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Purpose: Pulmonary large cell neuroendocrine carcinoma (LCNEC) is a high-grade lung neuroendocrine tumor with a poor prognosis, similar to small cell lung cancer (SCLC). However, it remains unclear whether to treat LCNEC as non-small-cell lung cancer (NSCLC) or as SCLC. We reviewed our experiences to suggest appropriate treatment strategy for resected pulmonary LCNEC.
Materials and Methods: Forty-four patients were treated for pathologically diagnosed pulmonary
LCNEC during 2005–2018. We considered curative surgery first in early-stage or some locally advanced tumors, unless medically inoperable. Adjuvant treatments were decided considering patient’s
clinical and pathological features. After excluding two stage I tumors with radiotherapy alone and
three stage III tumors with upfront chemotherapy, we analyzed 39 patients with stage I–III pulmonary LCNEC, who underwent curative resection first.
Results: Adjuvant chemotherapy (NSCLC-based 91%, SCLC-based 9%) was performed in 62%, and
adjuvant radiotherapy was done in three patients for pN2 or positive margin. None received prophylactic cranial irradiation (PCI). With a median follow-up of 30 months, the 2- and 5-year overall survival (OS) rates were 68% and 51%, and the 2- and 5-year recurrence-free survival (RFS) rates were
49% and 43%, respectively. Aged ≥67 years and SCLC-mixed pathology were significant poor prognostic factors for OS or RFS (p < 0.05). Among 17 recurrences, regional failures were most common (n
= 6), and there were five brain metastases.
Conclusions: Surgery and adjuvant treatment (without PCI) could achieve favorable outcomes in pulmonary LCNEC, which was more similar to NSCLC, although some factors worsened the prognosis.
The importance of intensified adjuvant therapies with multidisciplinary approach remains high.
Keywords: Neuroendocrine tumors, Lung neoplasms, Prognosis, Small cell lung carcinoma, Cranial irradiation

Introduction
Pulmonary large cell neuroendocrine carcinoma (LCNEC) is a rare
malignancy of the lung, accounting for 1%‒3% of all lung cancers
[1]. Traditionally, LCNEC was recognized as a variant of large cell
carcinoma, which is a type of non-small-cell lung cancer (NSCLC) in
the World Health Organization (WHO) classification [2-4]. In the

2015 WHO classification, based on wider use of immunochemistry,
it was re-classified as one of the neuroendocrine tumors along with
three other main types: typical carcinoids, atypical carcinoids (lowgrade tumors), and small-cell lung cancer (SCLC) [5]. The current
WHO classification defines LCNEC as a morphological NSCLC with
histopathological features of neuroendocrine cancer and immunohistochemical expression of neuroendocrine markers. However, the
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survival prognosis is poor, with a high rate of lymph node involvement and distant metastasis, making it more similar to SCLC [4].
Due to its low incidence, and the consequent lack of relevant
clinical trial data, understanding of the biological characteristics of
pulmonary LCNEC is incomplete, and a standard of treatment has
not yet been established. The primary recommended treatment for
patients with early-stage, resectable pulmonary LCNEC is radical
surgery (lobectomy or anatomic resection + mediastinal node dissection) [6]. Chemotherapy can be considered after surgery or instead of surgery in cases of advanced disease [7]. However, the
most appropriate regimen (whether to follow the NSCLC-regimen
or SCLC regimen) and the schedule of them are still not established, independently of the clinical stage of LCNEC [8]. Furthermore, the role of radiotherapy as post-operative treatment of local
or advanced pulmonary LCNEC remains unclear, but some have
suggested its use in the locally advanced disease setting [9,10].
Some researchers have recently proposed the need for prophylactic
cranial irradiation (PCI) for this disease entity, based on its dismal
prognosis and its high rate of brain metastasis, similar to SCLC, but
a consensus has yet to be reached [10].
In this study, we reviewed our institutional treatment experience
of pulmonary LCNEC, particularly in patients who underwent surgery and received adjuvant therapies after multidisciplinary discussion, with an objective to suggest the most appropriate direction
for adjuvant treatment in each patient with resectable pulmonary
LCNEC.

Materials and Methods
1. Study design and patient selection
First, 67 patients who were pathologically diagnosed with pulmonary LCNEC between January 2005 and December 2018 were retrospectively identified from our institutional database. Patients
were included if they were diagnosed with this disease entity
during this period and completed the entire session of the first
treatment in our institution. Patients with distant metastasis at diagnosis (n = 19), without definite pathological confirmation of
LCNEC (n = 2), or who did not receive any cancer treatments any
cancer treatments (n = 2) were excluded from this study. Finally,
44 patients with localized pulmonary LCNEC were identified. This
study was approved by the Institutional Review Board of the Yonsei
University Health System (No. 9-2021-0011) and the informed
consent was waived.

2. Treatment
In our institution, treatment policies for patients with pulmonary
LCNEC generally coincide with those for NSCLC. The TNM stage is
https://doi.org/10.3857/roj.2021.00423

classified based on the 8th edition of the American Joint Committee on Cancer (AJCC) cancer staging system. In early stage (I/II) tumors, as well as in some localized stage III tumors, surgery is considered first, unless there are medical contraindications. For tumors
in a locally advanced stage, definitive concurrent chemoradiotherapy (CCRT) is considered first. After surgery, observation or adjuvant
treatment comprising chemotherapy and/or radiotherapy is followed depending on pathological reports and stage. The chemotherapy regimen is usually planned according to treatment guidelines for NSCLC (e.g., platinum + gemcitabine/paclitaxel [TP] or
platinum + vinorelbine [NP]). For radiotherapy, 45‒54 Gy is prescribed for adjuvant cases, and 60‒66 Gy is prescribed for definitive
cases. Elective nodal irradiation or PCI is not usually performed in
our institution.

3. Statistical analyses
Overall survival (OS) and recurrence-free survival (RFS) were calculated from the date of pathological diagnosis of pulmonary LCNEC
to the date for each end point. Locoregional failure was defined as
recurrence in the same lung or lymph nodes in the hilum, mediastinum, or supraclavicular fossa. Distant failure was defined as failure
at another site. Brain metastasis-free survival was defined as the
interval between the date of pathological diagnosis and the date of
an imaging study (brain magnetic resonance imaging [MRI]) showing evidence of brain metastasis. To compare the brain metastasis
rate of LCNEC with that of SCLC, patients diagnosed as limited
stage SCLC during the same period in our institution were selected
as a control group. We estimated the brain metastasis-free survival
rate of patients with LCNEC and patients with SCLC ( ± PCI), and
compared the survival rates to evaluate the need for PCI in LCNEC
patients. Survival outcomes were analyzed using the Kaplan-Meier
method and log-rank tests. Univariate analysis and multivariate
analysis were performed by using Cox regression models. p-values
< 0.05 were considered significant. Statistical analyses were performed using SPSS statistical software version 25.0 (IBM Corp., Armonk, NY, USA).

Results
1. Patient and treatment characteristics
Of the 44 patients with pathologic diagnosed and received curative
treatments in our institution, 20 patients had stage I, 13 had stage
II, and 11 had stage III disease. As our institutional policy, surgical
resection was indicated when feasible for each patient with localized LCNEC. Among the 20 patients with stage I tumors, only two
patients received definitive radiotherapy alone due to inoperable
medical conditions. Among 13 patients with stage II tumors, all re289
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ceived upfront surgery ( ± adjuvant therapy). Among 11 patients
with stage III tumors, three patients received definitive CCRT for
N3 stage node metastases. The treatment flow diagram is shown in
Fig. 1. Thus, 39 patients with stage I‒III LCNEC (I = 18, II = 13, III
= 8) first underwent curative resection of the primary tumor; the
treatment outcomes of these patients were analyzed in this study.
Among 44 patients with localized pulmonary LCNEC, 39 patients
who underwent curative tumor resection first were included in this
study. Baseline clinical characteristics of patients and tumors, and
treatment data are shown in Table 1. According to the AJCC cancer
staging system, there were 18, 13, and eight patients with tumors
at stage I, II, or III, respectively. Most patients (36/39) underwent
primary lobectomy with or without mediastinal lymph node dissection, while two underwent wedge resection, and one underwent
pneumonectomy. A clear resection margin was achieved in 35 (90%)
patients. Among four patients with R1-resected disease, two patients received adjuvant chemotherapy only, one received adjuvant
chemotherapy and radiotherapy sequentially (50 Gy in 25 fractions),
and one received adjuvant CCRT (51.6 Gy in 24 fractions).
In other R0-resected patients, whether to add adjuvant treatments or which regimen to choose were determined considering
the patients’ condition and tumor stage after multidisciplinary discussion. For patients with stage IA tumors (pT1N0, n = 12), most (n
= 10; 83%) did not receive any adjuvant therapy, while 67% of
patients with stage IB tumors (pT2N0, n = 6) received adjuvant
chemotherapy (all NSCLC-based treatment). In patients with stage

IIA (n = 1) or IIB (n = 12) tumors, most patients (n = 11; 85%)
received adjuvant chemotherapy, which mostly consisted of an NSCLC-based regimen, excluding two patients in whom an SCLCbased EP regimen was used. In patients with stage IIIA (n = 7) or
IIIB (n = 1) tumors, all except one received adjuvant therapy. Adjuvant chemotherapy with or without sequential radiotherapy was
performed in six patients with stage IIIA tumors, and adjuvant
CCRT was given to one patient with stage IIIB disease. The chemotherapy regimen was all NSCLC-based for stage IIIA disease, and
was SCLC-based for stage IIB disease. One patient did not receive
any adjuvant therapy for a clearly resected tumor at pT3N1 (IIIA)
stage, because cytotoxic chemotherapy was intolerable due to the
patient’s poor condition. This patient experienced early recurrence
only 4 months after surgery. Adjuvant radiotherapy was performed
in three patients with stage III tumors, and a median dose of 50 Gy
(range, 45 to 54 Gy) was delivered for pN2 disease (n = 1) or a positive resection margin (n = 2). No patient received PCI. Details of
adjuvant therapy according to the tumor stage are shown in Fig. 1.

2. Survival outcomes and prognostic factors
The median follow-up time was 30 months (range, 2 to 161
months) from the first diagnosis. In all patients, the 2- and 5-year
OS rates were 67.5% and 51.1%, and the 2- and 5-year RFS rates
were 49.4% and 42.9%, respectively (Fig. 2A). Two-year OS rates
were 76.5%, 57.5%, and 62.5% in stage I, stage II, and stage III,
respectively (Fig. 2B), while the 2-year RFS rates were 76.5%,

Institutional policy for pulmonary LCNEC
: Usually determined following NSCLC's

Localized pulmonary LCNEC
(2005–2018, n=44)
Stage I (n=20)

· Resectable tumors: Upfront surgery
· Unresectable tumors: RT or CCRT
· Adjuvant therapies: In high risk patients (NSCLC regimen-preferred)
1

Definitive RT (n=2)

Op only (n=12)
Op + Adjuvant CTx (n=6)
Stage II (n=13)

Op only (n=2)
Op + Adjuvant CTx (n=11)

Stage III (n=11)

39 Patients
(Included in this study)

Op + Adjuvant CTx (n=4)
Op + Adjuvant CCRT (n=3)

1

: Medically inoperable
2
: N3 stage

Op only (n=1)
2

Definitive CCRT or CTx (n=3)

Fig. 1. Treatment flow diagram for eligible patients with localized pulmonary large cell neuroendocrine carcinoma. LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small-cell lung cancer; RT, radiotherapy; CCRT, concurrent chemo-radiotherapy; CTx, chemotherapy.
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Table 1. Patient and tumor characteristics
Characteristic
Sex
Male
Female
Age (yr)
Smoking history
Yes
No
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
N3
AJCC stage
IA/IB
IIA/IIB
IIIA/IIIB
Surgery (primary thoracic surgery)
Wedge resection
Lobectomy
Pneumonectomy
Histology
Pure LCNEC
NSCLC-mixed
SCLC-mixed
Lymphovascular invasion
Perineural invasion
Resection status
R0
R1
R2
Adjuvant radiotherapy
Dose (Gy)
Radiotherapy technique
  3D-CRT
  IMRT
Adjuvant chemotherapy
Chemotherapy regimen
  NSCLC-based
   Navelbine + Cisplatin
   Genexol + Neoplatin
  SCLC-based
   Etoposide + Cisplatin

Value
35 (90)
4 (10)
67 (46–74)
28 (72)
11 (28)
17 (43)
14 (36)
8 (21)
0 (0)
25 (64)
7 (18)
7 (18)
0 (0)
18 (46)
13 (33)
8 (21)
2 (5)
36 (92)
1 (3)
30 (77)
7 (18)
2 (5)
20 (51)
3 (8)
35 (90)
4 (10)
0 (0)
3 (8)
50 (45–54)
2
1
24 (62)
21 (53)
19
2
3 (8)
3

Values are presented as number (%) or median (range).
AJCC, American Joint Committee on Cancer; LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small cell lung cancer; SCLC, small cell
lung cancer; 3D-CRT, three-dimensional conformal radiotherapy; IMRT,
intensity-modulated radiotherapy.
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57.5%, and 62.5%, respectively (Fig. 2C).
In both univariate and multivariate analyses for OS, age ( ≥67
years) and pathological subtype (SCLC-mixed) were identified as independently significant prognostic factors (p = 0.036; hazard ratio
[HR] = 2.805; 95% confidence interval [CI], 1.068‒7.365 and p =
0.003; HR = 16.125; 95% CI, 2.615‒99.434; respectively) (Table 2).
In patients aged ≥ 67 years, the 2- and 5-year OS rates were
53.6% and 21.4%, respectively (Fig. 3A). Patients with LCNEC
mixed with SCLC (n = 2) died within a year, while 1-year OS rates
in patients with pure LCNEC (n = 30) and LCNEC mixed with NSCLC (n = 7) were 93.1% and 85.7%, respectively (Fig. 3B). Two patients (pT3N0 and pT3N2) had SCLC-mixed type tumors, and both
received EP chemotherapy. They died at a median of 7.4 months:
one due to encephalitis during adjuvant CCRT and another due to
interstitial lung disease that was aggravated after four cycles of
chemotherapy. In univariate and multivariate analyses for RFS,
pathological subtype was also the only significant factor (p =
0.033; HR = 5.533; 95% CI, 1.150‒26.615).

3. Pattern of failure
Disease recurrence was observed in 17 (43%) patients at a median
of 11.5 months (range, 2 to 111 months) after diagnosis: seven patients (35%) with stage I tumors, seven patients (54%) with stage
II tumors, and three patients (27%) with stage III tumors. Most
cases were locoregional failures (13/17; 76%) with five simultaneously diagnosed distant failures. Among eight isolated locoregional
failures, regional failures were more common (n = 6) than local
failures (n = 2). Among four isolated distant failures, three patients
experienced brain metastases as a first failure, without any intra-thoracic recurrences (Supplementary Fig. S1).
For the location of locoregional failures, only two cases (15%)
recurred within the resection margin or in the same lobe of the
lung, while the other 11 cases (85%) were regional node metastasis. The most common site of regional failures was mediastinal
lymph nodes (n = 7), followed by supraclavicular fossa lymph
nodes (n = 5) and hilar lymph nodes (n = 5). All except one patient had received salvage treatment, but only two are currently
alive with disease. Details of patients who underwent any recurrence are shown in Table 3.

4. Brain metastasis-free survival
The 2- and 5-year brain metastasis-free survival rates were 65.1%
and 46.3%, respectively, and median survival was 58.8 months.
There were five cases of brain metastases that developed as first
failure with (n = 2) or without (n = 3) other types of recurrence,
and one case that developed 5 months after isolated locoregional
recurrence. The rate of brain metastasis development was 15% in
291
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Fig. 2. (A) Kaplan-Meier curves for overall survival (OS) and recurrence-free survival (RFS) in all patients, (B) Kaplan-Meier curves for OS rate
based on tumor stage, and (C) RFS rate based on tumor stage.
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SCLC-mixed vs. Pure LCNEC, *p < 0.001
SCLC-mixed vs. NSCLC-mixed, **p = 0.018
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0

72

p < 0.001
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Time (mo)
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Fig. 3. Kaplan-Meier curves for overall survival stratified according to (A) age and (B) pathological subtype. Patients’ age is divided into ≥67
years and <67 years, and pathological subtype is divided into three: pure LCNEC, LCNEC mixed with NSCLC, and LCNEC mixed with SCLC. LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer.
Table 2. Prognostic factors for overall survivals in patients with resected pulmonary LCNEC

Age ( ≥ 67 yr)
Sex (male)
Stage I
Stage II
Stage III
Adjuvant chemotherapy
Mixed pathology (pure LCNEC)
Mixed with NSCLC
Mixed with SCLC

Univariate analysis
HR (95% CI)
p-value
2.992 (1.166–7.678)
0.023*
0.483 (0.064–3.617)
0.479
0.78
1.254 (0.473–3.327)
0.649
0.812 (0.253–2.602)
0.726
0.962 (0.397–2.329)
0.932
0.005*
1.193 (0.391–3.638)
0.756
21.061 (3.414–129.935)
0.001*

Multivariate analysis
HR (95% CI)
p-value
2.805 (1.068–7.365)
0.036*
0.011*
1.348 (0.439–4.144)
0.602
16.125 (2.615–99.434)
0.003

LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; HR, hazard ration; CI, confidence interval.
*p < 0.05.

all patients, and was significantly higher in stage II or III than in
stage I tumors—stage I, 6% (1/18); stage II, 23% (3/13); stage III,
25% (2/8). In these six patients, brain metastases developed at a
median of 8.5 months after the first diagnosis. In the three cases in
which brain metastasis occurred as an isolated first failure, the interval was a median of 6.2 months, which was shorter than in the
292

rest of the patients (median 10.8 months). However, with salvage
treatments, including surgery and adjuvant radiotherapy, the survival time of these patients after the diagnosis of brain metastasis
was longer than that of the rest of the patients (median 7.5 vs. 5.4
months) (Table 3).
The brain metastasis rate between LCNEC and corresponding
https://doi.org/10.3857/roj.2021.00423
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LCNEC
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LCNEC
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RML/RLL + N2a) LN
Positive

Negative

RUL

Negative

LLL + N1 LN

Negative

LUL + N2a) LN

a)

NSCLC-mixed RML + N1 LN

a)

Negative

Negative

Negative

Negative

LUL/LLL

Negative

RML + N1a) LN

Negative

Negative

Negative

Negative

Negative

Negative

Negative
Mediastinal/SCF LN

Brain

Multiple lung, Multiple bone

Recurrence site

RLL
Mediastinal LN

Pleural seeding

Hilar/Mediastinal/SCF LN
Brain

LUL, Hilar/Mediastinal LN, Brain

CTx (TP)

Hematogenous lung metastasis

CTx (NP) RLL

CTx (NP) Brain
+ RT

-

CTx (NP) LUL, Hilar/Mediastinal/SCF LN

CTx (NP) RLL, Brain

CTx (EP)
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-
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-
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margin status treatment
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N

Y

N

Y

N

N

N

N

N

N

N

N

N

N

N

N

N
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4
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4
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11

6

9

12

15
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7

3
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4

10

N

N

Y

Y

N

Y

Y

Y

N

N

N

N

N

N

N

Y

N

Local
Recurrence
Brain
recurrence interval (m) metastasis

14
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24
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15
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Surgery
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LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small-cell lung cancer; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; LN, lymph
node, SCF, supraclavicular fossa; CTx, chemotherapy; CCRT, concurrent chemo-radiotherapy; RT, radiotherapy, GKS, Gamma Knife surgery; DOD, died of disease; AWD, alive with disease; NP, Vinorelbine +
Platinum; TP, Paclitaxel + Platinum; EP, Etoposide + Platinum; OS, overall survival.
a)
All tumors were staged according to the 8th American Joint Committee on Cancer (AJCC) cancer staging system (N1, metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, including involvement by direct extension; N2, metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)).

M/72

1

Patients Sex/Age Stagea)
no.
(yr)

Table 3. Characteristics of patients who experienced any disease recurrences after surgery (n = 16)
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SCLC cohorts are available in Supplementary Table S1 and Fig. S2.
The overall brain recurrence rates were 15.4 % (LCENC cohort, n =
39) and 24.1 % (SCLC cohort, n = 108). The 2-year and 5-year
brain metastasis-free survival rates were 62.1% and 46.3% and
51.2% and 21.4%, respectively. The brain metastasis-free survival
rate was significantly better in the LCNEC cohort than in the SCLC
cohorts (p = 0.028). In subgroup analysis, the brain metastasis-free
survival rate was significantly better in LCNEC patients than in
SCLC patients with or without PCI (p = 0.028) (LCNEC vs. SCLC
without PCI, p = 0.010; LCNEC vs. SCLC with PCI, p = 0.130; and
SCLC with PCI vs. SCLC without PCI, p = 0.068) (Supplementary
Fig. S2).

Discussion and Conclusion
In this study, we achieved favorable survival outcomes with surgical resection and appropriate adjuvant therapies in keeping with
NSCLC protocols. Survival outcomes were comparable or better
than those of previous studies [4,9,11,12] (Table 4). Despite smaller
study populations, some factors, such as older age and mixed histology, were significantly associated with prognosis. Brain metastasis rate and brain metastasis-free survival rate were significantly
better than those for SCLC, with or without PCI. Notwithstanding,
older age, primary location (main bronchus), and no adjuvant chemotherapy have been shown to exhibit significant associations
with poor prognosis in previous studies [7,10].
LCNEC has been regarded as a disease entity that shows features
of both NSCLC and SCLC. As reported in SEER data, the 1-, 2-, and
4-year OS rate in patients with resectable pulmonary LCNEC was
76%, 56%, and 41%, respectively, which were similar to that of
other types of large cell carcinoma and was different from SCLC [4].
In our study, the 2- and 5-year OS rates were 68% and 51%, respectively, which were slightly better than that reported before.
According to recent studies, the clinical presentation of LCNEC appears to be similar to that of another high-grade neuroendocrine
pulmonary tumor, SCLC, with some exceptions. Primary LCNECs
tend to be located peripherally rather than centrally, and presentaTable 4. Comparison of overall survival rates with previous studies

Our study
SEER database [11]
Jin et al. [9]
Varlotto et al. [4] (pT1N0)
Kinslow et al. [12]

1 yr
92.2
74.5
NA
90
NA

Overall survival (%)
2 yr
3 yr
5 yr
67.5 58.3 51.1
55.8 46.7
NA
NA
50.7 41.2
76
60
NA
61
NA
NA

SEER, Surveillance, Epidemiology, and End Results; NA, not available.
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tion of LCNECs with early-stage (I/II) disease is more common than
for SCLC (25% vs. < 5%) [13]. Thus, patients with LCNEC more
commonly undergo resection. In the US SEER database [4], clinical,
histopathological, and biological features as well as survival rates
of patients with resected LCNEC are more similar to those of other
large cell carcinomas than to those of SCLC. On the other hand,
according to recent population-based studies [12,14], it has been
suggested that LCNEC, particularly in the advanced stage, may behave more similarly to SCLC. These observations should be taken
into account when deciding on a treatment regimen.
Due to the rarity of LCNEC, there are no large randomized trials
that define an optimal treatment approach [15]. Treatment recommendations are based on extrapolation from approaches used in
patients with SCLC and NSCLC and the established literature, which
is primarily retrospective in nature. Surgical resection is usually indicated, when feasible, for patients with early-stage LCNEC, and CCRT
followed by additional cycles of chemotherapy can be considered,
similar to limited stage SCLC, for patients with positive mediastinal
nodes after resection and for those with unresectable stage III disease. Because of poor prognosis after surgery, extensive adjuvant
therapies may be indicated in LCNEC. While additional adjuvant
chemotherapy might contribute to improved survival [15-19], the
role of adjuvant radiotherapy remains unclear [9]. Optimal systemic
treatment has not been adequately established [20]. Moreover, in
the American Society of Clinical Oncology guidelines, either the
SCLC regimen or the same regimen as for NSCLC is advised for LCNEC. However, SCLC-type chemotherapy is considered by expert
opinion to be most appropriate [21], as LCNEC appears to respond
similarly to SCLC according to several observational and genomic
studies [22-24]. Notwithstanding, recent studies have reported a
low response rate or higher resistance to SCLC-type chemotherapy
[1,25-28]. To date, with no standard regimen, although SCLC regimens can be considered in advanced diseases, NSCLC regimens
may also be reasonable alternatives.
Patterns of failure in our patients were distinguishable from
those of NSCLC [29,30]. Regarding recurrence location, a few cases
(13%) involved recurrence at resection margins or the same lobe of
the lung. A high rate of recurrence (approximately 50%) occurred
at the surgical stump in NSCLC, even though all of the patients had
a clear resection margin. All cases of regional lymph node recurrence included the mediastinal lymph node area (with or without
hilar lymph nodes), and supraclavicular lymph node recurrence was
also more common than that in NSCLC (29.4% vs. 8%–10%). Contralateral lung metastasis, distant metastasis, and brain metastasis
even as a first recurrence were common in our LCNEC cohort. Our
results for patterns of failure in LCNEC patients highlight difficulties with salvage treatments and the need for intensified adjuvant
https://doi.org/10.3857/roj.2021.00423
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treatment strategies, even after clear resection.
A significant difference in the management of LCNEC and SCLC
is that PCI is recommended for many patients with SCLC, but not
for those with LCNEC. Multiple large meta-analyses have shown an
increase in survival as well as a decrease in brain metastases in patients with limited-stage SCLC receiving PCI. However, there are
still controversies about the application of PCI for pulmonary LCNEC [15]. In our study, the rate of brain metastasis was 15%, and
was higher for stage II/III tumors than for stage I disease. It was
lower than that previously reported for patients with SCLC [31].
Even in our sub-analyses, the brain metastasis-free survival rate
was significantly higher in LCNEC patients than in SCLC patients,
regardless of the use of PCI (p = 0.028). On the other hand, in other population studies, the rates of brain metastases were higher in
LCNEC than in SCLC (increasing in stage IV disease), suggesting the
need for PCI in LCNEC. One possible contribution to this discrepancy is that our study only included relatively early-stage tumors for
which surgery was indicated. Therefore, the brain metastasis rate
was low, and the metastatic brain lesions could be treated locally,
without a critical effect on prognosis.
There were some limitations to our study. Although our patients
were followed-up for a long period, the number of patients was insufficient to arrive at a definite conclusion. In particular, there have
been some discrepancies in the chemotherapy regimen in our institution. Except that the SCLC-based regimen was selected in a few
patients with SCLC-mixed pathology, the NSCLC-based regimen
was generally chosen. Second, the prognosis of stage II and III disease were reversed in some points. This might be due to the exclusion of stage III patients who had supraclavicular lymph nodes at
diagnosis (and were thus expected to show a poor prognosis) and
received CCRT instead of surgery. A follow-up study of a larger
number of patients would be helpful.
Despite these limitations, our study had several strengths. In our
study, the 2- and 5-year OS rates were favorable, compared to
available data. This may be due to curative resection of localized
pulmonary LCNEC and sufficient adjuvant therapies after multidisciplinary discussion. Furthermore, our data suggest that patients
with mixed histology with SCLC are expected to have poor prognosis. In general, a pathology indicating combined SCLC has been reported to show a poor prognosis, similar to SCLC, as well as chemo-resistance [32]. Also, SCLC-based chemotherapy might be too
toxic without contributing to survival improvement. Although more
studies including a larger number of patients are needed, our findings suggest that SCLC-based chemotherapy might not necessarily
be a good alternative for pulmonary LCNEC.
In conclusion, treatment outcomes for patients with LCNEC that
underwent surgical resection were more favorable than those rehttps://doi.org/10.3857/roj.2021.00423

ported in historical data of limited stage SCLC and similar to those
of NSCLC. However, the importance of using intensified adjuvant
therapies remains high, because failure patterns mostly involved
regional failure or distant metastasis at the first recurrence, rather
than local failure. New chemotherapy regimens or mediastinal radiotherapy might be alternatives, although SCLC-type chemotherapy remains questionable, according to our results. Early application
of PCI did not appear to be necessary. Although further studies in a
larger number of patients with resectable, as well as unresectable
LCNEC, are warranted, our findings yield insight into suitable treatment approaches for LCNEC.
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