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Abstract
Objectives: Various drug-sensitivity markers have been reported to be associated with
tumor progression and chemotherapy resistance. Detailed expression profiles of sensi-
tivity markers for cytotoxic chemotherapy in pulmonary large cell neuroendocrine
carcinoma (LCNEC) remain unclear. Herein, we aimed to clarify the correlation
between the expression of drug-sensitivity markers and clinicopathological features,
prognostic impact, and status of tumor immunity in patients with LCNEC.
Methods: We retrospectively analyzed the correlation between clinicopathological fea-
tures and the expression of drug-sensitivity-related markers, including vascular endo-
thelial growth factor 2 (VEGFR2), thymidylate synthase (TS), tubulin beta 3 class III
(TUBB3), topoisomerase I (Topo-I), and Topo-II in 92 surgically resected LCNEC
samples. Furthermore, we examined the prognostic significance of expression of these
and their correlation with the immune cell status.
Results: Overall, high expression of TS, TUBB3, VEGFR2, Topo-I, and Topo-II was
detected in 50 (54%), 31 (34%), 23 (25%), 65 (71%), and 36 (39%) samples, respec-
tively. Univariate and multivariate analyses revealed that advanced pathological T and
N factors, positive lymphatic permeation, and Topo-II expression were independent
unfavorable prognosticators for recurrence-free survival, and advanced pathological T
and N factors, Topo-II positive expression, and TS positive expression were indepen-
dent unfavorable prognosticators for overall survival. In terms of correlation with
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immune cell status, higher expression of VEGFR2 was closely linked to negative PD-
L1 expression.
Conclusions: These findings suggest that elevated Topo-II and TS expression may
contribute to poor outcomes through protumoral biology in patients with LCNEC,
and elevated VEGFR2 expression might negatively impact tumor immune reactions in
LCNEC.
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INTRODUCTION

Large cell neuroendocrine carcinoma (LCNEC) is a rela-
tively rare tumor, accounting for approximately 1.3–4% of
all lung cancers.1,2 Notably, LCNEC has been treated as a
subtype of non-small-cell lung cancer (NSCLC). Conversely,
LCNEC is currently classified as a neuroendocrine carci-
noma in addition to small cell carcinoma (SCLC) and carci-
noid tumor. Although LCNEC is resistant to cytotoxic
chemotherapy, chemotherapeutic regimens for both NSCLC
and SCLC could be universally applicable to LCNEC. Clini-
cally, there is accumulating evidence regarding the efficacy
of immune checkpoint inhibitors in LCNEC.3,4 However,
from the perspective of genomic profiles, the frequency of
driver gene alterations in LCNEC is much lower than that in
adenocarcinoma,5 and cytotoxic chemotherapy remains the
main therapeutic option for treating patients with advanced
LCNEC.

Previous studies have reported that various proteins are
involved in the sensitivity to cytotoxic chemotherapy in lung
cancer. In NSCLC, fluorinated pyrimidine anticancer agents
such as 5-fluorouracil (5-FU), TS-1, and pemetrexed, are
key drugs for cytotoxic chemotherapy. Thymidylate
synthase (TS), an enzyme that catalyzes the methylation of
deoxyuridine monophosphate to deoxythymidine
monophosphate,6,7 is a target molecule of fluorinated pyrim-
idine anticancer agents; the efficacy of these agents, as well
as their prognosis, are reportedly associated with TS expres-
sion.8 In addition, antimicrotubule agents, such as taxanes,
are crucial cytotoxic chemotherapeutic regimens for NSCLC.
Reportedly, the expression of tubulin beta 3 class III
(TUBB3) correlates with the response to antimicrotubule
agents in NSCLC.9 Previous clinical studies have shown that
NSCLC patients with higher TUBB3 levels are more resis-
tant to paclitaxel/vinorelbine-based chemotherapy than
NSCLC patients with low TUBB3 levels.10 Vascular endo-
thelial growth factor receptor 2 (VEGFR2) is an important
protein for tumor angiogenesis as a receptor of VEGF-A,
and ramucirumab is a humanized IgG1 monoclonal anti-
body that targets the extracellular domain of VEGFR2.11,12

In terms of neuroendocrine histology, topoisomerase
(Topo)-I and Topo-II are key enzymes as targets of SCLC.
Topoisomerase plays a vital role in cellular reproduction
and DNA organization, and Topo-II is a target for Topo-II
inhibitors, including etoposide and anthracyclines such as
amrubicin.13,14 High expression of Topo-II is also known to

be a potential biomarker for predicting response to anthra-
cycline chemotherapy.15 Topo-I is a target for Topo-I inhib-
itors such as irinotecan or nogitecan, which are key drugs
for treating SCLC. However, owing to the relatively rare his-
tology of LCNEC, the expression profiles of these
chemosensitive markers and, in turn, the prognostic impacts
of the expression of these in terms of LCNEC have not been
well-investigated. Currently, platinum-based combination
chemotherapy, including etoposide or irinotecan, is ordinar-
ily administered to patients with recurrent or advanced
LCNEC based on the therapeutic strategy for SCLC. Owing
to limited efficacy, the outcome of patients receiving such
regimens is dismal, necessitating the selection of an appro-
priate chemotherapeutic agent. To resolve the chemothera-
peutic efficacy of LCNEC, we need to elucidate the
underlying mechanism through which targeting molecules
are associated with tumor progression and survival. More-
over, there are no reports on the correlation between the
expression of these biomarkers and the status of the tumor
immune microenvironment, such as programmed cell death
ligand 1 (PD-L1), CD4, CD8, and forkhead box protein P3
(Foxp3) expression.

Accordingly, the aim of this study was to clarify the
expression of chemosensitivity-related markers, such as
VEGFR2, TS, TUBB3, Topo-I, and Topo-II, in LCNEC, and
establish a correlation between the expression of these and
clinicopathological features and their prognostic impact,
using resected surgical specimens. We attempted to clarify
the correlation between the expression of biomarkers related
to chemosensitivity and immune cell status.

METHODS

Patients

The present study was a multi-institutional joint retrospec-
tive study conducted by researchers at Gunma University
Hospital, Gunma Prefectural Cancer Center, Maebashi Red
Cross Hospital, National Hospital Organization Takasaki
General Medical Center, and National Hospital Organiza-
tion Shibukawa Medical Center. The research protocol was
approved by the institutional review board of each partici-
pating institution, according to the Helsinki Declaration.

The data and tissue samples of 92 patients who under-
went surgical resection of LCNEC between April 2000 and
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March 2016 were collected as previously described.16 The
histology of LCNEC was confirmed at Gunma University
according to World Health Organization criteria. The stages
of pathological tumor-node metastasis were established
using the International System for Staging Lung Cancer
adopted by the American Joint Committee on Cancer and
the Union Internationale Center le Cancer. The TNM stage
was determined according to the eighth edition of the TNM
classification.

Immunohistochemistry

Immunohistochemistry was performed as described previ-
ously17,18 using the following antibodies: rabbit monoclonal
anti-Topo-I (1:100; Abcam), rabbit polyclonal anti-Topo-II
(1:100, ab180393; Abcam), rabbit monoclonal anti-VEGFR2
(1:400; Abcam), mouse monoclonal anti-TUBB3 (1:500;
MMS-435P; Convance), rabbit polyclonal anti-TS (1:1600,
clone RTSSA; Taiho Pharmaceutical), and rabbit polyclonal
anti-Ki67 (1:100, ab180393; Abcam). Cells were considered
positive for Topo-I, Topo-II, and Ki67 if positive staining
was present in the nuclei and deemed positive for TUBB3
and VEGFR2 if positive staining was present in the cyto-
plasm. TS levels were determined based on the presence or
absence of nuclear or cytoplasmic staining. For each protein,
the percentage of positive cells was evaluated using a semi-
quantitative scoring method, and samples were scored
according to the percentage of positive cells: 1, <10%; 2, 10%
to <25%; 3, 25% to <50%; 4, ≥50%. We compared survival
data between groups showing high and low expression, with
various cut-off scores for the expression of each protein. In
the current study, Topo-I and Topo-II expression was
defined as high if the tumors contained cancer cells with a
staining score ≥3, with low expression defined as scores <3.
VEGFR2 expression was defined as high if the tumors con-
tained cancer cells with a staining ≥2, with low expression
defined as a score of 1. TUBB3 and TS expression was
deemed high if the tumors contained cancer cells with a
staining score ≥4, with low expression defined as scores <4.
The percentage of Ki67-positive cells was calculated for each
sample, and the median value was used as the cut-off score.
The expression of immune markers such as PD-L1, CD8,
CD4, and Foxp3 was assessed as previously described.16 Tis-
sue sections were examined in a blinded fashion using light
microscopy by two authors (Y.O. and K.K.). In case of any
discrepancies, both researchers evaluated the slides simulta-
neously until agreement was reached on the final assess-
ment. Neither researcher had any knowledge of the patient’s
outcome.

Statistical analysis

Recurrence-free survival (RFS) was defined as the time from
the date of surgery to the date of recurrence or death from any
cause. Overall survival (OS) was defined as the time interval

between the date of tumor resection and the date of death from
any cause or censored date. For univariable analyses, survival
rates were estimated using the Kaplan–Meier method, and dif-
ferences in survival between subgroups were compared using
the log-rank test. Multivariate analyses were performed using
the Cox proportional hazards model. Forward and backward
stepwise procedures were performed to determine the prognos-
tic effects of the combined factors. A chi-squared test was per-
formed to evaluate the relationship between categorical
variables, and Student’s t-test was used to evaluate continuous
variables. All reported p values were two-sided, with a signifi-
cance level of <0.05. All statistical analyses were performed
using SPSS Statistics 24 statistical software (SPSS II for Win-
dows, standard version 20.0; SPSS Inc.).

RESULTS

Patient demographics and
immunohistochemical findings

Table 1 presents the patient characteristics according to
chemosensitive markers. The median age was 74 years
(range 36–88 years) and 80 patients (87%) were men. A his-
tory of smoking was observed in 88 patients (96%). Pure
LCNEC histology was observed in 74 patients (80%), and
combined histology with histology other than LCNEC was
observed in 18 patients (20%). Patient characteristics limited
to pure LCNEC according to chemosensitive markers are
shown in Table A1. The median age was 74 years (range
36–88 years) and 64 (86%) were men. The patient back-
ground was nearly identical to that of all patients with
LCNEC. Immunohistochemical examination of 92 primary
samples from LCNEC patients was performed, and repre-
sentative findings for each marker are shown in Figure 1.
The score distribution for each marker based on histology is
presented in Table A2. High expression of TS, TUBB3,
VEGFR2, Topo-I, and Topo-II was observed in 50 (54%),
31 (34%), 23 (25%), 65 (71%), and 36 (39%) samples and
42 (57%), 23 (31%), 19 (26%), 50 (68%), and 29 (39%) pure
LCNEC samples, respectively. Mean scores for each marker
of all samples are as follows (mean � standard deviation):
TS 3.3 � 0.92, TUBB3 3.0 � 0.94, VEGFR2 1.3 � 0.61,
Topo-I 3.0 � 1.1, and Topo-II 2.2 � 0.95. For tumor cells,
the median Ki67 staining rate was 28%. The positive expres-
sion of Topo-I was significantly associated with lower T and
N factors and a lower Ki-67 labeling index, whereas positive
Topo-II expression was strongly associated with a higher Ki-
67 labeling index. Positive VEGFR2 expression was signifi-
cantly related to lymphatic permeation and pleural invasion,
but not vascular invasion. Moreover, positive TS expression
was significantly correlated with smoking and vascular inva-
sion. None of the examined characteristics correlated with
TUBB3 expression.

Postoperative survival was measured using the date of
surgery as the start date, with a median follow-up period of
1113 days (range 16–5131 days).
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Univariate and multivariate analysis

For all patients, the median RFS and OS were 475 and
641 days, respectively. Of the 92 patients, 36 had

recurrences and 38 died after the initial surgery. Table 2
presents the univariate and multivariate analyses of RFS
after surgery. Univariate analyses identified that advanced
pathological T and N factors, positive lymphatic

F I G U R E 1 Representative immunohistochemical findings of LCNEC. Topo-I low (a) and topo-I high (b). Topo-II low (c), topo-II high (d), VEGFR2
low (e), VEGFR2 high (f), TUBB3 low (g), TUBB3 high (h), TS low (i), TS high (j), Ki67 low (k), and Ki67 high (l). LCNEC, large cell neuroendocrine
carcinoma; Topo-I, topoisomerase I; Topo-II, topoisomerase II; TS, thymidylate synthase; VEGFR2, vascular endothelial growth factor 2; TUBB3, tubulin
beta 3 class III

2670 OHTAKI ET AL.



T A B L E 2 Univariable and multivariable analyses for RFS (all cases)

Different variables

Total Univariable Multivariable

N = 92 5-y RFS rate (%) p Hazard ratio (95% CI) p

Age

<75 years 52 50.4 –

≥75 years 40 37.2 0.164 – –

Sex

Male 80 40.9 –

Female 12 63.6 0.203 – –

Smoking

Yes 88 43.4 –

No 4 NR 0.798 – –

Histology

LCNEC 74 45.4 –

Combined LCNEC 18 37.9 0.509 – –

T factor

T1 40 59.9 1

T2-4 52 31.0 0.003 2.75 (1.46–5.19) 0.002

N factor

N0 69 49.8 1

N1-3 23 24.9 0.038 1.89 (1.02–3.50) 0.043

Lymphatic permeation

Yes 61 33.4 1

No 31 62.7 0.020 2.01 (1.01–4.01) 0.048

Vascular invasion

Yes 67 38.7 –

No 25 55.0 0.192 – –

Ki-67 labeling index

High 45 40.6 –

Low 47 45.6 0.611 – –

Adjuvant therapy

Yes 22 45.8 –

No 70 42.7 0.814 – –

Topoisomerase I

High 65 44.3 –

Low 27 42.2 0.974 – –

Topoisomerase II

High 36 24.7 2.35 (1.29–4.29)

Low 56 54.8 0.006 1 0.005

VEGFR2

High 23 24.2 1.73 (0.92–3.26)

Low 69 49.5 0.011 1 0.090

TUBB3

High 31 56.6

Low 61 36.5 0.105

TS

High 50 33.4

Low 42 57.9 0.052

Note: Bold values shown p < 0.05. Abbreviations: CI, confidence interval; DFS, disease free survival; LCNEC, large cell neuroendocrine carcinoma; MST, median survival time; NR,
not reached; OS, overall survival; RFS, recurrence-free survival; TUBB3, class III tubulin beta; TS, thymidine synthase; VEGFR2, vascular endothelial growth factor receptor 2.
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T A B L E 3 Univariable and multivariable analyses for OS (all cases)

Different variables

Total Univariable Multivariable

N = 92 5-y OS rate (%) p Hazard ratio (95% CI) p

Age

<75 years 52 54.7 –

≥75 years 40 48.9 0.129 – –

Sex

Male 80 48.4 –

Female 12 71.4 0.264 – –

Smoking

Yes 88 50.2 –

No 4 NR 0.301 – –

Histology

LCNEC 74 49.4 –

Combined LCNEC 18 60.1 0.513 – –

T factor

T1 40 67.0 1

T2-4 52 39.4 0.010 2.55 (1.17–5.58) 0.019

N factor

N0 69 57.7 1

N1-3 23 31.3 0.031 2.50 (1.22–5.12) 0.012

Lymphatic permeation

Yes 61 42.6 –

No 31 67.2 0.076 – –

Vascular invasion

Yes 67 47.7 –

No 25 58.5 0.718 – –

Ki-67 labeling index

High 45 47.8 –

Low 47 53.3 0.623 – –

Adjuvant therapy

Yes 22 61.2 –

No 70 47.9 0.127 – –

Topoisomerase I

High 65 54.5 –

Low 27 44.3 0.468 – –

Topoisomerase II

High 36 29.5 2.41 (1.16–5.01)

Low 56 64.5 0.001 1 0.018

VEGFR2

High 23 36.6 1.98 (0.94–4.18)

Low 69 55.7 0.007 1 0.073

TUBB3

High 31 64.6 1

Low 61 43.4 0.024 2.19 (0.96–5.02) 0.064

TS

High 50 39.1 2.40 (1.10–5.22)

Low 42 67.8 0.007 1 0.028

Note: Bold values shown p < 0.05. Abbreviations: CI, confidence interval; DFS, disease free survival; LCNEC, large cell neuroendocrine carcinoma; MST, median survival time; NR,
not reached; OS, overall survival; TS, thymidine synthase; TUBB3, class III tubulin beta; VEGFR2, vascular endothelial growth factor receptor 2.
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F I G U R E 2 Recurrence-free survival (RFS) and overall survival (OS) curves according to expression levels of topo-I (a, b), topo-II (c, d), VEGFR2 (e, f),
TUBB3 (g, h), TS (i, j), and Ki67 (k, l). Topo-I, topoisomerase I; topo-II, topoisomerase II; TS, thymidylate synthase; VEGFR2, vascular endothelial growth
factor 2; TUBB3, tubulin beta 3 class III
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permeation, high Topo-II expression, and high VEGFR2
expression were unfavorable prognostic factors for RFS.
Advanced pathological T and N factors, positive lym-
phatic permeation, and high expression of Topo-II were
independent worse prognosticactors for RFS. Table A3
shows the univariate and multivariate analyses of RFS

when tumors were limited to pure LCNEC histology
(n = 72) without any combined histology. On assessing
tumors with pure LCNEC histology, advanced T factor,
positive lymphatic permeation, and high Topo-II expres-
sion were found to be independent unfavorable prognos-
tic factors for RFS.

F I G U R E 2 (Continued)
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Table 3 shows univariable and multivariable analyses of
OS after lung resection in LCNEC. Univariate analyses rev-
ealed that advanced pathological T and N factors, high
Topo-II expression, high VEGFR2 expression, low TUBB3
expression, and high TS expression were identified as unfa-
vorable prognostic factors for OS. Among them, advanced
pathological T and N factors, as well as high Topo-II expres-
sion and high TS expression, were shown to be independent
prognostic factors for predicting worse outcomes. For OS
limited to pure LCNEC, older age, advanced pathological T
and N factors, high VEGFR2 expression, and high TS
expression were identified as significant unfavorable prog-
nostic factors in multivariable analyses (Table A4). Figure 2
shows survival differences based on the expression of
chemosensitive markers.

Figure 3 shows the survival differences according to the
combination of significant prognostic markers. Patients with
LCNEC expressing both high Topo-II and high VEGFR2

showed significantly shorter RFS times than those in the
other groups (Figure 3a). In terms of OS, patients with
LCNEC expressing both low Topo-II and low VEGFR2 or
both low Topo-II and low TS revealed significantly longer
OS times than the other groups (Figure 3b,c). In combina-
tion with Topo-II and TUBB3, patients with LCNEC
expressing high Topo-II and low TUBB3 presented signifi-
cantly shorter OS than the other groups (Figure 3d).

Correlation between immune cell infiltration
and expression of chemosensitivity markers

In terms of the association with immune cell status, we
observed that a higher expression of VEGFR2 was closely
linked to lower PD-L1 expression in both all LCNEC and
pure LCNEC (Tables 4 and A5). Higher Topo-I expression
was associated with higher Foxp3 expression in both all

F I G U R E 3 Survival differences according to the combination of significant prognostic markers. RFS according to the combination of topo-II and
VEGFR2 (a). OS according to the combination of topo-II and VEGFR2 (b) or topo-II and TS (c). OS according to the combination of topo-II and TUBB (d).
Topo-II, topoisomerase II; TS, thymidylate synthase; VEGFR2, vascular endothelial growth factor 2; TUBB3, tubulin beta 3 class III; RFS, recurrence-free
survival; OS, overall survival
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LCNEC and pure LCNEC (Tables 4 and A5). Furthermore,
higher TUBB3 expression was significantly associated with
higher Foxp3 expression, and higher TS expression was
associated with higher CD4 expression in pure LCNEC
(Table A5).

DISCUSSION

This is the first study to conduct multivariate analyses to
examine the prognostic impact of chemosensitivity-related
markers in pulmonary LCNEC. Herein, we reveal that high
Topo-II expression is an independent unfavorable prognos-
tic factor for both OS and RFS in patients with LCNEC. Fur-
thermore, we demonstrate that high TS expression is an
independent unfavorable prognostic factor for OS after sur-
gery. These results suggest that the expression levels of these
chemosensitivity-related proteins contribute to worse sur-
vival postsurgery, mediated via the progression of cancer.

Additionally, we revealed that high Topo-II expression is
an independent prognosticator of LCNEC in large samples
after surgical resection, consistent with various malignancies,
including SCLC.19–22 Xue et al. have shown that Topo-II inhi-
bition inhibits NSCLC growth, invasion, and migration in vitro
and tumor growth in vivo, which supports our results that high
expression of Topo-II is a prognostic factor after surgical resec-
tion.23 In terms of the effect of Topo-II expression on antican-
cer drug therapy, several previous reports have shown that
high Topo-II expression may contribute to a superior response
to Topo-II inhibitors in breast cancer and NSCLC.13,24–26

Reportedly, patients with SCLC expressing high Topo-II pre-
sent longer progression free survival with amrubicin therapy
than those with SCLC expressing low Topo-II13; however, this
is not significant in NSCLC.22 Currently, there is no data on
whether high Topo-II expression is correlated with the efficacy
of Topo-II inhibitors in LCNEC. Unfortunately, only
12 patients received standard platinum-based chemotherapy
for postoperative recurrence, thus we were unable to assess the
correlation between Topo-II expression and the efficacy of
Topo-II inhibitors. Makino et al. reported that LCNEC
expresses Topo-II more frequently than pulmonary adenocar-
cinoma, suggesting that Topo-II is an important protein of
LCNEC.27 The results of our study indicate that high Topo-II
expression indicates a poor prognosis in patients with LCNEC
through its molecular function in cancer DNA replication.

Regarding the prognostic impact of TS expression, high TS
expression was found to be significantly correlated with a worse
prognosis in various malignancies.8,28–30 A previous study has
revealed that the efficacy of pemetrexed or 5-FU treatment is
associated with TS expression levels, and higher TS expression
is associated with resistance to these treatments.31,32 Several
reports on TS expression have focused on LCNEC histol-
ogy.7,33,34 Reportedly, expression levels of TS mRNA and TS
protein are significantly higher in LCNEC than in squamous
cell carcinoma and adenocarcinoma,7 and Nagasaki et al. have
shown the same tendency of expressional differences among
histological types.33 These results suggest the low efficacy of

pemetrexed in patients with LCNEC presenting high TS expres-
sion, although multiple genes have been shown to be involved
in the efficacy of pemetrexed.34 A previous study failed to reveal
the prognostic significance of the expression of TS in 46 patients
with neuroendocrine carcinoma33; however, our study, using a
larger sample size, showed that high TS expression was an inde-
pendent prognostic factor in 92 patients with LCNEC.

In the subgroup analysis of only pure LCNEC, high
VEGFR2 expression was found to be an independent prog-
nostic indicator of OS. Moreover, high VEGFR2 expression
was a significantly worse prognosticator of both OS and RFS
in all LCNEC patients, although not independently. Cur-
rently, there are no reports on the prognostic impact of
angiogenic marker expression in LCNEC. Imai et al. have
revealed the same prognostic tendency of VEGFR2 expres-
sion in pulmonary pleomorphic carcinoma,17 indicating that
VEGFR2 levels may have prognostic value in identifying
patients who may respond to antiangiogenic therapies, such
as bevacizumab and ramucirumab. As reported in the
REVEL trial, ramucirumab, a monoclonal VEGFR-2 anti-
body, improves survival in combination with docetaxel com-
pared with docetaxel alone, following first-line platinum-
based chemotherapy for both squamous and non-squamous
NSCLC.35 Further studies are needed to determine whether
the anticancer effect of ramucirumab is uniform among his-
tological grades, even in LCNEC.

In the present study, we observed a significant association
between chemosensitivity-related markers and immune cell
infiltration, and high VEGFR2 expression was closely linked to
lower PD-L1 expression. As VEGF upregulation promotes the
presence of regulatory T cells, VEGFR2 expression might nega-
tively impact tumor immune reactions.36–39 In patients with
LCNEC, VEGFR2 may be a negative marker of the tumor
immune environment, suppressing the efficacy of immune
checkpoint inhibitors. TS and TUBB3 suggest a positive
impression of the tumor immune reaction. Further studies are
needed to clarify the relationship between these markers and
the tumor immune environment.

This study had several limitations. First, the results of
our study were analyzed using surgically resected specimens,
hence we did not observe the actual effect of anticancer
drugs and their correlation with each protein. Therefore,
whether or not the expression of chemosensitive markers is
predictive of therapeutic outcomes remains unclear. Second,
we did not detect any differences in the expressional status
of histology other than in LCNEC. Third, although we
included more than 90 LCNEC samples in this study, the
total number of samples was still not substantially large.

CONCLUSIONS

In conclusion, we revealed the prognostic impact of
chemosensitivity-related protein expression in LCNECs.
High Topo-II expression and high TS expression were inde-
pendent unfavorable prognosticators of LCNEC. These
results imply that the expression of these chemosensitivity-
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related proteins contributes to worse survival postsurgery,
possibly mediated by the progression of cancer. In addition,
high VEGFR2 expression was associated with worse progno-
sis and lower expression of immune cells such as PD-L1 and
CD8, suggesting that VEGFR2 might have a negative func-
tion in tumor immune reactions.
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