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Introduction: the nature of the problem

Neuroendocrine tumors (NETs) of the Lung represent a 
distinct subgroup of primary lung neoplasms, characterized by 
particular morphologic, ultrastructural, immunohistochemical 
and molecular peculiarities and different biological behavior. 

The 2004 World Health Organization (WHO) 
classification of tumors (1), combining architectural 

patterns (cell size, organoid palisading rosettes, distinct 
nuclear/cytoplasm ratio) with other parameters (different 
mitotic index, presence of necrosis and proliferation 
index), classifies NETs into four different groups, ranging 
from the low-grade typical carcinoid (TC) to high-grade, 
poorly differentiated large-cell neuroendocrine carcinoma 
(LCNC) and small-cell lung cancer (SCLC). Amid them, an 
intermediate-grade tumor [atypical carcinoid (AC)] is also 
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recognized. 
Recently, as reported by Modlin et al. and Yao  et al. (2,3), 

NETs incidence has risen up to 1.57/1,000,000/year, likely 
due to an improvement in histological diagnostic tools, as 
well as to the dramatic diffusion of lung cancer screening 
programs worldwide. The increasing prevalence was about 
6% per year, regardless of confounding demographic 
factors, such as age, gender, race, and stage distribution. 
SCLC is the most frequent lung NET, representing 
approximately 15% of invasive lung cancers (4), while 
LCNC accounts for about 3% of all surgically resected 
primary lung cancers (5). Carcinoid tumors are about 1% to 
2% of invasive lung neoplasms, overall accounting for 0.1% 
to 0.2% of all lung cancers, with approximately 6,000 new 
cases per annum in USA (6), and represent 20% to 25% of all 
carcinoid tumors in the human body. 

Smoking is strongly correlated with SCLC and LCNC; 
recent reports (7,8) confirm the role of smoking also in AC 
development.

In 2012, the European Society of Thoracic Surgeons 
(ESTS) has launched the NETs Working Group (NETs-
WG), gathering a group of experts worldwide with the 
aim to accumulate knowledge on such rare neoplasms, 
disseminating it into the scientific community. After 
designing a specific dedicated database, a retrospective data 
collection started and up to June 2014, 2051 patients have 
been included from European and North American high-
volume Institutions. Several scientific publications followed 
this project, along with two Satellite Sessions during the 
2013 and 2014 ESTS Annual Meetings.

The present paper reports the latter, dedicated to 
the management of advanced lung bronchial carcinoids 
(BCs) and LCNCs. Due to the rarity of these tumors, and 
the lack of prospective randomized clinical trials, their 
clinical management is based on the experience of single 
Centres, and still remains anedoctical. The Surgeon’s and 
Oncologist’s perspectives are considered, with the belief that 
patients must be managed in a multidisciplinary approach. 

Advanced neuroendocrine lung tumor: the 
surgeons’ perspective

Bronchial carcinoids (BCs) 

BCs must be regarded as malignant tumors, since they 
can present with lymph-nodal involvement at the time of 
intervention, can locally recur or give distant metastases. As 
for other non-small cell lung cancers (NSCLCs), surgery 

represents the mainstay of treatment; anatomic resections 
should be performed, along with systematic hilar and 
mediastinal lymphadenectomy.

Surgery achieves 5- and 10-year survival rates higher 
than 95% for TC and 70% and 50% for AC, respectively, 
which is worse in case of lymph-nodal metastases. 

Whereas the typical BC clinical presentation is 
characterized by two distinct forms (central and peripheral 
tumor), large metastatic N1-N2 nodes (Figure 1), as well as 
multiple diffuse bilateral lesions are sometimes observed (9-11).

The lymph-nodal involvement percentage may vary 
according to BC’s histology: in a large multi-Institutional 
experience (12), node metastases were found in 9% TCs 
and in 36% ACs, respectively. Data arising from the ESTS 
NETs-WG (on 1,440 cases) are shown in Figure 2. 

In case of single-station N2 disease, an upfront surgical 
approach is regarded feasible; when multiple lymph-nodal 
involvement is observed, a histological proven diagnosis 
[usually through mediastinoscopy or endobronchial 
ultrasound (EBUS)] is therefore mandatory. An induction 
chemotherapic treatment generally increases the chance of 
radical resection.

It is questionable the role of adjuvant treatment in low-
grade N1-N2 tumors: a recent retrospective series reports 
that postoperative CT is associated with worse overall 
survival (OS) (13). According to the ESTS NETs-WG 
database, chemotherapy (CT) and/or biological therapy 
[long-acting somatostatin analogs (SSA), such as Octreotide 
or Lanreotide] and/or radiotherapy (RT) were proposed 
to 2% TCs, only. Adjuvant treatment (commonly Platin-
Etoposide) CT or RT was administered in 20% N+ ACs. 

In accordance with other previous reports (8,12-17), 
we found that, at the multivariate analysis, survival was 
significantly influenced by the presence of lymph-nodal 
involvement (Figure 3) [hazard ratio (HR): 1.33; 95% CI: 
1.17-1.53; P<0.001 for TCs; HR: 1.29; 95% CI: 1.04-
1.60; P=0.019 for ACs], and tumor stage (Figure 4) (HR: 
3.23; 95% CI: 1.95-5.36; P<0.001 for TCs; HR: 1.38; 
95% CI: 1.05-1.82; P=0.020 for ACs). Local recurrences 
occurred in 2% TCs and 7% ACs; distant metastases were 
observed in 4% TCs and 26% ACs, respectively; both were 
more frequent in case of lymph-nodal involvement and 
in advanced Stages. A long lasting and accurate clinical/
radiological follow-up is recommended in low-grade lung 
NETs, since metastases may develop several years after 
surgery. Resection of the recurrence, if feasible, may be a 
therapeutic option; systemic CT and/or RT are indicated in 
case of unresectable lesions. 
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Figure 1 Advanced unresectable atypical carcinoid (CT scan).

Figure 2 Lymph-nodal involvement and stage distribution in bronchial carcinoids. Data arising from the ESTS NETs-WG on 1,440 cases 
(TCs: 1212; ACs: 228). ESTS, the European Society of Thoracic Surgeons; NETs-WG, Neuroendocrine Tumors Working Group; TCs, 
typical carcinoids; ACs, atypical carcinoids.
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Neuroendocrine carcinomas

The typical radiological LCNC’s presentation is a spiculated 

peripheral pulmonary nodule; advanced lesions with hilar 

involvement are sometimes observed (Figure 5).
Five-year survival rate in resected LCNCs has been 

reported ranging from 20% to 55%, according to the 
different single-Institution series (18-21), very similar to 
SCLC. Tumor recurrences/distant metastases develop early, 
even after a complete resection as well as in early stage (22). 
Therefore, surgery alone is not sufficient even in stage I 
LCNC, and adjuvant treatments are required (23,24).

The N status and Stage distribution according to 
the ESTS NETs-WG database on 316 cases are shown 
in Figure 6 .  LCNC OS and Cumulative Incidence 
of Recurrence curves are reported in Figure 7. Local 
recurrences were observed in 19% of patients, while distant 
metastases developed in 37% of cases. At the multivariate 
analysis, survival was significantly influenced by tumor 
Stage (HR: 1.31; 95% CI: 1.10-1.55; P=0.002), only.

The importance of adjuvant CT has been recently 
highlighted. Veronesi (21) observed that Stage I LCNC 
treated with postoperative CT presented with a better 
survival than those who did not (P=0.07); Iyoda et al. (25) 
reported that Platinum-based adjuvant CT was effective to 
prevent tumor recurrences. Rossi et al. (26) observed how 

Figure 3 Bronchial carcinoids overall survival (OS) according to the lymph-nodal involvement.

Figure 4 Bronchial carcinoids overall survival (OS) according to 
tumor stages.
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Figure 5 Advanced right sided LCNC with lymph-nodal involvement (CT scan). LCNC, large-cell neuroendocrine carcinoma.

Figure 6 Lymph-nodal involvement distribution in LCNCs. Data arising from the ESTS NETs-WG on 316 cases. LCNC, large-cell 
neuroendocrine carcinoma; ESTS, the European Society of Thoracic Surgeons; NETs-WG, neuroendocrine tumors Working Group.

Figure 7 LCNC: overall survival (OS) and cumulative incidence of recurrence curves compared to typical and atypical carcinoid. LCNC, 
large-cell neuroendocrine carcinoma; TC, typical carcinoids; AC, atypical carcinoids.
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Platinum-Etoposide CT (typical SCLC’s regimen) was 
more effective than traditional NSCLC’s ones, after LCNC 
surgical resection.

The combination of Platinum-based induction CT, 
followed by surgery and postoperative CT/RT was 
recognized having a survival advantage in a large mono-
Institutional series by Sarkaria et al. (27). The Authors 
suggested that this approach should be offered to all LCNC 
patients. 

According to the ESTS NETs-WG database, induction 
CT/RT was offered to 17% of patients and adjuvant 
treatment to 42%. We also found a better survival in 
patients submitted to postoperative CT, even if data did not 
reach a statistical significance.

Advanced neuroendocrine lung tumor: the 
oncologist’s perspective

Clinical management of advanced/aggressive lung NETs 
requires a multidisciplinary approach; several figures should 
be involved: the Surgeon, the Medical and Radiation 
Oncologist, the Pulmonologist, the Pathologist, the 
Endocrinologist, the Interventional Radiologist and, 
sometimes, the Gastroenterologist. Every decision and 
strategy should be decided in the course of specific tumor 
boards, which allow the identification of different treatment 
possibilities, including, whenever feasible, surgery.

The main aims of the lung NETs’ medical management 
are the control of tumor’s growth and of endocrinopathies 
and endocrine secretory activity in general, whenever 
paraneoplastic syndromes are present. The absence of a 
curative option in case of metastatic disease, as well as the 
prognostic heterogeneity of lung NETs, make the quality of 
life a predominant objective.

Lung NETs rarity and the consequent difficulty to enroll 
patients with advanced diseases, may explain the present 
lack of randomized clinical trial, which are contrariwise, 
urgently needed.

Hormonal secretion’s control

Lung NETs (especially BCs) have associated endocrine 
syndromes in a lower percentage compared to gastro-
entero-pancreatic ones (10-12% vs. 30%) (28).

SSA constitutes the gold standard for a symptomatic 
control. Flushing and diarrhea improved in more than 
50% of cases in specific series; SSA also showed an 
antiproliferative effect when used in metastatic ACs with 

carcinoid syndrome (29).
When Cushing’s syndrome is present, it can be treated 

with commonly available drugs, such as Ketoconazole, 
Metyrapone, Etomidate or Mifepristone (30). In the 
absence of hormonal control, many patients may benefit of 
SSA or Interferon, associated with loco-regional therapies 
(liver palliative surgery, radiofrequency metastasis ablation 
or trans arterial chemoembolization). 

Low-grade NETs

There are no consolidated prospective clinical trials that 
guide the treatment of advanced BCs, and the only available 
results arise from small retrospective mono-Institutional 
series as well as from subgroup analysis of few multicentric 
studies which also include gastro-entero-pancreatic 
NETs. The first multicentric randomized prospective trial 
completely dedicated to thoracic (Pulmonary and Thymic) 
NETs (Luna trial) started at the end of 2013 and is still 
ongoing. 

In asymptomatic patients with advanced BCs and a 
low proliferative index, a “watch and see” policy might be 
considered, if clearly explained to the patient, on the basis 
of a strict and regular clinical/radiological follow-up. 

The SSA antiproliferative effect also in non-secreting 
tumors has been reported in the past, and supported by 
small clinical series (29,31-33). SSA can produce tumor 
stabilization in about 30-70% of patients with low-grade 
NETs, as reported by prospective and retrospective studies 
that also included lung NETs (34,35). The most reasonable 
first-line treatment by SSA in terms of progression-free 
survival (PFS) has been highlighted by the results of two 
International studies (PROMID, using Octreotide, and 
CLARINET trial, using Lanreotide) (36). 

Systemic CT should be used in case of advanced 
unresectable BCs. In general, its results (in terms of mono 
or polychemotherapy) are disappointing; data arise from 
small retrospective mono-Institutional series, with several 
limitations due to different inclusion criteria and some 
other biases. 

Cisplatin-Etoposide scheme is the classic regimen 
reserved to BCs who rapidly became progressive or when 
the associated endocrine syndromes must be clinically 
controlled. The overall response rate (ORR) unfortunately 
demonstrated limited effect of these drugs. 

Temozolomide (alone or in association) showed 
promising clinical benefits, even if data come from small 
retrospective series (37,38). Temozolomide has been also 
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proposed in case of unresectable brain metastases (39). 
Mammalian target of rapamycin (mTOR) has been 

identified as a kinase activated in the PI3K pathway of lung 
NETs (40). Recently, mutations in PI3K have been also 
described in BCs. 

The role of mTOR Inhibitors has rapidly become of 
clinical interest in Thoracic Oncology. Everolimus (alone 
or in combination with SSA) was effective, according to 
the lung NETs subgroup analysis of the large multicentric 
RADIANT II study (41).

The PFS in the Everolimus arm was >8 months higher 
than that in the placebo one. However, problems in correct 
patients’ subdivision between the two arms were emphasized 
and did not allow to achieve correct statistical analyses, even 
if a 2.4-fold PFS improvement has been observed (42).

The RADIANT IV, a large prospective phase III 
multicentric study, which explore the efficacy of Everolimus 
vs. placebo in progressive lung NETs, has recently 
completed patients recruitment and results are expected 
by the end of the year. Another study (the LUNA trial), 
entirely designed for thoracic NETs, is actually ongoing, 
and will investigate the efficacy of Everolimus as single 
agent vs. its association with Pasireotide (a pan-Somatostatin 
receptor analogue) or Pasireotide alone in progressive 
diseases (PD). The results of these studies will confirm the 
role of Everolimus for patients with PD BCs.

Loco-regional therapies (radiofrequency or cryoablation) 
are also available, especially in case of liver, bone or lung 
metastases.

Finally, peptide receptor radiotargeted therapy (PRRT) 
is now used to treat unresectable distant metastases, 
using 90Yttium-DOTA Octreotide or 177Lutetium-DOTA 
Octreotide. Grade 3-4 toxicity (especially renal) is reported 
in about 30% of cases, and may limit the use of these 
techniques (43).

High-grade NETs

Surgery alone is not sufficient to treat LCNC, even in Stage 
I. Local recurrences and/or distant metastases are, in fact, 
extremely frequent and very early, also after complete tumor 
resection. Since a preoperative cyto-histological diagnosis is 
often impossible, induction CT is performed in very 
few cases.

Many recent reports revealed that Platinum and SCLC-
based CT regimens are effective in LCNC, especially in 
advanced disease; therefore, Platinum-Etoposide actually 
represent the gold standard in the treatment of such tumors 

(26,44,45).
New chemotherapic agents have been recently evaluated: 

amid them, irinotecan (associated with Cis or Nedaplatin) 
seems to be very promising, especially in Stage I patients 
and in adjuvant setting (46).

In conclusion, the management of advanced lung 
NETs should be individualized by multidisciplinary 
teams which include Medical and Radiation Oncologists, 
Surgeons, Pathologists, Pulmonologists, Endocrinologists 
and Interventional Radiologists. The prognosis is 
mainly dependent on tumor grade and its anatomical 
extent. Surgery, whenever feasible, remains the mainstay 
of treatment even in case of advanced disease; other 
therapeutic options are mainly addressed to palliate 
symptoms, since the results of systemic chemotherapy are 
still limited. New antineoplastic biological drugs seem 
encouraging, but their real effectiveness must be proven in 
ongoing clinical trials.
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