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Introduction: Immune therapy has shown good results in small-cell lung cancer (SCLC),
but the impact of immune microenvironment of the disease is unclear. In this work, we
detected expression of programmed death 1 (PD-1), PD-ligand 1 (PD-L1), and other immune
biomarkers of cancer. We also analyzed the correlations between these markers and survival
in SCLC.

Patients and Methods: Protein expression of PD-1, PD-L1, PD-L2, CD3, CD4, CDS, and
FOXP3 was analyzed in surgical tissues from 102 SCLC patients by immunohistochemistry.
Results: Positive expression of PD-1 on tumor-infiltrating lymphocytes (TILs) was found in
40.2% of patients; 37.3% of patients showed positive expression of PD-L1 on TILs; and
3.9% showed positive expression of PD-L1 on tumor cells. PD-L2 protein was not expressed
on tumor cells or TILs. Survival analysis showed that positive expression of PD-L1 on TILs
was correlated with longer relapse-free survival (RFS) (p=0.004). Positive expression of PD-
1 combined with a high ratio of lymphocytes (CD3, p=0.004; CD4, p=0.011; CD8, p=0.009;
FOXP3, p=0.009) was associated with significantly better RFS than negative expression of
PD-1 combined with a lower ratio of lymphocytes. Positive expression of PD-L1 combined
with a high ratio of lymphocytes (CD3, p<0.001; CD4, p=0.001; CDS, p=0.002; FOXP3,
p=0.001) was associated with significantly better RFS than negative expression of PD-L1
combined with a lower ratio of lymphocytes. All patients’ stage were between | and III.
Conclusion: PD-1 and PD-L1 expression might be good prognostic factors in SCLC.
Keywords: small-cell lung cancer, SCLC, programmed death-1, PD-1, programmed death-
ligand 1, PD-L1, programmed death-ligand 2, PD-L2, tumor-infiltrating lymphocytes, TILs

Introduction

The incidence and mortality of lung cancer are increasing. Fifteen percent of lung
cancer patients have small-cell lung cancer (SCLC).! The standard treatment for
advanced extensive SCLC is chemotherapy,” which shows a high but transient
response rate.” The options for subsequent-line treatment are limited. There is
thus an urgent need to develop new treatments for patients with SCLC. Research
on immune therapy combined with chemotherapy for SCLC is ongoing:
IMPOWER-133 showed better prognosis in patients receiving etoposide/carbopla-
tin/atezolizumab treatment;* and the CASPIAN study indicated that a combination
of first-line programmed death ligand 1 (PD-L1) inhibitors with chemotherapy
increased overall survival (OS).> Although immunotherapy showing the antitumor
activity on SCLC in some studies,”’ but SCLC patients did not benefit greatly from
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ICI compared with NSCLC patients. The implications of
immune microenvironment of SCLC remain uncertain.

In this study, we detected protein expression of pro-
grammed death 1 (PD-1), PD-L1, PD-L2, CD3, CD4,
CDS8, and FOXP3 in 102 SCLC patients using immunohis-
tochemistry (IHC). The correlations between PD-1/PD-L1
and pathological features were analyzed. We also per-
formed survival analysis in these patients.

Patients and Methods

Patients

A total of 102 SCLC patients who underwent surgery in
Shanghai Pulmonary Hospital from January 2014 to
December 2018 were retrospectively enrolled in our study.
SCLC was diagnosed by two pathologists (“L.Z. and C.
W.”). Patients did not receive radiation or chemotherapy
before surgery. We reviewed patient data and determined
TNM stage based on the International Association for the
Study of Lung Cancer version 8. All patient’s stage was
between I and III that was determined after the operation.
All patients were provided with written informed consent.
The ethics committee of Shanghai Pulmonary Hospital
approved this study. The study was performed in accor-
dance with the International Conference on Harmonisation
Guidelines on Good Clinical Practice and the Declaration of
Helsinki.

Immunohistochemistry
Experimental Antibodies and Configuration
Conditions

Rabbit anti-human PD-1 (1:100, Golden Bridge Zhongshan,
Beijing ZM-0381), PD-L1 (E1L3N 1: 300, CST # 13684S),
PD-L2 (1: 200, CST # 82723S), CD3 (1:100, Dako A0452),
CD4 (1:80, Dako M7310), CD8 (1:100, Dako M7103), and
FOXP3 (1:100, BioLegend 320,101) antibodies were used.
The IHC route was as follows. Formalin-fixed paraffin-
embedded tissue slides were dewaxed with xylene followed
by alcohol, and rinsed with distilled water. Antigens were
recovered with a target retrieval solution kit (DM828 or
DM829, Dako) under heat and high pressure for 10 min.
After cooling to room temperature, slides were immersed in
0.3% H,0, to reduce background staining. The slides were
then incubated with primary antibody for 1 h at room
temperature. After rinsing with phosphate-buffered saline
(PBS), they were incubated with horseradish peroxidase-
conjugated goat anti-Mouse/Rabbit IgG detection antibody
for a further 30 min at room temperature. After rinsing

again with PBS, antigens were visualized with DAB, fol-
lowing standard procedures for counterstaining cell nuclei
with hematoxylin and mounting cover slides. IHC was
performed by Wei Zhang and Chenglong Sun.

PD-I, PD-LI, PD-L2, CD3, CD4, CDS8, and FOXP3
IHC Cutoff Values

IHC scores were independently determined by two experi-
enced pathologists (Liping Zhang and Chunyan Wu).
A positive result was defined as staining on tumor-
infiltrating lymphocytes (TILs) of more than 1% for PD-1 or
more than 5% for PD-L1, or staining on tumor cells of more
than 40% for CD3, more than 30% for CD4, more than 30%
for CD8, or more than 10% for FOXP3. We used survival
analysis to determine the best cutoff points by maximizing
statistical differences in relapse-free survival (RFS).>

Statistical Analyses

We performed statistical analyses using SPSS 25.0 (IBM)
and GraphPad Prism version 8.0 (GraphPad Software, Inc)
for Mac OS. A chi-square test was used to assess correla-
tions between immune-marker expression and clinical char-
acteristics. The Kaplan—-Meier method was used to construct
patient survival curves. Survival analysis was performed by
Log-rank test. Univariate and multivariate Cox proportion-
ate hazard models were used to identify factors significantly
related to RFS. Logistic regression was used to estimate the
correlations between immune marker expression levels.
p<0.05 was considered to indicate statistical significance.
All statistical tests were double-sided.

Results

Patient Characteristics

A total of 102 patients were enrolled. There were 17.6%
female and 82.4% male patients, and 23 were over the age
of 70 years. The median age was 62 years. Fifty-eight
(56.9%) patients had never smoked. All patients were
stage I-1I1I: 60 (58.8%) were stage I or II, and 42 (47.1%)
were stage III. Fifty-four patients received postoperative
adjuvant chemotherapy (Table 1).

CD3, CD4, CD8, FOXP3, PD-1, PD-LI, and PD-L2
Expression and Correlations with Clinicopathological
Data

CD3+ TILs were observed in 54/102 (52.9%) SCLC speci-
mens, CD4+ TILs in 38/102 (37.3%), CD8+ TILs in 33/102
(32.4%), and FOXP3+ TILs in 35/102 (34.3%) (Figure 1).
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Table | Patient Characteristics (n=102)

Characteristics Total

Gender, n (%)

Male 84 (82.4%)

Female 18 (17.6%)
Age, median

<70 79 (77.5%)

=70 23 (22.5%)

Smoking status, n (%)

Non-smoker 58 (56.9%)

Smoker 44 (43.1%)
T stage, n (%)

-2 87 (85.3%)

34 15 (14.7%)
N stage, n (%)

0 44 (43.1%)

| 23 (22.5%)

2 34 (33.3%)

3 I (1%)
Lung cancer stage, n (%)

I 60 (58.9%)

1 42 (41.2%)
Chemotherapy (EP/EC), n (%)

Yes 54 (52.9%)

No 48 (47.1%)

Positive expression of PD-1 on TILs was observed in
40.2% of patients; 37.3% showed positive expression of
PD-L1 on TILs, and 3.9% showed positive expression of
PD-L1 on tumor cells. PD-1 was not expressed on tumor
cells, PD-L2 was not expressed on tumor cells or TILs in
SCLC (Figure 2).

PD-1 expression on TILs was extensively correlated
with stage (p=0.045). The expression of PD-1 on TILs
showed significant correlation with CD3 (p<0.001), CD4
(p<0.001), CD8 (p<0.001), and FOXP3 (p<0.001). PD-L1
expression on TILs had significant correlation with CD3
(p<0.001), CD4 (p<0.001), CD8 (p<0.001), FOXP3
(p<0.001), and PD-1 (p<0.001). PD-1 and PD-L1 expres-
sion on TILs were not related to age, gender, or smoking
status (Figure 3, Table 2). Bivariate logistic regression of
TIL PD-L1 and PD-1 expression.

The expression of PD-L1 on TILs was correlated with
CD3 (p=0.001; R?>=0.25), CD4 (p=0.001; R>*=0.257), CD8
(p=0.001; R*=0.271), FOXP3 (p=0.001; R*=0.423), and
PD-1 (p=0.001; R*=0.166). The expression of PD-1 on

TILs was correlated with CD3 (p=0.001; R?*=0.217),
CD4 (p=0.001; R®=0.205), CD8 (p=0.001; R?>=0.182),
and FOXP3 (p=0.001; R?>=0.314) (Table 3).

Survival Analysis

We used univariate and multivariate regression to analyze
clinical factors and expression of immune biomarkers. Stage
(/1T vs III) could predict RFS (univariate analysis: hazard
ratio (HR) 2.111, 95% CI 1.243-3.586, p=0.006; multivari-
ate analysis: HR 1.890, 95% CI 1.100-3.220, p=0.021). The
expression of CD3, CD4, CDS8, FOXP3, and PD-L1 on TILs
was significant in univariate Cox regression (CD3 p=0.007;
CD4 p=0.010; CD8 p=0.007; FOXP3 p=0.004; PD-L1
p=0.006) but not in multivariate Cox regression (Table 4).

Clinicopathological factors and immune biomarkers were
analyzed with respect to RFS. Age (p=0.043), stage (p=0.004),
CD3 (p=0.006), CD4 (p=0.008), CD8 (p=0.004), FOXP3
(p=0.002), and PD-L1 on TILs (p=0.004) were significantly
correlated with RFS. Smoking status (p=0.056), gender
(p=0.187), adjuvant chemotherapy (p=0.357), PD-1 on TILs
(p=0.076), and PD-L1 on tumor cells (p=0.788) had no sig-
nificant association with RFS (Figure 3).

We divided patients into subgroups by PD-L1 and PD-
1 expression on TILs (Figure 4) combined with CD3,
CD4, CDS8, and FOXP3. Positive expression of PD-1 or
PD-L1 combined with a higher ratio of CD3, CD4, CDS,
and FOXP3 was associated with higher RFS than was
negative expression of PD-1 or PD-L1 combined with
a lower ratio of CD3, CD4, CD8, and FOXP3.

Positive expression of PD-1 combined with a higher
ratio of lymphocytes (CD3 p=0.004; CD4 p=0.011; CD8
p=0.009; FOXP3 p=0.009) was associated with signifi-
cantly better RFS than negative expression of PD-1
combined with a lower ratio of lymphocytes. Positive
expression of PD-L1 combined with a higher ratio of
lymphocytes (CD3 p<0.001; CD4 p=0.001; CDS8
p=0.002; FOXP3 p=0.001) was associated with signifi-
cantly better RFS than negative expression of PD-L1
combined with a lower ratio of lymphocytes. There
was a significant difference in RFS for positive vs nega-
tive PD-L1 and PD-1 expression on TILs (p=0.004).
These results indicate that PD-L1 and PD-1 expression
on TILs combined with expression of CD3, CD4, CDS,
and FOXP3 represent important biomarkers that could be
used to predict RFS in SCLC. All patients in this study
received surgical resection of their lesion in early stage.
Most of the them failed to reach the end point of OS, so
we did not analyze the OS data.
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Figure | CD3, CD4, CD8, FOXP3, PD-| were expressed on TILS, (A) low expression of CD3*4, (a) low expression of CD3*10; (B) high expression of CD3*4, (b) high
expression of CD3*|0; (C) low expression of CD4*4, (c) low expression of CD4*10; (D) high expression of CD4*4, (d) high expression of CD4*10; (E) low expression of
CD8*4, (e) low expression of CD8*10; (F) high expression of CD8%4, (f) high expression of CD8*10; (G) low expression of FOXP3*10, (g) low expression of FOXP3*20;
(H) high expression of FOXP3*10, (h) high expression of FOXP3*20; (K) low expression of PD-1*10, (k) low expression of PD-1%*20; (L) high expression of PD-1*10, (1) high
expression of PD-1%20; PD-LI was expressed on Tumors; (I) low expression of PD-LI*10, (i) low expression of PD-LI1*20; (J) high expression of PD-LI*10, (j) high
expression of PD-L1*20.

Abbreviations: PD-1, programed death-1; PD-LI, programed death-ligand |; TILs, tumor-infiltrating lymphocytes.
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Figure 2 Kaplan—Meier analysis for RFS of SCLC patients based on expression of the CD3 on TILs, CD8 on TILs, FOXP3 on TILs, PD-I on TILs, PD-LI on TILs, PD-L| on
tumor cells, age, gender, smoking status, stage, adjuvant chemotherapy. The respective Log rank P values are indicated in the chart.
Abbreviations: RFS, relapse-free survival; PD-1, programed death-1; PD-LI, programed death-ligand I; TILs, tumor-infiltrating lymphocytes; SCLC, small-cell lung cancer.
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Figure 3 Kaplan—Meier analysis for RFS of SCLC patients based on the two by two combination of the following markers: PD-1 on TILs, PD-L| on TILs, CD3 on TILs, CD4
on TILs, CD8 on TILs, FOXP3 on TILs and PD-L| on tumor cells. The respective Log Rank P values are shown in the chart.
Abbreviations: RFS, relapse-free survival; PD-1, programed death-1; PD-LI, programed death-ligand I; TILs, tumor-infiltrating lymphocytes; SCLC, small-cell lung cancer.

Discussion

In this survey, we detected the expression of PD-1, PD-L1,
CD3, CD4, CD8, and FOXP3. We also analyzed the cor-
relations between PD-1, PD-L1, CD3, CD4, CDS8, and
FOXP3 and survival in SCLC patients.

PD-1 and PD-L1 expression have been detected in non-
small-cell lung cancer (N SCLC)"!" and SCLC,'*"? with PD-
L1 expression in SCLC varying greatly. One study of 61
samples found 0% PD-LI1 protein expression,' whereas
another study of 102 patients reported a value of 71.6%." In

this study, we detected not only the expression of PD-1 and
PD-L1 but also that of PD-L2, CD3, CD4, CD8, and FOXP3
in SCLC. Furthermore, for the first time, we performed sub-
group analysis of the expression of PD-1 or PD-L1 combined
with the ratio of lymphocytes and analyzed the relationships
with RFS.

In our study, 40.2% of patients showed positive expres-
sion of PD-1 and 37.3% showed positive expression of
PD-L1 on TILs; 3.9% of patients showed positive expres-
sion of PD-L1 on tumor cells. Our results are consistent
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Table 2 Relationship Between PD-LI and PD-| Expression on TILs and Various Patient Characteristics

Characteristics N PD-LI Expression on TILs p-value N PD-1 Expression on TILs p-value
Positive Negative Positive Negative

Gender 102 0.487 0.685
Male 84 30 54 84 33 51
Female 18 8 10 18 8 10

Age 0.781 0.906
<70 79 30 49 79 32 47
=70 23 8 15 23 9 14

Smoking status 0.506 0.492
Non-smoker 58 20 38 58 25 33
Smoker 44 18 26 44 16 28

Lung cancer stage 0.053 0.045*
1Nl 60 27 33 60 29 31
1] 42 I 31 42 12 30

CD3 <0.001* <0.001*
Positive 54 31 23 54 32 22
Negative 48 7 41 48 9 39

CDh4 <0.001* <0.001*
Positive 38 25 13 38 25 13
Negative 64 13 51 64 16 48

CD8 <0.001* <0.001*
Positive 33 23 10 33 22 I
Negative 69 15 54 69 19 50

FOXP3 <0.001* <0.001*
Positive 35 27 8 35 26 9
Negative 67 I 56 67 15 52

PD-1 <0.001*
Positive 41 24 17
Negative 6l 14 47

Note: *p<0.05.
Abbreviations: PD-|, programmed death-|; PD-LI, programmed death-ligand |; TILs, tumor-infiltrating lymphocytes.

with former findings.'*"'® PD-L2 protein expression was expression in SCLC,'” compared with 47-52.8% in
not examined in the 102 surgical samples, in either tumor NSCLC.'"®'® This might be related to the heterogeneity
cells or TILs. Previous studies have shown 39.5% PD-L2  of immune checkpoint expression in tumor tissue.

Table 3 Bivariate Logistic Regression of TILs PD-L| and PD-| Expression

PD-LI Positive/Negative R2 PD-1 * Positive/Negative R2
HR 0.95 p value HR 0.95 p value
CD3+% 7.894 3.004-20.745 <0.001* 0.25 6.303 2.548-15.589 <0.001* 0.217
CD4+ 7.544 3.05-18.659 <0.001* 0.257% 5.769 2.40-13.869 <0.001* 0.205
CD8+ 8.28 3.243-21.138 <0.001* 0.271% 5.263 2.148-12.894 <0.001* 0.182
FOXP3+ 17.182 6.196-47.646 <0.001* 0.423% 10.015 3.869-25.923 <0.001* 0.314%
PD-1+ 4.739 2.003-11.217 <0.001* 0.166

Notes: *p<0.05; "R2>0.25.
Abbreviations: —, negative; +, positive; PD-1, programed death-I; PD-LI, programed death-ligand |; TILs, tumor-infiltrating lymphocytes; R2, Nagelkerke’s R2.
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Table 4 Cox Regression Analysis
Relapse-Free Survival
Univariate Analysis Multivariate Analysis
HR 95% ClI p-value HR 95% CI P-value
Down Up Down Up
CD3% 0.480 0.281 0.820 0.007* 0.964 0.460 2.019 0.923
CD4+ 0.450 0.245 0.825 0.010* 0916 0.407 2.062 0.823
CD8+ 0.400 0.206 0.776 0.007* 0.689 0.268 1.772 0.440
FOXP3+ 0.376 0.194 0.730 0.004* 0.694 0.252 1.908 0.478
PD-LI on TiLsx 0417 0.223 0.779 0.006* 0.709 0.313 1.604 0.409
PD-1 on TILs 0.602 0.342 1.059 0.078
Age (270 vs <70) 1.770 0.997 3.143 0.051
Stage (I/Il vs IIl) 2111 1.243 3.586 0.006* 1.890 1.100 3.220 0.021*
Smoking status (yes vs no) 1.693 0.990 2.896 0.054
Adjuvant chemotherapy EC/EP (yes vs no) 0.770 0.454 1.305 0.331

Note: *p<0.05.

Abbreviations: —, negative; +, positive; PD-1, programed death-I; PD-LI, programed death-ligand |; TILs, tumor-infiltrating lymphocytes.

It has been reported that PD-L1 expression and clinico-

pathological features have no correlation in lung
malignancies.?® In our study, the correlations between PD-1
or PD-L1 expression and immune cells were evaluated. In our
previous research, PD-L1 expression showed no substantial
effect on OS in NSCLC,"" and Carvajal-Hausdorf et al showed
that PD-L1 protein had no substantial effect on 5-year OS in
SCLC."? In another study, high PD-L1 expression was shown
to be associated with better OS.?! In the current study, positive
expression of PD-L1 on TILs was more favorable than nega-
tive expression with respect to RFS, consistent with the results
of Cooper et al.?' This might have been because our patients
were mostly in the early stages of the disease.

Our results also revealed that higher expression levels
of CD3, CD4, CD8, and FOXP3 were associated with
better survival, suggesting that TILs could increase anti-
efficacy. TILs

malignancy.”” High expression of CD3 has been shown

tumor are important predictors of
to be associated with a good prognosis in SCLC.'*"* CD3,
CD4, and CDS8 T cell infiltration functions as an indepen-
dent predictor of a favorable result in breast cancer and
esophageal carcinomas.””** High TIL infiltration of CD8
was associated with longer OS in NSCLC patients.>**
The transcription factor FOXP3 is a marker of regulatory
T cells. Some studies have indicated an association
between FOXP3 and favorable prognosis;”*®** a FOXP3-
positive group had a better 5-year OS than the FOXP3-
negative group in tonsillar squamous cell carcinoma.>’ Tao

et al showed that FOXP3 expression in tumors was related

to better prognosis in NSCLC.*® In our study, FOXP3
expression was also associated with better RFS.

In the analysis of RFS subgroups, significant differences
were found between groups. Positive expression of PD-1 or
PD-L1 combined with a higher ratio of lymphocytes was
associated with significantly better RFS than negative
expression of PD-1 or PD-L1 combined with a lower ratio
of lymphocytes. The combination of PD-L1- and CDS8-
positive TILs (PD-L1+/CD8+) has been suggested to have
predictive value in patients with NSCLC, as patients with
high PD-L1+/CD8+ expression have improved survival.**
A low PD-L1+/CD8+ expression group had poor progres-
sion-free survival, whereas that of the high PD-L1-/CD8+
expression group was better.>>

To the best of our knowledge, this is the first study of
immune cells and PD-1 or PD-L1 expression in SCLC. We
found that positive expression of PD-1 or PD-L1 com-
bined with a higher ratio of certain immune cells (CD3,
CD4, CD8, and FOXP3) was associated with significantly
better survival.

Our study had some limitations. Tumor tissues were all
from Shanghai Pulmonary Hospital, so the results may not
be representative of the wider population. The cut-off was
established using the best value for RFS; OS should also
be analyzed.

To conclude, PD-1 and PD-L1 were shown to be cri-
tical elements in SCLC that represent potential markers.
The correlations among PD-1, PD-L1, and immune cells

were evaluated, showing that the expression of PD-1 or
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PD-L1 on TILs was related to CD3, CD4, CDS8, and
FOXP3. In the survival analysis, a combination of positive
expression of PD-L1 or PD-1 with a higher ratio of
immune cells (CD3, CD4, CDS, and FOXP3) was asso-
ciated with a better RFS than negative expression of PD-
L1 or PD-1 combined with a lower ratio of immune cells.
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