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Abstract

Background Minimal knowledge exists regarding the outcome, prognosis and optimal treatment strategy for patients
with pulmonary large cell neuroendocrine carcinomas (LCNEC) due to their rarity. We aimed to identify factors
affecting survival and recurrence after resection to inform current treatment strategies.

Methods We retrospectively reviewed 72 patients who had undergone a curative resection for LCNEC in 8 centers
between 2000 and 2015. Univariable and multivariable analyses were performed to identify the factors influencing
recurrence, disease-specific survival and overall survival. These included age, gender, previous malignancy, ECOG
performance status, symptoms at diagnosis, extent of resection, extent of lymphadenectomy, additional chemo- and/
or radiotherapy, tumor location, tumor size, pT, pleural invasion, pN and pStage.

Results Median follow-up was 47 (95%CI 41-79) months; 5-year disease-specific and overall survival rates were 57.6%
(95%CI 41.3-70.9) and 47.4% (95%CI 32.3-61.1). There were 22 systemic recurrences and 12 loco-regional recurrences.
Tumor size was an independent prognostic factor for systemic recurrence [HR: 1.20 (95%CI 1.01-1.41); p = 0.03] with a
threshold value of 3 cm (AUC = 0.71). For tumors <3 cm and >3 cm, 5-year freedom from systemic recurrence was 79.2%
(95%CI 43.6-93.6) and 38.2% (95%CI 20.6-55.6) (p < 0.001) and 5-year disease-specific survival was 60.7% (95%CI
35.1-78.8) and 54.2% (95%ClI 32.6-71.6) (p = 0.31), respectively.

Conclusions A large proportion of patients with surgically resected LCNEC will develop systemic recurrence after resec-
tion. Patients with tumors >3 cm have a significantly higher rate of systemic recurrence suggesting that adjuvant
chemotherapy should be considered after complete resection of LCNEC >3 cm, even in the absence of nodal involvement.
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Introduction

Large cell neuroendocrine carcinoma (LCNEC) represents
approximately 3% of all lung cancers [1]. Due to its
aggressive behavior, characterized by a high rate of lymph
node and distant metastasis at presentation (60-80% and
40%, respectively) and poor survival (5-year survival rate:
27-67%), it is categorized as a high-grade neuroendocrine
carcinoma [l]. Owing to its rarity, limited series are
reported in the literature and a minimal knowledge exists
regarding outcome, prognosis or optimal treatment strategy
of patients with LCNEC.

The objective of this study is to determine patient out-
comes after lung resection for early-stage LCNEC with the
goals of (1) identifying factors affecting survival and
recurrence and (2) evaluating the efficacy of the current
treatment strategy.

Materials and methods

We retrospectively reviewed a multi-institutional series of
consecutive patients who underwent lung resection for
primary LCNEC between 2000 and 2015. Participating
institutions included Swedish Cancer Institute, Seattle,
WA; UC Davis Health, Sacramento, CA; Catholic
University ‘Sacred Heart’, Rome, Italy; San Giovanni
Battista Hospital, Turin, Italy; University of Insubria,
Ospedale di Circolo, Varese, Italy; University of Wash-
ington Medical Center, Seattle, WA; Providence Regional
Medical Center, Everett, WA; and Virginia Mason
Hospital and Medical Center, Seattle, WA. Patients with
stage IV disease, no surgical lymph node staging (pNX),
incomplete resection (R1-R2) and follow-up <4 months
were excluded from the study. The institutional review
board at each center approved this study, and de-identified
data were transmitted between centers. Individual patient
consent was waived due to the retrospective nature of the
study.

For each patient we collected the following data: age,
gender, smoking habit, Eastern Cooperative Oncology
Group (ECOG) performance status, previous malignancy,
preoperative investigations, tumor location, clinical 7th
edition TNM stage, surgical reports, pathological findings
and induction/adjuvant therapy. Standardized definitions
for each data point were decided a priori based on previous
literature and distributed to each center for use. Tumor
location was classified as ‘central’ if tumor was visualized
at bronchoscopy or associated with distal atelectasis or
obstructive pneumonia and ‘peripheral’ if it did not meet
these criteria [2].

Recurrence rates and patterns and both disease-specific
and overall survival were analyzed. Univariable and mul-
tivariable analyses were performed, stratified by center to
identify factors influencing recurrence, disease-specific and
overall survival. Variables analyzed included age, gender,
previous malignancy, ECOG performance status, symp-
toms at diagnosis, extent of resection, extent of lym-
phadenectomy, additional therapy, tumor location, tumor
size, pT, pleural invasion, pN and pathologic stage. pT, pN
and pStage were defined according to the 7th edition TNM
staging system.

Continuous data were reported as median with
interquartile range (IQR). Categorical and count data were
presented as frequencies and percentages and compared
using Chi-square test. We defined recurrence as local when
disease recurred along surgical margins or in the same lobe
after sublobar resection; regional when tumor recurred in
the ipsilateral lung or in any thoracic lymph node station;
and systemic when disease recurred in any other districts.
Overall survival was defined as time interval in months
from date of surgery until last follow-up. Disease-free
interval was defined as time interval in months from date of
surgery until date of tumor recurrence. Overall and disease-
free survivals were analyzed using Kaplan—Meier method.
Univariable and multivariable analyses were performed
using Cox regression modeling. Multivariable analysis
included variables statistically significant in univariable
analyses or known possible factors influencing the out-
comes. If two factors correlated to each other (i.e., tumor
size and pT) were significant at univariable analyses, they
were tested separately with other significant or relevant
factors at multivariable analyses. Receiver operating
characteristic (ROC) analysis was used to assess tumor size
threshold associated with recurrence and survival.
P value < 0.05 was considered statistically significant.
Statistical analyses were undertaken using SPSS 24.0
software (IBM Corp, Armonk, NY).

Results

Between 2000 and 2015, 116 patients underwent lung
resection for primary LCNEC. A total of 44 patients were
excluded from the study, leaving 72 patients for the sta-
tistical analysis (5 stage IV disease, 3 pNX disease, 10 R1-
R2 resection and 26 follow-up <4 months). Patients’
characteristics are reported in Table 1.

Induction therapy was used in 6 (8%) patients (4
chemotherapy only and 2 chemo-radiotherapy). In 4 cases
the tumor was reduced in size, and in 2 cases there was no
response. Additionally, lymph node metastases completely
resolved in 3 and partially in 1. All 6 patients underwent
resection given that there was no progression of disease. In
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follow-up, 3 patients died of disease, 2 were alive and
disease-free, and 1 was alive with disease.

Pneumonectomy was performed in 6 (8%) patients,
bilobectomy in 1 (1%), lobectomy in 56 (78%) and
sublobar resection in 9 (3 segmentectomies and 6 wedge
resections) (13%). Lymph node sampling was performed in
37 (52%) cases and complete lymphadenectomy in 33
(46%). No data were available on the extent of lym-
phadenectomy or sampling in 2 patients. Pathological
findings are reported in Table 1.

Adjuvant therapy was delivered in 22 (31%) patients: 17
chemotherapy only, 2 radiotherapy only and 3 chemo-ra-
diotherapy. Adjuvant therapy details were not reported in 1
patient. The decision to proceed with adjuvant therapy was
the presence of lymph node metastasis (14) and tumor size
>4 cm (6). In 2 patients the decision of adding adjuvant
therapy was not specified. 2/22 patients had both induction
and adjuvant therapy.

Patients’ characteristics and outcomes based on treat-
ment (surgery alone, induction therapy before surgery and
adjuvant therapy after surgery) received are summarized in
Table 2. Patients offered surgery had lower clinical stage,
whereas those receiving induction therapy were more
clinically advanced. Comparatively, adjuvant therapy was
given with more advanced pathologic stages.

Median follow-up was 47 months (95%CI 40-79).
Disease recurred in 34 (47%) patients, and the proportion
of patients free of disease at 5 years post-operation was
42.0% (95%CI 28.4-55.0%). Recurrence was local in 4
(6%) patients, regional in 8 (11%) and systemic in 22
(31%). Systemic recurrences were cerebral (n = 7), hepatic
(n = 4), skeletal (n = 4), adrenal (n = 3), in the contralat-
eral lung (n = 2) and not specified in 2 patients.

When tumor recurred after surgical resection only, 5
patients underwent chemotherapy, 2 radiotherapy, 3
chemo-radiotherapy, 1 thermo-ablation, 6 palliative sup-
port, and in 1 case data were not available. Patients who
received induction therapy followed by surgery had
recurrence treated with chemotherapy in 2 patients and
radiotherapy in 1, and in 1 case, data were not available.
Finally, 2 patients who underwent surgery followed by
adjuvant treatment and had recurrence underwent addi-
tional chemotherapy, 7 radiotherapy, 1 chemo-radiother-
apy, 1 palliative support, and in 3 cases, data were not
available.

Univariable analysis failed to identify factors influenc-
ing recurrence when both local-regional and systemic
recurrences were considered as one event (data not shown).
When considered as a unique event, systemic recurrence
was influenced by tumor size, pT and pStage on univariable
analysis (Table 3). Multivariable models were not pursued
because of the correlation between these prognostic factors.

@ Springer

Table 1 Patients’ clinical and pathological data

Patients’ characteristics and histological reports

Age, median (IQR) years 65 (58-71)
Male, n (%) 43 (60)
Current/former smoker, n (%)* 68 (96)
Previous cancer, n (%) 16 (22)
ECOG performance status, n (%)

0 40 (56)

1 24 (33)

>2 8 (11)
FEV,, median (IQR) %° 83 (71-94)
No symptoms, n (%)* 37 (51)
Peripheral tumor location, n (%) 62 (86)
Tumor size, median (IQR) cm 3.2 (1.6-5.0)
pT, n (%)

pTl1 26 (36)

pT2 28 (39)

pT3 16 (22)

pT4 2 (3)
PN, n (%)

pNO 44 (61)

pNI1 20 (28)

pN2 8 (11)
pStage, n (%)

I 32 (45)

1T 24 (33)

1A 16 (22)

IQR interquartile range, FEV, forced expiratory volume in 1 s
“Data not available in 1 patient
®Data not available in 4 patients

Loco-regional recurrences were influenced only by tumor
size.

For systemic recurrences, the influence of tumor size
was further evaluated using logistic regression to conduct a
ROC analysis. A cutoff value of 3 cm was identified by the
ROC curve at the point of convergence of the highest
values along both the sensitivity and 1-specificity axes
(AUC = 0.71) (Fig. 1).

We then compared the outcomes of patients with tumor
size <3 cm to those with tumor size >3 cm. There were 3
systemic recurrences among patients with tumor size
<3 cm and 19 among those with tumor size >3 cm, lead-
ing to estimated recurrence rates of 0.03 (95%CI
0.01-0.09) and 0.17 (95%CI 0.11-0.27) per person year of
follow-up, respectively, and 5-year freedom from recur-
rence of 79.2% (95%CI 43.6-93.6) and 38.2% (20.7-55.6),
respectively (p < 0.001) (Fig. 2). Five-year disease-speci-
fic survival was 60.7% (95%CI 35.1-78.8) and 54.2%
(95%CI 32.6-71.6) (p =0.31), respectively, among



World J Surg (2019) 43:1712-1720

1715

Table 2 Characteristics and outcomes of patients according to the treatment they received (surgery alone, induction therapy before surgery and

adjuvant therapy after surgery)

Characteristics and outcomes Surgery alone

(n = 45)

Induction therapy
(n=6)"

Adjuvant therapy
(n=22)*

cStage, n (%)

I/T/1I 29/4/4 (64/9/9)°
pStage, n (%)

/Ty 26/16/3 (58/35/7)
Recurrence, n (%)

Local 1)

Regional 7 (16)

Systemic 10 (22)

Total 18 (40)
Death, n (%)

Death of lung cancer 12 (26)

Death of other causes 7 (16)

Total 19 (42)

1/1/4 (17/17/66) 9/7/5 (41/32/23)¢

1/4/1 (17/66/17) 5/6/11 (23/27/50)

0 3 (14)
0 1(5)

4 (66) 10 (45)
4 (66) 14 (64)
3 (50) 9 (41)
0 1 (4)

3 (50) 10 (45)

1 Patient had no data about adjuvant treatment and was excluded from this table

2 Patients had both induction and adjuvant treatment
Data not available in 8 patients

“Data not available in 1 patient

patients with tumor size <3 cm and those with tumor size
>3 cm (Fig. 2).

During follow-up 30/72 (42%) patients died. The cause
of death was lung cancer in 22 cases and other causes in 8§
(1 heart disease, 1 respiratory failure in chronic obstructive
pulmonary disease, 1 ictus cerebri and 5 were not speci-
fied). Five-year disease-specific and overall survival rates
were 57.6% (95%Cl 41.3-70.9) and 47.4% (95%Cl
32.3-61.1), respectively. There were no variables signifi-
cantly associated with disease-specific or overall survival
(Table 4).

Discussion

The primary finding in this study is that the resection of
early-stage pulmonary LCNEC leads to a 5-year survival
rate of 47.4% (95%CI 32.3-61.1) and that nearly half of
patients developed recurrent disease with a predominately
systemic pattern. Increasing tumor size, and in particular
size >3 cm, was associated with a significant increase in
systemic recurrence. Our findings are consistent with the
literature, which has reported high rates of recurrence
ranging from 35 to 73% and a predominantly systemic
pattern of recurrence occurring in 20-55% of cases
(Table 5). Moreover, these studies reported similar rates of
overall survival (21-54%), indicating that surgery achieves
satisfactory results in terms of survival in LCNEC

treatment, but that many patients may potentially benefit
from additional therapy (Table 5) [3—11].

In most modern LCNEC series, treatment regimens used
are widely variable and the current series is no exception.
Surgical resection alone appeared to be chosen in patients
with predominantly clinical stage I tumors. Comparatively,
induction or adjuvant therapy was offered to more
advanced clinical stages (II and III) with the expected
dismal results. The utilization of adjuvant therapy was
predominantly offered to patients with pathologic stage II
and III disease. The commonality remains surgical resec-
tion in all groups but is generally undertaken first followed
by adjuvant therapy in the majority of cases.

Several additional key observations can be made from
our data and that of others. First, surgery alone for LCNEC
may not be sufficient and a combined modality approach
could potentially lead to improved disease-free and overall
survival since most patients die from recurrence [3—11].
Indications for and types of additional therapy in LCNEC
treatment are still debated, and the aggressive behavior of
these tumors has led some authors to consider
chemotherapy and/or radiotherapy even for those with
early-stage disease [3, 12-15]. Second, the threshold of
3 cm appears to be an important prognostic factor below
which survival is high but above which recurrence is fre-
quent and survival drops significantly [6, 13, 16].

According to the National Comprehensive Cancer Net-
work (NCCN) guidelines, LCNEC stage-specific
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Table 3 Univariable analysis of factors influencing systemic and loco-regional recurrence: Cox regression analysis

Factors Systemic recurrence Loco-regional recurrence
HR (95% CI) P value HR (95% CI) P value

Age (continuous) 0.97 (0.92-1.03) 0.29 1.01 (0.95-1.08) 0.74
Gender (female vs male) 1.61 (0.57-4.54) 0.36 0.39 (0.09-1.68) 0.21
ECOG performance status (reference 0)

1 0.63 (0.19-2.01) 0.43 1.78 (0.47-6.64) 0.39

>2 0.92 (0.24-3.61) 0.91 1.09 (0.12-9.79) 0.94
Previous malignancy (no vs yes) 0.68 (0.21-2.13) 0.50 1.58 (0.35-7.19) 0.55
Presence of symptoms (no vs yes) 2.00 (0.79-5.03) 0.14 0.18 (0.03-0.94) 0.04
Extent of resection (greater vs sublobar resections)* - 5.04 (1.09-23.31) 0.04
Lymphadenectomy (complete dissection vs sampling)® 1.19 (0.13-10.72) 0.88 -
Additional chemo-/radiotherapy (no vs yes) 2.12 (0.80-5.59) 0.13 1.14 (0.28-4.56) 0.85
Tumor location (central vs peripheral)b 1.04 (0.35-3.13) 0.94 -
Tumor size (continuous) 1.20 (1.01-1.41) 0.03 0.66 (0.43-1.00) 0.05
pT (reference pT1)

pT2 5.31 (1.13-25.05) 0.03 0.16 (0.03-0.81) 0.03

pT3/4 9.41 (1.85-47.75) <0.01 0.29 (0.06-1.45) 0.13
Pleural invasion (yes vs no) 0.81 (0.30-2.18) 0.68 0.54 (0.11-2.59) 0.44
pN (reference pNO)

pN1 1.80 (0.68-4.71) 0.23 0.95 (0.21-4.23) 0.94

pN2 2.29 (0.44-11.75) 0.32 2.46 (0.44-13.69) 0.31
pStage (reference I)

I 2.89 (0.95-8.76) 0.06 0.69 (0.19-2.57) 0.58

11 3.49 (1.05-11.56) 0.04 0.68 (0.12-3.71) 0.65

HR hazard ratio, CI confidence interval
*Hazard ratio cannot be estimated for systemic recurrence

"Hazard ratio cannot be estimated for loco-regional recurrence

management should follow the non-small cell lung cancer
(NSCLC) algorithm which recommends adjuvant
chemotherapy or chemo-radiotherapy after resection in the
presence of nodal metastases, positive resection margins,
poorly differentiated tumor histology, tumor size >4 cm
and the presence of pleural invasion [17]. Our results
suggest that for NO resected LCNEC the cutoff could be
3 cm to consider adjuvant chemotherapy after complete
resection given the high risk of systemic recurrence.
Alternatively, one could also justify adjuvant therapy based
on the fact that LCNEC is a poorly differentiated tumor
histology. These findings are supported by Rossi et al. [13]
who identified that tumor size >3 cm is an independent
prognostic factor for survival in a series of patients
undergoing surgery £ adjuvant chemotherapy for LCNEC.
When taken with the results from Sarkaria et al. [6]
showing stage IB LCNEC portended a worse prognosis
compared to stage IA, the evidence suggests that the con-
sideration for adjuvant chemotherapy should exist with
resected disease as early as pStage IB. We suggest that all

@ Springer

patients with a tumor size >3 cm, pT2a and possibly
pStage IB disease or greater be considered to undergo
adjuvant systemic therapy to hopefully reduce the risk of
distant metastasis and potentially improve survival.
Adjuvant chemotherapy has been suggested to improve
survival after LCNEC resection in some studies including
patients with early-stage disease, but the number of patients
is limited in these series [3, 12, 13, 18]. As well, a recent
study by Kujtan et al. [16] reported a significant
improvement in overall survival when chemotherapy was
added to surgery in a retrospective series of 1232 stage I
LCNEC patients in the National Cancer Database (5-year
survival rate after surgery plus chemotherapy and after
surgery alone: 64.5% and 48.4% respectively; p < 0.001).
In this study, this improvement remained significant when
patients were stratified by stage (IA and IB). However,
chemotherapy benefit seemed to have a greater impact on
patients with stage IB than on those with stage IA LCNEC,
increasing 5-year survival rate, respectively, from 44.7 to
68.7% and from 50.4 to 59.4% [16]. Similarly, a European
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Fig. 1 ROC curve: tumor size and systemic recurrence

multicentered study has concluded that adjuvant
chemotherapy has some benefits above surgery alone. In
this study it was used predominantly for stage II or greater
though nearly 25% of group receiving adjuvant
chemotherapy was stage I [18].

When adjuvant chemotherapy is recommended, the
choices of agents remain controversial. Given its histo-
logical similarity to small cell lung cancer, the obvious
choice is the doublet of cisplatin and etoposide, but
because LCNEC resides within the NCCN NSCLC
guidelines oncologists may be apt to choose a cisplatin
doublet with gemcitabine, docetaxel or vinorelbine. Some
data suggest that survival was significantly improved when
patients were treated with cisplatin and etoposide com-
pared to other NSCLC cisplatin doublets [12, 13, 19, 20].
In advanced-stage non-surgical LCNEC, the combination
of cisplatin and etoposide has been favored over other
NSCLC doublets with superior survival [12, 13, 19, 20].

Finally, in the treatment of resected LCNEC radiother-
apy is still unclear and debated. Postoperative radiotherapy
is recommended for the same scenarios as for more com-
mon other NSCLC: in the presence of incomplete resection
(R1 or R2 resection) or mediastinal lymph nodes metas-
tases (pN2 or pN3 disease). Given that surgical resection
provides excellent local control, its role in the induction
setting seems limited as well particularly when combined
with the fact that systemic recurrences are most common.
Like other NSCLCs, there is a potential role for radio-
therapy in recurrent disease and in patients with isolated
oligometastatic disease. It seems highly effective for lim-
ited brain metastases and while prophylactic cranial radi-
ation, which is part of the early-stage small cell
neuroendocrine carcinoma treatments, is not recommended
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Table 4 Factors influencing disease-specific and overall survival: Cox regression analysis

Factors Disease-specific survival Overall survival
HR (95% CI) P value HR (95% CI) P value

Age (continuous) 0.99 (0.94-1.04) 0.74 0.99 (0.95-1.04) 0.72
Gender (female vs male) 1.12 (0.42-2.98) 0.82 1.00 (0.42-2.35) 0.99
ECOG performance status (reference 0)

1 0.91 (0.31-2.66) 0.87 0.99 (0.39-2.48) 0.98

>2 0.34 (0.04-2.92) 0.33 0.26 (0.03-2.07) 0.20
Previous malignancy (no vs yes) 0.85 (0.26-2.79) 0.79 0.78 (0.28-2.20) 0.64
Presence of symptoms (no vs yes) 0.84 (0.33-2.14) 0.72 0.99 (0.78-1.26) 0.94
Extent of resection (greater vs sublobar resections) 0.51 (0.11-2.41) 0.40 0.62 (0.17-2.23) 0.47
Lymphadenectomy (complete dissection vs sampling) 2.57 (0.36-18.41) 0.35 3.76 (0.62-22.71) 0.15
Additional chemo-/radiotherapy (no vs yes) 1.61 (0.62-4.15) 0.33 1.13 (0.50-2.60) 0.76
Tumor location (central vs peripheral) 0.46 (0.10-2.04) 0.31 0.87 (0.32-2.35) 0.78
Tumor size (continuous) 1.00 (0.84-1.19) 0.99 1.01 (0.86-1.18) 091
pT (reference pT1)

pT2 1.72 (0.61-4.82) 0.30 1.14 (0.46-2.81) 0.77

pT3/4 1.22 (0.36-4.13) 0.75 1.22 (0.43-3.43) 0.71
Pleural invasion (yes vs no) 1.00 (0.37-2.76) 0.99 1.14 (0.47-2.76) 0.77
pN (reference pNO)

pN1 1.10 (0.37-3.27) 0.86 0.79 (0.29-2.14) 0.65

pN2 3.49 (0.61-19.90) 0.16 2.84 (0.69-11.64) 0.15
pStage (reference I)

I 1.84 (0.66-5.11) 0.24 1.31 (0.55-3.13) 0.54

I 1.09 (0.25-4.72) 0.91 0.92 (0.27-3.19) 0.89

HR hazard ratio, CI confidence interval

Table 5 Recurrence and survival after lung resection for large cell neuroendocrine carcinoma reported in the literature

Study Year No of patients Overall R n (%) Loco-regional R n (%) Systemic R n (%) Five-year OS rate (%)
Roesel et al. [4] 2016 127 86 (69) 38 31) 48 (38) 54
Filosso et al. [5] 2015 135 60 (73) 15 (18) 45 (55) 28
Sarkaria et al. [6] 2011 100 38 99 23 41
Saji et al. [23] 2010 45 n/a n/a n/a 69
Veronesi et al. [3] 2006 144 58 (40)° 7(5) 31 (22) 43
Asamura et al. [7] 2006 141 68 (48)° 17 (12) 34 (24) 40
Battafarano et al. [24] 2005 56 n/a n/a n/a 30
Paci et al. [8] 2004 48 34 (71) 0 34 (71) 21
Zacharias et al. [25] 2003 21 7 (35) 3 (15) 4 (20) 47
Takei et al. [9] 2002 87 35 (40)° 12 (14) 20 (23) 57
Garcia-Yuste et al. [26] 2000 22 13 (59) n/a n/a 20

R recurrence, OS overall survival, n/a not available data

2 Patients had both loco-regional and systemic recurrence

®Site of recurrence was not available in 20 patients

€16 Patients had both loco-regional and systemic recurrence and 1 patient had no data about recurrence site

93 Patients had both loco-regional and systemic recurrence
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in the treatment of resected LCNEC at this stage. Although,
there is at least one small series suggestion that it might
have some benefits [1, 15, 17, 21, 22].

This study has several limitations. First, a centralized
review process for pathology was not available. However,
all results were reviewed in each center, which provides
more granular data than an administrative data study.
Second, there was no pre-specified treatment regimen. The
majority of patients, however, underwent surgical resection
followed by adjuvant therapy as determined by local
practices and tumor board discussions. Third, there were
only a limited number of patients who received
chemotherapy after surgery which did not allow for an in-
depth analysis of the impact of adjuvant chemotherapy on
recurrence and survival. Lastly, even though the number of
cases is consistent with that of other studies, the number of
patients remains small and as such can influence the sta-
tistical results.

Patients undergoing surgery for LCNEC have a 5-year
survival rate of 51.6%. Systemic recurrences dominate as
the first site of failure. We have identified that tumor size
>3 cm is associated with a significantly higher rate of
systemic recurrence and a slightly lower survival: Adjuvant
chemotherapy may be indicated for patients with com-
pletely resected NO LCNEC >3 cm.
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