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12.1  Introduction 
and Epidemiology

Neuroendocrine tumors (NETs) are malignant 
neoplasms arising from neuroendocrine system, 
mainly located in the gastrointestinal tract and 
lung [1]. An estimated 25–30% of all NETs have 
their origin in the bronchial tract and lungs. Lung 
NETs account for less than 1–2% of all pulmo-
nary neoplasms [1–4]. Their incidence rate, 
which is 0.2–2/100000 population/year in Europe 
and United States, has dramatically risen over the 
past 30 years [1, 5, 6]. NETs of the lung comprise 
a heterogeneous population of tumors ranging 

from well-differentiated bronchial NETs to 
highly malignant and poorly differentiated small- 
cell lung cancer (SCLC) and large-cell neuroen-
docrine carcinoma (LCNEC) [7].

Well-differentiated NETs of the lung are also 
named lung carcinoids (LCs), including typical 
(TCs) and atypical carcinoids (ACs). TCs are 
more common than ACs, accounting for 90% of 
all LCs [5]. Both the subtypes arise mainly in 
female and in Caucasian, Hispanic, and Asian 
people [5, 8–10]. The median age at diagnosis is 
45 years for TCs and 55 for ACs [5, 8–11].

Surgery is the gold standard in earlier stages. 
The 5-year overall survival (OS) for limited dis-
ease ranges from 87–90% for TCs to 44–78% for 
ACs, respectively [12–16]. Conversely, the 
patients with advanced stages show a poor prog-
nosis with a median OS of 17  months and a 
5-year survival rate of about 27% [17].

Given their rarity, only few available data 
from prospective studies are available, and no 
global consensus exists in regards to therapeutic 
management of LCs. Target agents such as evero-
limus, somatostatin analogues (SSAs), and che-
motherapy treatments represent the options of 
choice in the advanced setting [5]. Peptide recep-
tor radiotherapy (PRRT) and immunotherapy are 
emerging options. A multidisciplinary approach 
is strongly suggested in all clinical scenarios. 
Herein, we will provide a comprehensive litera-
ture review on diagnosis and management of 
advanced LCs.
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12.2  Etiology and Classification

The majority of LCs are sporadic neoplasms [18, 
19]. Differently from high-grade lung NETs, no 
relationship between LCs and smoking habit has 
been proved so far [5]. In approximately 5% of 
the patients, the development of these neoplasms 
occurs in the context of multiple endocrine neo-
plasia type 1 (MEN1) syndrome [20–23], and the 
association to a rare pulmonary carcinoid tumor 
genetic syndrome is reported in sporadic cases as 
well [19]. Although rare, some patients may pres-
ent with multiple lung nodules or tumorlets and 
widespread peripheral airway neuroendocrine 
cell hyperplasia. In this case, a diagnosis of dif-
fuse idiopathic pulmonary neuroendocrine cell 
hyperplasia (DIPNECH) can be made [24]. The 
mechanisms underlying progression and/or onset 
of LCs from DIPNECH are still unclear [7, 25].

12.3  Histopathological Features 
and WHO Classification

The availability of adequate tissue sample is 
required to distinguish lung NET subtypes.

The 2015 WHO classification has defined 
four lung NETs subtypes: TC, AC, LCNEC, 
and SCLC. SCLC and LCNEC are poorly dif-
ferentiated, aggressive neoplasms, while LCs 
are well differentiated, indolent tumors 
(Table 12.1) [7].

The definition of LCs include lesions of more 
than 5  mm in diameter, while lung lesions of 
5  mm or less are still classified as carcinoid 
tumorlets (DIPNECH) [7].

Two aspects are crucial to define lung NETs 
subtypes: the presence of necrosis and the num-
ber of mitoses. In particular, TCs have no evi-
dence of necrosis and less than two mitoses per 
2 mm2 in the tumor area, while ACs are charac-
terized by focal necrosis and 2–10 mitoses per 
2  mm2 [7]. However, the distinction between 
well- and poorly differentiated lung NETs based 
on the number of mitoses (less or more than 10/
mm2, respectively) is still debated [5, 7, 26]. 
Other biomarkers like synaptophysin, chromo-
granin A (CgA), and CD56 have to be combined 
to the WHO classification to confirm lung NET 
diagnosis [7].

The prognostic role of Ki-67 cell proliferation 
index by immunohistochemistry (IHC) has not 
been well defined in lung NETs, and its role is 
currently under debate. According to the WHO of 
2015, a Ki-67 value lower than 20% character-
izes LCs (≤5% in the TC and ≤20% in the AC), 
while a value >40% is typical of the high-grade 
pulmonary NETs [7].

Although the Ki-67 index is not currently 
accredited with lung NET subtyping due to 
some overlap of cut-off thresholds among bio-
logically adjacent tumors (TC versus AC, AC 
versus LCNEC, LCNEC versus SCLC), its dif-
ferential distribution between low- to interme-
diate-grade and high-grade tumors has made it 
an exceptional discriminator especially on 
biopsy/cytology samples, being its determina-
tion recommended on surgical specimens as 
well [7, 27, 28].

The reproducibility and clinical usefulness of 
Ki-67  in lung NETs is still under debate, and 
there is no current diagnostic role for Ki-67, 

Table 12.1 WHO 2015 classification of lung/thymus neuroendocrine neoplasms

TC AT LCNEC SCLC
Tumor grade Low Intermediate High High
Histology Well differentiated Well differentiated Poorly differentiated Poorly differentiated
Mitosis/2 mm2 <2 2–10 >10 (median 70) >10 (median 80)
Ki-67 ≤5% ≤20% 40–80% 50–100%

Necrosis None Focal, if any Present Present
Malignancy Low-grade malignancy Low-grade malignancya Highly malignant Highly malignant

Legend: TC typical carcinoid, AT atypical carcinoid, LCNEC large cell neuroendocrine carcinoma, SCLC small cell 
lung cancer
aConsiderable malignant potential
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whereas the mitotic count has remained the only 
proliferation criterion in tumor classifications 
over time [7].

12.4  Diagnostic Workup

12.4.1  Clinical Presentation

TCs are usually located in the central paren-
chyma of the lung, while ACs often develop 
peripherally. TCs and ACs are usually diagnosed 
in earlier stages, but liver and bone metastases 
are common in advanced stages [5, 24]. Patients 
with LCs are often asymptomatic or present 
unspecific symptoms like hemoptysis, dyspnea, 
cough, or chest pain [24, 29]. Functional LCs are 
rare.

Although typical carcinoid syndrome occurs 
in only 10% of the cases [13, 30], NETs of the 
lung may secrete various hormones and vasoac-
tive peptides.

In particular, LCs have been more often asso-
ciated with adrenocorticotropic hormone (ACTH) 
production and can cause Cushing’s syndrome 
[31, 32].

12.4.2  Imaging

Computed tomography (CT) is the gold standard 
to diagnose and stage LCs. A single round lesion is 
the most frequent radiological aspect [17, 24], but 
multiple calcified lesions may also be present [33]. 
Magnetic resonance imaging (MRI) may help in 
the detection of bone or liver metastases [5]. 
Approximately 80–90% of LCs express soma-
tostatin receptors (SSTRs), thus functional imag-
ing based on radiolabeled SSA plays a key role in 
both staging and defining treatment strategy [13, 
29, 34, 35]. The octreoscan or somatostatin recep-
tor scintigraphy (111In-pentetreotide/octreotide 
scan) demonstrates 93% sensitivity and 87% spec-
ificity, respectively, in LC diagnosis [34, 36]. 
However, more recently, the 68Ga-DOTATATE 
PET/CT has been introduced in lung NET 
management.

Considering the binding to SSTRs, 
68Ga-DOTATATE showed a tenfold higher affin-
ity than octreotide [37, 38]. A sensitivity of 81% 
and a specificity of 90% have been reported by 
Haug and collaborators, and in another study, the 
68Ga-DOTATATE PET/CT detected a signifi-
cantly larger number of NET lesions expressing 
type 2 SSTR than octreoscan (p  <  0.001) 
[39–41].

Also taken into account the reduced scanning 
time and the better imaging resolution, PET/CT 
68Ga-DOTATATE should be preferred in LC 
management [42, 43].

The role of fluoro-deoxy-glucose (FDG)-PET/
CT in LCs is still debated. TCs are usually char-
acterized by low or no uptake on FDG scan, 
whereas a higher uptake is possible in ACs with a 
high proliferative index [44]. In a small retro-
spective series of 20 LCs, Bongiovanni et  al. 
showed a shorter progression-free survival (PFS) 
in LCs with positive 18-FDG PET/CT scan than 
in those with negative 18-FDG-PET/CT scan  
(p = 0.015) [45]. These data could support the 
possible prognostic role of 18-FDG-PET/CT and 
its potential ability in suggesting different thera-
peutic strategies for LCs according to the differ-
ent FDG uptake.

12.5  Surgery

Surgical resection, with preservation of as much 
normal lung tissue as possible, is still the gold 
standard in case of limited and resectable disease 
[5, 24].

Regarding TCs, surgery is associated with 
excellent outcomes, with 5- and 10-year survival 
rates of ∼90% and ∼80%, respectively, and very 
low recurrence rates (3–5%) [46, 47]. In detail, 
recent analyses of the European Association of 
Thoracic Surgeons (ESTS) Neuroendocrine 
Tumours Working Group revealed that surgically 
resected TCs are associated with a 5-year survival 
rate of 94% [48]. On the other hand, 5- and 10-year 
survival rates following surgery in AC patients are 
lower (about 70% and 50%,  respectively), given 
the higher rate of relapse (∼25%) [46, 47, 49].

12 NETs of the Lung
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According to the Surveillance, Epidemiology, 
and End Results (SEER) database, lobectomy is 
the most common procedure (51.2%), compared 
to sublobar resection (wedge resection or seg-
mentectomy, 24.1% of cases). Other less-used 
procedures are pneumonectomy, bronchoplasty, 
extended resection, and bronchoscopic ablation 
[50].

As a rule, the surgical technique of choice is 
lobectomy. On the other hand, given the indolent 
nature of TCs, sublobar resections may be taken 
into account in this setting as similar outcomes 
compared to lobectomy have been reported [51, 
52]. Furthermore, segmentectomy and wedge 
resections should be considered in patients with 
compromised pulmonary function and/or severe 
comorbidities [53]. Further randomized studies 
are needed to better assess the differences in 
terms of perioperative outcome, long-term sur-
vival, and disease recurrence between the two 
approaches.

A minimally invasive approach, such as video- 
assisted thoracoscopic surgery (VATS), is recom-
mended in experienced centers due to fewer 
complications and potentially increased survival 
rates [53, 54]. Some authors reported promising 
results also in the setting of minimally invasive 
bronchoplastic procedures [55].

The natural history of these tumors is strictly 
related to the lymph-node status. It has been 
reported that lymph-node metastases may be 
present in up to 25% of the cases in TCs and 
>50% in ACs, respectively [56]. Node-negative 
and N1 patients have similar outcomes. 
Conversely, N2 tumors have been reported espe-
cially in ACs and are associated with a dismal 
prognosis [16, 57]. Furthermore, in the majority 
of the patients, lymph-node involvement does not 
modify surgical indication, given that the neoad-
juvant treatment does not improve the resectabil-
ity rate or survival in LCs [58]. Thus, although 
the need for lymph-node dissection is still poorly 
defined in TCs, a complete radical lymphadenec-
tomy should be performed in all cases.

From the surgical point of view, unknown 
lung lesions (that exhibit NET radiological 
features) undergoing upfront surgery should 
undergo wedge excisional biopsy. If intraopera-

tive frozen section is consistent with NET and the 
margins are negative, systematic lymph-node dis-
section should be performed [59]. If the patient is 
node- negative, a completion lobectomy is not 
required. In node-positive patients with adequate 
pulmonary reserve, lobectomy should be per-
formed regardless of histology [5, 59]. If atypical 
features are found during pathologic evaluation, 
an interval completion lobectomy may be consid-
ered in fit patients [5, 49]. When there is suspi-
cion of N2 nodal involvement or after 
mediastinoscopy/endobronchial ultrasound 
(EBUS) showing N2 disease, multimodality 
treatment might be required [60].

Approximately 20% of all LCs present as 
pure endobronchial polyp-like lesions without 
gross radiologically detectable involvement of 
the bronchial wall and lung parenchyma [60]. 
Rarely, N1 lymph nodes may involve the bron-
chial takeoff. In both cases, bronchoplastic pro-
cedures (bronchial sleeve resection or wedge) 
with or without parenchymal resection are indi-
cated [61] since they protect from the detrimen-
tal effects of pneumonectomy on respiratory 
functions as well as on quality of life. In the 
literature, the incidence of sleeve resections in 
the different series varies from 1.4% to 41% of 
cases [62]. Given the indolent behavior of these 
tumors, a complete resection with disease-free 
margins (∼5  mm) is mandatory [62]. In rare 
cases, a pulmonary artery reconstruction can be 
associated as well [63]. Bronchial sleeve resec-
tions have been also described for more periph-
eral lesions involving the segmental bronchi 
[64], although this procedure is still debated. In 
order to assess the best surgical strategy, fiber-
optic bronchoscopy should always be per-
formed by the operating surgeon to have a 
precise idea of the anatomic details. The techni-
cal procedures are identical to those of bron-
chial sleeve resections performed for lung 
cancer. As a rule, the anastomosis can be encir-
cled by intercostals pedicle flap, thymic, or 
mediastinal tissue in order to favor protection/
revascularization of the bronchial anastomosis, 
to separate it from the arterial side when a 
combined bronchovascular reconstruction is 
 performed (avoiding broncho-arterial fistulas) 
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and to contain a small dehiscence [62]. 
Concerning the perioperative outcome, one 
study only [65] compared bronchoplastic pro-
cedures between LCs and primary lung cancer, 
reporting less frequent anastomotic and nonsur-
gical complications in the LC group (probably 
because of the younger age of these patients).

Surgery is still considered a curative treatment 
for LCs, also in the metastatic setting [65]. 
Pulmonary resection is often recommended in 
patients with limited hepatic metastases, with 
∼20% achieving a cure [66]. If complete resec-
tion is not possible, palliative debulking surgery 
may be taken into account in particular cases to 
relieve symptoms or prevent complications (i.e., 
pneumonitis). However, resection of the primary 
tumor is not indicated in case of unresectable 
metastases when the primary site is relatively 
stable.

12.6  Endobronchial Resection

Due to their indolent clinical course, broncho-
scopic excision can be taken into account in those 
cases presenting with centrally located intralumi-
nal LCs. In the literature, a variety of endobron-
chial procedures have been reported as an 
effective alternative to surgical treatment such as 
YAG laser, diode laser, cryo or electrosurgery, 
argon-plasma coagulation, and mechanical deb-
ulking [67–71]. To date, these techniques are still 
considered suboptimal approaches and reserved 
for selected cases only. As a rule, extra-luminal 
tumor growth, larger tumor diameter, and sus-
pected locoregional/distant metastases are gener-
ally considered contraindication for 
bronchoscopic excision [68]. Furthermore, bron-
choscopic treatment is not always effective, espe-
cially when LCs extend to the segmental bronchi 
and when the tumor is in either the upper left or 
right lobes.

As reported by a recent study assessing 
prognostic factors for endobronchial ablation, 
only small intraluminal tumors smaller than 
2  cm are suitable for this kind of procedure, 
whereas all other tumors should be treated with 
conventional surgery [68]. Another indication 

is the desobstruction and recanalization of the 
involved bronchus to obtain resolution of post-
obstructive pneumonia [72] as well as to limit 
the extension of the subsequent surgical resec-
tion [73]. A recent systematic review reported 
excellent outcome results for TCs (5-year sur-
vival ranging from 89 to 94% in the literature) 
and a low rate of locoregional and distant 
recurrence in bronchoscopic- treated patients, 
ranging from 0–5% to 0–4% respectively [74]. 
Although these results seem promising, these 
studies are biased by the patients’ selection 
(small tumors, young patients, usually indolent 
histology). Further prospective- randomized 
studies are, therefore, needed to better address 
this issue.

12.7  Somatostatin Analogues

For low-proliferating lung neuroendocrine 
tumors, treatment with SSAs is an option for 
functional tumors with clinical symptoms. SSAs 
constitute the gold standard for symptomatic 
control with >50% improvement in both flushing 
and diarrhea in gastroenteropancreatic (GEP) and 
LCs [75, 76]. Patients who have metastatic NETs 
and carcinoid syndrome should be treated with 
SSAs such as octreotide or lanreotide [77]. The 
long-acting release (LAR) formulation of octreo-
tide is commonly used for the chronic manage-
ment of symptoms in patients with carcinoid 
syndrome. Standard doses of octreotide LAR are 
30 mg intramuscularly every 28 days. Dose and 
frequency may be further increased for symptom 
control as needed. Short-acting octreotide (usu-
ally 150–250  mcg subcutaneously three times 
daily) can be added to octreotide LAR for rapid 
relief of symptoms or for breakthrough symp-
toms [78, 79].

Lanreotide Autogel has a similar mechanism 
of action as octreotide, but is administered as a 
deep subcutaneous injection at the dose of 
120 mg every 28 days [80, 81].

The more recent multicentric phase III ELECT 
trial randomized 115 patients with carcinoid 
syndrome (including LCs) who were either naïve 
or responsive to octreotide to receive 120 mg of 

12 NETs of the Lung



168

 lanreotide or placebo and evaluated the number 
of days patients required use of rescue octreotide. 
Patients in the lanreotide arm required less- 
frequent rescue octreotide than those in the pla-
cebo arm (33.7% vs. 48.5%; P  =  0.017), 
supporting the use of lanreotide for symptom 
control [82].

Moreover, interesting results have been 
reported by a specific study focused on advanced, 
functioning LCs, describing complete symptom 
control and normalization of urinary 
5- hydroxyindoleacetic acid (5-HIAA) in 7 out of 
126 ACs patients who received short-acting 
octreotide injections [83].

In nonfunctioning tumors, the use of SSAs is 
still controversial, but after the results reported 
by the PROMID and the CLARINET study indi-
cating antitumor efficacy of octreotide LAR and 
Lanreotide Autogel drugs in GEP-NETs, it is 
now also widely accepted for nonfunctioning 
tumors of other origins [84, 85].

However, studies specifically focused on 
LCs are scanty. In a recent retrospective study, 
Bongiovanni et al. [45] investigated the efficacy 
of SSAs as first-line treatment of 30 metastatic 
nonfunctioning LCs and reported that, out the 
30 patients, one patient (3.3%) achieved a par-
tial response (PR) and 26 (86.6%) showed sta-
ble disease (SD), thus highlighting the 
antitumor activity of SSAs with a satisfiable 
safety profile.

A randomized double-blind, phase 3 study 
(SPINET trial, NCT02683941, clinicaltrial.gov) 
evaluating the efficacy and safety of lanreotide- 
autogel versus placebo is ongoing in patients 
with well-differentiated, metastatic, and/or unre-
sectable TCs and ACs.

Due to the very limited level of evidence about 
the use of SSAs in nonfunctioning, advanced 
LCs, no clear consensus exists on the timing of 
octreotide or lanreotide initiation in asymptom-
atic patients with metastatic well-differentiated 
LCs. However, if patients with advanced low- 
grade LCs present with clinically significant 
tumor burden, initiation of octreotide and lanreo-
tide may be considered [86].

12.8  Peptide Receptor 
Radiotherapy

PRRT with radiolabeled SSAs is an option in 
patients with NETs expressing high levels of 
SSTRs, namely well-differentiated forms [34, 87, 
88].

Well-differentiated LCs frequently express 
subtype 2 of the SSTR family, and this can be 
identified by 68Ga-DOTATATE PET/CT scans, 
which constitute predictors of response [89].

PRRT with either 90Y- or 177Lu-peptides is 
generally well tolerated, and reported results are 
promising, even if mainly focused on gastrointes-
tinal neoplasms.

So far, no prospective studies were performed 
with PRRT specifically in lung NETs, but only 
few retrospective study including LC patients are 
published [88–94].

A recent study examined the long-term effi-
cacy, survival, and toxicity of 177Lu-dotatate in a 
group of 610 Dutch patients with metastatic GEP 
and lung NETs [95]. PFS and overall survival 
(OS) for all patients were 29  months and 
63 months, respectively.

Other smaller studies also found improved OS 
(58.8 months) [90] and median PFS (20.1 months 
with TCs and 15.7 months with ACs) with PRRT 
treatment in patients with advanced LCs [93].

The phase III study NETTER-1 evaluated the 
efficacy and safety of 177Lu-dotatate in 229 
patients with advanced, progressive, SSTR–posi-
tive midgut NETs who were randomly assigned 
to receive either 177-Lu-dotatate plus best sup-
portive care (BSC) including octreotide LAR or 
octreotide LAR alone. Results of this study 
showed that treatment with 177Lu-dotatate was 
associated with a significant improvement in PFS 
(not reached vs. 8.4  months; P  <  0.0001). 
Objective tumor responses were observed in 18% 
of patients who received 177Lu-dotatate versus 
3% in the control group (P < 0.001). According 
to this trial, 177Lu-dotatate resulted in markedly 
longer PFS than high-dose octreotide LAR and 
was associated with limited acute toxic effects. 
Unfortunately, no LCs were included [96].

Given the results of this landmark trial, PRRT 
with 177Lu-dotatate was approved by the Food 
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and Drug Administration (FDA) in January 2018 
for the treatment of patients with unresectable, 
low- or intermediate-grade, locally advanced, or 
metastatic GEP-NETs.

The National Comprehensive Cancer Network 
(NCCN) 2019 guidelines [86] recommend to 
consider PRRT with 177Lu-dotatate as a treat-
ment option for some patients with advanced 
and/or metastatic gastrointestinal tract and lung 
NETs that are SSTR-positive on imaging and 
show disease progression while taking SSAs, if 
the tumor is either low-grade (typical) with clini-
cally significant tumor burden or intermediate- 
grade (atypical).

In summary, only few, mainly retrospective, 
studies specifically dedicated on PRRT in LCs 
are available, but, based on data reported in liter-
ature, particularly in the setting of gastrointesti-
nal NETs, PRRT might be considered as an 
effective option in progressive LCs with strong 
expression of SSTRs and high tumor burden.

12.9  Chemotherapy

No randomized trials on chemotherapy are avail-
able, and there is no currently an established 
standard regimen, being the role of chemother-
apy in LCs under debate. Because of their low 
proliferative capacity, LCs are generally consid-
ered as chemoresistant neoplasms [97].

In general, available chemotherapy regimens 
for TCs and ACs include the use of streptozotocin 
plus 5-fluorouracil/doxorubicin, or capecitabine/
oxaliplatin, temozolomide, dacarbazine, doxoru-
bicin, etoposide, and cyclophosphamide [5, 26, 
29, 98–101].

The objective response rates (ORR) with 
single- agent chemotherapy is generally not 
>20%, reserving this approach to pretreated 
patients or to patients with poor performance sta-
tus [5, 26, 29, 101].

Poly-chemotherapy regimens (i.e., platinum- 
based chemotherapy, temozolomide combined 
with capecitabine or bevacizumab, capecitabine 
plus oxaliplatin) have demonstrated greater activ-
ity and are the best option in patients with good 
performance status and significant tumor burden. 

Patients are treated with poly-chemotherapy regi-
mens SD in 30–50%, PR in 5–10%, and symp-
tomatic response in 40–60% of the cases. 
However, these results derived from studies con-
ducted on patients with NETs of any sites includ-
ing only few patients with LCs [5, 26, 29, 
98–103].

Among all the chemotherapy agents evalu-
ated, temozolomide and oxaliplatin have shown 
the best clinical benefit in patients with LCs so 
far.

Temozolomide is a well-known alkylating 
agent, used in different types of cancer. The oral 
administration, the ability to cross the blood- 
brain barrier, and the possibility of being associ-
ated with other cytostatics represent the main 
strengths of this drug [104, 105]. Ekeblad and 
colleagues performed a retrospective analysis of 
36 patients with histologically confirmed meta-
static or inoperable malignant NETs treated with 
oral temozolomide (100–200  mg/m2 for 5  days 
every 28  days). The study group included ten 
patients with TCs and three with ACs. After a 
median follow-up of 7  months (range 
2–17 months), 31% of patients with LCs had SD 
and 31% showed a PR [106]. The most relevant 
toxicity was grade 3 and 4 thrombocytopenia in 
14% of the cases.

Another retrospective study evaluated the 
activity of temozolomide in 31 patients affected 
by metastatic LCs, reporting PR in 14% of the 
cases and SD in 52% of the cases. The most com-
mon toxicity was, again, grade 3 and 4 thrombo-
cytopenia [107].

Given these premises, a phase 2 study with the 
aim to evaluate the efficacy and safety of 
Lanreotide Autogel plus temozolomide in 
patients with advanced or unresectable LCs or 
thymus carcinoids is currently ongoing 
(ATLANT-NCT 02698410, clinicaltrial.gov).

Some data correlated the role of methylgua-
nine DNA methyltransferase (MGMT) as predic-
tor of response to temozolomide [108, 109]. 
MGMT is an enzyme promoting repair of DNA 
damage caused by alkylating agents. High levels 
of intracellular enzyme reduce the alkylating 
agents activity, whereas MGMT gene methyla-
tion reduces the levels of the intracellular enzyme.

12 NETs of the Lung
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Kulke et  al. reported data about 95 patients 
with advanced NETs treated with temozolomide 
and showed that MGMT gene methylation is 
more common in pancreatic NETs compared 
with LCs.

This resulted in higher overall response rate 
with temozolomide in pancreatic NETs com-
pared with LCs (34% versus 2% PR, respec-
tively) [110]. Moreover, the recent study by 
Campana et al. evaluated the correlation between 
the outcome of 95 advanced NETs treated with 
temozolomide and the MGMT promoter methyl-
ation status. The authors showed an ORR of 51.8 
and 17.7% in patients with or without MGMT 
promoter methylation, respectively, suggesting 
that the presence of MGMT promoter methyla-
tion represented a strong predictive factor for 
temozolomide response in NETs [109].

Finally, oxaliplatin has been reported as an 
active and potentially effective agent in retro-
spective analyses of patients with metastatic 
well-differentiated lung NETs alone or combined 
with other primary sites, treated with XELOX, 
GEMOX, CAPOX, or FOLFOX regimens [100, 
110, 111].

Conversely, the use of cisplatin/carboplatin 
plus etoposide schedule, recommended by the 
international guidelines for the treatment of 
poorly differentiated lung NECs (SCLC and 
LCNEC), is not currently suggested as a treat-
ment of choice in advanced LCs [34, 98, 101].

12.10  Targeted Therapy

12.10.1  mTOR (Mammalian Target 
of Rapamycin) Inhibitors

Although lung NETs are typically poorly repre-
sented in clinical trials of NET treatments, two 
phase III trials (RADIANT-2 and RADIANT-4), 
evaluating the efficacy of everolimus in advanced 
NETs, have recently reported specific results for 
LCs [112, 113].

In RADIANT-2, which evaluated the impact 
of combination therapy with the oral mammalian 
target of rapamycin (mTOR) inhibitor everoli-
mus and the SSA octreotide LAR in patients with 

advanced NET and carcinoid symptoms, among 
them 6.9% of patients in the experimental group 
and 2.3% of patients in the control group were 
diagnosed with lung NETs. Overall, patients 
were randomly assigned to receive octreotide 
LAR 30 mg intramuscularly every 28 days com-
bined with everolimus 10 mg per day (N = 216) 
or octreotide LAR plus a placebo (N  =  213). 
Treatment with everolimus combined with 
octreotide was associated with longer PFS: 
16.4 months in patients treated with everolimus 
and octreotide versus 11.3  months in control 
patients (P  =  0.026); patients with lung NETs 
showed trend to improve PFS with everolimus 
plus octreotide (P = 0.228) [113, 114].

Based on these promising findings, a subse-
quent RADIANT-4 trial evaluated progressive, 
nonfunctioning, well-differentiated NETs, 
including LCs, where patients were treated with 
everolimus plus BSC versus placebo plus BSC 
[113]. Out of a total of 302 patients who were 
randomized to receive either everolimus or pla-
cebo (n = 97), the primary endpoint was PFS. In 
total, 175 patients had gastrointestinal NET and 
90 had lung disease. Everolimus-treated patients 
showed a prolonged median PFS, as compared 
with those receiving placebo (11.0 vs. 3.9 months, 
HR 0.48; p < 0.00001). This benefit in PFS was 
consistent in all subgroup analyses: in particular, 
there was a 50% improvement in PFS for patients 
with lung tumors and a 44% benefit for those 
with gastrointestinal NETs [113, 115].

Finally, a trial specifically looking at lung 
NETs, the LUNA phase II trial, where patients 
were randomly assigned to everolimus, the SSA 
pasireotide (a novel multi-receptor ligand SSA 
with higher affinity for SSTR1, SSTR3, and 
SSTR5 than octreotide, but a lower affinity for 
SSTR2) [116], or the combination of both, was 
associated with antitumor activity and an accept-
able safety profile. A total of 112 patients with 
LCs were included. The LUNA study achieved 
the preplanned statistical objective of a 9-month 
PFS rate >20% in all the three arms, supporting 
the efficacy of everolimus in lung NETs [117].

Since the results from these three phase II-III 
prospective trials have been published, 
 everolimus, a selective mTOR inhibitor, has been 
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approved for the treatment of unresectable or 
metastatic, well-differentiated, nonfunctional 
NETs of lung origin in patients with progressive 
disease.

12.10.2  Antiangiogenic Agents

The potential role of antiangiogenic agents in 
LCs is still far from being clearly understood. 
Sunitinib is an orally administered kinase inhibi-
tor small molecule with activity against a number 
of tyrosine kinase inhibitors including vascular 
endothelial growth factor receptor (VEGFR)-1, 
−2, −3, platelet-derived growth factor receptor 
(PDGFR)-a and -b [118]. A phase II study evalu-
ated the activity of sunitinib in 109 NET patients 
including 41 with carcinoids of whom 14 were 
foregut including LCs and observed that sunitinib 
had antitumor activity in pancreatic forms, while 
its activity against carcinoid tumors could not be 
definitively determined [119].

The PAZONET trial [120] of pazopanib as a 
sequencing treatment in progressive metastatic 
NETs, including patients with LCs, observed a 
clinical benefit in 85% of patients treated with 
pazopanib.

Moreover, bevacizumab, an anti-VEGF mono-
clonal antibody, is also being evaluated for LCs. 
In the phase II study by Yao et al. [121] including 
44 patients with advanced NETs of different ori-
gins (four were LCs), patients were randomized 
to either bevacizumab or pegylated interferon 
(IFN). The PFS rates after 18 weeks were 95% 
with bevacizumab versus 68% with pegylated 
IFN.

12.11  Immunotherapy

Immune checkpoint inhibitors have changed the 
clinical practice of different types of malignant 
neoplasms [122, 123]. The main evidence of the 
efficacy of immunotherapy in NETs is currently 
exclusively limited to poorly differentiated NETs 
of the skin (Merkel Cell Carcinomas), while 
results from clinical trials are disappointing for 
well-differentiated tumors [124]. In low-grade 

LCs, two immunotherapy agents have been eval-
uated in clinical studies so far, namely pembroli-
zumab and spartalizumab.

Pembrolizumab is a highly selective, human-
ized anti-programmed cell death protein 1 (PD-1) 
antibody. Antitumoral activity of pembrolizumab 
in carcinoids (lung and gut) and well- 
differentiated pancreatic NETs was initially eval-
uated in the phase 1b KEYNOTE-028 study at 
dose of 10  mg/kg, every 2  weeks. Out of 25 
treated patients with LCs, three (12%) had objec-
tive response rate. Durations of response were 
6.9, 9.2, and 11.1  months for the three LC 
responders, respectively. Stable disease rate was 
60% (15 patients) [125]. The KEYNOTE-158 
phase 2 basket study investigated the antitumor 
activity and safety of pembrolizumab (200  mg 
intravenously every 3 weeks) in different types of 
cancer, progressed after standard-of-care sys-
temic therapy. One-hundred-seven patients with 
different types of NETs were enrolled and 14 of 
them were LCs. Median follow-up was 
24.2 months (range: 0.6–33.4). ORR was 3.7%, 
with 0 complete responses and 4 PR (three pan-
creatic and one rectal). All the responses were in 
patients with PD-L1-negative tumors. Median 
PFS and median OS were 4.1  months and 
24.2  months, respectively. Treatment-related 
grade 3–5 adverse events occurred in 21.5% of 
the patients. The authors concluded that pembro-
lizumab showed limited efficacy in pretreated 
advanced well-differentiated NETs [126].

Spartalizumab (PDR001), a high-affinity, 
humanized, anti-PD-1 antibody, was evaluated in 
a phase II, multicenter study in well- and poorly 
differentiated NETs. Primary endpoint was the 
ORR, and secondary endpoints included duration 
of response, biomarker analyses, and safety. In 
this study, PDR001 was administered at a flat 
dose of 400  mg, every 4  weeks. Of the 116 
patients enrolled, 30 were thoracic NETs, 33 
pancreatic NETs, 32 gastrointestinal NETs, and 
21 GEP-NECs. After a median follow-up of 
7.6 months in NET and 6 months in GEP-NEC, 
ORR was 7.4% in well-differentiated NETs and 
4.8% in poorly differentiated NECs.

Patients with thoracic NETs had a higher ORR 
(20%) compared to GEP-NETs (1.5%) and GEP- 
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NECs (5%). Most common grade 3/4 adverse 
events (>2.5%) were hypertension, dyspnea, ane-
mia, abdominal and back pain. Interestingly, 
PD-L1 expression was generally low, with a 
higher proportion of PD-L1 expression in 
immune cells >1% in GEP-NECs (43%) com-
pared to thoracic NETs (19%) and gastrointesti-
nal NETs (33%). These preliminary results might 
suggest clinical activity of PDR001  in thoracic 
NETs [127].

12.12  Summary and Conclusions

LCs are rare tumors with an incidence of 2% and 
0.2% for TCs and ACs, respectively. However, 
due to the improvement in screening and imaging 
techniques and increased disease awareness, LC 
incidence has increased during the last three 
decades [1, 5, 6]. Given the disease rarity and the 
scarcity of prospective studies, some controver-
sies still exist on diagnosis and management of 
LCs. A multidisciplinary approach is always 
recommended.

Surgery with preservation of as much normal 
lung tissue as possible remains the gold standard 
in case of limited and resectable disease. 
Bronchoscopic excision might be also taken into 
account in those cases presenting with centrally 
located intraluminal LCs, even though further 
prospective studies are warranted to validate this 
more conservative approach.

For advanced or progressive disease, no stan-
dard treatment or therapeutic algorithm is cur-
rently available. In advanced metastatic LCs, 
medical therapy represents the milestone and 
SSA, everolimus, chemotherapy, and PRRT treat-
ments constitute the therapeutic armamentarium 
in this setting, being generally reserved to well- 
differentiated tumors with low proliferative index 
and SSTR positivity.

The majority of the studies exploring the effi-
cacy of SSA therapy for both symptom and tumor 
growth control are retrieved from studies on 
GEP-NETs; however, the LUNA trial is the only 
prospective study dedicated exclusively to LCs 
[117], which reported that long-acting pasireo-
tide, everolimus, or combination therapy with 

both agents was associated with antitumor activ-
ity and an acceptable safety profile. Furthermore, 
the SPINET trial is ongoing, evaluating the effi-
cacy and safety of lanreotide versus placebo for 
the treatment of well-differentiated, metastatic 
and/or unresectable nonfunctioning LCs.

PRRT with radiolabeled SSAs is an option in 
patients with well-differentiated low- intermediate 
grade NETs expressing high levels of SSTRs; 
however, only few, mainly retrospective, studies 
specifically dedicated to PRRT in LCs are avail-
able. Systemic chemotherapy is reserved for 
those cases of locally advanced or metastatic dis-
ease; however, the standard chemotherapy regi-
men to be recommended in clinical practice is 
still unclear, and the choice of chemotherapy 
should be made by taking into account the char-
acteristics of both patient and tumor.

The role of targeted therapies in LCs remains 
still limited with the exception of the only 
approved drug (everolimus) in clinical practice. 
Everolimus represents a therapeutic option in 
patients with progressive disease with advanced 
LCs.

The RADIANT 4 study will likely have a 
major impact on clinical practice, especially for 
lung NETs [115]. Indeed, it was the first random-
ized study to specifically show that everolimus is 
significantly effective in patients with LCs. We 
believe that this study represents a major break-
through, as, to date, there has not been any prop-
erly established treatment algorithm for LCs. In 
particular, we think that everolimus may be par-
ticularly suitable for patients with more aggres-
sive and rapidly progressing disease such as those 
with ACs, in whom upfront treatment can be sug-
gested. Moreover, data on second-line therapy 
with everolimus are even more grounded, also 
compared with those available for chemotherapy 
and PRRT, which are mostly derived from retro-
spective series or nonrandomized studies in a 
mixed population of patients with TCs and sub-
jects with ACs.

Conversely, there is a lack of studies focused 
on the potential role of antiangiogenic agents in 
LCs. Finally, immune checkpoint inhibitors have 
shown promising results in different tumors, 
and the main evidence of the efficacy of 
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immunotherapy in the neuroendocrine setting is 
only in Merkel Cell Carcinomas but not in well- 
differentiated forms, even though [124] in low- 
grade LCs, pembrolizumab and spartalizumab 
had shown preliminary promising results in terms 
of both efficacy and safety.

Further studies, specifically dedicated to LCs, 
are needed to draw more robust conclusions, par-
ticularly to better clarify the most adequate 
sequence and timing of systemic drugs in the 
management of this subgroup of rare neoplasms.
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