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                                    Introduction  

 
Large- cell neuroendocrine carcinoma (LCNEC) is a relatively rare 

pulmonary neuroendocrine tumor with aggressive biological behaviour. 

Its diagnosis is challenging, while the best therapeutic approach is still 

dubious. 

Goal of my Thesis is to present up to date information from international 

bibliography as well as to depict the results of my study in patients with 

large – cell neuroendocrine tumors of the lung. 

It consists of two main parts: i) a review article, where the most recent 

knowledge about the pathological characteristics, diagnosis, prognostic 

markers and treatment modalities for this neoplasm is depicted, and ii) a 

study of patients with large- cell neuroendocrine tumors of the lung, 

conducted in the Oncology Department of «Evaggelismos», Athens 

General Hospital.     

In this study, epidemiological, clinical and immunohistological 

characteristics as well as treatment results of nineteen (19) patients with 

LCNEC treated in the Oncology Department of «Evaggelismos» Hospital 

from April 1997 to January 2013 were reviewed. According to the results 

of our study, the stage of the disease along with the performance status of 

the patients played a vital role in the overall outcome and survival. 

Moreover, disease burden seemed to play a prognostic role.    
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Review article  

 

 

Large cell neuroendocrine carcinoma of the lung. 

 

Apostolos M. Laskarakis 

 

 

 
Introduction   

Large - cell neuroendocrine carcinoma is a relatively rare lung tumor as 

it constitutes up to 3% of all lung cancers [1, 2]. It is a part of a spectrum 

of tumours called pulmonary neuroendocrine tumours which were first 

writtenly described by R. Laennec in a posthumously published report in 

1831, where he was referring to an intrabronchial mass probably a 

bronchopulmonary carcinoid [3]. Pulmonary neuroendocrine tumors 

were classified into three major categories: Typical carcinoids, atypical 

carcinoids and small cell lung cancer until 1991, when Travis et al. 

described a distinct subset of tumors with prognostic spectrum similar to 

small cell lung cancer called large-cell neuroendocrine carcinoma [4, 5]. 

According to most recent knowledge, the spectrum of pulmonary 

neuroendocrine tumors includes tumors with neuroendocrine morphology 

such as the low- grade typical carcinoid (TC), the intermediate- grade 

atypical carcinoid (AC) and the high-grade large-cell neuroendocrine 

carcinoma (LCNEC) and small cell lung cancer (SCLC) [6]. They 

account for about 20-25% of all invasive lung cancers. Small cell lung 
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cancer is the most frequent neuroendocrine malignancy representing 15-

20% of invasive lung cancers while LCNEC accounts for 3% of all lung 

cancers [7, 8]. Large-cell neuroendocrine can be difficult to diagnose 

while the optimal treatment is not yet established [8]. 

 

Pathological characteristics 

According to 1999 and 2004 World Health Organization (WHO) 

classifications, LCNEC is a high – grade, non small cell neuroendocrine 

carcinoma and a distinct subtype of pulmonary large-cell carcinoma, a 

form of  non-small cell lung cancer (NSCLC) [9, 10]. According to Travis 

et al., there are four different categories of neuroendocrine phenotypes in 

large-cell carcinomas: i) LCNEC with neuroendocrine features identified 

by light microscopy as well as immunohistochemistry and electron 

microscopy, ii) Large-cell carcinoma with neuroendocrine morphology 

(LCNEM) but without neuroendocrine differentiation identified by 

electron microscopy, iii) Large-cell carcinomas with neuroendocrine 

differentiation (LCC-NET) but without neuroendocrine morphology 

documented by immunohistochemistry or electron microscopy and finally 

iv) classic large-cell carcinoma (LCC) without both neuroendocrine 

morphology and differentiation [5, 10]. 

Large-cell neuroendocrine tumours are characterized by their 

neuroendocrine morphology with organoid nesting, trabecular pattern, 
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palisading and rosette-like structures  and their high mitotic rate of 11 or 

more mitoses per 10 high power fields (average 60- 80 mitoses) which is 

the main criterion separating LCNEC and SCLC from atypical carcinoids 

[8, 11]. 

Other pathological characteristics include: non-small cell cytologic 

features such as large- cell size, low nuclear/cytoplasmic ratio, 

prominent nucleoli and often large zones of necrosis and neuroendocrine 

differentiation manifested by immunohistochemistry with antibodies such 

as chromogranin, synaptophysin and CD56 or by electron microscopy, 

while they do not express high molecular weight cytokeratines which are 

typical for SCLC [9, 12, 13]. Lastly, in 41-75% of cases thyroid 

transcription factor-1 (TTF-1) may be positive [14,15]. 

 

Molecular markers 

Compared to low-grade neuroendocrine tumors or to classic large–cell 

carcinomas, LCNEC have a much higher proliferation index with 

staining of 50 – 100% of tumor cells [16]. Moreover abnormal 

expression, loss of heterozygosity and point mutations of the p53 locus 

have been detected in about 80% LCNEC [17,18]. 

Telomerases are enzymes which play vital role in the synthesis of 

DNA. There is evidence that high telomerase activity is present in 

LCNEC and in SCLC compared to low-grade carcinoma tumors, while 
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high expression of Bcl-2 antiapoptotic gene and p21 marker of 

angiogenesis is detected in LCNEC [19, 20]. In addition to the above, in 

2005 Rossi et al., reviewed the immunohistochemical expression and 

mutational status of the receptor tyrosin kinase (KIT) and platelet derived 

growth factor alpha and beta (PDGFRalpha , PDGFRbeta) and MET in 

83 patients with LCNEC. According to their study, LCNEC strongly 

expressed KIT, PDGFRalpha, PDGFRbeta and MET in 63%, 60,2%, 

82% and 47% of patients respectively but no mutations in the exons 

encoding for the relevant  juxtamembrane domains were detected, while 

MET expression was significantly connected with survival, providing a 

potential marker for future targeted therapies [21]. 

E-cadherin and beta–catenins involved in epithelial cell-cell 

adhesion are strongly expressed in LCNEC and SCLC than in low-grade 

carcinoids, while the down regulation of E-cadherin – beta catenin 

complex seems to be involved in LCNEC tumor progression [22, 23]. 

It is well known that epidermal growth factor receptor (EGFR) - 

Tyrosin Kinase inhibitor (TKI) has been effective for NSCLC patients 

with specific  EGFR mutations in exons 19 or 21 [24]. Therefore, in 

2011, Iwoda et al. analyzed 13 LCNEC for the presence of EGFR gene 

mutation. Only a single EGFR mutation (a silent mutation in codon 725) 

was detected supposing that EGFR-TKI is not likely to be an effective 

therapy for patients with LCNEC [25]. In contrary to the above, a high 
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expression of vascular enthothelial growth factor (VEGF) has been 

detected suggesting a possible role of anti-VEGF therapy in the future for 

these patients [25]. Most recently, two cases of large- cell 

neuroendocrine carcinoma with an EGFR mutation have been reported. 

In the first case the LCNEC progressed despite treatment with EGFR-TKI 

suggesting that was a case of LCNEC carrying an EGFR mutation which 

may have developed from adenocarcinoma, while at the other occasion 

the LCNEC with an EGFR mutation responded to treatment with EGFR-

TKI gefitinib [26, 27]. Lastly, in 2013, Odate et al. found that 

tropomyosin-related kinase B (TrKB) and its ligand brain-derived 

neurotrophic factor (BDNF) enhance tumor progression and invasion in 

LCNEC suggesting a potential target for future therapies [28]. 

 

Epidemiology – clinical presentation  

Most of the patients with LCNEC are male with a median age of 60 years 

old and a heavy smoking history [2, 5]. LCNEC are usually peripheral 

tumours and less frequently centrally located [8]. They intend to have 

irregular margins while calcification is present in about 10% of the cases 

as depicted in a CT imaging review [29]. Chest pain is the most frequent 

symptom along with hemoptysis, dyspnea, cough, flu-like symptoms and 

weight loss, while up to 24% of the patients seem to be asymptomatic at 

the time of diagnosis [30]. Paraneoplastic symptoms are absent with the 
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rare exception of a single case of syndrome of inappropriate antidiuretic 

hormone secretion (SIADH) [20, 31]. 

 

Diagnosis 

Large-cell neuroendocrine carcinoma is very difficult to diagnose and 

usually is under-diagnosed [32]. Diagnosis is difficult to be set on small 

biopsies or cytology because the neuroendocrine pattern and 

differentiation is difficult to be identified in small tissue samples. Also, 

LCNECs are frequently located out of reach of fiberoptic bronchoscopy, 

so no biopsy can be obtained. The diagnosis of LCNEC requires surgical 

lung biopsy to be safe [2, 33]. 

 

Prognosis 

LCNECs are biologically aggressive cancers and present many 

similarities not only in molecular level but also in overall prognosis to 

small–cell lung cancers manifesting a poor outcome as depicted by 

Asamura et al. with a 5-year survival rate at about 40,3% with the 

histologic grade being the most important prognostic factor [34]. In 

another study Garcia – Yuste et al. presented a 5-year survival rate of 

LCNEC patients at about 21% while for SCLC patients 14%, much lower 

than for patients for typical and atypical carcinoids or other non-small 

cell lung cancers [20]. Moreover, at a large study conducted by  
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Battafarano et al. in over 2000  surgically treated patients the 5-year 

survival rate for stage I LCNEC was only 32,1% [35]. 

Previously, we have depicted the role of several molecular markers 

in prognosis of LCNEC. Most recently the role of nestin, a class VI 

intermediate filament protein expressed in stem-cells during central 

nervous system development, was studied in patients with resected 

LCNECs. According to the study, nestin expression seemed to be an 

indicator of poor prognosis in those patients [36].       

 

Treatment 

1. Treatment of early stage disease 

The therapeutic strategy is based on the extension of the disease, 

although the truth is that the optimal treatment for LCNEC is unknown. 

Due to the fact that is a relative uncommon malignancy, large 

prospective randomized face III trials have not been performed [37]. 

Most of the patients with localized early stage disease are 

surgically treated usually undergoing lobectomy or pneumonectomy since 

they may improve survival if there are no indications of lymph node 

metastasis at mediastinal sampling [30]. Unfortunately, even in stage I 

LCNEC are rarely cured [30, 35, 38]. Veronese et al. in a retrospective 

analysis of 144 surgical cases showed a survival benefit for patients with 

stage I LCNEC who had received neo-adjuvant and adjuvant 
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chemotherapy [39]. The same survival benefit was exhibited in a similar 

study conducted by Saji et al. in 2010 [40]. In both trials, platinum – 

based chemotherapy regimen was used in combination with etoposide or 

irinotecan. The same positive results in the role of adjuvant 

chemotherapy consisting of cisplatin and VP-16 was shown in a 

prospective study conducted by Iyoda et al. with a five year survival rate 

of 88,9% [41]. Lastly, in 2011 Sarkaria et al. depicted a trend toward 

improved overall survival (median survival 7,4 vs 2 years) for stages IB- 

IIIA LCNEC patients who had received platinum based induction or 

adjuvant chemotherapy [42]. Although it seems to be helpful, there are 

no sufficient data to support a definite role for radiation in adjuvant 

therapy [43]. 

From the above it is evident that for early-stage LCNEC patients a 

combination of surgery and chemotherapy regimens similar to those 

administered in small- cell lung cancer therapy is the preferred option. 

 

2. Treatment of advanced disease 

There is very little information about the treatment of unresectable and 

advanced LCNEC. In a study conducted by Igawa et al. in 2010, 14 

patients with high-grade non-small cell neuroendocrine carcinoma 

(HNSCNEC) were treated with platinum-based regimens and compared 

with patients who received chemotherapy for extensive disease small- cell 
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lung cancer, with a comparable clinical efficacy (Median survival time 

10 and 12, 3 months respectively) [44]. 

Five years before that in 2005 Yamazaki et al. suggested that the 

response rate of patients with LCNEC treated with cisplatin-based 

chemotherapy was comparable to SCLC [45]. Recently tumor specimens 

and clinical reports of 45 patients diagnosed with advanced LCNEC were 

reviewed. They were divided into “SCLC” and “NSCLC” regimen 

groups according to the first-line chemotherapeutic regimens. The 

response rates were 73% and 50% respectively and the difference in 

overall survival was 7,3  vs 9,2 months. There was also notable difference 

in the type and efficacy of salvage chemotherapy between the two groups, 

with relatively high objective responses in the “SCLC” regimen group 

contrary to no objective response in “NSCLC” regimen group [46]. 

Interestingly in full contrast to the above findings, the last updated 

National Comprehensive Cancer Network (NCCN) Guidelines 

recommend to treat LCNEC such as non small cell lung cancer [47]. 

Lastly, according to the results of a most recent multicenter prospective 

face II study, the outcomes of patients with advanced LCNEC treated with 

cisplatin etoposide doublets are poor and similar to those of patients with 

advanced SCLC [48]. 

The role of radiation therapy in advanced stage LCNEC remains hazy 

and undefined [21]. 
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3. Targeted therapies  

In the section of molecular markers we have depicted the potential role of 

some of those markers for future targeted therapies. A face II study 

evaluated the activity of sunitinib in patients with advance 

neuroendocrine tumours. Further trials should define its role in this 

matter [49]. Moreover a combination of octreotide and oral everolimus 

was used in a face II study in patients with neuroendocrine tumours. 

Progression - free survival was 13,6 vs 5,6 months for the placebo plus 

octreotide LAR arm. Further studies are needed to clarify the population 

more likely to respond to this therapy [50]. 

 

Conclusion  

LCNEC is a distinct subset of pulmonary neuroendocrine tumours which 

histologicaly shares features of both NSCLC and SCLC. It is an 

uncommon but aggressive in terms of biological behaviour neoplasm with 

a poor prognosis and survival similar to that of small-cell lung cancer. 

Diagnosis is very difficult and the best therapeutic approach is still 

unclear. Early diagnosis followed by surgery and adjuvant platinum-

based chemotherapy is the best approach. Further large scale phase III 

prospective studies are needed to clarify matters on this subject.      

 



 15 

 

STUDY OF 19 PATIENTS WITH LARGE - CELL 

NEUROENDOCRINE TUMORS OF THE LUNG. 

A SINGLE ONCOLOGY  DEPARTMENT EXPERIENCE. 

 

 

Abstract 

Introduction: Large-cell neuroendocrine carcinoma (LCNEC) is a 

pulmonary neuroendocrine tumor with poor prognosis and no established 

treatment. 

The aim of the study was to present clinical characteristics and treatment 

results of patients with LCNEC. 

Patients: In our department 19 LCNEC patients (m/f =14/5, 04/1997-

01/2013), were consecutively treated. Clinical characteristics, treatment 

results and histological specimens were reviewed. Median (m) EFS 

(event-free survival) and OS (overall-survival) were calculated according 

to Kaplan Meier curves and log-rank test. Median age of the patients was 

64 years and 13 of them had a favorable PS (0-1). Cough and chest pain 

were the most common presenting symptoms. Stage I- IIIA had 6, and 

stage IV 13 patients. 

Eighteen (18) patients received chemotherapy either adjuvantly or for 

metastatic disease mainly with cisplatin-etoposide. 
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Results: Median OS for the overall population was 9,5 months (95% CI= 

3,4-15,7). Median OS for early stage disease was 36,4 months vs 7,1 

months for metastatic disease (p=0,057). Patients with a favorable PS 

had better OS than those with poor (3,3 vs 15,9 months, p<0,001). 

Similar findings were observed for EFS.   

 Conclusions: In our study the stage of the disease along with the PS of 

the patients played vital role in the overall outcome. Disease burden 

seems to have a prognostic role. 

  

Introduction  

Large-cell neuroendocrine carcinoma is a relatively rare lung tumor as it 

constitutes up to 3% of all lung cancers [1, 2]. It is a part of a spectrum 

of tumours called pulmonary neuroendocrine tumours which were first 

writtenly described by R. Laennec in a posthumously published report in 

1831, where he was referring to an intrabronchial mass probably a 

bronchopulmonary carcinoid [3]. Pulmonary neuroendocrine tumors 

were classified into three major categories: Typical carcinoids, atypical 

carcinoids and small cell lung cancer until 1991, when Travis et al. 

described a distinct subset of tumors with prognostic spectrum similar to 

small cell lung cancer called large-cell neuroendocrine carcinoma [4, 5]. 
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According to most recent knowledge, the spectrum of pulmonary 

neuroendocrine tumors includes tumors with neuroendocrine morphology 

such as the low-grade typical carcinoid (TC), the intermediate-grade 

atypical carcinoid (AC) and the high-grade large-cell neuroendocrine 

carcinoma (LCNEC) and small cell lung cancer (SCLC) [6]. They 

account for about 20-25% of all invasive lung cancers. Small cell lung 

cancer is the most frequent neuroendocrine malignancy representing 

15%-20% of invasive lung cancers, while LCNEC accounts for 3% of all 

lung cancers [7, 8]. Large-cell neuroendocrine can be difficult to 

diagnose while the optimal treatment is not yet established [8]. 

In a retrospective study we reviewed patient’s characteristics with large- 

cell neuroendocrine carcinoma of the lung and we assessed their 

treatment results and overall survival. 

 

Materials and Methods 

This study included demographic, immunohistological and disease 

characteristics as well as treatment results of 19 LCNEC patients who 

were consecutively treated in our department from April 1997 till 

January 2013. 

Tumours were classified according to World Health Organization (WHO, 

2004) [9, 10]. LCNEC were diagnosed based on the following criteria: 

neuroendocrine morphology with organoid nesting, trabecular pattern, 
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palisading and rosette-like structures, their high mitotic rate of 11 or 

more mitoses per 10 high-power fields, large-cell size, low nuclear to 

cytoplasmic ratio, the presence of large zones of necrosis and 

neuroendocrine differentiation manifested by immunohistochemistry 

[8,9,11,12]. The neuroendocrine markers used were CD56, 

chromogranin and synaptophysin. 

 

Statistical Analysis 

Event-free survival (EFS) was considered as the time from the date of 

diagnosis to the date of the disease relapse, progression after first line 

treatment, death from any cause or last follow-up. Overall survival (OS) 

was the time measured from the date of diagnosis to the date of death or 

last follow-up.  Median survival was calculated according to the Kaplan -

Meier curves, with a 95% confidence interval. Comparisons were made 

according to the log- rank test and hazard ratios were estimated by Cox-

regression analysis. All comparisons were two-tailed and 5% was 

considered as the level of significance. 

 

Results  

Fourteen (14) of the patients (73, 68%) were male, while the median age 

of all patients was 64 years old. At the time of diagnosis 13 of the patients 

(68, 42%) had a favorable performance status (0-1 according to ECOG) 
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and 6 (31,58%) had a poor performance status (2-3 according to ECOG). 

Cough with dyspnea and chest pain, SVC syndrome, hoarseness, 

hypercalciaemia, visual disturbances, skin tumors and paradox pulse 

were recorded in 6,3,2,1,1,1 and 1 patient and were the most common 

presenting symptoms while 4 patients were asymptomatic and were 

randomly diagnosed. 

At the time of diagnosis their disease status was as follows: 6 of them (31, 

58%) had early (non- metastatic) disease stage I-IIIA  and the 13 rest 

(68, 42%) had advanced stage IV according to the TNM System, 

metastatic  disease. With four of them having metastasis to multiple (over 

2 organs) mainly bones, liver and adrenal glands (Table 1).  

    

Table 1.Epidimiological and clinical characteristics   

Characteristics Total 

 Median Age   64 years  

Gender   

Male 14 

Female 5 

PS   

0-1 ECOG 13 

2-3 ECOG 6 

Stage   

I-IIIA 6 

IV 13 

 1-2 organs 15 

Metastasis to multiple organs 4 
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Diagnosis was set through surgery in 6 patients and through biopsy of 

lymph node, liver and brochonscopy in the rest. All neoplasms had  

neuroendocrine morphology, extensive necrosis, high mitotic rate and 

stained CD56, synaptophysin and chromogranin( ++/+++). 

With the exception of 1 patient who underwent surgery alone, the rest 

received chemotherapy either as adjuvant therapy or as a first line 

treatment for metastatic disease. The main chemotherapy regimen used in 

adjuvant treatment was cisplatin-etoposide. Patients with stage IV 

metastatic disease received as first line treatment mainly platinum based 

combinations with etoposide (8 /13, 61, 53%). Four patients (4/13, 30, 

77%) received chemotherapy with doxorubicin, cyclophosfamide, 

vincristine and etoposide, while one patient received a combination of 

cisplatin-pemetrexed. Upon disease progression they received as salvage 

chemotherapy regimens used in the treatment of a small-cell lung cancer 

disease (Table 2 & 3). 

Table 2. Treatment of  patients with stage I- IIIA disease 

Patients  Treatment 

1
st
 patient Surgery plus Cyclophosfamide– Doxorubicin- 

Vincristine- Etoposide (CAVE) 

2
nd

 patient Surgery 

3
rd

 patient Surgery plus Cisplatin/ Etoposide 

4
th

 patient Surgery plus Cisplatin/ Etoposide   

5
th

 patient Surgery plus Cisplatin/ Etoposide 

6
th

 patient Surgery plus Cisplatin/ Docetaxel 
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Table 3. Treatment of patients with stage IV metastatic disease. 

Patients First line treatment Second line treatment  

1
st
 patient RT plus CAVE Cisplatin/ Etoposide 

2
nd

 patient Cisplatin/ Etoposide CAVE 

3
rd

 patient Cisplatin/ Pemetrexed Gemcitabine/ Docetaxel 

4
th

 patient Cisplatin/ Etoposide Hycamtin 

5
th

 patient Cisplatin/ Etoposide - 

6
th

 patient  RT plus Cisplatin/ 

Etoposide 

CAVE 

7
th 

patient RT plus CAVE Cisplatin/ Etoposide 

8
th

 patient CAVE RT 

9
th 

patient  Cisplatin/ Etoposide - 

10
th

 patient RT plus CAVE Hycamtin 

11
th 

patient RT plus Carboplatin/ 

Etoposide 

CAVE 

12
th 

patient Cisplatin/Etoposide CAVE plus RT 

13
th 

patient Cisplatin/Etoposide - 

 

Median follow-up was 8, 4 months (95% CI= 0 - 40,4 months). 

Median OS for the overall population was 9,5 months (95% CI=3, 4-

15,7). Patients with early (non-metastatic) disease had median OS=36,4 

months versus 7,1 months for patients with metastatic disease (p =0,057). 

Also, patients with a favorable PS (0-1 according to ECOG) had better 

OS than those with poor PS (2-3), (3,3 vs 15,9 months, p<0,001). 

Furthermore, disease burden seemed to have a prognostic significance. 

Patients with multiple organs involved (>2, including the lungs) had a 

trend for a worse OS compared to patients with oligometastatic disease 
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(1-2 organs involved) and those with early disease (3,3 vs 9,5 vs 36,4 

months, p= 0,068). In addition, the number of involved organs seemed to 

confer a worse prognosis (Hazard ratio= 1, 55, 95% CI=1, 04 - 2, 29, 

p=0,03). 

Similar findings were observed for EFS. Median EFS for all the patients 

of the study was 3, 3 months (95%CI=1,7 - 4,9). Patients with early (non- 

metastatic) disease had median EFS=20,0 months vs 3,0 months for 

patients with metastatic disease (p=0,028). Also, patients with a 

favorable PS (0-1 according to ECOG) had better EFS than those with 

poor PS (2-3), (2,8 vs 4,8 months, p=0,059). However, the number of 

involved organs did not seem to influence EFS.       
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Kaplan – Meier curves depicting Median overall survival and event free 

survival. Confidence interval (CI) 95%.  

Median overall survival 9,5 months (95% CI= 3,4 – 15,7). 

Median event free survival 3,3 months (95% CI= 1,7 – 4,9). 

 

Conclusion 

The stage of the disease along with the performance status of the patients 

played vital role in the overall outcome and survival of the patients. 

Moreover disease burden seems to have a prognostic role. The findings of 
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our study suggest that large cell neuroendocrine tumors of the lung are 

biologically aggressive cancers with poor prognosis even for patients 

with stage I disease. These findings are consistent with those presented by   

Garcia-Yuste et al. with a 5-year survival rate at about 21% and to those 

depicted by Battafarano et al. in a study of over 2000 surgically treated 

patients where the 5-year survival for stage I LCNEC patients was only 

32,1% [20, 35]. In our study, most of the patients with localized disease 

were treated by surgery plus platinum based chemotherapy in 

combination with etoposide which seems to be the best therapeutical 

approach according to at least two studies conducted by Veronese et al. 

in 2006 and Sagi et al. in 2010 [40, 41]. Further large scale phase III 

prospective studies are needed to clarify the best therapeutic approach 

for this aggressive pulmonary neuroendocrine tumor. 
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