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Objective: The aim of this study was to evaluate the prognosis effect of PD-L1 in 
combination with CD8+ tumor-infiltrating lymphocyte (TIL) or HIF-1α in head and neck 
squamous cell carcinoma (HNSCC).
Methods: A total of 63 patients who underwent surgical resection were included in this 
study. The level of PD-L1, CD8+ TIL, and HIF-1α was determined by immunohistochemical 
analysis. The survival of patients was evaluated by Kaplan–Meier analysis. The prognostic 
power of these parameters was evaluated by C-index.
Results: We observed that the survival of patients, who had a high level of PD-L1 in tumor 
cells, was significantly shorter than those who had a low level of PD-L1. However, the 
survival of patients who had a high level of PD-L1 in tumor microenvironment was 
significantly longer than patients with a low level of PD-L1 in tumor microenvironment. 
In addition, high level of CD8+ tumor-infiltrating lymphocyte or low level of HIF-1α level 
suggests a better prognosis. Moreover, we observed that PD-L1 in combination with CD8+ 

tumor-infiltrating lymphocyte and HIF-1α could significantly improve the prognostic effect 
of current TNM stage.
Conclusion: The results of this study suggest that the level of PD-L1, CD8+TIL, and HIF-1α 
are useful prognostic biomarkers for patients with HNSCC. Incorporating these biomarkers 
into current TNM stage of HNSCC improve the discriminatory capability of TNM stage.
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Introduction
Head and neck squamous cell carcinoma (HNSCC) is diagnosed in 550,000 patients 
annually worldwide and leads to 300,000 deaths.1 Notably, the tumor staging 
system is important for cancer patients. It can provide precise information which 
can be used to predict treatment response and prognosis.2 Currently, the tumor/ 
node/metastasis (TNM) staging is the most widely used cancer staging system. In 
the TNM staging system, the T indicates the size and extent of the tumor; 
N indicates the number of lymph nodes, which are infected by tumor cells; and 
M indicated the metastasized organs.

Recently, some studies suggest that the level of PD-L1 in tumor cells (TC-PD-L1) 
or in tumor microenvironment cells (TMC-PD-L1) is a promising biomarker for the 
prognosis of HMSCC patients. For example, Minichsdorfer et al 3 reported that the 
accumulation of TC-PD-L1 significantly decreased the survival of patients. In addition, 
some randomized controlled trials have demonstrated that pembrolizumab, a PD-L1 
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antibody, could successfully improve the survival of HNSCC 
patients. However, the accumulation of TMC-PD-L1 signifi-
cantly improved the survival of HNSCC patients.4,5 This 
suggests that the level of TC-PD-L1 and TMC-PD-L1 are 
promising biomarkers for improving individualized treat-
ment. In addition, previous studies suggest CD8+ tumor- 
infiltrating lymphocytes (CD8+ TIL) and HIF-1α are also 
valuable biomarkers for the prognosis.6,7 Therefore, in this 
study, we evaluated the prognostic value of TC-PD-L1, 
TMC-PD-L1, CD8+ TIL, and HIF-1α. In addition, we inves-
tigated if incorporating these biomarkers into the TNM stage 
could improve the prognostic value of the TNM stage.

Patients and Methods
Patients
A total of 63 patients who suffered from tumor of 
larynx, oropharynx, hypopharynx, or multiple sites 
were included in this study. These patients underwent 
surgical resection at the Shandong Cancer Hospital and 
Institute, and the clinicopathological characteristics of 
these patients were obtained from the electronic record 
of patients. Written informed consents were obtained 

from all patients for the publication of this report, and 
the protocol of this retrospective study was approved by 
the Institutional Review Board of Shandong Cancer 
Hospital (approval number SDTHEC201903087). All 
procedures were in accordance with the principles of 
the Declaration of Helsinki and its later amendments 
or comparable ethical standards.

Immunohistochemistry (IHC) of TC-PD- 
L1, TMC-PD-L1, CD8+ TIL, and HIF-1α
The level of TC-PD-L1, TMC-PD-L1, CD8+TIL, and HIF- 
1α were evaluated by immunohistochemical staining as 
previously reported.8,9 Briefly, serial histological sections 
(4-μm thick) were deparaffinzed, and then endogenous 
peroxidase activity was blocked by antigen retrieval. 
After that the tissues were incubated with the following 
primary antibody for 60 minutes at room temperature: 
A rabbit monoclonal antibody against PD-L1 (code 
GT228007, Gene Tech, Shanghai, China), an antibody 
against CD8+TIL (code AB93278; Abcam, Tokyo, Japan; 
1:250 dilution), and a rabbit monoclonal antibody against 
HIF-1α (code AB51608; Abcam, Tokyo, Japan; 1:100 

Figure 1 Expression of different biological markers by immunohistochemical staining (A) PD-L1 expression in tumor cells. (B) PD-L1 expression in tumor microenviron-
ment cells. (C) CD8 expression in tumor-infiltrating lymphocytes that infiltrate the tumor cell stroma. (D) HIF-1α expression in tumor cells.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 13234

Zhou et al                                                                                                                                                            Dovepress

http://www.dovepress.com
http://www.dovepress.com


dilution). Then, the samples were incubated with 
the second antibody, MaxVisionTM/HRP (Dako) for 30 
minutes at room temperature.

Evaluation of Immunohistochemical 
Staining
The IHC slides were evaluated by two pathologists in 
a blind way. In order to quantify the level of PD-L1, 
CD8+TIL, and HIF-1α, we randomly selected five fields 
and 200 cells/field. The level of these proteins was deter-
mined by the following formula: the number of positive 
cells/200 cells, and the mean value was determined. The 
optimal cutoffs of PD-L1, CD8+TIL, or HIF-1α were 
determined by the receiver operating characteristic 
(ROC) curve and Youden’s index. Figure 1 shows the 
representative staining patterns of PD-L1, CD8+TIL, and 
HIF-1α in the specimens.

Statistical Analysis
The survival of patients was determined by Kaplan-Meier 
curve and Log rank test. In order to determine the prog-
nostic power of TNM stage and the biomarkers, the 
Harrell’s concordance index (C-index) was determined. 
The statistical analysis was performed by SPSS 23.0 
(IBM SPSS Statistics) and the graph was operated by 
GraphPad Prism 8.0 (GraphPad Software, Inc., San 
Diego, CA). P-values of less than 0.05 were considered 
significant.

Results
The Clinicopathological Characteristics of 
Patients
In total, 63 patients were included in the present study and the 
clinicopathological characteristics of patients were summar-
ized in Table 1. The tumors were located in laryngeal cancer 
(n=41), oropharyngeal cancer (n=12), and hypopharyngeal 
carcinoma (n=10), respectively. In order to determine the 
optimal cutoff of TC-PD-L1, TMC-PD-L1, CD8+ TIL,and 
HIF-1α, we performed a ROC curve and determined the opti-
mal cutoff with the help of Youden’s index. We observed the 
optimal cutoff of TC-PD-L1, TMC-PD-L1, CD8+ TIL, and 
HIF-1α was 30%, 4%, 16%, and 17%, respectively.

Table 1 Patient Characteristics

Characteristics N (%)

Age

<60 26 (41)

≥60 37 (59)

Gender

Female 4 (6)

Male 59 (94)

Smoking

Smoker 30 (48)

Former Smoker 19 (30)

Non-smoker 14 (22)

Recurrence

Yes 12 (19)

No 51 (81)

Metastasis

Yes 4 (6)
No 59 (94)

T stage

T1–2 31 (49)

T3–4 30 (48)
ITE 2 (3)

N stage

N0–1 38 (60)

N2–3 22 (35)
ITE 3 (5)

Prognostic stage

I/II 20 (32)

III/IV 41 (65)
ITE 2 (3)

TC-PD-L1

High 10 (16)
Low 53 (84)

TMC-PD-L1

High 31 (49)

Low 32 (51)

CD8+TIL

High 46 (73)

Low 17 (27)

(Continued)

Cancer Management and Research 2020:12                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                      
13235

Dovepress                                                                                                                                                            Zhou et al

http://www.dovepress.com
http://www.dovepress.com


PD-L1, CD8+TIL, and HIF-1α Regulate 
the Survival of HNSCC
To determine the prognostic effect of PD-L1, we evaluated the 
prognostic effect of PD-L1 in tumor cells (TC-PD-L1) and the 
PD-L1 in tumor microenvironment cells (TMC-PD-L1), 
respectively. This study proved that patients with negative TC- 
PD-L1 had significantly longer survival than patients with 
positive TC-PD-L1 (Figure 2A). However, patients with 

positive TMC-PD-L1 had significantly longer survival than 
those with negative TMC-PD-L1 (Figure 2B). The same as the 
TMC-PD-L1, positive CD8+TIL significantly increased the 
survival of patients, when compared to the survival of patients 
with negative CD8+TIL (Figure 2C). In order to evaluate the 
prognosis effect of HIF-1α, the patients with HIF-1α lower 
than 17% were defined as negative of HIF-1α, otherwise the 
patients were defined as positive HIF-1α. We observed that 
positive HIF-1α significantly decreased the survival of 
patients, when compared to negative HIF-1α (Figure 2D).

PD-L1, CD8+TIL, and HIF-1α are 
Predictors of HNSCC
To evaluate if incorporating PD-L1, CD8+TIL, and HIF-1α 
into TNM stage could improve the current TNM stage, we 
calculated the C-index of TC-PD-L1, TMC-PD-L1, 
CD8+TIL, and HIF-1α in combination with TNM stage. 
This study proved that PD-L1, CD8+TIL, and HIF-1α, in 

Table 1 (Continued). 

Characteristics N (%)

HIF-1α

High 45 (71)
Low 18 (29)

Notes: Data given are numbers. Percentages are given between brackets (%). 
Abbreviation: ITE, impossible to evaluate.

Figure 2 Kaplan-Meier analysis of the overall survival of patients with head and neck squamous cell carcinoma (HNSCC). (A) Programmed death ligand (PD-L1)+ or PD-L1− 

tumor cells. (B) PD-L1+ or PD-L1− tumor microenvironment cells. (C) High or low CD8+ tumor-infiltrated lymphocyte count. (D) HIF-1α+ or HIF-1α− tumor cells. 
Significant differences were evaluated using a Log rank test.
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combination with TNM stage (C-index: 0.833, Figure 3A), 
were significantly higher than TNM stage (C-index: 0.580, 
Figure 3A). This suggests that incorporation of PD-L1, HIF- 
1α, and CD8+TIL into current TNM stage significantly 
improves the prognostic effect of TNM stage.

Discussion
In this study, we observed that the high level of PD-L1 in 
cancer cells significantly decreased the survival of 
HNSCC patients; however, the high level of PD-L1 in 
the tumor microenvironment significantly increased the 

survival of HNSCC patient. The mechanism of the con-
troversial effect of PD-L1 in cancer cells and PD-L1 in the 
tumor microenvironment is still unclear. Previous studies 
prove that the expression of PD-L1 in immune cell sug-
gests the level of pre-existing immunity, which has 
a strong prognostic utility and also can be used as 
a biomarker to evaluate the response to immunotherapies 
of cancer.10,11 However, it is well known that overexpres-
sion of PD-L1 in tumor cells suggests a poor prognosis of 
patients. The PD-L1 on tumor cells can bind to the recep-
tor of PD-L1 on the activated T cells.12,13 This leads to the 

Figure 3 Combined indicators to assess the prognosis of patients with head and neck squamous cell carcinoma (HNSCC). (A) The prognostic power of different markers 
for OS in HNSCC using the C-index. (B and C) Kaplan–Meier analysis of the overall survival of patients. (B) HIF-1α+ or HIF-1α− status combined with PD-L1+ or PD-L1− 

tumor cells (TC-PD-L1). (C) CD8+ TIL or CD8−TIL status combined with programmed death ligand 1 (PD-L1)+ or PD-L1− tumor microenvironment cells (TMC-PD-L1). 
Significant differences were evaluated using a Log rank test.
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inhibition of the cytotoxic effect of T cells; and, in 2019, 
this concept was awarded the Nobel Prize.

Notably, the significance of PD-L1 expression in tumors is 
still controversial. Consistent with the present study, some 
previous study also demonstrates that a high level of PD-L1 
in tumors suggests poor survival of patients with breast, gas-
tric, or renal cancer. However, some studies suggest that a high 
level of PD-L1 in tumors significantly increases the survival of 
patients14,15 or failed to have an effect on the survival of 
patients.16,17 These controversial observations might be due 
to the fact that these studies did not distinguish the level of PD- 
L1 in tumor cells (TC-PD-L1) from the PD-L1 in microenvir-
onment (TMC-PD-L1). Consistent with our study, Birtalan 
et al4 also reported the accumulation of TC-PD-L1 harmed 
the survival of HNSCC patients; however, the level of TMC- 
PD-L1 indicated a better prognosis.

Consistent with this study, previous studies demonstrated 
that the level of HIF-1α was associated with the prognosis of 
cancer patients. In addition, a previous study proved that, in 
tumor cells, the up-regulation of PD-L1 under hypoxia was 
dependent on HIF-1α.18 Noman et al19 reported that hypoxia 
rapidly led to the accumulation of PD-L1 by directly binding 
to HRE-4, a hypoxia response element in the PD-L1 prox-
imal. This leads to immune escape for tumor cells. Thus, 
targeting PD-L1 in combination with HIF-1α might be 
a promising strategery for cancer immunotherapy. Indeed, 
we observed that patients with positive PD-L1 and HIF-1α in 
tumor cells had significantly shorter survival than patients 
with negative PD-L1 and HIF-1α (Figure 3B). Only two 
patients were in the TC-PD-L1+/HIF-1α− group (the green 
line), and one died, so the green line dropped suddenly at 40 
months. In addition, a previous study proves that the expres-
sion of PD-L1 was positively correlated with the abundance 
of CD8+ TILs.20 This suggests that CD8+ TILs might also be 
a promising prognostic predictor of patients. Thus, we inves-
tigated the prognostic role of CD8+TIL in combination with 
the level of PD-L1 in the tumor microenvironment. We 
observed that the survival of TMC-PD-L1+ CD8+ patients 
was significantly better than TMC-PD-L1− CD8+and TMC- 
PD-L1− CD8− patients (Figure 3C).

Currently, TNM stage is still the most commonly used 
classification for staging and prognosis of HNSCC. This 
will help the clinicians to decide the optimal treatment for 
patients with different stage. However, previous studies and 
this study suggest that the biomarkers, such as PD-L1, 
CD8+TIL, and HIF-1α are promising molecules for the 
prognosis of HNSCC patients. Indeed, the study proved 
that the level of PD-L1, CD8+TIL, and HIF-1α in 

combination with TNM stage significantly improved the 
prognostic power of current TNM stage. However, this 
study is a retrospective study and the selective bias of 
clinicians should be considered. Therefore, the results of 
this retrospective study should be confirmed in prospective 
trials to assess the clinical significance of these biomarkers.

Conclusion
In conclusion, the results of this study suggest that the level 
of PD-L1, CD8+TIL, and HIF-1α are useful prognostic 
biomarkers for patients with HNSCC. Incorporating these 
biomarkers into the current TNM stage of HNSCC improve 
the discriminatory capability of TNM stage.
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