











PD-L1 expression and TILs in LCNEC

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
OS 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-
[tivariate 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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PD-L1 expression and TILs in LCNEC

Table S1. PD-L1 expressional distributions in LCNEC

Score 0 1+ 2+ 3+ 4+ 5+
PD-L1 expressionrate < 1% 1-5% 6-10% 11-25% 26-50% 51%-
N 25 28 17 12 6 7
% 26 30 18 12 6 7
A B 1.0
CDS positive
g 087 in cancer nest (N=24) & 08 ) N
£ H CD8 positive
E 0.6 é 0.6 in cancer nest (N=23)
< H
f:l' 0.4 91)8 negative E 0.4 CDS negative
5 in cancer nest (N=71) 2 i cancer nest (N=69)
0.2 2 027
P=.67 P=o6l
0.0- 0.0
o 1 2 3 4 5 6 o 1 2 3 4 5 6
Years after surgery Years after surgery
C D
1.0 1.0
os CDS positive S os
‘g ) m stroma (N=50) é ) CDS positive
E & in stroma (N=49)
0.6 5 0.6-
:
£ 04 DY i P 0.4 e
E 8 negative g CD8 negative
3, in stroma (N=45) £ o] in stroma (N=43)
P=44 P=282
0.0- 0.0
T T T T T T T T T T T T T T
0 1 23 4 s 6 [ 23 4 5 6
Years after surgery Years after surgery

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.



