56 
N-CAM, chromogranin A, synaptophysin, and 
TTF1 [79]. SSR2 and SSR5 are usually negative or 
only focally positive in about 20% of investigated 
cases. Ki-67 is very helpful in distinguishing 
SCLC from carcinoids, because it shows a very 
high proliferation rate, of about 80–100% [37]. 
The main anatomic and histological features of 
SCLC with respect to those of other lung NENs 
are summarized in .  Table 5.6.

5.4.4	 �Imaging

About 90–95% of SCLC is centrally located, arising 
in lobar bronchi or main bronchus [80]. The most 
common appearance of SCLC is a large mass with 
central location, bulky hilar, and mediastinal 

adenopathies invariably associated. Due to the close 
relationship with the tracheobronchial tree, SCLC 
can determine distal lung parenchyma atelectasis.

Chest X-ray usually shows an ill-defined hilar 
mass, with possible associated enlargement of the 
mediastinum and pulmonary volume loss due to 
obstruction and pleural effusion. Often the pri-
mary tumor is overshadowed by the mediastinal 
component, appearing as a poor-defined medias-
tinal mass involving at least one hilum [9, 29].

Among imaging techniques, CT allows an 
accurate assessment of intrathoracic involvement. 
Chest CT scan with contrast medium injection 
often shows the involvement of the major pulmo-
nary vessels and mediastinal structure (including 
the superior vena cava), with common evidence 
of encasement of these structures by the tumor, as 
well as pleural effusion [9].

Rare manifestations include airspace opacities 
and consolidation. Thickening of the interlobular 
septa is reported as a sign of lymphangitic carci-
nomatosis [81]. Calcifications can be seen in up to 
23% of the cases [1].

A peripheral primary tumor is rare. In approx-
imately 5% of cases, SCLC may manifest as an 
solitary pulmonary nodule (SPN) [37], with 
well-defined lobulated margins or spiculated 

.      . Table 5.5  Survival according to stage, metasta-
sis at presentation, and recurrence rate of 
high-grade NENs (NEC)

LCNEC SCLC

Metastasis at the 
presentation

40% 60–70%

5-year survival by 
stage

I: 
33–62%
II: 
18–75%
III: 
8–45%
IV: 0%

Ia 38% – Ib 
21%
IIa: 38% – IIb 
18%
IIIa: 
13% – IIIb: 
9%
IV: 1%

Recurrence
(median time: 2 years)

40% 74%

NENs neuroendocrine neoplasms, NEC neuroendo-
crine carcinoma, LCNEC large cell neuroendocrine 
carcinoma, SCLC small cell lung carcinoma

.      . Fig. 5.5  Small cell lung carcinoma (SCLC). Image 
H&E×20 shows a solid structure with evident necrosis (left 
and center of the micrograph) and severely atypical cells 
with large nuclei and a thin rim of cytoplasm, overall 
resulting in small size; mitoses are evident often with 
atypical mitotic figures. As seen in LCNEC, such features 
identify a poorly differentiated neuroendocrine neoplasm
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appearance. There are no imaging features that 
help to distinguish between SCLC and NSCLC 
when presenting as an SPN [1, 82].

The comprehensive clinical staging includes 
18F-FDG-PET/CT. Otherwise, MRI is rarely used in 
the evaluation of SCLC, except when there are con-
traindications for the administration of intravenous 
iodine contrast material. To date, MRI of the brain 
for staging of SCLC shows better sensitivity than 
CT, particularly in neurologically asymptomatic 
patients [83]. MRI might be also useful for detect-
ing and characterizing bone or liver metastases.

18F-FDG-PET/CT is extremely helpful in stag-
ing and restaging SCLC (with the exception of 
brain metastases). It turned out to be more sensi-
tive and specific than other imaging techniques in 
the detection of metastatic disease, in prognosis 
evaluation  – high standardized uptake seems to 
be significantly associated with poor survival  – 
and, particularly, in the assessment of treatment 
response, due to the high metabolic activity 
degree of SCLC [29].

5.4.5	 �Pathway of Diffusion: Local 
Spread and Mediastinal 
Involvement

SCLC malignant cells exhibit heightened inva-
sive properties and increased motility, resulting 

in rapid tumor growth, high local invasiveness, 
and early metastatic spread to numerous 
organs.

The primary site is typically a submucosal 
endobronchial lesion of the proximal airways 
such as the lobar or main bronchi. The tumor 
itself is highly cellular and determines a limited 
fibrotic or inflammatory response. Consequently, 
it can rapidly spread through lymphatic and 
blood vessels even at an early stage of the disease, 
resulting in early nodal and distant metastatic 
deposits [84].

Kazawa et al. [81] have described eight differ-
ent patterns of SCLC local diffusion according to 
the extension and spreading pattern recognized 
on CT scan. The most frequent patterns were the 
central perihilar type, when a central perihilar 
mass confined within the ipsilateral mediastinal 
tissue was seen; the central plus mediastinal exten-
sion type, with the mass extending to contralateral 
mediastinum (the most common pattern among 
their series, occurring in about 30% of cases); the 
peripheral type, in case of cancer located only in 
the peripheral lung parenchyma; and peripheral 
plus mediastinal extension type, in case of a 
peripheral tumor associated with a hilar/ipsilat-
eral mediastinal lymph node metastasis 
(.  Fig. 5.6).

Peripheral SCLC typically appears on CT scan 
as a spiculated nodule, representing the vascular, 

.      . Table 5.6  Comparison of the main anatomic and histological features of lung NENs

TC AC LCNEC SCLC

Central 
localization

+++ +++ + ++++

Calcifications 30% <9% 23%

Cytology Nuclei with finely 
granular chromatin
Nucleoli  
inconspicuous

Chromatin may be 
coarse
Nucleoli may be more 
prominent

Large cells
Abundant cytoplasm
Nuclear pleomor-
phism
Prominent nucleoli

Small cells
Scarce cytoplasm
Nuclear pleomor-
phism
No prominent 
nucleoli

Growth 
pattern

Organized growth pattern Organoid, palisading Diffuse sheets of 
cells

Ki-67 <5% 5–20% >20% >20%

NENs neuroendocrine neoplasms, TC typical carcinoid, AC atypical carcinoid, LCNEC large cell neuroendocrine 
carcinoma, SCLC small cell lung carcinoma, +++ frequent, + possible, ++++ extremely common
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lymphatic, or intra-alveolar invasion by nest-
forming tumor cells, with surrounding ground-
glass opacity determined by edema, parenchymal 
hemorrhage, and intra-alveolar spread [85].

The centrilobular nodular or branching 
abnormalities – which usually represent broncho-
genic diffusion of inflammation and disease – are 
usually not observed in SCLC.

Another possible identified pattern was the 
lymphangitic-spread type, with the presence of 
lymphangitic carcinomatosis, represented by 
thickening of the bronchovascular bundles and/
or nodular or smooth thickening of the inter-
lobular septa, usually associated with pleural 
effusion.

Other uncommon manifestations of SCLC 
local spread include the lobar replacement type, 
when tumor appears as a huge mass-like lesion 
that replaces an entire lobe, and the airspace con-
solidation type, in case of an ill-defined consolida-
tion with cystic or tubular air bronchogram 
within the lesion [81].

Due to the easy spread via the lymphatic sys-
tem, SCLC can also disseminate into the pleural 
space, appearing as multiple subpleural nodules 

or, less commonly, masses associated with pleural 
thickening and malignant pleural effusion (pleu-
ral dissemination type) [9, 81].

SCLC diffusion often causes main airway ste-
nosis, due to peribronchial extension of the dis-
ease, particularly in the submucosal tissue, with 
almost complete preservation of bronchial inner 
wall. Stenosis typically involves trachea and main 
bronchi (in about 50% of cases) and less likely 
lobar/segmental bronchi or subsegmental 
branches [81].

Mediastinum is by far the most common site 
of detected disease (up to 92% of cases), both for 
the presence of the primary malignancy and asso-
ciated lymphadenopathies. Indeed, mediastinal 
and hilar lymph node metastases are detected in 
92% and 84% of cases, respectively [1]. Mediastinal 
masses determine displacement, narrowing, and 
invasion of mediastinal structures, particularly 
great vessels, in about 68% of cases [9]. The supe-
rior vena cava, the pulmonary arteries, and the 
main pulmonary trunk are more frequently 
involved, followed by pulmonary veins and tho-
racic aorta, ranging from mild stenosis with wall 
irregularity to severe stenosis, luminal invasion 

a c e g

b d f

.      . Fig. 5.6  Axial chest CT images at lung a and 
mediastinal b window settings depict a small (15 mm) 
nodule, with spiculated margins and necrotic appearance, 
in the posterior segment of the right upper lobe. Axial 
and coronal images at mediastinal window setting c–f 
show confluent and infiltrative adenopathies in the right 

hilum, in the right paratracheal and subcarinal zones, and 
in the superior mediastinum, with encasement/infiltration 
of the vascular structures and the right bronchial tree. 
Sagittal reconstruction with bone window setting g 
shows multiple bone metastases of the spine. Histopa-
thology revealed a small cell lung carcinoma
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with tumor abutting into vessels, and complete 
encasement (.  Fig. 5.7) [81].

Also the azygos vein, the esophagus, the 
phrenic nerves, and the recurrent laryngeal nerve 
can be involved. Pericardial spread is relatively 
common, manifesting as pericardial effusion and/
or irregular thickening of the pericardium. Even 
compression or direct extension to the heart may 
be seen, particularly to the left atrium [9, 81].

5.4.6	 �Pathway of Diffusion: Distant 
Metastatic Spread

Once the tumor reaches access to the mediasti-
num, there are pathways of spread downward into 
the abdomen via the aortic and esophageal hiatus, 
both through lymphatic vessels and direct diffu-
sion. This can result in intra-abdominal lymph-
adenopathies primarily along the celiac vessels 
resulting in celiac, periportal, peripancreatic, and 
para-aortic lymph node metastases. Disease may 
also reach the gastrohepatic ligament either by 
spread along vascular planes or through the 
esophageal hiatus.

SCLC can also directly spread upward via the 
cervicothoracic hiatus, resulting in supraclavicu-
lar and, less commonly, lower neck adenopathies 
and possible involvement of the lower neck struc-
ture (cervical esophagus, hypopharynx, thyroid, 
etc.) [86].

Metastatic spread to distant organs is also fre-
quent in SCLC.  The most common metastatic 

sites at diagnosis are bone (19–38%), liver (17–
34%), adrenal glands (10–17%), and brain (up to 
14%, whose 10–15% in neurologically asymptom-
atic patients) [9]. Particularly, SCLC has been 
associated with an increased metastatic potential 
to liver and brain with respect to NSCLC [87].

Nodules or masses in the contralateral lung 
can be also found as well as other uncommon 
metastatic sites, such as pancreas, prostate, spinal 
cord, and oropharynx [81]. Lastly, metastatic 
involvement of bone marrow has been detected in 
10–15% of patients. However, less than 5% of 
these patients have bone marrow as isolate distant 
metastatic site [88].

5.5	 �Conclusions

Pulmonary neuroendocrine neoplasms (NENs) 
are a heterogeneous group of tumors, with differ-
ent morphological, immunohistochemical, and 
molecular characteristics and noticeably different 
clinical and biological behavior, ranging from the 
indolent course of TC to the highly aggressive 
behavior of the SCLC. Also imaging characteris-
tics of NENs are quite different among the two 
well-differentiated TC and AC, currently classi-
fied as NETs, and the two poorly differentiated 
LCNEC and SCLC, classified as NECs, reflecting 
the different pathways of diffusion of these neo-
plasms. Knowledge of the more common mor-
phologic characteristics and diffusion pathways of 
these neoplasms might help in recognizing NENs. 

a b c d

.      . Fig. 5.7  Axial CT image at lung window setting a 
shows a mass in the anterior segment of the right upper 
lobe. Contrast-enhanced axial image b displays the 
extensive ipsilateral mediastinal involvement with encase-
ment and infiltration of the right upper lobe artery and 
superior vena cava. Coronal images c, d better depict the 
longitudinal extension of the occlusion of superior vena 
cava, the encasement of the right main bronchus, the 

distal right main pulmonary artery and the interlobar 
artery, which look patent, and the occlusion of the right 
superior pulmonary vein (arrow) close to the left atrium. 
Note the elevation of the right hemidiaphragm as a sign 
of the right phrenic nerve infiltration by the mass. 
Transbronchial biopsy through the anterior segmental 
bronchus of the right upper lobe revealed a small cell 
lung carcinoma
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CT and PET/CT are the most useful imaging 
modalities for diagnosing and staging these 
tumors, while MR has specific indication for 
brain, bone, and liver involvement, which is typi-
cal of the extensive stage of SCLC.
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