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ABSTRACT

Accumulating evidence has shown that PD-L1 expression is associated with 
clinicopathological features in various human malignancies. We searched for 
correlations between PD-L1 expression and clinicopathological data in esophageal 
squamous cell carcinoma (ESCC) patients. PD-L1 expression in primary tumors from 278 
patients was evaluated using immunohistochemistry (IHC) in ESCC tissue microarray. 
Survival curves were constructed by using the Kaplan-Meier method. Univariate and 
multivariate Cox proportional hazard regression models were performed to identify 
associations with outcome variables. Overall, tumoral PD-L1 expression (≥10%, 20% 
or 30% as cut-off value) was associated with favorable DFS and OS upon multivariate 
analysis. When the patients stratified into stage I-II (168, 60.4%) and stage III-IV 
(110, 39.6%), or with lymph node metastasis (133, 47.8%), the prognostic role was 
not consistent. In patients with stage I-II disease, tumoral PD-L1 expression (≥5%, 
10%, 20% or 30%) was associated with better DFS and OS upon multivariate analysis. 
In patients without lymph node metastasis, tumoral PD-L1 expression (≥1%, 5%, 10%, 
20%, or 30%) was associated with improved DFS and OS in univariate or multivariate 
analysis. However, PD-L1 expression was not correlated with prognosis in patients 
with stage III-IV disease or with lymph node metastasis. Our results for the first time 
showed the prognostic role of tumoral PD-L1 expression was variable in different stages 
and lymph node status of ESCC. Tumoral PD-L1 expression was independent favorable 
predictor in ESCC patients with Stage I-II disease or without lymph node metastasis, 
not in stage III-IV or lymph node metastasis.

INTRODUCTION

Esophageal cancer (EC) remains one of the most 
fatal cancers worldwide with its incidence on the rise 
[1]. In 2015, EC had affected over 478,000 people 
across China and almost 375,000 had succumbed to this 
disease [2]. China alone accounts for more than 70% 
of EC worldwide, and 95% is esophageal squamous 
cell carcinoma (ESCC), which has poorer biological 
behavior than esophageal adenocarcinoma (EAC) [3]. 
Despite clinical advances in radiochemotherapy and 

target therapy, ESCC remains one of the leading causes 
of cancer-associated mortality, with 5-year survival rate 
no better than a mere 20%[1]. More recently, given the 
discovery of drugs able to interfere with specific immune 
checkpoints, cancer immunotherapy has entered into a 
new era and may be a novel strategy for the future ESCC 
treatment [4]. Considering the clinical benefit-risk of 
immunotherapy, useful biologic markers for assessing risk 
of ESCC progression are urgently needed.

Immune evasion has been recognized as an 
important factor of cancer progression [5]. Programmed 
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death 1 (PD1, CD279) is important in regulating immune 
tolerance by inhibiting T or B cell activation. PD1 has two 
ligands: PD-Ligand1 (PD-L1, CD274, B7-H1) and PD-
Ligand2 (PD-L2, B7-DC, CD273) [6]. PD-L1 has a much 
broader tissue distribution than PD-L2. PD-L1 is expressed 
not only on haematopoietic cells, but also on parenchymal 
cells. And PD-L1 appears to be the major ligand expressed 
in solid tumors and is frequently upregulated in human 
cancers [7]. There are two mechanisms of PD-L1 
expression on tumor cells: 1) through genetic alterations 
or activation of certain signaling pathways (intrinsic 
immune resistance), 2) through an induced response to 
inflammatory signals (adaptive immune resistance) [8-
10]. The inducible expression seems to be more common 
than the constitutive expression in most cancer. With 
this expression pattern, PD-L1 is adaptively induced as 
a consequence of the presence of tumor antigen-specific 
T cells, and these cancer cells expressed PD-L1 and 
turned off the specific cytotoxic immune response, which 
contributes to immune evasion and facilitates tumor 
growth [11, 12].

PD-L1 expression has been correlated with poor 
clinical outcomes in different cancers [13-15], such 
as melanoma, lung, breast, bladder, ovarian, salivary 
gland carcinomas, gastric cancer, kidney tumors as well 
as osteosarcoma [5, 16, 17]. However, other reports 
indicated a lack of association between PD-L1 expression 
and outcome [18, 19] or that PD-L1 expression was 
associated with an improved survival [14, 20]. In ESCC, 
PD-L1 expression has been very scarcely studied, only 
few prognostic studies, provided inconsistent conclusion. 
Chen et al recently suggested PD-L1 expression is a 
favorable indicator for ESCC prognosis [21], while other 
researchers found that PD-L1-positive ESCC patients had 
significantly poorer prognosis than the negative patients 
[22-24]. Therefore, further detailed analysis is needed to 
explore the prognostic significance of PD-L1 expression 
in ESCC.

Here, we have analyzed PD-L1 expression in 
278 ESCCs using tissue microarrays, and compared its 
expression in different stage and different state of lymph 
node metastasis. We searched for correlations between 
PD-L1 expression and prognosis in ESCC, and intended 
to clarify the inconsistent conclusions in previous studies.

RESULTS

Patient characteristics

A total of 278 surgically resected FFPE primary 
ESCC sampled in TMAs could be assessed. The 
clinical and pathologic features of the study cohort are 
summarized in Table 1. Patients at diagnosis ranged in 
age from 37 to 83 years (median, 62.0 years) and were 
predominantly male (232 of 278, 83.5%). Of these, 
58.3% were non-smokers and 41.4% were smokers. All 

278 patients were treated by esophagectomy without 
neoadjuvant therapy. By anatomic site, 47.1% tumors 
were in the middle esophagus, 48.9% in the upper and 
lower area. On the basis of the AJCC Staging Manual 
(seventh edition), 163 (58.6%) cases were histologically 
graded as well to moderately differentiated, and 115 
(41.4%) were poorly differentiated. Vessel and nerve 
involvement were identified in 51 (18.3%) and 73 (26.3%) 
tumors, respectively. Among these patients, 168 (60.4%) 
patients had AJCC pathologic stage I–II disease, and 110 
(39.6%) stage III-IVa disease. Lymph node metastasis was 
identified in 133 (47.8%) patients (Table 1).

PD-L1 expression in ESCC specimens

Among 278 cases analyzed, 50.7% of cases showed 
tumoral PD-L1 expression (defined as ≥1%), and 41.7% 
showed stromal immune cell expression (Figure 1). The 
levels of expression at ≥5% in each compartment are 
45.0% and 38.5% respectively. As to 10%, 20%, 30% 
and 50% cut-points, 35.3%, 28.4%, 20.5% and 16.2% 
cases had membranous or cytoplasmic PD-L1 expression, 
and 15.5%, 15.1%, 10.4% and 6.5% cases had stromal 
expression. Tumoral PD-L1 expression was associated 
with stromal expression (P<0.05) (Supplementary Table 
1-5).

Survival analyses in the cohort of ESCC patients

The median follow-up period was 33 months 
(range 2-102 months). There was 162 disease progression 
documented. Mean and median times to disease free 
survival (DFS) were 38.8 and 28.0 months, respectively. 
A total of 163 patients (58.6%) died during the follow 
up, where 157 (56.5%) patients died of ESCC. Mean and 
median times to overall survival (OS) were 42.7 and 33.0 
months, respectively.

The tumoral PD-L1 expression (≥5%, 10%, 
20%, 30% or 50% as cut-off value) was associated 
with improved DFS (P=0.047, 0.039, 0.011, 0.002, or 
0.05) and OS (P=0.031, 0.036, 0.010, 0.002 or 0.039), 
however, stromal expression was non-significant in the 
assessment of association with survival (Supplementary 
Table 6). Upon univariate analysis, stage, lymph node 
metastasis, vascular involvement, depth, and tumoral 
PD-L1 expression (≥10%, 20% or 30%) were associated 
with DFS, and on multivariate analysis, stage, lymph 
node metastasis and tumoral PD-L1 expression (≥10%, 
20% or 30%) were associated with DFS (Table 2). 
Univariate analysis showed that stage, lymph node 
metastasis, vascular involvement, depth, and tumoral 
PD-L1 expression (≥5%, 10%, 20%, 30% or 50%) were 
associated with OS. Upon multivariate analysis, stage, 
lymph node metastasis, and tumoral PD-L1 expression 
(≥10%, 20%, 30% or 50%) were associated with OS 
(Table 3).
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Table 1: Clinicopathological characteristics of the ESCC cohort

All patients Patients with Stage I-II 
disease

Patients without lymph 
node metastasis

n % n % n %

Sex

Female 46 16.5 35 20.8 29 20

Male 232 83.5 133 79.2 116 80

Age

<60 116 41.7 62 36.9 51 35.2

≥60 162 58.3 106 63.1 94 64.8

Smoking

No 162 58.3 110 65.5 95 65.5

Yes 115 41.4 57 33.9 49 33.8

Differentiation

Well 7 2.5 4 2.4 4 2.8

Moderate 156 56.1 97 57.7 85 58.6

Poor 115 41.4 67 39.9 56 38.6

Invasive depth

I 89 32 82 48.8 61 42.1

II 189 68 86 51.2 84 57.9

Vessel involvement

No 227 81.7 157 93.5 137 94.5

Yes 51 18.3 11 6.5 8 5.5

Nerve involvement

No 205 73.7 137 81.5 116 80

Yes 73 26.3 31 18.5 29 20

Lymph node metastasis

No 145 52.2 135 80.4

Yes 133 47.8 33 19.6

Tumor site

Upper 13 4.7 8 4.8 7 4.8

Middle 131 47.1 83 49.4 73 50.3

Low 123 44.2 66 39.3 54 37.2

Clinical stage

I-II 168 60.4 135 93.1

III-Iva 110 39.6 10 6.9

tPD-L1 ≥1%

No 137 49.3 88 52.4 73 50.3

Yes 141 50.7 80 47.6 72 49.7

(Continued )
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All patients Patients with Stage I-II 
disease

Patients without lymph 
node metastasis

n % n % n %

tPD-L1 ≥5%

No 153 55 96 57.1 78 53.8

Yes 125 45 72 42.9 67 46.2

tPD-L1 ≥10%

No 180 64.7 116 69 95 65.5

Yes 98 35.3 52 31 50 34.5

tPD-L1 ≥20%

No 199 71.6 124 73.8 102 70.3

Yes 79 28.4 44 26.2 43 29.7

tPD-L1 ≥30%

No 221 79.5 134 79.8 113 77.9

Yes 57 20.5 34 20.2 32 22.1

tPD-L1 ≥50%

No 233 83.8 142 84.5 121 83.4

Yes 45 16.2 26 15.5 24 16.6

sPD-L1 ≥1%

No 162 58.3 97 57.7 88 60.7

Yes 116 41.7 71 42.3 57 39.3

sPD-L1 ≥5%

No 171 61.5 103 61.3 91 62.8

Yes 107 38.5 65 38.7 54 37.2

sPD-L1 ≥10%

No 235 84.5 142 84.5 121 83.4

Yes 43 15.5 26 15.5 24 16.6

sPD-L1 ≥20%

No 236 84.9 142 84.5 121 83.4

Yes 42 15.1 26 15.5 24 16.6

sPD-L1 ≥30%

No 249 89.6 150 89.3 128 88.3

Yes 29 10.4 18 10.7 17 11.7

sPD-L1 ≥50%

No 260 93.5 157 93.5 134 92.4

Yes 18 6.5 11 6.5 11 7.6

Invasive depth I, tumor invasion confined to muscularis; Invasive depth II, tumor invasion beyond the muscularis.
tPD-L1, Tumoral PD-L1 expression; sPD-L1, Stromal PD-L1 expression.
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Survival analyses based on clinical stage

In patients with stage I-II disease, the tumoral PD-
L1 expression (≥1%, 5%, 10%, 20%, or 30% as cut-off 
value) was associated with improved DFS (P=0.039, 
0.007, 0.003, 0.002, or 0.002) and OS (P=0.025, 0.003, 
0.003, 0.003 or 0.005) (Figure 2), while stromal expression 
was non-significant in the assessment of association 
with survival (Supplementary Table 6). Upon univariate 
analysis, lymph node metastasis, site, and tumoral PD-L1 
expression (≥1%, 5%, 10%, 20%, or 30%) were associated 
with DFS and OS, and on multivariate analysis, lymph 
node metastasis, site, and tumoral PD-L1 expression 
(≥5%, 10%, 20%, or 30%) were associated with DFS and 
OS (Table 2 and 3).

In patients with stage III-IV ESCC, the tumoral PD-
L1 expression (≥1%, 5%, 10%, 20%, 30% or 50% as cut-
off value) was not associated with DFS (P=0.247, 0.599, 
0.220, 0.313, 0.151, or 0.202) and OS (P=0.292, 0.747, 

0.272, 0.266, 0.081 or 0.108) (Figure 2). And stromal 
expression was also non-significant in the assessment of 
association with survival (Supplementary Table 6). Upon 
univariate analysis, only invasive depth was associated 
with DFS and OS (HR=3.222 and 4.121, P=0.047 and 
0.048) (Table 2 and 3).

Survival analyses based on lymph node status

In patients without lymph node metastasis, the 
tumoral PD-L1 expression (≥1%, 5%, 10%, 20%, or 
30% as cut-off value) was associated with improved DFS 
(P=0.026, 0.024, 0.015, 0.003, or 0.005) and OS (P=0.019, 
0.015, 0.016, 0.007 or 0.011) (Figure 3), however, 
stromal expression was non-significant in the assessment 
of association with survival (Supplementary Table 6). 
Upon univariate analysis, stage, site and tumoral PD-L1 
expression (≥1%, 5%, 10%, 20%, or 30%) were associated 
with DFS and OS, and on multivariate analysis, stage and 

Figure 1: Representative microphotographs of sections from esophageal squamous cell carcinoma (ESCC). A. 
Moderately differentiated cancer cells. B. Programmed death-1 ligand-1 (PD-L1) expression neither in tumoral nor stromal cells. C. PD-L1 
strong expression in tumoral cells. D. PD-L1 strong expression in stromal cells.
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Table 2: Univariate and multivariate Cox regression analysis of clinicopathological and molecular features for 
disease free survival

Variable
All patients Patients with Stage 

I-II disease
Patients with Stage 

III-IVa disease
Patients without 

lymph node metastasis
Patients with lymph 

node metastasis

P value Hazard ratio 
(CI 95%) P value Hazard ratio 

(CI 95%) P value Hazard ratio 
(CI 95%) P value Hazard ratio 

(CI 95%)
P 

value
Hazard ratio 

(CI 95%)

univariate 
analysis

Sex 0.498 1.159(0.756-
1.775) 0.537 0.843(0.489-

1.452) 0.939 1.029(0.497-
2.129) 0.965 1.015(0.524-

1.966) 0.994 1.002(0.571-
1.759)

Age 0.650 1.075(0.786-
1.472) 0.267 1.321(0.808-

2.159) 0.451 1.174(0.774-
1.778) 0.555 1.185(0.674-

2.085) 0.086 1.399(0.954-
2.053)

Smoking 0.252 1.198(0.879-
1.633) 0.842 1.06(0.649-

1.733) 0.598 0.895(0.591-
1.354) 0.459 1.228(0.713-

2.117) 0.407 0.852(0.583-
1.245)

Differentiation 0.132 0.178 0.791 0.374 0.422

Moderate 0.289 0.535(0.169-
0.698) 0.963 0(0-

3.531E223) 0.532 1.458(0.448-
4.749) 0.966 0(0-

5.612E+243) 0.402 1.652(0.511-
5.340)

Poor 0.065 0.746(0.546-
1.018) 0.063 0.645(0.406-

1.024) 0.882 0.968(0.634-
1.478) 0.161 0.685(0.403-

1.163) 0.394 0.846(0.575-
1.244)

Invasive depth 0.001 1.885(1.309-
2.713) 0.822 0.972(0.606-

1.559) 0.047 3.222(1.016-
10.222) 0.368 1.287(0.743-

2.231) 0.011 1.934(1.162-
3.221)

Vessel 
involvement <0.001 1.960(1.376-

2.791) 0.555 1.339(0.5779-
3.097) 0.54 1.141(0.748-

1.741) 0.537 1.378(0.497-
3.819) 0.338 1.214(0.817-

1.806)

Nerve 
involvement 0.168 1.270(0.904-

1.785) 0.071 0.508(0.244-
1.061) 0.16 1.354(0.887-

2.067) 0.062 0.446(0.191-
1.041) 0.016 1.628(1.093-

2.425)

Lymph node 
metastisis <0.001 3.343(2.403-

4.650) <0.001 2.853(1.751-
4.648) 0.728 0.879(0.425-

1.819)

Tumor site 0.091 0.014 0.092 0.022 0.146

Middle 0.646 1.187(0.570-
2.472) 0.941 1.047(0.313-

3.500) 0.050 2.574(1.001-
6.615) 0.963 1.036(0.237-

4.536) 0.224 1.694(0.724-
3.959)

Low 0.029 1.427(1.038-
1.964) 0.005 2.074(1.249-

3.444) 0.172 1.347(0.879-
2.064) 0.008 2.254(1.238-

4.102) 0.076 1.426(0.964-
2.109)

Clinical stage <0.001 3.323(2.421-
4.561) <0.001 4.546(2.123-

9.736) 0.064 1.532(0.976-
2.404)

tPD-L1 ≥1% 0.118 0.781(0.573-
1.064) 0.043 0.611(0.379-

0.985) 0.267 0.791(0.522-
1.197) 0.03 0.548(0.318-

0.944) 0.974 1.006(0.688-
1.472)

tPD-L1 ≥5% 0.052 0.731(0.533-
1.003) 0.009 0.514(0.311-

0.850) 0.613 0.898(0.593-
1.361) 0.028 0.536(0.308-

0.935) 0.997 1.001(0.680-
1.472)

tPD-L1 ≥10% 0.044 0.706(0.503-
0.991) 0.005 0.424(0.232-

0.773) 0.239 0.774(0.505-
1.186) 0.019 0.465(0.245-

0.881) 0.634 0.906(0.605-
1.359)

tPD-L1 ≥20% 0.013 0.620(0.425-
0.906) 0.003 0.344(0.171-

0.692) 0.332 0.796(0.502-
1.263) 0.006 0.347(0.164-

0.735) 0.885 0.968(0.622-
1.506)

tPD-L1 ≥30% 0.003 0.501(0.316-
0.792) 0.005 0.300(0.130-

0.692) 0.17 0.678(0.389-
1.181) 0.01 0.297(0.118-

0.744) 0.272 0.742(0.436-
1.263)

tPD-L1 ≥50% 0.057 0.628(0.389-
1.013) 0.065 0.455(0.197-

1.051) 0.223 0.693(0.385-
1.249) 0.098 0.459(0.183-

1.153) 0.309 0.747(0.426-
1.311)

sPD-L1 ≥1% 0.507 1.111(0.815-
1.515) 0.107 1.463(0.921-

2.324) 0.465 0.854(0.560-
1.304) 0.115 1.532(0.901-

2.604) 0.112 0.732(0.499-
1.076)

sPD-L1 ≥5% 0.621 1.082(0.791-
1.481) 0.215 1.343(0.843-

2.140) 0.483 0.858(0.560-
1.315) 0.108 1.547(0.909-

2.634) 0.128 0.738(0.500-
1.091)

(Continued )
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Variable
All patients Patients with Stage 

I-II disease
Patients with Stage 

III-IVa disease
Patients without 

lymph node metastasis
Patients with lymph 

node metastasis

P value Hazard ratio 
(CI 95%) P value Hazard ratio 

(CI 95%) P value Hazard ratio 
(CI 95%) P value Hazard ratio 

(CI 95%)
P 

value
Hazard ratio 

(CI 95%)

sPD-L1 ≥10% 0.216 0.749(0.473-
1.185) 0.348 0.716(0.356-

1.440) 0.513 0.816(0.443-
1.501) 0.357 0.689(0.311-

1.523) 0.528 0.834(0.475-
1.465)

sPD-L1 ≥20% 0.275 0.775(0.490-
1.225) 0.348 0.716(0.356-

1.440) 0.819 0.931(0.506-
1.714) 0.357 0.689(0.311-

1.523) 0.787 0.925(0.526-
1.626)

sPD-L1 ≥30% 0.267 0.733(0.424-
1.269) 0.378 0.686(0.297-

1.584) 0.614 0.829(0.400-
1.718) 0.436 0.694(0.276-

1.741) 0.664 0.859(0.433-
1.706)

sPD-L1 ≥50% 0.433 0.764(0.390-
1.497) 0.633 0.782(0.285-

2.145) 0.502 0.734(0.297-
1.812) 0.824 0.891(0.322-

2.467) 0.634 0.803(0.327-
1.976)

Multivariate 
analysis

Clinical stage 0.020 1.833(1.100-
3.053) - - <0.001 4.941(2.199-

11.106) -

Lymph node 
metastasis 0.004 2.036(1.255-

3.304) <0.001 2.538(1.550-
4.157) - - -

Vessel 
involvement 0.571 1.115(0.765-

1.627) - - - -

Nerve 
involvement - - - - 0.131 1.382(0.908-

2.105)

Invasive depth 0.302 1.245(0.821-
1.886) - - - 0.051 1.709(0.997-

2.932)

Tumor site - 0.008 - 0.067 -

Middle 0.791 1.178(0.350-
3.961) 0.967 0.969(0.220-

4.264)

Low 0.002 2.218(1.331-
3.694) 0.027 1.978(1.080-

3.623)

tPD-L1 ≥1% - 0.134 0.691(0.426-
1.121) - 0.012 0.480(0.270-

0.852) -

tPD-L1 ≥5% 0.116 0.773(0.561-
1.066) 0.030 0.571(0.344-

0.948) - 0.008 0.453(0.253-
0.813) -

tPD-L1 ≥10% 0.028 0.678(0.480-
0.959) 0.042 0.534(0.291-

0.978) - 0.008 0.386(0.192-
0.776) -

tPD-L1 ≥20% 0.028 0.649(0.442-
0.954) 0.019 0.428(0.211-

0.868) - 0.002 0.286(0.130-
0.632) -

tPD-L1 ≥30% 0.006 0.524(0.331-
0.831) 0.021 0.372(0.161-

0.862) - 0.030 0.355(0.140-
0.902) -

tPD-L1, Tumoral PD-L1 expression; sPD-L1, Stromal PD-L1 expression.

tumoral PD-L1 expression (≥1%, 5%, 10%, 20%, or 30%) 
were associated with DFS and OS (Table 2 and 3).

In patients with lymph node metastasis, the 
tumoral PD-L1 expression (≥1%, 5%, 10%, 20%, 30% 
or 50% as cut-off value) was not associated with DFS 
(P=0.973, 0.996, 0.622, 0.881, 0.254, or 0.291) and OS 
(P=0.864, 0.943, 0.610, 0.675, 0.126 or 0.138) (Figure 3). 
And stromal expression was also non-significant in the 
assessment of association with survival (Supplementary 
Table 6). Upon univariate analysis, invasive depth and 
nerve involvement were associated with DFS (HR=1.934 

and 1.628, P=0.011 and 0.016) and OS (HR=1.960 and 
1.635, P=0.011 and 0.016), and on multivariate analysis, 
no independent prognostic factor was identified (Table 2 
and 3).

DISCUSSION

The PD1-PD-L1 pathway has been important factors 
in cancer progression [25]. PD-L1 is expressed on a 
number of tumors, where it is believed to play a major role 
in immune suppression within tumor microenviroment 



Oncotarget8322www.impactjournals.com/oncotarget

Table 3: Univariate and multivariate Cox regression analysis of clinicopathological and molecular features for 
esophageal cancer-specific survival

Variable
All patients Patients with Stage 

I-II disease
Patients with Stage 

III-IVa disease

Patients without 
lymph node 
metastasis

Patients with lymph 
node metastasis

P value Hazard ratio 
(CI 95%) P value Hazard ratio 

(CI 95%)
P 

value
Hazard ratio 

(CI 95%) P value Hazard ratio 
(CI 95%)

P 
value

Hazard ratio 
(CI 95%)

Univariate 
analysis

Sex 0.471 1.174(0.760-
1.813) 0.400 0.790(0.457-

1.367) 0.735 1.143(0.528-
2.476) 0.911 0.981(0.703-

1.369) 0.989 1.002(0.749-
1.340)

Age 0.626 1.082(0.788-
1.488) 0.145 1.459(0.878-

2.423) 0.516 1.149(0.755-
1.748) 0.360 1.317(0.730-

2.377) 0.083 1.407(0.957-
2.069)

Smoking 0.193 1.232(0.900-
1.686) 0.830 1.055(0.646-

1.724) 0.592 0.892(0.586-
1.357) 0.418 1.260(0.720-

2.203) 0.403 0.849(0.578-
1.246)

Differentiation 0.200 0.280 0.571 0.523 0.326

Moderate 0.333 0.565(0.178-
1.794) 0.963 0(0-

1.967E222) 0.303 1.865(0.570-
6.102) 0.967 0(0-

8.477E+244) 0.227 2.067(0.637-
6.708)

Poor 0.102 0.768(0.560-
1.054) 0.111 0.681(0.424-

1.092) 0.971 0.992(0.647-
1.521) 0.256 0.729(0.422-

1.257) 0.506 0.876(0.594-
1.293)

Invasive depth <0.001 2.051(1.407-
2.989) 0.959 0.988(0.616-

1.584) 0.048 4.121(1.012-
16.783) 0.250 1.399(0.790-

2.477) 0.011 1.960(1.164-
3.301)

Vessel 
involvement <0.001 2.083(1.456-

2.982) 0.438 1.394(0.602-
3.226) 0.469 1.171(0.763-

1.797) 0.405 1.544(0.556-
4.289) 0.321 1.226(0.820-

1.833)

Nerve 
involvement 0.069 1.378(0.976-

1.945) 0.147 0.580(0.277-
1.212) 0.125 1.397(0.912-

2.139) 0.125 0.513(0.219-
1.202) 0.016 1.635(1.095-

2.442)

Lymph node 
metastisis <0.001 3.646(2.604-

5.106) <0.001 3.147(1.922-
5.155) 0.862 0.937(0.452-

1.943)

Tumor site 0.192 0.019 0.112 0.024 0.235

Middle 0.640 1.192(0.571-
2.486) 0.895 1.086(0.322-

3.655) 0.046 2.604(1.015-
6.677) 0.787 1.228(0.277-

5.447) 0.289 1.584(0.677-
3.704)

Low 0.069 1.351(0.977-
1.869) 0.006 2.077(1.228-

3.513) 0.286 1.266(0.821-
1.952) 0.008 2.359(1.253-

4.440) 0.124 1.364(0.918-
2.025)

Clinical stage <0.001 3.568(2.586-
4.924) <0.001 5.021(2.336-

10.795) 0.067 1.525(0.970-
2.396)

tPD-L1 ≥1% 0.074 0.750(0.547-
1.029) 0.028 0.577(0.353-

0.943) 0.310 0.805(0.530-
1.224) 0.023 0.519(0.295-

0.913) 0.868 0.968(0.659-
1.422)

tPD-L1 ≥5% 0.034 0.706(0.511-
0.975) 0.005 0.471(0.280-

0.793) 0.755 0.935(0.613-
1.426) 0.018 0.497(0.278-

0.887) 0.945 0.986(0.667-
1.459)

tPD-L1 ≥10% 0.041 0.695(0.490-
0.984) 0.005 0.409(0.219-

0.762) 0.290 0.790(0.511-
1.222) 0.020 0.453(0.233-

0.882) 0.619 0.901(0.596-
1.361)

tPD-L1 ≥20% 0.012 0.608(0.412-
0.897) 0.004 0.362(0.179-

0.729) 0.284 0.771(0.479-
1.241) 0.011 0.374(0.176-

0.794) 0.683 0.909(0.576-
1.435)

tPD-L1 ≥30% 0.002 0.475(0.294-
0.767) 0.008 0.321(0.139-

0.743) 0.095 0.605(0.335-
1.091) 0.016 0.324(0.129-

0.814) 0.138 0.653(0.372-
1.147)

tPD-L1 ≥50% 0.044 0.597(0.360-
0.987) 0.101 0.496(0.214-

1.147) 1.124 0.608(0.323-
1.146) 0.151 0.508(0.202-

1.280) 0.151 0.643(0.352-
1.175)

sPD-L1 ≥1% 0.686 1.067(0.779-
1.463) 0.110 1.471(0.917-

2.360) 0.173 0.743(0.484-
1.140) 0.137 1.512(0.877-

2.608) 0.059 0.688(0.466-
1.015)

(Continued )
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(TME). However, there have been conflicting results in the 
literature as to whether PD-L1 expression is a favorable 
or adverse prognostic variable [17, 20, 26]. It is likely that 

the cohorts of patients, methods of assessment, definitions 
of cut-off value may account for these results.

Firstly, in previous studies, most of researchers put 
the collected patients as a whole, with no consideration 

Variable
All patients Patients with Stage 

I-II disease
Patients with Stage 

III-IVa disease

Patients without 
lymph node 
metastasis

Patients with lymph 
node metastasis

P value Hazard ratio 
(CI 95%) P value Hazard ratio 

(CI 95%)
P 

value
Hazard ratio 

(CI 95%) P value Hazard ratio 
(CI 95%)

P 
value

Hazard ratio 
(CI 95%)

sPD-L1 ≥5% 0.777 1.047(0.761-
1.440) 0.213 1.352(0.841-

2.175) 0.207 0.757(0.491-
1.167) 0.125 1.534(0.888-

2.649) 0.082 0.704(0.474-
1.045)

sPD-L1 ≥10% 0.141 0.703(0.439-
1.124) 0.257 0.653(0.312-

1.365) 0.240 0.694(0.377-
1.278) 0.231 0.594(0.254-

1.392) 0.425 0.795(0.452-
1.397)

sPD-L1 ≥20% 0.175 0.723(0.452-
1.156) 0.257 0.653(0.312-

1.365) 0.386 0.763(0.414-
1.406) 0.231 0.594(0.254-

1.392) 0.601 0.860(0.489-
1.512)

sPD-L1 ≥30% 0.274 0.736(0.425-
1.275) 0.451 0.725(0.313-

1.675) 0.386 0.724(0.350-
1.501) 0.547 0.753(0.299-

1.895) 0.430 0.759(0.382-
1.506)

sPD-L1 ≥50% 0.410 0.754(0.384-
1.478) 0.745 0.846(0.308-

2.323) 0.270 0.601(0.243-
1.485) 0.993 1.004(0.362-

2.788) 0.370 0.662(0.269-
1.630)

Multivariate 
analysis

Clinical stage 0.029 1.771(1.059-
2.963) - - <0.001 4.645(2.108-

10.236) -

Lymph node 
metastasis 0.001 2.238(1.373-

3.647) <0.001 2.800(1.702-
4.607) - - -

Vessel 
involvement 0.517 1.135(0.774-

1.665) - - - -

Nerve 
involvement - - - - 0.133 1.384(0.906-

2.114)

Invasive depth 0.182 1.341(0.872-
2.063) - - - 0.052 1.727(0.995-

2.999)

Tumor site - 0.008 - 0.098 -

Middle 0.756 1.214(0.358-
4.122) 0.795 1.219(0.274-

5.416) -

Low 0.002 2.272(1.338-
3.857) 0.035 2.000(1.052-

3.804) -

tPD-L1 ≥1% - 0.086 0.646(0.392-
1.064) - 0.016 0.491(0.275-

0.873) -

tPD-L1 ≥5% 0.102 0.761(0.549-
1.055) 0.014 0.516(0.305-

0.874) - 0.008 0.448(0.248-
0.809) -

tPD-L1 ≥10% 0.033 0.680(0.477-
0.969) 0.040 0.518(0.276-

0.969) - 0.012 0.406(0.202-
0.817) -

tPD-L1 ≥20% 0.030 0.647(0.437-
0.959) 0.027 0.450(0.222-

0.915) - 0.005 0.331(0.152-
0.722) -

tPD-L1 ≥30% 0.004 0.493(0.305-
0.798) 0.033 0.401(0.173-

0.929) - 0.052 0.397(0.156-
1.010) -

tPD-L1 ≥50% 0.032 0.574(0.346-
0.953) 0.096 0.490(0.212-

1.134) - - -

tPD-L1, Tumoral PD-L1 expression; sPD-L1, Stromal PD-L1 expression.
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of clinical stage. Here, we first divided our patients into 
different groups according to their clinical stage or the 
state of lymph node metastasis, to evaluate the prognostic 
significance of PD-L1 expression in ESCC. We found 
in ESCC patients with earlier stage (stage I-II or lymph 
node-negative), PD-L1 expression was associated with a 
significant better prognosis, while a lack of association 
between PD-L1 expression and outcome in patients with 
later stage (stage III-IV or lymph node-positive). This 
suggested the prognostic significance of PD-L1 expression 
was conditioned, only limited in some stages, not in all 
stages of ESCC.

Some researches also found the prognostic 
significance of biomarkers might differ in patients with 
different stages. For example, the prognostic impact of 
defective DNA mismatch repair (dMMR) appears to be 
stronger in earlier stage colorectal cancer (CRC) (stage II) 
than in later CRC (lymph node-positive or stage III) [27]. 
T-bet expression was associated with a significant better 

survival in CRC patients with stage I or II, however, it 
tended to be associated with a significant worse survival 
in patients with stage III or IV [28]. In NSCLC, PD-L1 
expression appears to be a favorable prognostic factor in 
early stage disease, and the results may differ in advanced 
stage disease [20]. Therefore when facing with conflicting 
conclusions in prognostic analysis, it’s needed to be 
further analyzed in patients with different stage or lymph 
node state, in order to speculate the underlying reasons for 
the results.

Secondly, to evaluate the PD-L1 expression at 
different level (mRNA level or protein level) in former 
studies, may contribute to the conflicting results, notably 
regarding the prognostic value. For example, in breast 
cancer, PD-L1 mRNA expression measured using an ISH 
assay was associated with a long recurrence-free survival 
[29], whereas protein expression measured using IHC 
was associated with a poor survival [30]. The mRNA-
based method quantifies expression level of both tumor 

Figure 2: Survival analyses based on clinical stage of esophageal squamous cell carcinoma (ESCC). In patients with stage 
I-II disease, the tumoral PD-L1 expression (≥1%, 5%, 10%, 20%, or 30% as cut-off value) was associated with improved DFS (P=0.039, 
0.007, 0.003, 0.002, or 0.002) A-E. and OS (P=0.025, 0.003, 0.003, 0.003 or 0.005) F-J. However, in patients with stage III-IV disease, the 
tumoral PD-L1 expression (≥1%, 5%, 10%, 20%, or 30% as cut-off value) was not associated with DFS (P=0.247, 0.599, 0.220, 0.313, or 
0.151) K-O. and OS (P=0.292, 0.747, 0.272, 0.266, or 0.081) P-T.
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cells and non-tumor cells, including immune infiltrating 
cells, while IHC has the advantage of visualization and 
localization of the signal and identification of the different 
labeled populations (tumor and stromal expression) 
[31]. Our analysis at the protein level and based on 
tissue microarrays allowed us to avoid the limitations of 
mRNA-based methods and to work on a very large series 
of samples. We found tumoral expression was associated 
with better prognosis, while stromal expression had 
no prognostic value. Our results first reported different 
localization of PD-L1 expression had different value in 
ESCC, which was observed in other tumors [14]. For 
example, in breast cancer, cytoplasmic expression of 
PD-L1 was associated with improved patient survival for 
breast cancer-specific death, however, stromal expression 
fell short of significance for breast cancer-specific death 
[14]. This emphasizes the advantage of evaluating PD-L1 
expression using IHC method.

Thirdly, the determination of cut-off values for the 
percentage of stained cells was difficult, and the absence 
of optimal positivity cut-off might be correlated with 
divergent results in previous studies. The results of the 
CheckMate 057 study have recently shown that PD-L1 
expression (cut-off point 1%) significantly correlated 
with ORR (overall response rates), PFS (progression free 
survival) and OS, in pre-treated NSCLC patients [32]. 
In the prognostic analysis, different IHC cut-off points, 
ranging from 1% to 50%, have been used to define the 
PD-L1 positivity in tumor specimens [16, 21, 33]. Here, 
our work demonstrated the tumoral and stromal PD-L1 
expression at different cut-off level of 1%, 5%, 10%, 20%, 
30% and 50% to explore the best cut-off in prognostic 
analysis. Univariate and multivariate analysis found 
tumoral PD-L1 expression at the lowest level (cut-off 
point 1% or 5%) was independent prognostic factor among 
patients without lymph node metastasis or with Stage I-II 

Figure 3: Survival analyses based on lymph node status of esophageal squamous cell carcinoma (ESCC). In patients 
without lymph node metastasis, the tumoral PD-L1 expression (≥1%, 5%, 10%, 20%, or 30% as cut-off value) was associated with improved 
DFS (P=0.026, 0.024, 0.015, 0.003, or 0.005) A-E. and OS (P=0.019, 0.015, 0.016, 0.007 or 0.011) F-J. However, in patients with lymph 
node metastasis, the tumoral PD-L1 expression (≥1%, 5%, 10%, 20%or 30% as cut-off value) was not associated with DFS (P=0.973, 
0.996, 0.622, 0.881 or 0.254) K-O. and OS (P=0.864, 0.943, 0.610, 0.675, or 0.126) P-T.
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disease. This suggests the cut off value should be down 
regulated to 1% or 5% in earlier stage ESCC.

PD-L1 expression was associated with a better 
outcome in earlier stage of ESCC, which has also been 
observed in NSCLC [34], pulmonary lymphoepithelioma-
like carcinoma [35],colorectal cancer [36], breast cancer 
[14], and melanoma [8]. The biology of the association 
between PD-L1 expression and better outcome is not well 
understood. A potential explanation is a mixed immune 
cell infiltrate, which reflects a partially dysbalanced local 
cellular immune response and contributes to antitumor 
immune control. Some studies have suggested that PD-
L1 could also provide positive signal through an unknown 
receptor other than PD-1, resulting in T-cell proliferation 
and induction of certain cytokines such as interleukin-10 
and IFN-γ [6]. The systemic immunologic environment 
may affect the tumor growth to varying degrees. Further 
studies are required to clarify the molecular mechanisms 
responsible for regulation of PD-L1 expression.

In summary, we demonstrated tumoral PD-L1 
expression at large-range levels (IHC cut-off from1% to 
30%) was independent prognostic factor, associated with 
good prognosis in earlier stage of ESCC (with Stage I-II 
disease or without lymph node metastasis), not in later 
stage of ESCC (with Stage III-IV disease or with lymph 
node metastasis). Notably, the provocative observation 
indicated the prognostic significance of PD-L1 expression 
might limit in earlier stage of ESCC. Complex molecular 
mechanisms might involve in the biology of later stage 
ESCC, which reduce the biological role of PD-L1 
expression. This also suggest the clinical significance 
of biomarkers should be analyzed according to different 
clinical stage in the clinical practice.

MATERIALS AND METHODS

Patients and specimens

This retrospective study was conducted in a cohort 
of 278 ESCC patients, who underwent curative resection 
(TNM stage: I-IVa) without preoperative chemotherapy at 
the Department of Thoracic Surgery, Zhongshan Hospital 
affiliated to Fudan University, Shanghai, China, between 
2007 and 2010. Our research was approved by the local 
Ethics Committee of Zhongshan Hospital and was 
conducted in accordance with the ethical principles stated 
in the most recent version of the Declaration of Helsinki. 
All patients were pathologically staged according to 
the TNM classification system of the American Joint 
Committee for Cancer.

Tissue microarrays

Tissue microarrays (TMA) were constructed as 
previously described [37]. Hematoxylin and eosin (HE)-
stained slides were reviewed and the representative areas 

of interest with a high density of tumor cells were circled. 
The corresponding regions were marked on archival 
formalin-fixed, paraffin-embedded (FFPE) tissue blocks. 
The representative areas (2 mm wide and 6 mm long) was 
extracted, with at least three cores taken from different 
regions of the tumor, and then vertically planted into the 
recipient block one by one according to the corresponding 
location. The planting surface was aggregated on the 
aggregation instrument. An array was constructed with a 
maximum of 70 cores and a stomach core was used as an 
orientation marker.

Immunohistochemical (IHC)

IHC labeling was performed on 4-mm-thick 
unstained sections. Slides were deparaffinized with serial 
xylene treatments and subjected to antigen retrieval using 
heated citrate solution (pH 9.0) at 100°C for 10 minutes. 
Immunolabeling for PD-L1 (SP142 Rabbit monoclonal, 
dilution 1:300, OriGene Technologies, Maryland, USA) 
was performed on the automated Ventana Benchmark 
XT system using the biotin free Ventana OptiView DAB 
IHC Detection Kit (Ventana Medical Systems, Tucson, 
AZ). For assessment of staining, slides were scanned with 
the ScanScope System (Aperio, CA) and viewed with 
ImageScope (Aperio).

Pathological assessment of PD-L1 expression

PD-L1 IHC was evaluated in consensus viewing 
by two experienced pathologists, who were blinded to 
the clinical data, independently analyzed the PD-L1 
expression. The results were evaluated according to the 
percentage of the stained cells and the intensity of the 
IHC signal intensity. Scoring was assessed in both the 
tumoral and stromal compartments: tumoral membranous 
or cytoplasmic expression and stromal immune cell 
compartments [14]. Similar to many studies in other 
cancers [38-40], tumors were classified as PD-L1-positive 
if there was ≥1% tumoral membranous or cytoplasmic PD-
L1 expression, or ≥1% stromal PD-L1 expression. Because 
the most appropriate cut-off value for PD-L1 expression 
in ESCC remains unclear, analyses were also performed 
utilizing ≥5%, ≥10%, ≥20%, ≥30% and ≥50% cut-points 
for tumor PD-L1 positivity in each compartment, as the 
cut-offs were utilized in other study of PD-L1[41-43].

Statistical analysis

The Chi-square test was also used for comparing 
clinicopathologic features between tumor groups. The 
date of last follow up was August 15, 2015. The time of 
DFS was defined as the time between diagnosis and local 
recurrence, distant metastasis, or death from ESCC. The 
time of OS was defined as the time between diagnosis and 
death from ESCC. Kaplan–Meier 5-year survival curves 
were generated and log-rank analyses were performed. 
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Univariate Cox proportional hazard models were fitted 
to identify factors significantly correlated with DFS and 
OS. To assess whether the PD-L1 expression was an 
independent predictor of survival, a multivariate Cox 
model was constructed to adjust other clinicopathological 
characteristics that were significant in the univariate 
analyses.

All the statistical analyses were accomplished by 
the IBM SPSS statistics version 19.0 (SPSS Inc. Illinois, 
USA). Statistical significance was determined as p-values 
<0.05.

ACKNOWLEDGMENTS

We gratefully acknowledge the support of the 
patients and their families who agreed to contribute to this 
research program.

CONFLICTS OF INTEREST

The authors have no conflicts of interest to declare.

GRANT SUPPORT

This work was supported by Shanghai Municipal 
Commission of Health and Family Planning, Key-
developing disciplines (No.2015ZB0201).

REFERENCES

1. Rustgi AK, El-Serag HB. Esophageal carcinoma. N Engl J 
Med. 2014; 371: 2499-509. doi: 10.1056/NEJMra1314530.

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, 
Jemal A, Yu XQ, He J. Cancer statistics in China, 2015. CA 
Cancer J Clin. 2016; 66: 115-32. doi: 10.3322/caac.21338.

3. Arnold M, Soerjomataram I, Ferlay J, Forman D. 
Global incidence of oesophageal cancer by histological 
subtype in 2012. Gut. 2015; 64: 381-7. doi: 10.1136/
gutjnl-2014-308124.

4. Cancer Immunotherapy Booster. Cell. 2016; 165: 253-5. 
doi: 10.1016/j.cell.2016.03.042.

5. Zou W, Chen L. Inhibitory B7-family molecules in the 
tumour microenvironment. Nat Rev Immunol. 2008; 8: 467-
77. doi: 10.1038/nri2326.

6. Keir ME, Liang SC, Guleria I, Latchman YE, Qipo A, 
Albacker LA, Koulmanda M, Freeman GJ, Sayegh MH, 
Sharpe AH. Tissue expression of PD-L1 mediates peripheral 
T cell tolerance. J Exp Med. 2006; 203: 883-95. doi: 
10.1084/jem.20051776.

7. Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, 
Flies DB, Roche PC, Lu J, Zhu G, Tamada K, Lennon VA, 
Celis E, Chen L. Tumor-associated B7-H1 promotes T-cell 
apoptosis: a potential mechanism of immune evasion. Nat 
Med. 2002; 8: 793-800. doi: 10.1038/nm730.

8. Taube JM, Anders RA, Young GD, Xu H, Sharma R, 
McMiller TL, Chen S, Klein AP, Pardoll DM, Topalian 
SL, Chen L. Colocalization of inflammatory response 
with B7-h1 expression in human melanocytic lesions 
supports an adaptive resistance mechanism of immune 
escape. Sci Transl Med. 2012; 4: 127ra37. doi: 10.1126/
scitranslmed.3003689.

9. Marzec M, Zhang Q, Goradia A, Raghunath PN, Liu X, 
Paessler M, Wang HY, Wysocka M, Cheng M, Ruggeri BA, 
Wasik MA. Oncogenic kinase NPM/ALK induces through 
STAT3 expression of immunosuppressive protein CD274 
(PD-L1, B7-H1). Proc Natl Acad Sci U S A. 2008; 105: 
20852-7. doi: 10.1073/pnas.0810958105.

10. Parsa AT, Waldron JS, Panner A, Crane CA, Parney 
IF, Barry JJ, Cachola KE, Murray JC, Tihan T, Jensen 
MC, Mischel PS, Stokoe D, Pieper RO. Loss of tumor 
suppressor PTEN function increases B7-H1 expression and 
immunoresistance in glioma. Nat Med. 2007; 13: 84-8. doi: 
10.1038/nm1517.

11. Ribas A. Adaptive Immune Resistance: How Cancer 
Protects from Immune Attack. Cancer Discov. 2015; 5: 915-
9. doi: 10.1158/2159-8290.cd-15-0563.

12. Tumeh PC, Harview CL, Yearley JH, Shintaku IP, Taylor 
EJ, Robert L, Chmielowski B, Spasic M, Henry G, Ciobanu 
V, West AN, Carmona M, Kivork C, et al. PD-1 blockade 
induces responses by inhibiting adaptive immune resistance. 
Nature. 2014; 515: 568-71. doi: 10.1038/nature13954.

13. Aguiar PN, Jr., Santoro IL, Tadokoro H, de Lima Lopes 
G, Filardi BA, Oliveira P, Mountzios G, de Mello RA. 
The role of PD-L1 expression as a predictive biomarker 
in advanced non-small-cell lung cancer: a network meta-
analysis. Immunotherapy. 2016; 8: 479-88. doi: 10.2217/
imt-2015-0002.

14. Beckers RK, Selinger CI, Vilain R, Madore J, Wilmott JS, 
Harvey K, Holliday A, Cooper CL, Robbins E, Gillett D, 
Kennedy CW, Gluch L, Carmalt H, et al. PDL1 expression 
in triple-negative breast cancer is associated with 
tumour-infiltrating lymphocytes and improved outcome. 
Histopathology. 2016;69:25-34. doi: 10.1111/his.12904.

15. Chatterjee S, Lesniak WG, Gabrielson M, Lisok A, 
Wharram B, Sysa-Shah P, Azad BB, Pomper MG, 
Nimmagadda S. A humanized antibody for imaging immune 
checkpoint ligand PD-L1 expression in tumors. Oncotarget. 
2016; 7: 10215-27. doi: 10.18632/oncotarget.7143.

16. Tamura T, Ohira M, Tanaka H, Muguruma K, Toyokawa 
T, Kubo N, Sakurai K, Amano R, Kimura K, Shibutani M, 
Maeda K, Hirakawa K. Programmed Death-1 Ligand-1 
(PDL1) Expression Is Associated with the Prognosis of 
Patients with Stage II/III Gastric Cancer. Anticancer Res. 
2015; 35: 5369-76.

17. Mukaigawa T, Hayashi R, Hashimoto K, Ugumori T, 
Hato N, Fujii S. Programmed death ligand-1 expression is 
associated with poor disease free survival in salivary gland 
carcinomas. J Surg Oncol. 2016;114:36-43. doi: 10.1002/
jso.24266.



Oncotarget8328www.impactjournals.com/oncotarget

18. Shen JK, Cote GM, Choy E, Yang P, Harmon D, Schwab J, 
Nielsen GP, Chebib I, Ferrone S, Wang X, Wang Y, Mankin 
H, Hornicek FJ, et al. Programmed cell death ligand 1 
expression in osteosarcoma. Cancer Immunol Res. 2014; 2: 
690-8. doi: 10.1158/2326-6066.cir-13-0224.

19. Berghoff AS, Kiesel B, Widhalm G, Rajky O, Ricken 
G, Wohrer A, Dieckmann K, Filipits M, Brandstetter 
A, Weller M, Kurscheid S, Hegi ME, Zielinski CC, et 
al. Programmed death ligand 1 expression and tumor-
infiltrating lymphocytes in glioblastoma. Neuro Oncol. 
2015; 17: 1064-75. doi: 10.1093/neuonc/nou307.

20. Cooper WA, Tran T, Vilain RE, Madore J, Selinger CI, 
Kohonen-Corish M, Yip P, Yu B, O’Toole SA, McCaughan 
BC, Yearley JH, Horvath LG, Kao S, et al. PD-L1 
expression is a favorable prognostic factor in early stage 
non-small cell carcinoma. Lung Cancer. 2015; 89: 181-8. 
doi: 10.1016/j.lungcan.2015.05.007.

21. Chen K, Cheng G, Zhang F, Zhang N, Li D, Jin J, Wu J, 
Damaraju S, Mao W, Su D. Prognostic significance of 
programmed death-1 and programmed death-ligand 1 
expression in patients with esophageal squamous cell 
carcinoma. Oncotarget. 2016;7:30772-80. doi: 10.18632/
oncotarget.8956.

22. Lim SH, Hong M, Ahn S, Choi YL, Kim KM, Oh D, Ahn 
YC, Jung SH, Ahn MJ, Park K, Zo JI, Shim YM, Sun JM. 
Changes in tumour expression of programmed death-ligand 
1 after neoadjuvant concurrent chemoradiotherapy in 
patients with squamous oesophageal cancer. Eur J Cancer. 
2016; 52: 1-9. doi: 10.1016/j.ejca.2015.09.019.

23. Leng C, Li Y, Qin J, Ma J, Liu X, Cui Y, Sun H, Wang Z, 
Hua X, Yu Y, Li H, Zhang J, Zheng Y, et al. Relationship 
between expression of PD-L1 and PD-L2 on esophageal 
squamous cell carcinoma and the antitumor effects of 
CD8(+) T cells. Oncol Rep. 2016; 35: 699-708. doi: 
10.3892/or.2015.4435.

24. Chen MF, Chen PT, Chen WC, Lu MS, Lin PY, Lee KD. 
The role of PD-L1 in the radiation response and prognosis 
for esophageal squamous cell carcinoma related to IL-6 and 
T-cell immunosuppression. Oncotarget. 2016; 7: 7913-24. 
doi: 10.18632/oncotarget.6861.

25. Immunotherapy of Cancer. Anticancer Res. 2016; 36: 2046. 
ISBN: 978-4-431-55030-3.

26. Chowdhury S, Veyhl J, Jessa F, Polyakova O, Alenzi 
A, MacMillan C, Ralhan R, Walfish PG. Programmed 
death-ligand 1 overexpression is a prognostic marker 
for aggressive papillary thyroid cancer and its 
variants. Oncotarget. 2016;7:32318-28. doi: 10.18632/
oncotarget.8698.

27. Kawakami H, Zaanan A, Sinicrope FA. Implications of 
mismatch repair-deficient status on management of early 
stage colorectal cancer. J Gastrointest Oncol. 2015; 6: 676-
84. doi: 10.3978/j.issn.2078-6891.2015.065.

28. Scarpa M, Ruffolo C, Canal F, Scarpa M, Basato S, 
Erroi F, Fiorot A, Dall’Agnese L, Pozza A, Porzionato A, 
Castagliuolo I, Dei Tos AP, Bassi N, et al. Mismatch repair 

gene defects in sporadic colorectal cancer enhance immune 
surveillance. Oncotarget. 2015; 6: 43472-82. doi: 10.18632/
oncotarget.6179.

29. Schalper KA, Velcheti V, Carvajal D, Wimberly H, Brown 
J, Pusztai L, Rimm DL. In situ tumor PD-L1 mRNA 
expression is associated with increased TILs and better 
outcome in breast carcinomas. Clin Cancer Res. 2014; 20: 
2773-82. doi: 10.1158/1078-0432.ccr-13-2702.

30. Muenst S, Schaerli AR, Gao F, Daster S, Trella E, Droeser 
RA, Muraro MG, Zajac P, Zanetti R, Gillanders WE, Weber 
WP, Soysal SD. Expression of programmed death ligand 1 
(PD-L1) is associated with poor prognosis in human breast 
cancer. Breast Cancer Res Treat. 2014; 146: 15-24. doi: 
10.1007/s10549-014-2988-5.

31. Ilie M, Hofman V, Dietel M, Soria JC, Hofman P. 
Assessment of the PD-L1 status by immunohistochemistry: 
challenges and perspectives for therapeutic strategies in 
lung cancer patients. Virchows Arch. 2016;468:511-25. doi: 
10.1007/s00428-016-1910-4.

32. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, 
Ready NE, Chow LQ, Vokes EE, Felip E, Holgado E, 
Barlesi F, Kohlhaufl M, Arrieta O, et al. Nivolumab versus 
Docetaxel in Advanced Nonsquamous Non-Small-Cell 
Lung Cancer. N Engl J Med. 2015; 373: 1627-39. doi: 
10.1056/NEJMoa1507643.

33. Ohigashi Y, Sho M, Yamada Y, Tsurui Y, Hamada K, Ikeda 
N, Mizuno T, Yoriki R, Kashizuka H, Yane K, Tsushima 
F, Otsuki N, Yagita H, et al. Clinical significance of 
programmed death-1 ligand-1 and programmed death-1 
ligand-2 expression in human esophageal cancer. Clin 
Cancer Res. 2005; 11: 2947-53. doi: 10.1158/1078-0432.
ccr-04-1469.

34. Schmidt LH, Kummel A, Gorlich D, Mohr M, Brockling 
S, Mikesch JH, Grunewald I, Marra A, Schultheis AM, 
Wardelmann E, Muller-Tidow C, Spieker T, Schliemann 
C, et al. PD-1 and PD-L1 Expression in NSCLC Indicate 
a Favorable Prognosis in Defined Subgroups. PLoS One. 
2015; 10: e0136023. doi: 10.1371/journal.pone.0136023.

35. Jiang L, Wang L, Li PF, Zhang XK, Chen JW, Qiu HJ, 
Wu XD, Zhang B. Positive expression of programmed 
death ligand-1 correlates with superior outcomes and 
might be a therapeutic target in primary pulmonary 
lymphoepithelioma-like carcinoma. Onco Targets Ther. 
2015; 8: 1451-7. doi: 10.2147/ott.s84234.

36. Droeser RA, Hirt C, Viehl CT, Frey DM, Nebiker C, Huber 
X, Zlobec I, Eppenberger-Castori S, Tzankov A, Rosso R, 
Zuber M, Muraro MG, Amicarella F, et al. Clinical impact 
of programmed cell death ligand 1 expression in colorectal 
cancer. Eur J Cancer. 2013; 49: 2233-42. doi: 10.1016/j.
ejca.2013.02.015.

37. Shi Y, He D, Hou Y, Hu Q, Xu C, Liu Y, Jiang D, Su 
J, Zeng H, Tan Y. An alternative high output tissue 
microarray technique. Diagn Pathol. 2013; 8: 9. doi: 
10.1186/1746-1596-8-9.



Oncotarget8329www.impactjournals.com/oncotarget

38. Hino R, Kabashima K, Kato Y, Yagi H, Nakamura M, 
Honjo T, Okazaki T, Tokura Y. Tumor cell expression of 
programmed cell death-1 ligand 1 is a prognostic factor 
for malignant melanoma. Cancer. 2010; 116: 1757-66. doi: 
10.1002/cncr.24899.

39. Passiglia F, Bronte G, Bazan V, Natoli C, Rizzo S, Galvano 
A, Listi A, Cicero G, Rolfo C, Santini D, Russo A. PD-L1 
expression as predictive biomarker in patients with NSCLC: 
a pooled analysis. Oncotarget. 2016;7:19738-47. doi: 
10.18632/oncotarget.7582.

40. Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian 
AS, Eder JP, Patnaik A, Aggarwal C, Gubens M, Horn L, 
Carcereny E, Ahn MJ, Felip E, et al. Pembrolizumab for 
the treatment of non-small-cell lung cancer. N Engl J Med. 
2015; 372: 2018-28. doi: 10.1056/NEJMoa1501824.

41. Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, 
Gordon MS, Sosman JA, McDermott DF, Powderly JD, 

Gettinger SN, Kohrt HE, Horn L, Lawrence DP, et al. 
Predictive correlates of response to the anti-PD-L1 antibody 
MPDL3280A in cancer patients. Nature. 2014; 515: 563-7. 
doi: 10.1038/nature14011.

42. Sheng J, Fang W, Yu J, Chen N, Zhan J, Ma Y, Yang Y, 
Yanhuang, Zhao H, Zhang L. Expression of programmed 
death ligand-1 on tumor cells varies pre and post 
chemotherapy in non-small cell lung cancer. Sci Rep. 2016; 
6: 20090. doi: 10.1038/srep20090.

43. Heeren AM, Punt S, Bleeker MC, Gaarenstroom KN, van 
der Velden J, Kenter GG, de Gruijl TD, Jordanova ES. 
Prognostic effect of different PD-L1 expression patterns in 
squamous cell carcinoma and adenocarcinoma of the cervix. 
Mod Pathol. 2016. doi: 10.1038/modpathol.2016.64.


