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Background: Large-cell neuroendocrine carcinoma (LCNEC) and small cell lung cancer (SCLC) are
categorized as high-grade neuroendocrine carcinoma (HGNEC). We analyzed the efficacy of perioperative
chemotherapy for HGNEC and the prognostic factors.

Methods: We retrospectively reviewed the medical records of patients who underwent tumor resection
and were diagnosed with HGNEC between January 2001 and December 2014. The overall survival (OS)
was estimated by the Kaplan-Meier method. Propensity score matching was performed to compare the
OS between the treatment groups. Multivariate analyses using a Cox proportional hazards model were
performed to search for prognostic factors for HGNEC.

Results: We analyzed 146 HGNEC patients (LCNEC n=92, SCLC n=54) without synchronous multiple
cancers, who underwent complete resection. Seventy patients (LCNEC n=31, SCLC n=32) received
perioperative chemotherapy and all of them received a platinum-based anticancer drug. Perioperative
chemotherapy significantly improved the 5-year OS rates of HGNEC patients (all stages: 74.5% vs. 34.7%,
P<0.01, stage I: 88.5% vs. 40.0%, P<0.01). The efficacy of perioperative chemotherapy was similar between
LCNEC and SCLC patients [LCNEC all stages: hazard ratio (HR) 0.27, P<0.01, LCNEC stage I: HR
0.27, P=0.01; SCLC all stages: HR 0.38, P=0.02, SCLC stage I: HR 0.34, P=0.06]. The survival benefit of
perioperative chemotherapy for HGNEC patients was confirmed by propensity score matching analysis
(HR 0.31, P<0.01). The multivariate analysis revealed that perioperative chemotherapy (HR 0.29, P<0.01),
sublobar resection (HR 2.11, P=0.04), and lymph node metastasis (HR 3.34, P<0.01) were independently
associated with survival.

Conclusions: Surgical resection combined with perioperative chemotherapy was considered to be effective
even for stage | HGNEC patients. Sublobar resection might increase the risk of death in HGNEC patients.
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Introduction

Lung neuroendocrine tumors, including large-cell
neuroendocrine carcinoma (LCNEC) and small cell lung
cancer (SCLC) are originate from neuroendocrine cells and
represent 20% of all lung cancers (1). The patients with
these tumors are reported to have similar backgrounds and
prognoses, and to show a similar response to chemotherapy
(2-4). The biological similarities between LCNEC and
SCLC have been also reported (5-7). Jones et al. analyzed
the gene expression profiles of surgically resected samples
of LCNEC and SCLC cell lines using a microarray, and
were unable to distinguish LCNEC from SCLC (5). The
Clinical Lung Cancer Genome Project (CLCGP) and
Network Genomic Medicine (NGM) identified important
genetic similarities between LCNEC and SCLC with
regard to the transcriptome, the amplified and deleted
regions and the mutated genes (6). These clinical and
biological similarities make it challenging to differentiate
between LCNEC and SCLC in some cases. LCNEC and
SCLC were categorized into high-grade neuroendocrine
carcinoma (HGNEC) in the 4th edition of the World
Health Organization (WHO) Classification of Lung
Tumors (8). In this situation, data showing the efficacy of
therapy for HGNEC as a single category is required in
order to develop practical therapeutic strategies, however,
there are few data available (4,9).

In this study, we retrospectively reviewed the medical
records and evaluated the clinical benefits of perioperative
chemotherapy for HGNEC, and searched for factors
predicting the prognosis of patients with HGNEC.

Methods

We retrospectively reviewed the medical records of patients
who underwent surgery and who were diagnosed with
LCNEC or SCLC at Kobe University Hospital (Kobe,
Japan) and Hyogo Cancer Center (Akashi, Japan) between
January 2001 and December 2014. We collected data on
the patients’ characteristics (age, gender), clinical stage,
pathological diagnosis (tumor size, lymph node metastasis,
pleural invasion, pulmonary metastasis, vascular invasion,
lymphatic permeation), therapeutic method (perioperative
chemotherapy, surgical procedure), and prognosis.
Patient’s comorbidities were assessed using the Charlson
Comorbidity Index (CCI) score (10). Patients with stage
4 disease, an incompletely resected tumor, synchronous
multiple cancers, performance of concurrent radiotherapy
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and insufficient medical records were excluded. Surgery
was performed for patients with an Eastern Cooperative
Oncology Group Performance Status Scale (ECOG PS) of
Oorl.

For staging, the TNM classification was determined
according to the 7th edition of the American Joint
Committee on Cancer Staging Manual and the Revised
International System for staging lung cancer. Contrast-
enhanced chest and abdominal computed tomography
(CT), positron emission tomography (PET)-CT, and brain
magnetic resonance imaging (MRI) were performed for
preoperative staging. Patients were evaluated postoperatively
at 3-month intervals for 2 years, at 6-month intervals for
the subsequent 3 years, and once yearly thereafter. Follow-
up examinations included chest radiography, contrast-
enhanced CT, brain MRI, PET-CT or bone scintigraphy,
and hematologic and biochemical analyses, including the
measurement of the tumor marker levels.

The study was approved by institutional ethics board
of each hospital (Kobe University Hospital: No. 170042.
Hyogo Cancer Center: No. R504), and written informed
consent was obtained from all patients.

Statistical analyses

All statistical analyses were performed using the JMP
13 software program (SAS Institute, Cary, NC, USA).
Student’s z-test and the chi-squared test were performed
to assess the significance of differences in age, sex, surgical
procedure, clinical stage, and pathological invasion
between the two patient groups. Survival was calculated
according to the Kaplan-Meier method, and differences in
distribution were evaluated using the log-rank test. The
Cox proportional hazards model, with calculation of the
hazard ratio (HR) and 95% confidence interval (CI), was
used to evaluate the associations between prognostic factors
and OS after pulmonary resection. P values of <0.05 were
considered to indicate statistical significance. Propensity
score matching was performed to compare overall survival
between the treatment groups. Patients in this analysis
were matched for age, gender, CCI, histology, surgical
procedure, pathological tumor size, lymph node metastasis,
pleural invasion, vascular invasion, and lymphatic
permeation.

Results

We identified 197 patients who underwent surgery and
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LCNEC, SCLC surgically resected
2001.1.1~2014.12.31 (n=197)

Y

Incomplete resection or stage IV, n=25

Y

Synchronous multiple cancers, n=14

Y

Concurrent radiotherapy, n=7

Y

Insufficient medical record, n=5

Y

Patients analyzed in this study, n=146

v v

Surgery alone, Surgery + chemotherapy,
n=83 n=63

Figure 1 A flowchart of the patient selection. LCNEC, large-cell

neuroendocrine carcinoma; SCLC, small cell lung cancer.

who were diagnosed with HGNEC. Fifty-one patients were
excluded for the following reasons: pathological stage 4 or
incomplete resection (n=25), synchronous multiple cancers
(n=14), concurrent radiation therapy (n=7) and insufficient
medical records (n=5). The 146 remaining patients were
analyzed (LCNEC n=92, SCLC n=54, Figure I). Among
them, 63 patients underwent surgery plus perioperative
chemotherapy, and 83 patients underwent surgery alone.
The median follow-up period was 34.5 months (surgery
plus chemotherapy group, 43.9 months; surgery alone
group, 27.9 months). The patients’ clinicopathological
characteristics are summarized in Tuble 1. The surgery plus
chemotherapy group included significantly younger patients
(P<0.01), more SCLC patients (P<0.01), their extent of
resection was more frequently lobectomy or more (P=0.02),
and included more patients with pathological lymph node
metastasis (P=0.02). The chemotherapy regimens that were
used in the treatment of the patients in the surgery plus
chemotherapy group are shown in Tuble 2. All of them were
received a platinum-based anticancer drug, and 81% of
them received combination treatment with either irinotecan
or etoposide (n=51). Postoperative radiotherapy for the
mediastinal lymph node was performed for 1 patient in the
surgery alone group. Seven patients who took tegafur-uracil
(UFT) orally after surgery were included in the surgery
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alone group.

The 5-year OS rates of the surgery plus chemotherapy
and surgery alone groups were 74.5% vs. 34.7% in all
patients (log-rank: P<0.01, Figure 24), 88.5% vs. 40.0% in
stage I patients (log-rank: P<0.01, Figure 2B), and 54.6%
vs. 18.6% in stage II and III patients (log-rank: P<0.01,
Figure 2C). The HR for death in the surgery plus
chemotherapy group in comparison to the surgery alone
group was 0.35 (95% CI: 0.20-0.59; P<0.01) in all patients,
0.31 (95% CI: 0.14-0.64; P<0.01) in stage I patients,
and 0.31 (95% CI: 0.14-0.68; P<0.01) in stage II and
IIT patients. Efficacy of perioperative chemotherapy was
similar between LCNEC and SCLC patients (Figure 34,B;
LCNEC: HR 0.27, 95% CI: 0.11-0.56, P<0.01; SCLC:
HR 0.38, 95% CI: 0.17-0.86; P=0.02), and this tendency
was also observed even in stage I patients (Figure 3C,D;
LCNEC: HR 0.27, 95% CI: 0.06-0.77, P=0.01; SCLC: HR
0.34,95% CI: 0.11-1.05, P=0.06).

A propensity score matching analysis was performed to
compare the OS between surgery plus chemotherapy and
surgery alone groups. The background characteristics of
the patients were well balanced between these two groups
after adjusting the propensity score for the performance
of perioperative chemotherapy (n=76, Table 3). After
adjustment, the 5-year OS rates of the surgery plus
chemotherapy group were found to be significantly higher
in comparison to the surgery alone group (77.0% and
33.9%, respectively; log-rank: P<0.01; Figure 4). The HR
for death in the surgery plus chemotherapy group was 0.31
(95% CI: 0.14-0.64; P<0.01) in comparison to the surgery
alone group.

Table 4 shows the univariate and multivariate analyses
of the factors associated with OS in the HGNEC patients.
The univariate analysis included 11 clinical parameters (age,
gender, CCI, histological type, perioperative chemotherapy,
surgical procedure, tumor size, lymph node metastasis,
pleural invasion, vascular invasion, and lymphatic
permeation). Perioperative chemotherapy and lymph
node metastasis were significant factors for survival. The
histological type was not a significant factor (HR 1.08, 95%
CI: 0.66-1.79, P=0.74). Parameters with P values of <0.20
were included in the multivariate model (age, perioperative
chemotherapy, surgical procedure, lymph node metastasis,
lymphatic permeation). The multivariate analysis revealed
that perioperative chemotherapy (HR 0.29, 95% CI:
0.16-0.52, P<0.01), surgical procedure (sublobar resection)
(HR 2.11, 95% CI: 1.03-4.08, P=0.04), and lymph node
metastasis (HR 3.34, 95% CI: 1.88-5.94, P<0.01) were

F Thorac Dis 2019;11(4):1145-1154
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Table 1 The clinicopathological characteristics of the patients

Factors Surgery + chemotherapy (n=63) Surgery alone (n=83) P value
Age, mean [range] (years) 63.2 [30-78] 72.3 [54-84] <0.01
Gender, n [%)] 0.98
Male 54 [86] 71 [86]
Female 9[14] 12 [14]
CCl, n [%] 0.69
0-1 43 [68] 54 [65]
>2 20 [32] 29 [35]
Histology, n [%] <0.01
LCNEC 31 [49] 61 [73]
SCLC 32 [51] 22 [27]
Operation procedure, n [%] 0.02
Lobectomy or more 58 [92] 65 [78]
Sublobar resection 5[8] 18 [22]
Stage, n [%] 0.19
1A 22 [35] 41 [49]
B 14 [22] 20 [24]
A 14 [22] 10[12]
I8 416] 6[7]
A 9[14] 5 [6]
1]=] 01[0] 1[1]
Tumor size, mean [range] (mm) 36.5 [0-80] 33.5[10-110] 0.34
Lymph node metastasis, n [%] 0.02
pN O 35 [56] 61 [73]
pN 1-2 28 [44] 22 [27]
Pleural invasion, n [%)] 0.42
pl 0 33 [52] 49 [59]
pl 1-2 30 [48] 34 [41]
Vascular invasion, n [%] 0.37
vO0 12 [19] 21 [25]
v1-2 51 [81] 62 [75]
Lymphatic permeation, n [%)] 0.27
ly 0 18 [29] 31 [37]
ly 1-2 45 [71] 52 [63]

LCNEC, large-cell neuroendocrine carcinoma; SCLC, small cell lung cancer; CCI, Charlson Comorbidity Index.
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Journal of Thoracic Disease, Vol 11, No 4 April 2019

Table 2 The chemotherapy regimens (n=63)

Regimen LCNEC (n=31) SCLC (n=32)
Neoadjuvant setting (n=5)
CDDP + CPT-11 0 1
CDDP + VP-16 0 3
CBDCA + VP-16 0 1
Adjuvant setting (n=58)
CDDP + CPT-11 11 7
CDDP + VP-16 6 14
CBDCA + PTX 6 0
CDDP + VNR 5 1
CBDCA + VP-16 3 4
CBDCA + CPT-11 0 1

CDDR, cisplatin; CPT-11, irinotecan; CBDCA, carboplatin; VNR,
vinorelbine; PTX, paclitaxel; VP16, etoposide.
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significant independent predictors of survival.

Discussion

In this present study, we demonstrated the importance of
perioperative chemotherapy for HGNEC patients using a
propensity score matching analysis. Our data showed that
perioperative chemotherapy significantly improved the
S-year survival rate even in stage Il HGNEC patients, and
this result was confirmed by a multivariate analysis (HR
0.29, 95% CI: 0.16-0.52, P<0.01). Actually, in our study,
there were no significant differences between LCNEC and
SCLC with regard to the prognosis (HR 1.08, 95% CI:
0.66-1.79, P=0.74) or sensitivity to chemotherapy (Figure 3).
This might reflect the similarity in the genetic background
between LCNEC and SCLC, and suggest that it might be
better to make treatment guidelines as a single category of
HGNEC. Several studies have suggested that perioperative

B HGNEC (n=97, stage )

0.8 1 Log-rank: P<0.01

o "‘-;_,____HR 0.31 (95% ClI: 0.14-0.64) P<0.01
2 06
©
2
>
g 0.4
()
0.2 .
Surgery + chemotherapy (n=36) 5-year OS: 88.5%
0.0 4 ---- Surgery alone (n=61) 5-year OS: 40.0%
0 1 2 3 4 5
Years
Patients at risk
— 36 36 32 26 19 18
----61 50 39 27 20 14

Figure 2 A comparison of the overall survival according to the treatment group in all-stage patients (A), stage I patients (B) and stage 1T
and III patients (C). A significant difference in the survival was observed between the groups (log-rank: A: P<0.01, B: P<0.01, C: P<0.01).

HGNEC, high-grade neuroendocrine carcinoma; OS, overall survival; HR, hazard ratio; CI, confidence interval.
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Figure 3 A comparison of the overall survival among the treatment groups, analyzed separately according to the histological type [all
stages: LCNEC (A), SCLC (B); stage I: LCNEC (C), SCLC (D)]. Perioperative chemotherapy showed similar efficacy against LCNEC and
SCLC. LCNEC, large-cell neuroendocrine carcinoma; SCLC, small cell lung cancer; OS, overall survival; HR, hazard ratio; CI, confidence

interval.

platinum-based chemotherapy for LCNEC (11-17) and
SCLC (18-20) remarkably improved the 5-year survival rate
by 20-45%, however, there was only one retrospective study
that evaluated the efficacy of perioperative chemotherapy
in a single category of HGNEC. In the study, Abedallaa
et al. reported that the hazard radio for death in patients
who underwent perioperative chemotherapy was 0.48 (95%
CI: 0.24-0.99; P=0.04) in comparison to those who were
treated by surgery alone (4). The efficacy of perioperative
chemotherapy in the HGNEC patients of our study was
higher than that of the previous study. This might be all
because of the patients in the surgery plus chemotherapy
group of our study received platinum-based chemotherapy,
while only 75% of those received platinum-based
chemotherapy in the previous study. This difference might
have affected the results.

© Journal of Thoracic Disease. All rights reserved.
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We additionally revealed that the performance of
sublobar resection for HGNEC was an independent
negative prognostic factor for survival (HR 2.11, 95%
CI: 1.03-4.08; P=0.04). As for LCNEC, though two
retrospective studies reported that sublobar resection did
not affect the survival of the LCNEC patients (13,21), the
data were not sufficient to draw any definitive conclusions.
As for SCLC, Brock ez al. revealed that the performance of
sublobar resection for SCLC was an independent negative
prognostic factor for survival in the retrospective study (18).
Schreiber er al. analyzed the data from the Surveillance,
Epidemiology, and End Results (SEER) Program of the
National Cancer Institute and reported that the prognosis
of the patients who underwent lobectomy was better than
that of those who underwent sublobar resection and the
authors recommended lobectomy for SCLC patients (22).

F Thorac Dis 2019;11(4):1145-1154



Journal of Thoracic Disease, Vol 11, No 4 April 2019 1151

Table 3 The patient characteristics after propensity score matching.

Factors Surgery + chemotherapy (n=38) Surgery alone (n=38) P value
Age, mean [range] (years) 64.7 [30-78] 68.6 [54-80] 0.06
Gender, n [%] 1.00
Male 31[82] 31 [82]
Female 7[18] 7[18]
CCl, n [%] 0.80
0-1 27 [71] 26 [68]
>2 11 [29] 12 [32]
Histology, n [%] 0.64
LCNEC 22 [58] 20 [53]
SCLC 16 [42] 18 [47]
Operation procedure, n [%] 0.72
Lobectomy or more 34 [89] 33 [87]
Sublobar resection 4 [11] 5[13]
Stage, n [%] 0.45
IA 14 [37] 18 [47]
B 10 [26] 8 [21]
A 8[21] 5[13]
B 1[3] 4111]
A 5[13] 3[8]
1B 01[0] 0[0]
Tumor size, mean [range] (mm) 33.0 [0-80] 38.2 [10-110] 0.29
Lymph node metastasis, n [%] 0.81
pN O 24 [63] 25 [66]
pN 1-2 14 [37] 13 [34]
Pleural invasion, n [%)] 1.00
pl 0 21 [55] 21 [55]
pl1-2 17 [45] 17 [45]
Vascular invasion, n [%] 1.00
vO0 71[18] 7[18]
v1-2 31[82] 31[82]
Lymphatic permeation, n [%)] 1.00
ly 0 11 [29] 11 [29]
ly 1-2 27 [71] 27 [71]

LCNEC, large-cell neuroendocrine carcinoma; SCLC, small cell lung cancer; CClI, Charlson Comorbidity Index.

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com F Thorac Dis 2019;11(4):1145-1154
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No studies have evaluated sublobar resection for HGNEC
as a single category, and the present study is the first
to show that sublobar resection might increase the risk
of death in HGNEC patients. Sublobar resection is
recognized as an alternative to lobectomy for patients
with small-sized peripheral NSCLC (23,24). Based on
our results, if HGNEC is suspected before surgery, it
would be better to avoid sublobar resection. Moreover,
the preoperative diagnosis might change to HGNEC after

Log-rank: P<0.01
HR 0.31 (95% CI: 0.14-0.64) P<0.01
Qo ":;a ........
£ 06 oy
© "
2 M
> LY
S 047 B S
(%]
0.2 1 .
Surgery + chemotherapy (n=38) 5-year OS: 77.0%
0.0 1 ---- Surgery alone (n=38) 5-year OS: 33.9%
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Years
Patients at risk
— 38 38 30 23 17 17
----38 29 21 14 11 7

Figure 4 A comparison of the overall survival (n=76) according to
the treatment group after propensity score matching. A significant
difference was observed in the survival of the two groups (log-rank:
P<0.01). OS, overall survival; HR, hazard ratio; CI, confidence

interval.

Ogawa et al. Perioperative chemotherapy for HGNEC

surgery due to intra-tumor heterogeneity. Actually, out of
146 HGNEC patients in our study, 13 (8.9%), 13 (8.9%),
and 15 (10.3%) patients were preoperatively diagnosed
with adenocarcinoma, squamous cell carcinoma, and non-
small cell lung cancer, respectively. Thus, when we perform
sublobar resection for patients, we have to keep in mind the
possibility that the preoperative diagnosis can be change
to HGNEC and these patients might as well undergo
completion lobectomy.

The present study is associated with some limitations.
Firstly, as this study was a retrospective, non-randomized
study, it potentially has a strong selection bias. The
criteria with regard to the performance of chemotherapy
and sublobar resection were not clarified in this study.
Thus, we performed a propensity score matching analysis
and a multivariate analysis for adjustment. Despite the
adjustments, there is a possibility that some biases still
remain. Secondly the perioperative chemotherapy regimens
were not standardized in the present study. In 2005,
Rossi et al. reported that LCNEC responded better to an
SCLC-targeting regimen (platinum-etoposide) than to an
NSCLC-targeting regimen (platinum-vinorelbine) (11).
SCLC-targeting regimens are now considered to be the
best option for the treatment of LCNEC patients (17,25).
We therefore have changed the perioperative chemotherapy
regimen for LCNEC patients from an NSCLC-targeting
regimen (platinum-vinorelbine or paclitaxel) to an SCLC-

Table 4 The univariate and multivariate analyses of overall survival (Cox proportional hazards model)

Univariate analysis

Multivariate analysis

Variables
HR 95% ClI P value HR 95% Cl P value

Age (>70 years) 1.48 0.91-2.43 0.11 1.1 0.64-1.95 0.71
Gender (male) 0.89 0.48-1.86 0.74 - - -
CCl (=2) 1.2 0.71-2.00 0.5 - - -
Histological type (SCLC) 1.08 0.66-1.79 0.74 - - -
Perioperative chemotherapy (performed) 0.35 0.20-0.60 <0.01 0.29 0.16-0.52 <0.01
Surgical procedure (sublobar resection) 1.79 0.99-3.25 0.06 2.1 1.03-4.08 0.04
Tumor size (=3 cm) 0.87 0.53-1.41 0.58 - - -
Lymph node metastasis (present) 2.13 1.30-3.48 <0.01 3.34 1.88-5.94 <0.01
Pleural invasion (present) 0.96 0.59-1.58 0.89 - - -
Vascular invasion (present) 0.82 0.48-1.43 0.5 - - -
Lymphatic permeation (present) 1.49 0.86-2.57 0.14 1.33 0.72-2.55 0.37

SCLC, small cell lung cancer; CCl, Charlson Comorbidity Index; HR, hazard ratio; Cl, confidence interval.
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targeting regimen (platinum-etoposide or irinotecan) during
the study period. This might have affected the results of our
study to some extent. The combination of irinotecan plus
cisplatin was recently shown to be acceptable as adjuvant
chemotherapy for completely resected HGNEC (9).
Subsequently, a randomized phase I trial was initiated (and
is currently ongoing) in Japan to compare this combination
to the conventional combination of cisplatin and etoposide,
for completely resected HGNEC (Japan Clinical Oncology
Group 1205/1206) (26). This study will provide a great
deal of information on perioperative chemotherapy for
HGNEC.

In conclusion, our results suggested that surgical
resection combined with perioperative chemotherapy was
considered to be optimum treatment for HGNEC patients.
If the general condition of the patient permits, the extent of
resection should be lobectomy or more.
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