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A B S T R A C T   

Background: Pulmonary large-cell neuroendocrine carcinoma (LCNEC) is a rare subtype of lung cancer with 
dismal prognosis. Long-term outcomes after primarily video-assisted thoracoscopic surgery (VATS) have not yet 
been described in LCNEC. This study aims to determine overall survival and recurrence-free survival after VATS 
as well as to identify prognostic factors for survival and recurrence. 
Methods: Data were obtained from a prospective institutional database. Kaplan-Meier estimates of overall sur-
vival and recurrence-free survival were determined and compared across prognostic factors using log-rank 
analysis and the Cox proportional hazards model. 
Results: Data from 82 consecutive patients undergoing surgical resection from 2009 to 2020 were included. All 
patients underwent surgical resection with curative intent, of whom 96.3% were by a VATS approach. Morbidity 
was low without any conversions or 30-day mortality. Lobectomy was performed in 87.8% of patients, followed 
by wedge resection in 4.9% and segmentectomy in 3.7%. No pneumonectomies were performed. Radical 
resection (R0) was achieved in 97.6%. Thirty-four patients (41.5%) had adjuvant platinum-based chemotherapy 
and high proportion completed at least four series (76.7%). The mean follow-up was 5.1 years. The 1-year, 3- 
year, and 5-year overall survival rates were 86%, 54%, and 45%, while the corresponding recurrence-free sur-
vival rates were 67%, 45%, and 35%. Advanced age was an independent predictor of poor overall survival (HR 
2.08; 95% CI 1.04–4.17; p = 0.038). 
Conclusion: A 96.3% VATS rate was feasible in LCNEC and associated with a low morbidity rate and a high 
compliance with adjuvant chemotherapy. Overall survival and recurrence-free survival was comparable to 
previous series using thoracotomy.   

1. Introduction 

Large-cell neuroendocrine carcinoma of the lung (LCNEC) is a high- 
grade neuroendocrine malignancy that accounts for about 3% of all 
primary lung cancers [1,2]. It carries a dismal prognosis, with 5-year 

overall survival (OS) and recurrence-free survival (RFS) rates of 
approximately 45% and 35% for resectable patients [3–6]. The biology 
of LCNEC is poorly understood; however, studies have identified subsets 
of tumors with SCLC-like expression patterns and others with 
NSCLC-like features [7–10]. Owing to the rarity and morphological 
heterogeneity of LCNEC, it is difficult to study its behavior, genetics, and 
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treatment outcomes in large cohorts of patients. Nevertheless, recent 
sizeable registry-based cohort studies have demonstrated that surgery 
alone is insufficient to treat these neoplasms even in the early stages [11, 
12]. In contrast, adjuvant chemotherapy specific to the morphological 
expression has shown benefits on survival and recurrence across all 
stages [11–16]. 

In all prior studies of long-term outcomes after resection in LCNEC, 
thoracotomy has been the primary type of surgery, hence in the current 
era of minimally invasive surgery, there is a call for an exploration of the 
clinical feasibility and long-term outcomes after video-assisted thor-
acoscopic surgery (VATS) to warrant its use as a surgical approach in 
LCNEC. 

In this study, we reviewed our single-center experience with VATS 
and tumor-specific adjuvant chemotherapy in LCNEC to determine the 
long-term outcomes of OS and RFS. In addition, we analyzed a variety of 
demographic, clinical, and pathologic data to identify predictors of 
survival and recurrence and to increase our knowledge of patient 
characteristics and disease behavior. 

2. Materials and methods 

Baseline and treatment characteristics of consecutive patients who 
underwent resection for LCNEC at our European Neuroendocrine Tumor 
Society Center of Excellence between January 2009 and December 2020 
were extracted from a prospective clinical database and the Danish 
National Pathology Database. In addition, oncologic management and 
follow-up information were retrospectively collected from the patients’ 
electronic medical records. Our study protocol was approved by the 
Danish Patient Safety Authority (ref.no. 31-1521-297) and the Institu-
tional Review Board. Patient informed consent was not required. 

Preoperative workup included a review of clinical history, physical 
examination, biochemistry, pulmonary function tests, and contrast- 
enhanced computed tomography (CT) of the chest and abdomen. 
Further assessment of the extent of disease included FDG-PET/CT and 
routine diagnostic bronchoscopy. Tumors were classified as central if 
they were visible by the bronchoscopy and peripheral if not visible by 
this procedure. CT-guided percutaneous fine-needle biopsy was per-
formed in most of the peripheral tumors. Patients with CT-enlarged or 
FDG-PET-positive mediastinal lymph nodes were further investigated 
with endobronchial ultrasound and transbronchial needle aspiration or 
mediastinoscopy, according to the ESTS guidelines for preoperative 
mediastinal staging [17]. The clinical stage for each patient was deter-
mined by incorporating all preoperative imaging and invasive staging 
procedures. 

All patients were discussed at a multidisciplinary tumor board. Pa-
tients were eligible for surgery if their tumor was considered radically 
resectable and they had adequate pulmonary, cardiac, renal, and hepatic 
function as well as an ECOG performance status score ≤2 [18]. 

All patients underwent surgery with the aim of a complete resection. 

The type of surgery was dependent on preoperative investigations as 
well as intraoperative findings. Whenever possible, anatomic resection 
was performed. Frozen section analysis was used to confirm free margins 
when necessary. The standard procedure was lobectomy. Patients that 
required bronchial resection underwent sleeve lobectomy. Segmentec-
tomy and wedge resections were only performed in patients with a 
compromised lung function. In all the anatomic resections systematic 
lymph node dissection was performed according to the IASLC [19], 
while in wedge resections lymph node sampling was performed at the 
surgeon’s discretion. The primary surgical approach was VATS with a 
three-port anterior setup as previously described [20]. Muscle sparing 
anterolateral or posterolateral thoracotomy was reserved for patients 
with tumors larger than 7–8 cm or central tumors that required sleeve 
resection. 

Pathologic specimens were reviewed by a team of pathologists 
specializing in lung and neuroendocrine tumors. Neuroendocrine 
morphology and positive staining for at least one of the neuroendocrine 
markers CD56, chromogranin A, or synaptophysin were obligatory 
criteria for the definitive diagnosis of LCNEC, as defined by the WHO 
[21]. Pathology staging was performed according to the AJCC Cancer 
Staging Manual (7th edition) [22]. The Ki-67 index was determined as 
previously described [23]. 

Following definitive diagnosis, postoperative treatment for all pa-
tients was discussed at the Neuroendocrine Tumor Board at Rig-
shospitalet. Adjuvant chemotherapy was generally recommended for N1 
and N2 disease or locally advanced tumors (T3/T4). Platinum- 
vinorelbine or platinum-etoposide was prescribed in patients with 
NSCLC-like or SCLC-like tumors, respectively. The standard regimen 
was four series, with one series administered every four weeks. Adjuvant 
radiotherapy was advised for nonradical resections (R1/R2), and com-
bined chemoradiotherapy was recommended based on a combination of 
individual criteria in selected cases. 

Patients were followed in the out-patient clinics with CT at one, 
three, six, and 12 months after surgery, and then annually for five years. 
Recurrences were assessed based on CT-positive lesions or biopsies. 
Locoregional recurrences were specified as new lesions at the resection 
site, including the staple line or bronchial stump, or the ipsilateral hilar 
or mediastinal lymph nodes. Distant metastases were defined as tumors 
involving all other locations, including pleural and pericardial effusions. 
All patients were followed until death or the end of the follow-up period 
(April 20, 2021). Recurrence status was censored at the time of the last 
follow-up scan. The Danish Social Security Death Index was used to 
confirm vital status. 

2.1. Statistical analysis 

Summary data are presented as proportions or mean with standard 
deviation. Kaplan-Meier analysis was used to summarize OS and RFS, 
and the nonparametric log-rank test was used to compare groups. OS 

Abbreviations 

AJCC American Joint Committee on Cancer 
CI Confidence interval 
CT Computed tomography 
DLCO Diffusing capacity for carbon monoxide 
ECOG Eastern Cooperative Oncology Group 
ESTS European Society of Thoracic Surgeons 
FDG-PET fluorodeoxyglucose-positron emission tomography 
FEV1 Forced expiratory volume in the first second 
HR Hazard ratio 
IASLC International Association for the Study of Lung Cancer 
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LCNEC Large-cell neuroendocrine carcinoma of the lung 
NGS Next-generation sequencing 
NSCLC Non-small cell lung cancer 
OS Overall survival 
R0 Radical resection 
R1 Microscopic residual tumor 
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RFS Recurrence-free survival 
SCLC Small-cell lung cancer 
TNM Tumor, nodes, and metastasis 
VATS Video-assisted thoracoscopic surgery 
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was calculated from surgery until death from any cause, while RFS was 
calculated from surgery until tumor recurrence or death from any cause. 
Cox proportional hazards models were performed to determine pre-
dictors of OS. Variables with a p-value ≤ 0.10 in the univariate analysis 
were subsequently examined in a multivariate model. All statistical tests 
were two-sided, and p-values ≤ 0.05 were considered statistically sig-
nificant. Analyses were executed using IBM SPSS Statistics for Mac, 
version 27 (IBM Corp., Armonk, NY, USA). 

3. Results 

3.1. Baseline characteristics 

Eighty-two patients were included in the study. A summary of the 
demographic variables, resection details, and tumor characteristics is 
shown in Table 1. A slight majority of patients were women (n = 42; 
51.2%). The mean age was 66.6 ± 9.0 years. All patients but one 
(98.8%) were current or former smokers. Mean Charlson comorbidity 
index (without age adjustment) was 2.9 ± 2.0. Comorbid disease was 
present in 75 patients (91.5%), with chronic obstructive pulmonary 
disease in 25 patients (30.5%) as the most common comorbid disease 
followed by coronary artery disease (n = 19; 23.2%), peripheral 
vascular disease (n = 16; 19.5%), diabetes mellitus (n = 13; 15.9%), and 
cerebrovascular disease (n = 9; 11.0%). Thirty-one patients (37.8%) had 
a history of previous other malignancy, in which the most frequent 
cancers were lung (n = 6; 19.3%), gastrointestinal tract (n = 5, 16.1%), 
breast (n = 4; 12.9%), bladder (n = 3; 9.7%), prostate (n = 3; 9.7%), and 
tonsil (n = 3; 9.7%). Two patients had a paraneoplastic syndrome. Both 
patients presented with sensorimotor polyneuropathy. 

3.2. Surgical management 

Primary resection was performed in all patients. All patients but 
three (96.3%) underwent a VATS resection. The resections and surgical 

approaches are listed in Table 2. No VATS procedures were converted to 
open surgery. The most frequent resection was lobectomy (n = 72; 
87.8%) followed by wedge resection (n = 4; 4.9%) and segmentectomy 
(n = 3; 3.7%). There were no pneumonectomies and only one bilobec-
tomy was performed. Systematic lymph node dissection was accom-
plished in all anatomic resections (n = 78; 95.1%), whereas lymph nodes 
were sampled in the other cases. Radical resection (R0) was achieved in 
80 patients (97.6%). In one patient the final histopathology report 
described an R1 resection. This patient was not a candidate for reoper-
ation and further lung resection. The second patient had an R2 resection 
because of local tumor spread with extended chest wall involvement. 
The nonradical patients underwent postoperative radiation therapy. 

The median postoperative length of stay in the hospital was 3.0 days 
(IQR 2.0–5.3). There was no perioperative 30-day mortality. 

One patient suffered an injury to the recurrent laryngeal nerve dur-
ing a VATS left upper lobe lobectomy, resulting in persistent unilateral 
vocal cord paralysis. 

Minor surgical complications counted prolonged air leak beyond 
seven days (n = 9, 11.0%), significant pneumothorax or pleural effusion 
after chest tube removal requiring reinsertion of chest tube (n = 5; 
6.1%), and wound infection (n = 3; 3.7%), while medical complications 
were limited to pneumonia (n = 10; 12.2%) and atrial fibrillation (n = 7; 
8.5%). A Clavien-Dindo classification of the complications is shown in 
Supplementary Table 1. 

3.3. Pathologic findings 

The tumor localization was peripheral in 71 patients (86.6%). The 
right side was the location of 49 tumors (59.8%), with 23 in the upper 
lobe (28.0%), 8 in the middle lobe (9.7%), and 18 in the lower lobe 
(22.0%). The 33 tumors (40.2%) in the left lung were distributed as 15 in 
the upper lobe (18.3%) and 18 in the lower lobe (22.0%). 

The mean tumor size was 29.1 ± 19.1 mm. 
Clinicopathologic mismatches were found in 20 patients (24.4%). An 

overview of the clinical and pathologic TNM categories is shown in 
Table 3. 

Six patients (7.3%) were upstaged in tumor stage: cT1 → pT2 (n = 1; 
1.2%), cT2 → pT4 (n = 1; 1.2%), cT3 → pT4 (n = 4; 4.9%), while two 
were downstaged: cT2 → pT1 (1.2%) and cT4 → pT2 (1.2%). 

Eleven patients (13.4%) were upstaged in nodal stage: cN0 → pN1 (n 
= 3; 3.7%), cN0 → pN2 (n = 7; 8.5%), and cN1 → pN2 (n = 1; 1.2%), 
while one was downstaged: cN1 → pN0 (1.2%). 

Three patients (3.7%) had an undetermined nodal stage due to 
inconclusive biopsies and no systematic lymph node dissection. 

Forty-two patients (51.2%) were classified as stage I, 15 (18.3%) as 
stage II, 21 (25.6%) as stage III, and one (1.2%) as stage IV. An account 
of the substages is listed in Table 1. 

Immunohistochemical staining was not complete for all markers in 
every patient; however, CD56 was positive in 50 out of 53 patients 
(94.3%), synaptophysin in 71/78 (91.0%), chromogranin A in 49/63 
(77.8%), thyroid transcription factor-1 in 64/76 (84.2%), serotonin in 
17/41 (41.5%), and somatostatin receptor-2 antibody in 6/41 (14.6%). 

The mean Ki-67 index was 78.8 ± 16.7%. 

Table 1 
Patient demographics, resection details, and tumor characteristics.  

Characteristics N (%) 

Patients 82 
Sex female/male (%female) 42/40 (51.2%) 
Age 66.6 ± 9.0 
Current or former smoker yes/no (%yes) 81/1 (98.8%) 
Pack years for current and former smokers 43.0 ± 23.9 
Preoperative FEV1% of predicted 80.9 ± 17.2 
Preoperative DLCO % of predicted 64.5 ± 13.8 
Charlson comorbidity index (no age adjustment) 2.9 ± 2.0 
Previous malignancy yes/no (%yes) 31/51 (37.8%) 
Radical resection yes/no (%yes) 80/2 (97.6%) 
Surgical approach VATS/thoracotomy (%VATS) 79/3 (96.3%) 
Lobectomy 72 (87.8%) 
Sleeve lobectomy 1 (1.2%) 
Bilobectomy 2 (2.4%) 
Segmentectomy 3 (3.7%) 
Wedge resection 4 (4.9%) 
Systematic lymph nodal dissection yes/no (%yes) 78/4 (95.1%) 
Tumor location, peripheral/central (%peripheral) 71/11 (86.6%) 
Tumor size, mm 29.1 ± 19.1 
Tumor size <30 mm/≥ 30 mm (% < 30 mm) 50/32 (61.0%) 
Ki-67 index 78.8 ± 16.6 
Stage IA 29 (35.3%) 
Stage IB 13 (15.9%) 
Stage IIA 3 (3.7%) 
Stage IIB 12 (14.6%) 
Stage IIIA 19 (23.2%) 
Stage IIIB 2 (2.4%) 
Stage IVB 1 (1.2%) 
Undetermined stage due to missing nodal status 3 (3.7%) 

Values are mean ± standard deviation or n (%). 
FEV1: Forced expiratory volume in the first second. DLCO: Diffusing capacity for 
carbon monoxide. VATS: Video-assisted thoracoscopic surgery. 

Table 2 
Surgical resections and approaches.  

Surgical resection Total VATS Thoracotomy 

Lobectomy 72 (87.8%) 71 (98.6%) 1 (1.4%) 
Sleeve lobectomy 1 (1.2%) 0 (0.0%) 1 (100.0%) 
Bilobectomy 2 (2.4%) 1 (50.0%) 1 (50.0%) 
Segmentectomy 3 (3.7%) 3 (100.0%) 0 (0.0%) 
Wedge resection 4 (4.9%) 4 (100.0%) 0 (0.0%) 
Total 82 (100%) 79 (96.3%) 3 (3.7%) 

Values are n (%). 
VATS: Video-assisted thoracoscopic surgery. 
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3.4. Adjuvant treatment 

Adjuvant chemotherapy was prescribed in 34 patients (41.5%), of 
whom seven patients (8.5%) were stage I, nine (11.0%) were stage II, 
and 18 (22.0%) were stage III + IV. Twenty-four patients (29.3%) 
received platinum and etoposide and ten (12.2%) received platinum and 
vinorelbine. Twenty-one patients (25.6%) completed the standard pre-
scription of four series with dose reduction in seven patients, while two 
patients (2.4%) completed an extended treatment of six series with dose 
reduction in one patient. Four patients (4.9%) received ongoing treat-
ment at the time of the retrospective review, of whom all so far had 
completed three series, however, two with dose reduction. In the last 
seven patients (8.5%) treatment was discontinued because of induced 
toxic effects. Two were discontinued after three series, two after two 
series, and three after a single series. 

Six dose reductions were due to grade 3 hematologic toxicity, three 
were due to grade 3 non-hematologic toxicity, and one was due to grade 
4 hematologic toxicity. 

One patient was discontinued because of grade 3 hematologic 
toxicity, and four because of grade 3 non-hematologic toxicity. Two 
patients died from treatment-induced leukopenia and infectious 
complications. 

There were no apparent differences in cytotoxicity between vinor-
elbine and etoposide regimens. 

Nine patients who formally met the requirements for adjuvant 
chemotherapy in the form of T3-stage (n = 2), T4-stage (n = 2), N1-stage 
(n = 3), and N2-stage (n = 2) were not treated owing to renal insuffi-
ciency (n = 2), poor performance status (n = 2), other synchronous 
cancer that required other care (n = 2), and informed refusal (n = 3). 

Two patients were scheduled for local irradiation because of the 
formerly described R1 and R2 resections. The R1 patient received local 
irradiation after a swift postoperative recovery, whereas the R2 patient 
died from chemotherapy-induced leukopenia and septicemia before it 
was initiated. 

3.5. Overall and recurrence-free survival 

The mean follow-up was 5.4 ± 0.5 years. Two patients were referred 
to our clinic from the Faroe Islands and were lost to follow-up. The 
patients were confirmed alive at the time of the retrospective review, 
and therefore they are counted in the OS but not in the RFS. 

The median OS was 4.2 ± 1.0 years (Fig. 1 A). The 1-year, 3-year, 
and 5-year OS rates were 86%, 54%, and 45%, respectively. The 5-year 
OS in patients at stages I, II, and III + IV was 44%, 64%, and 32%, 
respectively. (Fig. 1 C). 

The median RFS was 2.9 ± 1.1 years (Fig. 1 B). The 1-year, 3-year, 

and 5-year RFS rates were 67%, 45%, and 35%, respectively. The 5-year 
RFS in patients at stages I, II, and III + IV was 39%, 45%, and 23%, 
respectively. (Fig. 1 D). 

There were no significant differences in OS between stages I, II, and 
III + IV (p = 0.181); however, RFS was significantly shorter for patients 
with stage III + IV than stages I and II (p = 0.022). There were no sig-
nificant differences in OS between N1+N2 patients and N0 patients 
(Fig. 1 E; p = 0.137), but RFS was significantly reduced for N1+N2 
patients compared with N0 patients (Fig. 1 F; p = 0.008). 

There were no significant differences in OS and RFS for the adjuvant 
and non-adjuvant groups (p = 0.941 and p = 0.501). 

At the end of follow-up, 34 of the 80 followed patients (42.5%) were 
alive without any sign of recurrence, while three (3.8%) were alive with 
locoregional recurrence and one (1.3%) with distant metastases. 
Twenty-nine patients (36.3%) had died from recurrences. Of these, ten 
recurrences (12.5%) started as locoregional recurrence, 15 (18.8%) as 
distant metastasis, and four (5.0%) as coincident locoregional recur-
rence and distant metastasis. Thirteen patients (16.3%) had died from 
other causes without any sign of recurrence of LCNEC. The initial sites of 
the locoregional recurrences were one local (1.3%), ten mediastinal 
lymph nodes (12.5%), and three concurrent local and mediastinal lymph 
nodes (3.8%). The sites of the distant metastases were lung (n = 9; 
11.3%), liver (n = 6; 7.5%), brain (n = 6; 7.5%), adrenal gland (n = 1; 
1.3%), and thoracic spine (n = 1; 1.3%); hence three patients (3.8%) had 
two simultaneous onsets of metastases at different locations. All in-
cidents of brain metastases were identified on acute CT of the brain in 
symptomatic patients. There were no apparent differences in frequency 
or type of either locoregional recurrence or distant metastases in the 
adjuvant and non-adjuvant groups. 

In the multivariate Cox model, only age was a significant indepen-
dent predictor of poor OS (HR 2.08; 95% CI 1.04–4.17; p = 0.038). The 
univariate and multivariate Cox models are shown in Table 4. Sex, 
previous malignancy, Charlson comorbidity index, sublobar resection, 
tumor size, nodal involvement, Ki-67 index, and adjuvant treatment 
could not be identified as independent prognostic factors for OS. 

4. Discussion 

Earlier this year we published the first study of long-term outcomes 
of minimally invasive surgery and lung-sparing resections in broncho-
pulmonary carcinoids [24]. In that study we described the favorable 
results of VATS and lung-sparing resections compared to open surgery 
and aggressive lung resections. Here, we present the first study of 
long-term outcomes after VATS resection in LCNEC. This study repre-
sents the longest single-center follow-up of long-term outcomes in 82 
surgically treated patients. All but three patients (96.3%) were operated 
on by VATS. Eighty patients (97.6%) were radically resected, and 78 
patients (95.1%) had a systematic lymph node dissection performed. To 
our knowledge, only three other studies describe the use of VATS in 
LCNEC. These studies included 33, 59, and 100 patients, of whom 9%, 
39%, and 5% underwent VATS resections, respectively [13,25,26]. 

We performed no pneumonectomies and only one bilobectomy 
(1.2%). At the same time, we performed only seven sublobar resections 
(8.5%), all solely executed in patients with a compromised lung function 
that did not allow for a lobectomy. In our review of the literature, we 
found no other studies describing the use of pneumonectomy, bilobec-
tomy, and sublobar resection to these low extents. Particularly inter-
esting are the rates of pneumonectomy and sublobar resection. In prior 
studies, pneumonectomies commonly account for 5%–10% of resections 
[27], [-29] while sublobar resections typically represent between 10% 
and 20% [30–32]. Pneumonectomy is associated with a significant risk 
of perioperative morbidity and mortality with complication rates of 
38%–59%, with a resulting perioperative mortality rate of 3%–12% 
[33]. Sublobar resection has recently been associated with significantly 
lower 5-year OS in early-stage LCNEC [34]. In view of these previous 
findings, our study provides new and essential data on OS and RFS in a 

Table 3 
Clinical and pathologic TNM categories.  

Stages Clinical Pathologic 

Tumor stages 
T1 37 (45.1%) 37 (45.1%) 
T2 30 (36.6%) 30 (36.6%) 
T3 13 (15.9%) 9 (11.0%) 
T4 2 (2.4%) 6 (7.3%) 

Nodal stages 
N0 66 (80.5%) 57 (69.5%) 
N1 7 (8.5%) 8 (9.8%) 
N2 6 (7.3%) 14 (17.1%) 
N3 0 (0.0%) 0 (0.0%) 
Nx 3 (3.7%) 3 (3.7%) 

Metastasis stages 
M0 80 (97.6%) 80 (97.6%) 
M1 2 (2.4%) 2 (2.4%) 

Values are n (%). 
T: Tumor stage. N: Nodal stage. Nx: Undetermined nodal stage. M: Metastasis 
stage. 
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large cohort of patients managed without pneumonectomies and a 
relatively low number of sublobar resections. 

In our series, 42 patients (51.2%) were women. Traditionally, LCNEC 
has been attributed an indubitably male dominance; however, recent 
major registry-based cohort studies have reported equal sex ratios [12, 
34,35]. Our study adds further evidence to the latest findings that there 
is, in fact, no sex bias in LCNEC. Moreover, we found no association 
between sex and OS, which is also in line with previous studies [6,15, 
31]. 

All patients but one (98.8%) were current or former smokers, like 
what has been reported in virtually all other studies [28,29,36]. 

Interestingly, 31 patients (37.8%) had a history of another 

malignancy. To the best of our knowledge, only six other studies have 
investigated the incidence of previous malignancies in LCNEC. Two 
registry-based cohort studies reported 25% and 27% incidence rates in 
400 and 2213 patients, respectively [15,34]. The other studies were 
cohort studies comprising between 33 and 127 patients with incidences 
ranging from 15% to 30% [13,25,29,30]. Two of these studies also 
investigated the sites of the former malignancies and similar to our study 
both studies discovered that lung cancer was the most frequent ac-
counting for 30% and 40%. In our series, lung cancer was also the most 
frequent previous cancer. Overall, there is a clear tendency for LCNEC to 
occur 2–3 times more frequently in patients with a previous malignancy 
than NSCLC in general [37,38]. In our Cox regression, previous 

Fig. 1. Overall survival (a) for the entire cohort was 86%, 54%, and 45% at one year, three years, and five years, respectively. Recurrence-free survival (b) for the 
entire cohort was 67%, 45%, and 35% at one year, three years, and five years, respectively. Overall survival (c) was not significantly influenced by stage (p = 0.181). 
However, stages III + IV had significantly reduced recurrence-free survival (d) compared with stages I and II (p = 0.022). Overall survival (e) was not significantly 
influenced by nodal involvement (p = 0.137). However, recurrence-free survival (f) was significantly reduced for patients with nodal involvement (p = 0.008). 
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malignancy was not associated with OS, in agreement with the findings 
of the two other studies that analyzed the predictive value of a previous 
malignancy [15,25]. 

The tumors were peripherally located in most of our patients (n = 71; 
86.6%). In addition, they were more frequent in the right lung (n = 49; 
59.8%), as well as in the upper lobes (n = 38; 46.3%). All prior studies 
investigating tumor location reported similar proportions of peripheral 
tumors, and most also described notably higher frequencies of tumors in 
the right lung and upper lobes [34,39]. 

Clinicopathologic mismatches were found in 20 patients (24.4%). 
The great majority (n = 17; 20.7%) were underestimations. Unexpected 
nodal involvement was discovered in ten patients (12.2%). Three pa-
tients (3.7%) had unexpected positive hilar nodes (cN0 → pN1), and 
seven (8.5%) had unexpected positive mediastinal nodes (cN0 → pN2). 
We are aware of only two other studies that investigated clinical and 
pathologic mismatches in LCNEC [28,30]. These studies only considered 
the nodal stage but found similar discrepancies as our study. This min-
imal data implies that mismatches in LCNEC resemble mismatches in 
NSCLC overall [40]. 

Thirty patients had ended adjuvant chemotherapy and additional 
four were on treatment at the time of analysis. Considering only the 30 
patients with terminated treatments, 23 patients (76.7%) completed at 
least four series of treatments. A small number of cohort studies reported 
outcomes after adjuvant chemotherapy in LCNEC, but only two studies 
specified the completion rates of the adjuvant treatment [28,30]. These 
studies included 37 and 63 patients who formally met the requirements 
for adjuvant treatment and achieved 77% and 81% completion rates of 
four platinum-backbone cycles. In the first study, all incomplete treat-
ments were due to poor postoperative recovery, whereas the latter did 
not explain the incomplete treatments. Both studies described notably 
higher proportions of pneumonectomies (7% and 5%) and bilobec-
tomies (5% and 3%) than our study, but the studies did not detail their 
surgical approaches. Even though our completion rate was like those 
studies, all dose reductions and discontinuations in our patients were 
due to induced toxic effects. 

In 2007, Petersen et al. published the first study on postoperative 
recovery and compliance for adjuvant chemotherapy after either VATS 
or thoracotomy resection [41]. The study found a significant benefit of 
VATS resection with an overall higher compliance rate and fewer 
delayed or reduced doses of adjuvant chemotherapy. Like several other 
subsequent studies, our study adds further evidence that VATS re-
sections improve postoperative recovery and compliance for adjuvant 
treatment. 

LCNEC is a rare entity, and consequently, the literature on OS and 
RFS after resection in this disease is scarce and limited to primarily small 
retrospective analyses. However, studies have shown that LCNEC carries 
a poor prognosis, with 5-year OS and RFS rates of approximately 50% 

and 40% for all stages [5,6], like our study. Stratifying the OS and RFS 
by stage has been associated with considerable uncertainty in most small 
or medium-sized cohort studies. Our study is no exception as we found 
markedly better OS and RFS in patients with stage II disease than in 
patients with stage I disease, which can only be explained by a lack of 
statistical power. On the contrary, a recent registry-based cohort study 
comprising 5377 surgically treated patients with the same distribution 
of stages as in our series reported 5-year OS rates of 50%, 45%, and 36% 
for stages I, II, and IIIA [11]. Another study investigated 400 patients 
and found rates of 56%, 42%, and 25% for stages I, II, and III + IV [15]. 
Except for an illogical leap in the rate of stage II patients, we found 
roughly similar outcomes to those studies. 

Our study found no association between lymph node involvement 
and OS in both Kaplan-Meier analysis and Cox models. On the contrary, 
RFS was significantly reduced in patients with node-positive lymph 
nodes. This suggests that lymph node involvement may predict the risk 
of recurrence but not of survival. However, this must be taken with 
caution. Even though our mean follow-up exceeds five years, we cannot 
exclude that lymph node involvement impacts OS in the longer-term 
perspective. 

Moreover, we did not perform a sample size calculation before the 
study, and therefore we cannot exclude either that our cohort size was 
too slight to detect a significant difference. In the limited literature, the 
significance of nodal involvement on OS seems to be one of the most 
considerable uncertainties. Some studies support our findings [25,42, 
43], while others found strong indications of nodal involvement as an 
independent prognostic predictor of poor OS [6,26,28]. The significance 
of lymph node involvement on OS remains ambiguous and prompts 
further studies with larger cohorts and longer follow-up. 

Adjuvant platinum-backbone chemotherapy was mainly prescribed 
to patients in more advanced stages as it was given to 7 out of 44 stage I 
patients (15.9%), 9 out of 15 stage II patients (60.0%), and 18 out of 23 
stage III + IV patients (78.3%). As our OS and RFS analyses found no 
significant differences between the adjuvant and non-adjuvant groups, 
our study suggests that adjuvant platinum-based treatment may improve 
both survival and recurrence for patients with advanced disease to the 
same level of patients with lower stage disease. Nevertheless, the com-
parable figures are exiguous and the patients were not randomly 
selected for either treatment. 

The RFS is considerably less explored than the OS in LCNEC. To the 
best of our knowledge, only three other small case series have reported 
the 5-year RFS of their cohorts [5,25,27], and only one study has 
additionally stratified the RFS by stage [6]. The reported RFS rates were 
about ten percentage points lower than the OS rates in every compari-
son, very similar to our findings. As most studies of LCNEC are small case 
series with relatively short-term follow-up, the RFS becomes a crucial 
aspect in our ability to comment on the inferential prognosis. Given the 
aggressive nature of the disease and especially disseminated re-
currences, a short-term follow-up of OS may underestimate the true 
population survival. In contrast, a short-term follow-up of RFS may give 
us a more accurate and truthful picture to comment on the survival in 
LCNEC. 

In the followed 80 patients, we found locoregional recurrences 
occurring in 16.3%, distant metastasis in 20.0%, and coincident 
locoregional recurrence and distant metastasis in 5.0%. These findings 
support previous reports with similar proportions of recurrences and 
suggest an overall recurrence pattern in LCNEC with a higher recurrence 
rate at distant sites than at local or regional sites [6,13,28,30]. Few 
studies investigate the occurrence of metastases at different sites. Derks 
et al. analyzed the metastatic pattern in 383 LCNEC patients presenting 
with metastases at the primary diagnosis. The authors found that 47% of 
the patients had liver metastases, 32% had metastases to bone, 23% to 
brain, 19% to adrenal glands, 14% to lung, 7% to pleura, and 16% to 
extrathoracic lymph nodes. Interestingly, the authors also noted that 
LCNEC had significantly fewer liver and more brain metastases than 
SCLC. In our analysis of distant recurrence, we found metastases to all 

Table 4 
Univariate and multivariate Cox proportional hazards models.  

Factors Univariate Multivariate 

HR 95% CI P HR 95% CI P 

Female sex 0.86 0.47–1.58 0.634    
Age >67 years 2.34 1.23–4.48 0.010 2.08 1.04–4.17 0.038 
Charlson 

Comorbidity 
Index >2.9 

1.60 0.86–2.98 0.137    

Previous 
malignancy 

1.96 1.05–3.64 0.034 1.57 0.81–3.06 0.181 

Sublobar resection 2.18 0.84–5.62 0.108    
Tumor size ≥30 mm 0.53 0.26–1.08 0.079 0.52 0.25–1.06 0.073 
Nodal involvement 

(N1/N2) 
1.54 0.81–2.94 0.189    

Ki-67 index >80% 1.05 0.53–2.11 0.882    
Adjuvant treatment 0.98 0.53–1.82 0.941    

Variables influencing overall survival. Endpoint: overall survival. 
CI: Confidence interval. HR: Hazard ratio. 
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the same sites as Derks et al., however, at somewhat different pro-
portions. Our distant recurrences were distributed as 45.0% lung, 30.0% 
liver,30.0% brain, 5.0% adrenal gland, and 5.0% bone. The discrep-
ancies in lung and bone metastases and the similarities in brain and liver 
are particularly interesting. Two other smaller cohort studies described 
proportions in-between our findings and those of Derks et al. [39,44] 
This suggests that the discrepancies most likely are due to mere deficient 
statistical power in our study and the two other cohort studies. Brain 
metastases were surprisingly frequent in all the studies. As all our in-
cidents of brain metastases were identified on acute CT of the brain in 
symptomatic patients, there may be an argument to include brain im-
aging in the follow-up CT scans. 

At present, there are no separate clinical practice guidelines for the 
diagnosis, treatment, and follow-up of LCNEC, unlike what has been 
compiled for the other types of neuroendocrine lung malignancies, 
namely bronchopulmonary carcinoids and SCLC [45–47]. As recent 
evidence has substantiated that LCNEC is its own entity with its own 
inherent nature, we hereby propose the need to prepare separate clinical 
practice guidelines in LCNEC. 

5. Conclusion 

In summary, this study shows that a high VATS rate is feasible in 
LCNEC and associated with low morbidity, high compliance with 
adjuvant chemotherapy and comparable OS and RFS to open surgery. 
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