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Abstract: Objectives: Since large cell neuroendocrine carcinoma (LCNEC) is a relatively rare histologic type of pri-
mary lung cancer, little is known about the immunological status of patients with LCNEC. We aimed to clarify the ex-
pression and prognostic impact of programmed cell death ligand 1 (PD-L1), CD8, CD4, and Forkhead box protein P3
(Foxp3) in LCNEC. Methods: We retrospectively analyzed PD-L1, CD8, CD4, and Foxp3 expressions in 95 surgically
resected LCNEC. PD-L1 positive staining was determined in tumors with more than 1% of tumor cells stained to any
intensity, and CD8, CD4, and Foxp3 positivity was determined in tumors with more than 5% of lymphocytes stained.
Results: Positive expression of PD-L1, CD8, CD4, and Foxp3 was observed in 70 (74%), 52 (55%), 76 (80%), and
43 (45%) tumors, respectively. The expression of PD-L1 was significantly correlated with positive lymphatic perme-
ation. Positive correlations were mutually observed among tumor infiltrating immune cells. Univariate and multivari-
ate analyses showed that positive pleural invasion and Foxp3 negative expression were independent unfavorable
prognostic factors for overall survival (0S). Advanced pathological stage, positive pleural invasion, CD4 negative
expression in cancer stroma, and Foxp3 negative expression were identified as independent unfavorable prognostic
factors for recurrence free survival (RFS). Conclusions: Foxp3 positive tumor infiltrating lymphocytes (TILs) were
an independent favorable prognostic factor for both OS and RFS, whereas CD4 positive TILs were an independent
significant unfavorable prognostic factor for RFS. The high frequency of PD-L1 expression could support the use of
anti-programmed cell death 1 antibody in the treatment of LCNEC.
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Introduction lung cancer (SCLC) [2]. Furthermore, patients
with LCNEC are clinically treated with the con-

Large cell neuroendocrine carcinoma (LCNEC) ventional chemotherapeutic regimen adminis-

is a relatively rare tumor, which accounts for tered to those with SCLC [3]. Because of its rar-

approximately 2-4% of all lung cancers [1]. ity, there has been no established biomarker to

LCNEC has been initially classified as a sub- predict the outcome after treatment.

group of large cell carcinoma, but is now pa-

thologically classified as a high grade neuroen- Anti-programmed cell death-1 (PD-1) antibody

docrine tumor (NET), all together with small cell has brought a transformative change in the
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treatment of advanced or metastatic non-small
cell lung cancer (NSCLC), and has drastically
changed the survival of patients with metastat-
ic NSCLC [4-7]. Immune checkpoint inhibitors
have been identified as one of the principal
therapies in addition to cytotoxic chemothe-
rapy and tyrosine kinase inhibitors in NSCLC.
The expression of programmed cell death-li-
gand 1 (PD-L1) within cancer cells is thought as
a significant biomarker to predict efficacy of
anti-PD-1 treatment. Indeed, the chemothera-
peutic strategy using anti-PD-1 antibody has
been considered for metastatic or recurrent
NSCLC according to the expression status of
PD-L1. Several researchers have described the
relationship between the prognostic impact
and the expression levels of PD-L1 in patients
with SCLC [3, 8-10]. Three of these studies
have reported that patients with positive ex-
pression of PD-L1 yielded significantly favor-
able survival than those with PD-L1 negative
expression [3, 8, 10], whereas one study has
demonstrated that the expression of PD-L1
was closely related to poor prognosis in SCLC
[9]. This difference might be associated with
the sample size, the various antibodies for
immunohistochemistry, and the threshold for
PD-L1 positivity. Nevertheless, the expression
of PD-L1 seems to be a useful marker to pre-
dict a good outcome in SCLC. Recently, Tsu-
ruoka et al. described that the overall survival
(0S) time of LCNEC and SCLC tended to be lon-
ger in patients with positive expression of
PD-L1 than in those with PD-L1 negative
expression [11]. Inamura et al. also reported
same tendency in LCNEC [12]. However, it
remains unclear whether PD-L1 could predict a
good outcome in patients with LCNEC. In their
analysis, tissue microarray (TMA) blocks were
used for immunohistochemistry [11, 12]; how-
ever, surgically resected tumor specimens are
actually suitable for the correct assessment of
PD-L1 expression because of delicate cut-off
values, such as 1% or 5%, and the heteroge-
neous staining pattern of PD-L1 expression in
whole tumor tissues.

Tumor infiltrating lymphocytes (TILs) have been
also used as a prognostic marker in NSCLC,
and recent meta-analysis has demonstrated
that high level of CD8 T cells infiltration in tu-
mor stroma or tumor nest and high level of
CD4 T cells infiltration in tumor stroma are
linked to a good prognosis in lung cancer,
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whereas high level of Foxp3 T cells infiltration
in tumor stroma is identified as a poor pro-
gnostic predictor [13]. Little is known about
the relationship between TILs and prognostic
significance in patients with NET of the lung,
such as LCNEC.

Based on this background information, we con-
ducted this study to evaluate the relationship
between the clinicopathological significance
and immunological expression of PD-L1, CDS8,
CD4, and Foxp3 in surgically resected LCNEC.

Methods
Patient selection and follow-up

This 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 Me-
dical Center, and National Hospital Organization
Shibukawa Medical Center. The study protocol
was approved by the Institutional Review Board
of each participating institution according to
the Helsinki Declaration.

Ninety-eight patients underwent surgical resec-
tion of LCNEC at the participating institutions
between April 2000 and March 2016. After
excluding 2 patients with inadequate clinico-
pathological data and 1 patient with poor qual-
ity specimen, we enrolled 95 patients with
LCNEC into this study.

The histology of LCNEC was confirmed at Gun-
ma University according to the World Health
Organization criteria. The stages of pathologi-
cal tumor-node-metastasis were established
using the International System for Staging
Lung Cancer adopted by the American Joint
Committee on Cancer and the Union Inter-
nationale Centre le Cancer. The follow-up peri-
od for censored cases ranged from 16 days to
5131 days (median, 1113 days).

Immunohistochemical staining

For PD-L1, CD8, CD4, and Foxp3, immunohisto-
chemical staining was performed according to
the procedures described in a previous study
[14]. All sections were deparaffinized in xylene,
rehydrated, and then incubated with fresh
0.3% hydrogen peroxide in 100% methanol for

Am J Transl Res 2018;10(10):3243-3253



PD-L1 expression and TILs in LCNEC

Table 1. Patient characteristics

N (%)
Age: median (range) 74 (36-88)
Gender
Male/Female 82/13 (86/14)
Smoking history
No/Yes 4/91 (4/96)
Histology
LCNEC only 77 (81)
Combined LCNEC 18 (19)
Pathological stage
IA (IA1, 1A2, IA3) 29 (31)
1AL 3(3)
1A2 17 (18)
IA3 9(9)
B 25 (27)
IA 8(8)
1153 16 (17)
A 14 (15)
% 3(3)
Lymphatic permeation
No/Yes 31/62 (33/67)
Vascular invasion
No/Yes 25/67 (27/73)
Pleural invasion
No 57 (61)
Yes 37 (39)
PL1 18 (19)
PL2 14 (15)
PL3 5(5)
Adjuvant therapy
No/Yes 72/23 (76/24)

PL: pleural invasion.

30 min at room temperature to block endoge-
nous peroxidase activity. After rehydration th-
rough a graded series of ethanol treatments,
PD-L1 was retrieved using the universal HIER
antigen retrieval reagent (Abcam, ab208572)
at 120°C for 20 min in autoclave, and then,
sections were passively cooled to room tem-
perature. Antigen retrieval was performed us-
ing Immunosaver (NJ15T, NEM) at 98-100°C
for 30 min for CD4, CD8, and Foxp3 staining.
After rinsing in 0.1 M phosphate buffered saline
(PBS, pH 7.4) to block non-specific binding
sites, sections were incubated with protein
block serum-free reagent (DAKO, Carpinteria,
CA, USA) for 30 min at room temperature.
Rabbit monoclonal antibodies against PD-L1
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(Cell Signaling, E1L3NR, 1:200 dilution), CD8
(Abcam ab4055, 1:600 dilution), CD4 (Abcam
ab133616, 1:200 dilution), and Foxp3 (Abcam
ab20034, 1:200 dilution) were used as primary
antibodies. PD-L1 expression on each cell was
considered positive when membrane staining
was observed. A semi-quantitative scoring
method was used for PD-L1 expression, as fol-
lows: 0 < 1%, 1 = 1-5%, 2 = 6-10%, 3 = 11-25%,
4 = 26-50%, 5 > 51% of cells were positive
according to a previous report [14]. Tumors
with score > 1 were graded as PD-L1 positive
according to previous studies [4, 11]. CDS8,
CD4, and Foxp3 expressions were semi-quanti-
tatively evaluated on the extent of positive lym-
phocytes infiltrating with tumor specimens.
CD8 and CD4 expressions on lymphocytes
were considered positive when membrane
staining was observed. The CD8 and CD4 ex-
pressions were examined in a whole cancer tis-
sue, as well as separately in cancer nest only
and cancer stroma only in order to clarify the
prognostic impact of their localization. Foxp3
expression on lymphocytes was considered
positive when nuclear staining was observed.
Foxp3 positive TILs were present only in can-
cer stroma. CD8, CD4, and Foxp3 positivity
was defined in tumors with more than 5% of
positive lymphocytes, according to a previous
report [14]. The tissue sections were examined
in a blinded fashion using light microscopy by
at least two of the authors (Y.0 and K.K). In
case of any discrepancies, both investigators
evaluated the slides simultaneously, until rea-
ching a consensus on their final assessment.
Neither of the investigators had any knowledge
of the patient outcomes.

Statistical analysis

OS was defined as the time interval between
the date of tumor resection and the date of
death from any cause or censored date.
Recurrence free survival (RFS) was defined as
the time interval between the date of tumor
resection and the date of any recurrence
detected or death from other cause than can-
cer death or the last follow-up. For univariate
analyses, survival rates were estimated by the
Kaplan-Meier method, and differences in sur-
vival between subgroups were compared by the
log-rank test. Multivariate analyses were per-
formed using the Cox proportional hazard
model. Forward and backward stepwise proce-
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Table 2. PD-L1, CD8, CD4 and Foxp3 expres-
sion rate

Factors cut off N (%)
value
PD-L1 expression
Negative <1% 25 (26)
Positive >1% 70 (74)
CD8 expression in whole tumor
Negative <5% 43 (45)
Positive >5% 52 (55)
CD8 expression in cancer nest
Negative <5% 24 (25)
Positive >5% 71(75)
CD8 expression in cancer stroma
Negative <5% 45 (47)
Positive >5% 50 (53)
CD4 expression in whole tumor
Negative <5% 19 (20)
Positive >5% 76 (80)
CD4 expression in cancer nest
Negative <5% 80 (84)
Positive >5% 15 (16)
CD4 expression in cancer stroma
Negative <5% 17 (18)
Positive >5% 78(82)
Foxp3 expression
Negative <5% 52 (55)
Positive >5% 43 (45)

dures were performed to determine the prog-
nostic effect of combined factors. Chi-squared
test was performed to evaluate the relation-
ship between categorical valuables, and Stu-
dent’s t-test was used to evaluate continuous
variables. All of the reported P values were
two-sided, and the significance level was set
at less than 0.05. All statistical analyses were
performed using SPSS Statistics 20 statistical
software (Dr. SPSS Il for Windows; standard
version 20.0; SPSS Inc., Chicago, IL, USA).

Results
Patients’ characteristics

The patients’ characteristics are listed in Table
1. Of the 95 patients, 82 were men and 13
were women, with a median age of 74 years.
Ninety-one patients (96%) had smoking his-
tory. Histologically, 77 patients (81%) had pure
LCNEC and 18 patients (19%) had combined
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LCNEC. Lymphatic permeation, vascular inva-
sion, and pleural invasion were observed in
67%, 73%, and 39% of patients, respectively.

PD-L1 expression and TILs

Positive expression of PD-L1, CD8, CD4, and
Foxp3 was observed in 70 (74%), 52 (55%), 76
(80%), and 43 (45%) tumors, respectively (Ta-
ble 2). Representative images for PD-L1, CDS,
CD4, and Foxp3 expressions are shown in
Figure 1. Although the rate of PD-L1 positivity
was high, only 7 patients (7%) had tumors with
more than 50% of tumor cells expressing PD-L1
(score 5+) (Table S1). CD8 positive TILs were
abundant in cancer nest, whereas most of CD4
positive TILs were present in cancer stroma.

Clinicopathological characteristics according
to PD-L1 expression and TILs

The clinicopathological features according to
PD-L1 expression and TILs are listed in Table 3.
The expression of PD-L1 was significantly cor-
related with lymphatic permeation. For correla-
tion among immunological expressions, posi-
tive correlations were observed between PD-L1
and CD4, PD-L1 and Foxp3, CD8 and CD4, CD8
and Foxp3, and CD4 and Foxp3. Except PD-L1
and CD8 expressions, there were significant
mutually positive correlations among tumor
infiltrating immune cells.

Univariate and multivariate survival analyses

The 5-year OS rate of all patients was 51.6%.
Of 95 patients, 40 patients died and 36
patients developed recurrent diseases. Mean
survival time is 1207 days (3.3 years). The 0S
and RFS curves according to the expression of
PD-L1, CD8, CD4, and Foxp3 are shown in
Figure 2. The RFS of the patients with PD-L1
positive expression tended to be higher than
those with negative expression, without statis-
tical significance (Figure 2A, 2B). There were no
survival differences in the expression status of
CD8 (Figure 2C, 2D), irrespective of the loca-
tion (Figure S1), neither of CD4 in the whole
tumor tissue (Figure 2E, 2F), nor of CD4 in can-
cer nest (Figure S2). When the evaluation of
CD4 expression was limited to cancer stroma,
the patients with CD4 positive TILs in cancer
stroma had significantly worse RFS than those
with CD4 negative TILs in cancer stroma (Figure
2G, 2H). The patients with tumors with Foxp3
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Figure 1. Representative immunohistochemical findings of LCNEC are
shown. PD-L1 negative (A) and PD-L1 positive are shown (B). CD8 negative
(C), CD8 positive (D), CD4 negative (E), CD4 positive (F), Foxp3 negative (G)
and Foxp3 positive (H) are shown.

positive TILs had significantly better prognosis
than those with Foxp3 negative LCNEC, for both
0S and RFS (Figure 21, 2)).

Table 4 shows univariate and multivariate anal-
yses of OS and RFS. Univariate and multivariate
analyses showed that positive pleural invasion
and Foxp3 negative expression were indepen-
dent unfavorable prognostic factors for OS.
For RFS, advanced pathological stage, positive
lymphatic permeation, positive pleural inva-
sion, CD4 positive expression in cancer stroma,
and Foxp3 negative expression were identi-
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fied as significant unfavorable
prognostic factors in univari-
ate analysis. Of them, mu-
Itivariate analysis showed that
besides advanced pathologi-
cal stage and positive pleural
invasion, CD4 positive expres-
sion in cancer stroma, and
Foxp3 negative expression we-
re identified as independent
unfavorable prognostic factors
for RFS.

Discussion

In this study, we revealed the
prognostic impact of PD-L1
expression and TILs in LCNEC.
Until now, there have been lim-
ited reports about the prog-
nostic impact of immune cells
infiltration in LCNEC. Of im-
mune-related cells, infiltration
of Foxp3 negative TILs was an
independent unfavorable prog-
nostic factor for OS and RFS.
The presence of CD4 positive
TILs in cancer stroma was also
identified as an independent
unfavorable prognostic factor
for RFS in patients with LCNEC.

In terms of Foxp3 expression,
our results were contradictory
to a previous meta-analysis of
lung cancer, reporting that low
number of Foxp3 T cells infil-
tration in tumor stroma was
identified as a good prognos-
tic factors [13]. One of the rea-
sons might be the difference
of tumor histology among the
population. In most of former studies, adeno-
carcinoma or NSCLC were examined. Even th-
ough these studies included patients with
LCNEC, the total numbers of patients was
small. The condition of immune cell infiltration
might be different according to tumor histology
between NET and the others, especially in
LCNEC. Another reason is that a previous meta-
analysis has included only a few studies on
Foxp3 expression. The sample size seems to be
too small to conclude the prognostic impact of
Foxp3 in whole lung cancer.
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Table 3. Correlation among immunological expression and clinicopathological factors

PD-L1 expression CD8 expression CD4 expression Foxp3 expression

N Negative Positive Negative  Positive Negative  Positive Negative  Positive

(N=25) (N=70) PV (N152) (N=43 PV (NI19) (N=76) PV (NIs2) (N=43 PYALE
Age
<74 46 11 35 0.61 27 19 0.45 12 34 0.15 26 20 0.74
>74 49 14 35 25 24 7 42 26 23
Gender
Male 82 19 63 0.08 43 39 0.26 14 68 0.07 44 38 0.60
Female 13 6 7 9 4 5 8 8 5
Smoking history
Yes 91 23 68 0.27 50 41 0.85 18 73 0.80 50 41 0.85
No 4 2 2 2 2 1 3 2 2
Stage
I 54 14 40 0.60 29 25 0.82 8 46 0.15 27 27 0.29
-1V 41 11 40 23 18 11 30 25 16
Lymphatic permeation
No 31 4 27 0.04° 17 14 0.88 3 28 0.10 15 16 0.46
Yes 62 20 42 33 29 15 47 35 27
Vascular invasion
No 25 6 19 0.89 17 8 0.08 4 21 0.60 17 8 0.11
Yes 67 17 50 32 35 14 53 33 34
Pleural invasion
No 57 13 44 0.45 33 24 0.38 9 48 0.30 29 28 0.42
Yes 37 11 26 18 19 9 28 22 15
CD8 expression
Negative 52 16 36 0.28 - - - - - -
Positive 43 9 34 - - - - - -
CD4 expression
Negative 19 7 12 <0.01° 6 1 <0.01° - - - -
Positive 76 18 58 0 42 - - - -
Foxp3 expression
Negative 52 18 34 0.04° 39 13 <0.01° 17 35 <0.071° - -
Positive 43 7 36 13 30 2 41 - -

aPeason’s chi-square test, "denotes significance.
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Figure 2. Overall survival (OS) and
recurrence free survival (RFS) cur-
ves according to PD-L1 (A, B), CD8
(C, D), CD4 (E, F), CD4 in cancer
stroma (G, H) and Foxp3 (I, J) are
shown.

Foxp3 positive regulatory T
cells (Treg) are potent media-
tors of dominant self-tolerance
in the periphery and abundant
CD4 positive T cells express-
ing Foxp3 are responsible for
suppressing the anti-tumor im-
mune response. Abundant Fo-
xp3 positive T cells have been
thought to be a poor prognos-
tic factor in various cancers;
however, some studies have
shown favorable prognostic
impact of Foxp3 positive Treg
infiltration in some neoplasms.
In a meta-analysis on gastric
cancer, Zheng et al. described
that intra-tumoral Foxp3 posi-
tive T cells were associated
with poor survival, whereas
extra-tumoral Foxp3 positive T
cells invasion was associated
with better survival [15]. Au-
thors suggested that Foxp3 T
cells have opposite functions
in the intra- and extra-tumoral
environment; our result was
consistent with the extra-tumo-
ral (i.e. stromal) Foxp3 expres-
sion observed in their study.
Some reports on colorectal
cancer have also shown favor-
able impact of Foxp3 expres-
sion on patient outcome [16-
18]. Saito et al. revealed that
colorectal cancer, which is
commonly infiltrated by sup-
pression-competent Foxp3-po-
sitive Treg cells, can be classi-
fied into two types by the
degree of non-suppressive T
cells with low Foxp3 expres-
sion [19]. Colorectal cancer
with abundant infiltration of
Foxp3 positive but low express-
ing T cells showed significantly
better prognosis than those
with predominantly Foxp3 hi-
ghly expressing Treg cell infil-
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Table 4. Univariate and Multivariate analyses

0s

RFS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

N=95 p-value?

p-value® N=92 p-value? HR p-value®

Age

>74/< 74 49/46 0.12
Gender

Male/Female 82/13 0.32
Smoking history

Yes/No 4/91 0.50
Stage

11-IV/1 41/54 0.13
Lymphatic permeation

Yes/No 62/31 0.10
Vascular invasion

Yes/No 67/25 0.72
Pleural invasion

Yes/No 37/57 0.02° 2.82(1.21-3.93)
Adjuvant therapy

No/Yes 72/23 0.08
PD-L1 expression

Negative/Positive 25/70 0.25
CD8 expression in whole tumor

Negative/Positive 52/43 0.53
CD8 expression in cancer nest

Negative/Positive 71/24 0.67

CD8 expression in cancer stroma
Negative/Positive 45/50 0.44

CD4 expression in whole tumor

Negative/Positive 19/76 0.43
CD4 expression in cancer nest

Negative/Positive 80/15 0.69
CD4 expression in cancer stroma

Negative/Positive 17/78 0.14

Foxp3 expression

Negative/Positive 52/43 0.01°  1.97 (1.06-3.68)

48/44 0.13

79/13 0.22

3/89 0.81

38/54 0.02°

1.97 (1.05-3.71) 0.03°

29/61  <0.01°  1.93(0.94397)  0.07

66/23 0.09

<0.01° 35/56 <0.01° 2.23 (1.23-4.04) <0.01°

70/22 0.71

25/67 0.09

50/42 0.95

69/23 0.61

43/49 0.82

19/73 0.38

77/15 0.68

17/75 0.03°

0.31(0.11-0.82) 0.02°¢

0.03° 50/42 <0.01° 1.97 (1.05-3.71) 0.04¢

aLog-rank test, "Cox proportional hazard model, °denotes significance.

tration. Authors described that functionally dis-
tinct subpopulations of tumor-infiltrating Foxp3
positive T cells contribute in opposing ways to
determining prognosis. We did not investigate
the expressing levels and relationship between
other markers, but many T cells expressing low
Foxp3 levels might be included within the Foxp3
positive T cells.

Regarding CD4 positive TILs, one meta-analy-
sis has shown that high number of CD4 positive
T cells infiltration in tumor stroma was identi-
fied as a good prognostic factor. In contrast,
another meta-analysis has shown that high
number of CD4 positive T cells infiltration in the
whole tumor tissue was associated with a good
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prognosis for OS of patients with lung cancer
[20]. The discrepancy between their analysis
and our result might be explained by the same
reason as that for Foxp3, such as histology and
small sample size. Generally, CD4 positive T
cells were thought to suppress anti-tumor
immune response [21], but the prognostic
impact has not been clarified in a large patient
size. In LCNEC, stromal CD4 positive T cells
might suppress the anti-tumor immune res-
ponse, as demonstrated in previous reports in
other cancers [22, 23].

Until now, many studies have investigated the
frequency and prognostic impact of PD-L1
expression in lung cancer [9, 24-35]. Several
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reports have shown that PD-L1 expression was
an independent unfavorable factor for survival
in lung adenocarcinoma [25, 29, 32, 36], lung
squamous cell carcinoma [27, 28], SCLC [9],
and NSCLC [34]. However, some reports have
shown no significant differences between PD-
L1 positive and negative tumors [26], while oth-
ers have shown that PD-L1 was an independent
favorable prognostic factor in NSCLC [10, 35,
37, 38]. It is controversial whether high PD-
L1 expression is prognostic or non-prognostic,
and whether favorable or unfavorable. Because
tumor immune microenvironment might be dif-
ferent depending on histologic variations, we
examined the outcome limited to LCNEC. In our
study, patients with PD-L1 positive tumor had
better but not significant RFS, which was con-
sistent with a previous report on LCNEC [11,
12]. Despite similar prognosis and same cut-off
value of PD-L1 used in Tsuruoka et al., PD-L1
expression positive rate was much lower than
that of our study (10.4% vs 73.7%). Although
Inamura et al. used 5% as a cut-off value of
PD-L1 positivity, PD-L1 expression positive rate
(26.8%) was also lower than that of ours. This
differences might be caused by the different
methodology; those authors used TMA for eval-
uation and they enrolled patients for a long-
term period (1982-2010 [11], and 1990-2014
[12]). However, considering our data that sh-
owed high PD-L1 expression in LCNEC, anti-
PD-1 antibody might be effective to LCNEC.

This study had several limitations. First of all,
we did not observe the effect of anti-PD-1 anti-
body treatment and whether PD-L1 expression
is predictive for the therapeutic outcome. In
this study, we only examined the prognostic
impact of immune-related markers including
PD-L1. Another limitation is that we collected
surgically resected tumor samples for a rela-
tively long period. PD-L1 expression might be
different between new and old samples, as it
has been previously noted [39].

Conclusions

In conclusion, we showed the prognostic im-
pact of PD-L1 expression and TILs in LCNEC.
Foxp3 positive TILs were an independent sig-
nificant good prognostic factor for both OS and
RFS. CD4 positive TILs were conversely an
independent significant poor prognostic factor
for RFS. The high frequency of PD-L1 positive
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expression could further support the use of
anti-PD-1 antibody in the treatment of LCNEC
and a good tumor response following treat-
ment, same as in other NSCLC subtypes.
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Table S1. PD-L1 expressional distributions in LCNEC
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Figure S1. OS and RFS curves according to CD8 expression in cancer nest (A, B) and cancer stroma (C, D) are
shown. There were not any significant differences.
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Figure S2. OS and RFS curves according to CD4 expression in cancer nest are shown (A, B). There were no signifi-
cant survival differences between the groups.



