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Objectives: Pulmonary large-cell neuroendocrine carcinoma (LCNEC) and small-cell lung
cancer (SCLC) are both classified as pure and combined subtypes. Due to the low
incidence and difficult diagnosis of combined LCNEC (C-LCNEC) and combined SCLC
(C-SCLC), few studies have compared their clinical features and prognosis.

Materials andMethods:Wecompared the clinical features,mutation status of driver genes
(EGFR, ALK, ROS1, KRAS, and BRAF), and prognosis between C-LCNEC and C-SCLC.
Univariate and multivariate Cox regression analyses were applied for survival analysis.

Results:We included a total of 116 patients with C-LCNEC and 76 patients with C-SCLC
in the present study. There were significant differences in distribution of smoking history,
tumor location, pT stage, pN stage, pTNM stage, visceral pleural invasion (VPI), and
combined components between C-LCNEC and C-SCLC (P<0.05 for all). C-SCLC was
more advanced at diagnosis as compared to C-LCNEC. The incidence of EGFR
mutations in C-LCNEC patients was higher than C-SCLC patients (25.7 vs. 5%,
P=0.004). We found that tumor size, pN stage, peripheral CEA level, and adjuvant
chemotherapy were independently prognostic factors for DFS and OS in C-LCNEC
patients, while peripheral NSE level, pT stage, pN stage, VPI and adjuvant chemotherapy
were independently associated with DFS and OS for C-SCLC patients (P<0.05 for all).
Propensity score matching with adjustment for the confounders confirmed a more
favorable DFS (P=0.032) and OS (P=0.019) in patients with C-LCNEC in comparison
with C-SCLC patients upon survival analysis.

Conclusions: The mutation landscape of driver genes seemed to act in different way
between C-SCLC and C-LCNEC, likely by which result in clinical phenotype difference as
well as better outcome in C-LCNEC.

Keywords: pulmonary neuroendocrine carcinoma, pulmonary combined large-cell neuroendocrine carcinoma,
combined small-cell lung cancer, prognosis, propensity score matching
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INTRODUCTION

Neuroendocrine carcinoma of the lung, which accounts for
about 15–20% of primary lung cancer, is divided into four
categories: small-cell lung cancer (SCLC), typical carcinoid,
atypical carcinoid, and large-cell neuroendocrine carcinoma
(LCNEC) (1, 2). Pulmonary large-cell and small-cell
neuroendocrine carcinomas are classified as high-grade
neuroendocrine carcinomas (HGNEC), characterized by poor
histologic differentiation, high aggressiveness, and poor
prognosis (3). In 2015, the World Health Organization (WHO)
classification divided SCLC into pure SCLC and combined SCLC
(C-SCLC). C-SCLC is defined as a SCLC type that is mixed with
other components of non-small-cell lung cancer (NSCLC), such
as adenocarcinoma (AD), squamous cell carcinoma (SCC), large-
cell carcinoma (LCC), LCNEC, and so on. C-SCLC accounts for
2 to 28% of all SCLC (4–6). Like SCLC, LCNEC is also divided
into pure LCNEC and combined LCNEC (C-LCNEC), and
C-LCNEC is the LCNEC that combined with AD, SCC, and
other rare types such as spindle-cell carcinoma and giant-cell
carcinoma. The reported incidence of C-LCNEC ranged from 10
to 49% (7–9). Current studies on LCNEC and SCLC generally
take all components as a whole instead of specified analysis with
focus on pure and combined parts (10–12). Owing to the rarity
and the difficulty in diagnosis of C-LCNEC and C-SCLC, it is
lack of the statistical description of their clinical features,
genomic landscape, prognosis, and the relevant comparisons.
The diagnosis of pulmonary neuroendocrine tumors has been
advanced in recent years by the development of pathological
technology and the wide application of surgery in multimodal
treatment of lung cancer (13, 14). Therefore, genomic and
clinical analysis on specific subtypes will take the advantage of
increased diagnosis to improve the treatment guidance for SCLC
and LCNEC. To our knowledge, no large sample studies up to
now have compared C-LCNEC with C-SCLC in terms of clinical
features and genomic mutation landscape. We conducted this
study to fill this gap and wish the results may provide new
insights into the treatment of resected C-LCNEC and C-SCLC.
MATERIAL AND METHODS

Patients
We retrospectively analyzed 1,250 patients with high-grade
neuroendocrine carcinoma who underwent pulmonary resection in
our organization. All surgically resected specimens were
independently reviewed by two professional pathologists according
to the 2015 WHO criteria for pulmonary neuroendocrine
carcinoma (1). The initial diagnosis and classification of the C-
LCNEC and C-SCLC were based on the neuroendocrine
tumor morphology, which was further confirmed by
immunohistochemistry. The tumor staging was based on the 8th
edition TNM staging system proposed by the International
Association for the Study of Lung Cancer (IASLC) (15). The
treatment response was evaluated according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Besides
NSCLC components, LCNEC might also be mixed with SCLC, but
Frontiers in Oncology | www.frontiersin.org 2
these tumors are classified as C-SCLC and will be excluded from our
study. Other exclusion reasons included uncertain diagnosis,
palliative surgery, and incompletemedical record and follow-updata.

As presented by the study flow chart (Figure 1), we finally
included 192 cases of surgically resected combined high-grade
neuroendocrine carcinoma in total. Specially, there were 116
patients with C-LCNEC and 76 patients with C-SCLC. The
studies involving human participants were reviewed and
approved by Shanghai Chest Hospital and affiliation of ethics
committee. A written informed consent was signed by included
patients before they donated tumor tissues for the purpose of
scientific research.

Molecular Analysis
The patient’s genomic DNA and RNA were extracted from
formalin-fixed, paraffin-embedded tumor tissues and were
subjected to the analysis of genetic alterations. We evaluated
EGFR mutations by amplification refractory mutation system
(ARMS) method, ALK expression by immunohistochemistry
(IHC), ROS1 fusion by in situ hybridization (FISH), and
KRAS/BRAF mutations by polymerase chain reaction (PCR)
amplification method.

Follow-Up
Patients were diagnosed between 2008 and 2018, with median
follow-up of 76 months and 55.7% deaths at the end of follow-up.
Survival information was obtained through inpatient and
outpatient records or telephone. Routine examinations such as
chest computed tomography (CT) scans, brain magnetic
resonance imaging or CT, tumor markers, and the neck and
abdominal ultrasound were performed every 3 months for the first
2 years after surgery, followed by every 6 months examinations
until 2–5 years. After 5 years, the patients were examined once a
year. Patients were censored who were lost to follow-up or did not
achieve the endpoint event. Disease-free survival (DFS) was
defined as the time from surgery to disease recurrence or last
follow-up if censored. Overall survival (OS) was the period
between the date of surgery and death, but was extended to the
end of follow-up in the presence of censored situation.

Statistical Analysis
We compared the differences in clinicopathological
characteristics between C-LCNEC and C-SCLC patients. Chi-
square test or Fisher’s exact test was used for the comparisons in
presence of discrete variables. As a non-parametric analysis
method, Mann-Whitney U test was adopted for comparisons
of continuous variables that were distributed non-normally.
Student t test was used for normal distribution variables.
Survival analysis was performed by Cox proportional hazards
regression model, and the survival difference was visualized by
Kaplan–Meier curve and log-rank test.

To reduce the selection bias as much as possible, propensity
score matching (PSM) method was applied to sample C-LCNEC
and C-SCLC patients at a 1:1 ratio via nearest-neighbor method
without replacement (16). Propensity scores for included patients
were calculated by a multiple logistic regression with adjustment
for clinical features including gender, age, smoking history,
September 2021 | Volume 11 | Article 714549
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primary site, laterality, tumor location, tumor size, pT stage, pN
stage, VPI, combined components, CEA, CYFRA21-1, SCCA,
NSE, adjuvant chemotherapy, and postoperative adjuvant
radiotherapy (PORT). Finally, A total of 75 pairs were
successfully matched. We used the SPSS software of version 26.0
(IBM Corporation, Armonk, NY, USA) for statistical analysis, and
two-tailed P<0.05 was considered statistically significant.
RESULT

Patient Population
The patients’ clinicopathologic characteristics are shown in
Table 1. We included 116 patients pathologically diagnosed as
C-LCNEC, and other 76 patients with C-SCLC. C-SCLC patients
had a higher proportion of smoking than C-LCNEC patients
(P=0.027) and tended to be central-type carcinoma (P=0.015).
The pathological staging of C-SCLC was more advanced
compared to C-LCNEC, in terms of pT, pN, and pTNM stage
(P=0.012, 0.020, and 0.003; respectively). C-LCNEC appeared to
have a higher incidence of VPI than C-SCLC (P=0.002). Among
116 C-LCNEC patients, the most common were LCNEC
combined with adenocarcinoma (LCNEC/AD, 70.7%, n=82),
Frontiers in Oncology | www.frontiersin.org 3
and then LCNEC combined with squamous cell carcinoma
(LCNEC/SCC, 29.3%, n=34). As for C-SCLC, the percentage of
SCLC plus adenocarcinoma and squamous cell carcinoma was
50%, respectively. The proportion of combined with AD in
C-LCNEC was higher than that in C-SCLC (P=0.013).To
adjust the confounding factors between the two groups, we
sampled the two patient population with the PSM method. We
found similar results upon PSM adjustment by such comparisons
mentioned above (Table 1).

Genetic Alterations
The mutation data of driver genes such as EGFR, ALK, ROS1,
KRAS, and BRAF were available in 110 patients, including 70 C-
LCNEC and 40 C-SCLC patients. As shown in Figure 2, we only
found the alterations of ALK and EGFR genes in these patients.
The incidence of EGFR mutations in C-LCNEC patients was
found to be higher than C-SCLC patients (25.7 vs. 5%, P=0.004).
Specially, there were 18 patients with EGFR mutations of C-
LCNEC, including 10 patients with 19 exon deletions, 7 patients
with 21 exon L858R mutation, and 1 patient with exon 20
insertion. For C-SCLC patients, we only identified two patients
with EGFR 19 exon deletions. The incidence of ALK
rearrangement were relatively lower, with only four patients
FIGURE 1 | The workflow of patient inclusion for the present study.
September 2021 | Volume 11 | Article 714549

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. Comparison of C-LCNEC and C-SCLC
TABLE 1 | Clinical demographics before and after propensity score matching for patients with resected C-LCNEC and C-SCLC.

Characteristic Before propensity score matching After propensity score matching

C-LCNEC (n = 116) (%) C-SCLC (n = 76) (%) P C-LCNEC (n = 75) (%) C-SCLC (n = 75) (%) P

Gender 0.117 0.440
Male 96(82.8) 69(90.8) 65 (86.7) 68 (90.7)
Female 20(17.2) 7(9.2) 10 (13.3) 7 (9.3)

Age(y) 0.872 0.869
<65 67(57.8) 43(56.6) 42 (56.0) 43 (57.3)
≥65 49(42.2) 33(43.4) 33 (44.0) 32 (42.7)

Smoking History 0.027 0.299
Yes 64(55.2) 54(71.1) 47 (62.7) 53 (70.7
No 52(44.8) 22(28.9) 28 (37.3) 43 (29.3)

Primary Site 0.374 0.227
Upper lobe 69(59.5) 45(59.2) 41 (54.7) 44 (58.7)
Middle lobe 4(3.4) 6(7.9) 2 (2.7) 6 (8.0)
Lower lobe 43 (37.1) 25 (32.9) 32 (42.7) 25 (33.3)

Laterality 0.603 0.511
Left 49 (42.2) 35 (46.1) 31 (41.3) 35 (46.7)
Right 67 (57.8) 41 (53.9) 44 (58.7) 40 (53.3)

Tumor location 0.015 0.157
Central 22(19.0) 26(34.2) 19 (25.3) 27 (36.0)
Peripheral 94(81.0) 49(64.5) 56 (74.7) 48 (64.0)

Tumor size, cm (Mean ± SD) 3.55 ± 1.62 3.73 ± 1.96 0.186 4.30 ± 2.3 4.26 ± 2.2 0.221
pT stage 0.012 0.265
T1 25(21.6) 28(36.8) 22 (29.3) 28 (37.3)
T2 71(61.2) 28(36.8) 39 (52.0) 27 (36.0)
T3 16(13.8) 16(21.1) 11 (14.7) 16 (4.0)
T4 4(3.4) 4(5.3) 3 (4.0) 4 (5.3)

pN stage 0.020 0.495
N0 68(58.6) 29(38.2) 24 (44.0) 29 (38.7)
N1 17(14.7) 15(19.7) 17 (22.7) 14 (18.7)
N2 31(26.7) 32(42.1) 25 (33.3) 32 (42.7)

pTNM stage 0.003 0.138
I 51 (44.0) 19 (25.0) 24 (32.0) 19 (25.3)
II 31 (26.7) 17 (22.4) 23 (30.7) 16 (21.3)
III 34 (29.3) 40 (52.6) 28 (37.3) 40 (53.3)

VPI 0.002 0.611
With 64(55.2) 25(32.9) 46 (61.3) 49 (65.3)
Without 52(44.8) 51(67.1) 29 (38.7) 26 (34.7)

Combined components 0.013 0.189
AD 82 (70.7) 38 (50.0) 45 (60.0) 37 (49.3)
SCC 34 (29.3) 38 (50.0) 30 (40.0) 38 (50.7)

CEA, ng/ml 0.231 0.244
≤5 65(56.0) 42(55.3) 43 (57.3) 42 (56.0)
>5 40 (34.5) 17(22.4) 27 (36.0) 17 (22.7)
Unknown 11(9.5) 17 (22.4) 0 0

CYFRA21-1, ng/ml 0.739 0.810
≤5 85 (73.3) 49 (64.5) 57 (76.0) 49 (65.3)
>5 20 (17.2) 10 (13.2) 13 (17.3) 10 (13.3)
Unknown 11(9.5) 17(22.4) 5 (6.7) 16 (21.3)

SCCA, ng/ml 0.190 0.346
≤1.5 82(70.7) 51 (67.1) 52 (69.3) 51 (68.0)
>1.5 23 (19.8) 8 (10.5) 18 (24.0) 8 (10.7)
Unknown 11(9.5) 17 (22.4) 5 (6.7) 16 (21.3)

NSE, ng/ml 0.552 0.975
≤16 91 (78.4) 53 (69.7) 63 (84.0) 53 (70.7)
>16 14 (12.1) 6 (7.9) 7 (9.3) 6 (8.0)
Unknown 11 (9.5) 17 (22.4) 5 (6.7) 16 (21.3)

CA125, kU/L 0.546 0.365
≤35 95 (81.9) 55 (72.4) 62 (82.7) 55 (73.3)
>35 10 (8.6) 4 (5.3) 8 (10.7) 4 (5.3)
Unknown 11 (9.5) 17 (22.4) 5 (6.7) 16 (21.3)

Adjuvant chemotherapy 0.546 0.852
Yes 88 (75.9) 55 (72.4) 60 (80.0) 55 (73.3)

(Continued)
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detected in C-LCNEC, but none were detected in C-SCLC
patients, with insignificant statistical differences (5% vs. 0,
P=0.102) likely due to limited sample size.

Postoperative Treatment Modalities
A total of 143 patients received adjuvant chemotherapy,
including 88 patients with C-LCNEC and 55 patients with C-
SCLC. Adjuvant chemotherapy regimens were divided into two
types: SCLC regimens (etoposide plus cisplatin or carboplatin,
EP/EC) and NSCLC regimens (platinum-based combined
pemetrexed, gemcitabine, docetaxel, paclitaxel, or vinorelbine).
Frontiers in Oncology | www.frontiersin.org 5
Of the 88 C-LCNEC patients, 51 patients received NSCLC
regimens, of which pemetrexed/cisplatin or carboplatin
contained 32 (62.7%), gemcitabine/docetaxel/paclitaxel/
vinorelbine–platinum contained 19 (37.3%), and the remaining
37 patients received SCLC regimens, including 24 patients with
EC regimen and 13 patients with EP regimen. Among the 55 C-
SCLC patients, 17 patients received NSCLC regimens, including
10 patients receiving pemetrexed/cisplatin or carboplatin
regimen and 7 patients receiving gemcitabine/docetaxel/
paclitaxel/vinorelbine–platinum regimen, and 38 patients
received the SCLC regimens, of which 22 were EC regimen
TABLE 1 | Continued

Characteristic Before propensity score matching After propensity score matching

C-LCNEC (n = 116) (%) C-SCLC (n = 76) (%) P C-LCNEC (n = 75) (%) C-SCLC (n = 75) (%) P

NSCLC-regimen 51 (58.0) 17 (30.9) 26 (43.4) 17 (30.9)
SCLC-regimen 37 (42.0) 38 (69.1) 34 (56.3) 38 (69.1)

No 28 (24.1) 21 (27.6) 15 (20.0) 20 (26.7)
PORT 0.599 0.334
Yes 18 (15.5) 20 (26.3) 56 (74.7) 55 (73.3)
No 98 (84.5) 56 (73.7) 19 (25.3) 20 (26.7)
September 20
21 | Volume 11 | Article 7
C-LCNEC, combined large-cell neuroendocrine carcinoma; C-SCLC, combined small-cell lung cancer; pTNM stage, pathological tumor node metastasis staging; VPI, Visceral pleural
invasion; AD, adenocarcinoma; SCC, squamous cell carcinoma; CEA, carcinoembryonic antigen; CYFRA21-1, Cytokeratin-19-fragment; SCCA, squamous cell carcinoma antigen; NSE,
neuron-specific enolase; PORT, postoperative adjuvant radiotherapy.
In bold: P < 0.05.
FIGURE 2 | Genetic alternations of patients with resected C-LCNEC and C-SCLC.
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and 16 were EP regimen. As shown in Supplemental Table 1, a
total of nine patients with C-LCNEC who developed distant
metastases after surgery were treated with tyrosine Kinase
Inhibitor (TKI). Among them, four patients harboring EML4-
ALK received crizotinib, and five patients with EGFR 19del/
L858R mutations received either first-generation TKI (gefitinib,
icotinib, or erlotinib) or second-generation TKI (afatinib). Only
one patient with C-SCLC harboring EGFR 19del received
icotinib treatment. The overall ORR (the proportion of
patients with a confirmed complete or partial response) rate
was 60%.

Survival Comparison Between C-LCNEC
and C-SCLC
We enrolled the factors that might affect DFS and OS in C-
LCNEC and C-SCLC patients into Cox regression models for
survival analysis (Tables 2, 3). We initially made univariate Cox
analysis and found tumor size, pN stage, CEA, and adjuvant
chemotherapy were the main DFS modulator for C-LCNEC with
statistical significance (P<0.05 for all, Table 2). On the other
hand, tumor size, pT stage, pN stage, tumor location, peripheral
VPI and NSE levels, and adjuvant chemotherapy were
significantly associated with DFS in C-SCLC by univariate
survival analysis (P<0.05 for all, Table 2). For OS, univariate
analysis indicated that age, tumor size, pT stage, pN stage, CEA,
and adjuvant chemotherapy were main predictors for C-LCNEC
patients’ survival (P<0.05 for all; respectively, Table 3). On the
other hand, pT stage, pN stage, peripheral VPI and NSE levels,
Frontiers in Oncology | www.frontiersin.org 6
and adjuvant chemotherapy were survival predictors in C-SCLC
patients as indicated by univariate modeling (P<0.05 for all,
Table 3). These main survival effectors in univariate Cox
regression models were further included in multivariate
analysis. As results, we found that tumor size, pN stage,
peripheral CEA level , and adjuvant chemotherapy
were independently associated with DFS and OS in C-LCNEC
patients (Figure 3). For C-SCLC patients, NSE, pT stage, pN
stage, VPI, and adjuvant chemotherapy were independently
predictors for DFS and OS (Figure 3). We next compared the
outcomes of patients between C-LCNEC and C-SCLC and found
that there was a longer OS in patients with C-LCNEC (P=0.006,
Figure 4B). But we only observed an insignificant trend towards
favorable DFS in patients with C-LCNEC (P=0.059, Figure 4A).
PSM method adopted to reduce the confounders between the
groups resulted in better DFS and OS of C-LCNEC patients than
C-SCLC patients, highlighting the indeed difference in prognosis
between the two lung cancer subtypes (for DFS, P=0.032, and for
OS, P=0.019; Figures 4C, D).
DISCUSSION

Pulmonary neuroendocrine carcinoma is relatively aggressive
and its diagnosis linked to worse survival in comparison with
other lung cancer subtypes. Because the role of surgery has not
been fully recognized before, chemotherapy combined with
radiotherapy has been the major treatment for pulmonary
TABLE 2 | Impact of clinical characteristics on disease-free survival in patients with resected C-LCNEC and C-SCLC by univariate Cox analysis.

Characteristic C-LCNEC C-SCLC

HR 95% Cl P HR 95% Cl P

Age ≥65 (vs.<65) 1.018 0.618–1.675 0.944 0.652 0.363–1.173 0.154
Gender male (vs. Female) 1.134 0.592–2.172 0.705 0.921 0.330–2.569 0.875
Smoking history (vs. No) 1.019 0.623–1.667 0.946 0.834 0.433–1.605 0.587
Tumor Size 1.186 1.007–1.396 0.041 1.216 1.057–1.397 0.006
pT stage (vs. T1)
T2 0.97 0.517–1.823 0.926 1.415 0.686–2.917 0.347
T3 1.95 0.887–4.283 0.096 3.053 1.42–6.562 0.004
T4 2.656 0.582–12.129 0.207 4.151 1.341–12.849 0.014
pN stage (vs. N2)
N0 0.266 0.154–0.459 <0.001 0.265 0.126–0.557 <0.001
N1 0.604 0.305–1.195 0.148 0.962 0.490–1.886 0.909
Tumor location Central (vs. Peripheral) 1.340 0.683–2.630 0.395 1.959 1.081–3.551 0.027
Combined components AD (vs. SCC) 0.830 0.472–1.459 0.517 0.743 0.420–1.318 0.309
VPI (vs. Without) 1.014 0.621–1.655 0.955 2.742 1.506–4.995 0.001
Primary Site (vs. upper lobe)
Middle lobe 0.657 0.396–1.091 0.105 0.901 0.485–1.673 0.742
Lower lobe 1.805 0.629–5.179 0.272 1.546 0.564–4.238 0.398
CEA normal (vs. Abnormal) 0.454 0.268–0.771 0.003 1.798 0.900–3.592 0.096
CYFRA21-1 normal (vs. Abnormal) 1.245 0.659–2.353 0.499 1.482 0.644–3.408 0.354
SCCA normal (vs. Abnormal) 1.000 0.542–1.934 0.941 0.687 0.242–1.951 0.481
NSE normal (vs. Abnormal) 1.087 0.514–2.297 0.828 0.150 0.056–0.397 0.013
CA125 normal (vs. Abnormal) 1.214 0.550–2.678 0.631 1.393 0.424–4.579 0.585
PORT (vs. No) 1.234 0.671–2.269 0.498 1.460 0.785–2.712 0.232
Adjuvant chemotherapy (vs. No) 0.433 0.251–0.747 0.003 0.459 0.244–0.862 0.016
Septe
mber 2021 | Volume 11
C-LCNEC, combined large-cell neuroendocrine carcinoma; C-SCLC, combined small-cell lung cancer; HR, hazard ratio; CI, confidence interval; VPI, Visceral pleural invasion; CEA,
carcinoembryonic antigen; CYFRA21-1, Cytokeratin-19-fragment; SCCA, squamous cell carcinoma antigen; NSE, neuron-specific enolase; PORT, postoperative adjuvant radiotherapy
In bold: P < 0.05.
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neuroendocrine carcinoma for a long time. Pathological
diagnosis through small biopsies and cytological specimens is
often inaccurate and may mislead the diagnosis of C-LCNEC and
C-SCLC. Based on more recent large retrospective studies, it was
found that stage I SCLC could benefit from surgery with a 5-year
Frontiers in Oncology | www.frontiersin.org 7
OS of about 52% (17–19). Thus, the National Comprehensive
Cancer Network (NCCN) guidelines recommend surgical
treatment for patients with very limited disease (clinical T1−2,
N0, M0) (20). As a subtype of NSCLC, surgery was the primary
treatment for localized (I–IIIA) LCNEC. Survival benefits from
TABLE 3 | Impact of clinical characteristics on overall survival in patients with resected C-LCNEC and C-SCLC by univariate analysis.

Characteristic C-LCNEC C-SCLC

HR 95% Cl P HR 95% Cl P

Age ≥65 (vs.<65) 1.933 1.038–3.600 0.038 0.684 0.374–1.249 0.217
Gender male (vs. Female) 1.68 1.794–3.560 0.175 1.346 0.479–3.784 0.573
Smoking history (vs. No) 0.989 0.716–1.366 0.948 0.864 0.446–1.605 0.666
Tumor Size 1.287 1.046–1.583 0.017 1.154 1.00–1.331 0.050
pT stage (vs. T1)
T2 0.991 0.420–2.336 0.983 1.228 0.591–2.551 0.581
T3 3.160 1.197–8.340 0.020 2.691 1.273–5.691 0.010
T4 5.226 1.064–25.667 0.042 1.522 0.343–6.745 0.580
pN stage (vs. N2)
N0 0.199 0.098–0.404 <0.001 0.339 0.161–0.714 0.004
N1 0.405 0.162–1.012 0.053 1.339 0.653–2.742 0.425
Tumor location Central (vs. Peripheral) 1.284 0.537–3.070 0.574 0.666 0.362–1.223 0.190
Combined components AD (vs. SCC) 0.805 0.583–1.111 0.187 2.144 1.165–3.947 0.014
VPI (vs. Without) 0.959 0.467–1.972 0.910 0.736 0.406–1.332 0.311
Primary Site (vs. upper lobe) 1.327 0.967–1.823 0.080 1.126 0.827–1.534 0.449
Middle lobe 0.567 0.299–1.075 0.082 0.792 0.425–1.477 0.464
Lower lobe 1.065 0.247–4.584 0.933 1.082 0.363–3.225 0.888
Laterality 1.445 0.754–2.772 0.268 1.247 0.691–2.248 0.464
CEA normal (vs. Abnormal) 0.272 0.134–0.554 <0.001 1.837 0.893–3.779 0.098
CYFRA21-1 normal (vs. Abnormal) 1.630 0.752–3.532 0.215 1.271 0.480–3.359 0.629
SCCA normal (vs. Abnormal) 1.204 0.544–2.663 0.647 1.036 0.398–2.697 0.943
NSE normal (vs. Abnormal) 1.416 0.583–3.442 0.443 0.366 0.138–0.968 0.043
CA125 normal (vs. Abnormal) 0.758 0.230–2.500 0.649 1.655 0.550–0.479 0.410
PORT (vs. No) 1.104 0.485–2.513 0.813 1.331 0.697–2.541 0.386
Adjuvant chemotherapy (vs. No) 0.382 0.198–0.737 0.004 0.385 0.207–0.715 0.003
Septe
mber 2021 | V
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C-LCNEC, combined large-cell neuroendocrine carcinoma; C-SCLC, combined small-cell lung cancer; HR, hazard ratio; CI, confidence interval; VPI, Visceral pleural invasion; CEA,
carcinoembryonic antigen; CYFRA21-1, Cytokeratin-19-fragment; SCCA, squamous cell carcinoma antigen; NSE, neuron-specific enolase; PORT, postoperative adjuvant radiotherapy
In bold: P < 0.05.
A B

FIGURE 3 | Multivariate Cox regression analysis on clinical characteristics for DFS (A) and OS (B).
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surgery for patients with resectable LCNEC have also been
demonstrated in several studies (21–23). Because patients could
benefit more from surgery than first-line chemoradiotherapy in
early-stage patients (24, 25), the number of patients received
surgery has gradually increased, which may provide more
available tissue for pathologists to accurately identify the
combined components. To our knowledge, this study is the first,
with relatively large sample size, to describe the clinicopathological
features and prognosis of C-LCNEC and C-SCLC patients who
had undergone surgery, and make relevant comparison
between them.

According to a series of previous studies, it was reportedly to
be comparable regarding clinicopathological characteristics and
prognosis between LCNEC and SCLC (26, 27). However,
Varlotto JM et al. analyzed the data from Surveillance,
Epidemiology, and End Results Program (SEER) database and
found that there were significant differences between LCNEC
and SCLC in tumor size, lymph node metastasis, and
differentiation degree (10). However, there was lack of evidence
for clinical feature comparisons between C-LCNEC and C-
SCLC. In our study we found that C-SCLC patients tended to
have a history of smoking than C-LCNEC patients. C-LCNEC
were mainly located at periphery lung, while C-SCLC were the
tumors mainly in central location. In addition, the pathological
staging of C-SCLC was more advanced compared to C-LCNEC,
but C-LCNEC was characterized with VPI phenotype and
combined AD components with manifestation of higher
proportion than C-SCLC. These differences revealed may
provide a potential tool for us to distinguish C-LCNEC from
C-SCLC.

As expected, the clinical factors that influence the prognosis
of C-SCLC and C-LCNEC were also revealed to be not identical.
We found that tumor size, pN stage, peripheral CEA level, and
Frontiers in Oncology | www.frontiersin.org 8
adjuvant chemotherapy were independently prognostic factors
for DFS and OS of C-LCNEC patients. Our study was first to
analyze the prognostic factors of C-LCNEC in the presence of
relatively large sample size and may make better understanding
of prognosis of such a low-incidence carcinoma type. In line with
previous studies, for C-SCLC patients, peripheral NSE level, pT
stage, pN stage, VPI, and adjuvant chemotherapy were
independently survival predictors for DFS and OS (4, 28).

Because of low incidence, survival comparison has not been
previously reported between C-SCLC and C-LCNEC cancers.
The previous focus was mainly on generalized SCLC and
LCNEC, and demonstrated a better prognosis of LCNEC than
SCLC (11, 12, 29). But other studies found no difference in
prognosis between the two groups (26, 30, 31). In our study, we
compared the outcomes of C-LCNEC with C-SCLC and revealed
a prolonged OS of patients with C-LCNEC than those with
C-SCLC, but the DFS was comparable. After PSM sampling, the
prolonged OS and DFS were both statistically significant for the
comparison of C-LCNEC versus C-SCLC, likely due to the higher
neuroendocrine component of C-SCLC in nature.

It has been reported that the presence of driver mutations was
very rare in LCNEC and SCLC but usually occurred in combined
subtypes (32–34). Yokomizo et al. found EGFR mutations in
three of 15 (20%) patients with C-SCLC (35). In another study,
NGS was performed in 10 C-LCNEC patients, and five of them
had driver gene alteration (32). Natasha et al. performed targeted
next-generation sequencing testing on 45 LCNEC patients and
classified LCNEC into two major types: SCLC-like (n=18; 40%),
characterized byTP53+RB1 co-mutation/loss; NSCLC-like
(n=25; 68%), characterized by the lack of coaltered TP53+RB1
(36). This study demonstrated the biological heterogeneity of
LCNEC and provided reference for the classification and
management of LCNEC patients.
A B

C D

FIGURE 4 | Kaplan-Meier curves for Disease-free survival (A, C) and overall survival (B, D) before matching and after matching between C-LCNEC and C-SCLC.
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In our study, EGFR mutations were presented in 18 patients
(25.7%) and 4 patients (5.7%), for C-LCNEC and C-SCLC,
respectively. ALK rearrangement was only observed in patients
with C-LCNEC, and we did not detect alterations in other driver
genes for both carcinoma types. A total of 10 patients received
TKI treatment after distant metastasis and obtained good
survival benefits, with an ORR rate of 60%, which suggests that
genetic testing for patients with combined HGNEC is feasible
and beneficial, especially for C-LCNEC patients.

Collectively, these results suggest that patients with C-
LCNEC and C-SCLC may have different genetic background,
which is a potential reason for the different clinical features and
prognosis between them.

This article has several limitations. First of all, although we
adopted the PSM method to reduce the confounders, the
retrospective design of the present study may inevitably
introduce bias. Second, although our sample size was relatively
larger compared with previous studies, the limited sample size
when grouped into C-LCNEC and C-SCLC may reduce the
statistical power. Lastly, only a small number of patients in this
study underwent driver gene testing, and lack of comprehensive
genetic testing made it unable to capture a full spectrum of
genomic profiles of HGNEC. Therefore, larger and more
comprehensive studies were needed to validate and refine
our findings.

In conclusion, the driver mutation landscape between C-
LCNEC and C-SCLC acted in a different way, which is a potential
cause for different distribution of clinicopathological features
and prolonged outcome of C-LCNEC patients. Comparisons of
the genetic and clinical dimensions between the two low-
incidence carcinoma types may provide potential tools for
clinical treatment decision.
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