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Abstract: Background 

We aimed to review comprehensively the prognostic role of programmed 

death-ligand 1 (PD-L1) in tumor cells detected by immunohistochemistry 

(IHC) assays for survival outcomes in head and neck squamous cell 

carcinoma (HNSCC).  

Methods: All studies before 2018 March 31 were systematically identified 

and screened. Included studies were assessed using the Quality in 

Prognosis Studies (QUIPS) tool. Survival outcomes were combined in HRs 

with 95% CI using the generic inverse-variance method. 

Results: Twenty-three studies with 3105 patients were analysed. The 

overall positive rate of PD-L1 in HNSCC was 0.42 (95% CI: 0.36-0.48). 

There was no significant difference between PD-L1-positive and -negative 

HNSCC patients in overall survival (OS; hazard ratio [HR]: 0.98; 95% 

confidence interval [CI]: 0.71-1.37; p=0.93), disease-free survival (DFS; 

HR: 1.07; 95% CI: 0.68-1.70; p=0.76), and disease-specific survival (DSS; 

HR: 0.90; 95% CI: 0.63-1.29; p=0.56). An improved progression-free 

survival (PFS) was observed in patients with positive PD-L1 (HR: 0.71; 

95% CI: 0.55-0.93; p=0.01). In patients with low CD8+ tumor-infiltrating 

T cells, a poorer OS was detected in patients with positive PD-L1 

expression (HR: 1.90; 95% CI: 1.07-3.36; p=0.03). Patients with HPV-

positive HNSCC were associated with increased PD-L1 expression (odds 

ratio [OR]: 1.99; 95% CI: 1.50-2.64; p<0.001). However, PD-L1 expression 

showed no significant benefit on OS in HPV-positive HNSCC (HR: 1.04; 95% 

CI: 0.65-1.65; p=0.88).  

Conclusions: PD-L1 expression was not recommended to predict survival in 

HNSCC patients. However, positive PD-L1 may predict better PFS. The 

combined effects of PD-L1 expression and CD8+ tumor-infiltrating T cells 

should be further elucidated. 
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PD-L1 detected by IHC was not a robust prognostic factor for survival in HNSCC; 

PD-L1 expression might predict progression-free survival in advanced HNSCC; 

The combined roles of PD-L1 and CD8+ tumor-infiltrating T cells in HNSCC should 

be further elucidated. 
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The Prognostic Role of PD-L1 Expression for Survival in Head and Neck 

Squamous Cell Carcinoma: A Systematic Review and Meta-Analysis 

 

Abstract 

Background 

Programmed death-ligand 1 (PD-L1) is an immune checkpoint that is primarily located 

on the surface of tumor cells. PD-L1 expression detected by immunohistochemistry 

(IHC) assays has been widely studied to predict survival outcomes in head and neck 

squamous cell carcinoma (HNSCC) recently. We aimed to review comprehensively the 

prognostic role of PD-L1 expression for survival in HNSCC. 

 

Methods 

We systematically searched PubMed, Embase, Web of Science, Cochrane Library and 

Scopus to identify studies investigating the prognostic role of PD-L1 expression in 

HNSCC. All studies published before 2018 March 31 were screened. Included studies 

were assessed using the Quality in Prognosis Studies (QUIPS) tool. Data were 

extracted and overall survival (OS), disease-free survival (DFS), progression-free 

survival (PFS), disease-specific survival (DSS) were combined and presented as hazard 

ratios (HR) with 95% confidence interval (CI) using the generic inverse-variance 

method. 

 

Results 

*Manuscript (without author details)
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Twenty-three studies with 3105 patients were analysed. The overall positive rate of 

PD-L1 in HNSCC was 0.42 (95% CI: 0.36-0.48). There was no significant difference 

between PD-L1-positive and -negative HNSCC patients in OS (HR: 0.98; 95% CI: 

0.71-1.37; p=0.93), DFS (HR: 1.07; 95% CI: 0.68-1.70; p=0.76), and DSS (HR: 0.90; 

95% CI: 0.63-1.29; p=0.56). An improved PFS was observed in patients with positive 

PD-L1 expression (HR: 0.71; 95% CI: 0.55-0.93; p=0.01). In patients with low CD8+ 

tumor-infiltrating T cells, a poorer OS was detected in patients with positive PD-L1 

expression (HR: 1.90; 95% CI: 1.07-3.36; p=0.03). Patients with HPV-positive 

HNSCC were associated with increased PD-L1 expression (OR: 1.99; 95% CI: 

1.50-2.64; p<0.001). However, PD-L1 expression showed no significant benefit on OS 

in HPV-positive HNSCC (HR: 1.04; 95% CI: 0.65-1.65; p=0.88). 

 

Conclusions 

PD-L1 expression detected by IHC was not recommended to predict survival in 

HNSCC patients. However, the positive PD-L1 expression might predict better PFS in 

patients with advanced HNSCC. The combined effects of PD-L1 expression and CD8+ 

tumor-infiltrating T cells should be further elucidated. 

 

 

Keywords 

Head and neck cancer; squamous cell carcinoma; programmed death-ligand 1; PD-L1; 

HPV; tumor-infiltrating lymphocytes; TIL; survival; meta-analysis. 
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Introduction 

Head and neck squamous cell carcinoma (HNSCC) is one of the most common 

malignancies, with an annual incidence of over 600,000 worldwide.[1] Despite recent 

advances in multidisciplinary regimens, treatment outcomes remained poor and barely 

improved over the past decades. Even with an accumulated knowledge of cancer 

genomics, the identification of clinical prognostic factors has still been a major 

challenge to improve risk stratification and personalized treatment in HNSCC.[2] 

 

Other than the conventional studies of biomarkers on tumor cells, new insights have 

emphasized the prospective predictive role of tumor immune microenvironment.[3, 4] 

HNSCC is typically characterized by diverse profiles of tumor-infiltrating lymphocytes 

(TILs), which render tumor cells in the distinct “inflamed” or “non-inflamed” 

condition.[5, 6] Since different cohorts of TILs display different functions, the 

prognostic values of TILs are not unchanging in different settings.[5, 7] For instance, as 

the most prominent cohort, the cytotoxic CD8+ T cells tend to exert an anti-cancer 

effect through recognizing and killing cancer cells, therefore underlining the positive 

prognostic role of CD8+ T cells in HNSCC.[8] 

 

The anti-cancer functions of CD8+ T cells, however, can be counterbalanced by the 

compensatory expression of programmed death-ligand 1 (PD-L1) on tumor cells.[9, 10] 
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The PD-L1 is a transmembrane protein that can be triggered by interferon gamma 

(IFNγ), which is predominantly released from activated CD8+ T cells in the tumor 

microenvironment.[11] The overexpression of PD-L1, in turn, can induce T cell anergy 

and apoptosis by interacting with programmed death protein 1 (PD-1), which is an 

immune checkpoint expressed on the surface of immune cells.[11, 12] Generally, the 

PD-L1 serves as an immune gatekeeper in regulating the dynamic interrelationship 

between TILs and tumor cells, which indicates a potential prognostic role of PD-L1 for 

survival in HNSCC. 

 

Considering the profound roles of PD-1/PD-L1, the cancer immunotherapy based on 

PD-1/PD-L1 checkpoint blockade has been developed to renovate CD8+ T cells in 

advanced or refractory cancers.[13, 14] In the most recent clinical trials, the overall 

response rates to PD-1/PD-L1 blockade were 13.3%-17.7% in recurrent and metastatic 

HNSCC, and survival outcomes were improved with a prolonged duration of 

response.[15-17] Moreover, in patients with positive PD-L1 expression, an improved 

response rate was observed when compared to patients with negative PD-L1, although 

further clinical verification shall be required.[16-18] Taken all together, before 

clarifying the predictive role of PD-L1 for PD-1/PD-L1 blockade immunotherapy, it is 

worthwhile to investigate the prognostic role of PD-L1 expression for survival in 

patients with HNSCC. 
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Expression of PD-L1 in cellular membrane or cytoplasm of tumor cells, detected by 

immunohistochemistry (IHC) assays, has been widely investigated in recent years. IHC 

was used to semi-quantitatively examine the localization and expression of PD-L1 in 

tumor tissues.[19] Numerous studies have been published, showing inconsistent 

findings regarding the prognostic value of PD-L1 expression for survival in HNSCC. 

Compelling evidence is needed to further guide clinical practice and research. 

Therefore, in the present study, we aimed to conduct a systematic review and 

meta-analysis to evaluate comprehensively the prognostic role of PD-L1 expression 

detected by IHC for survival in patients with HNSCC. 

 

 

Methods 

 

Search strategy 

We performed a comprehensive search in PubMed, Embase, Web of Science, Cochrane 

Library, and Scopus for relevant studies using different combinations of keywords 

from the following four domains: head and neck, squamous cell carcinoma, PD-L1, and 

prognosis. The detailed search strategy in PubMed is shown in Supplementary Table 

1. All studies published before 2018 March 31 were screened in the initial stage by title 

and abstract. Any potential studies were subsequently reviewed by full-text reading. 

The reference lists of eligible studies were further hand-searched. This process was 

conducted by two authors and repeated until no additional studies were detected. 
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Selection criteria 

In order to identify original studies investigating the prognostic role of PD-L1 

expression for survival in HNSCC, two authors independently reviewed and selected 

studies according to the inclusion and exclusion criteria. The inclusion criteria were: (1) 

patients were diagnosed with squamous cell carcinoma of the nasal cavity, paranasal 

sinuses, oral cavity, oropharynx, hypopharynx, and larynx; (2) the expression of PD-L1 

in tumor cells was measured using IHC techniques; (3) accessible study outcomes 

included the overall survival (OS), disease-free survival (DFS), progression-free 

survival (PFS) and disease-specific survival (DSS).  

 

The exclusion criteria included: (1) neoplasms were derived from the nasal vestibule, 

salivary glands, thyroid, nasopharynx, and skin, due to their heterogeneous biological 

properties from HNSCC; (2) the PD-L1 expression was only detected in immune cells; 

(3) the PD-L1 expression was measured by the quantification of mRNA level, which 

has not been validated with IHC results;[20] (4) the number of patients at risk was less 

than 10. Any discrepancies between the two authors were resolved through discussion 

and consensus. 

 

Data extraction 

Two authors independently extracted data from the included studies using a 

pre-established form. The extracted information included: author, year of publication, 
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patient source, tumor sites and stages, sample size, human papillomavirus (HPV) status, 

treatment regimens, tissue sections, IHC method, antibody and dilution, scoring 

strategy, cut-off value, follow-up period, and survival outcomes. Survival data were 

expressed as hazard ratios (HR) of observed events on PD-L1-positive versus 

PD-L1-negative cohorts, which was the preferential statistical parameter for 

time-to-event data.[21] We obtained the HR and confidence interval (CI, 95% level), 

and associated statistics directly, or indirectly, from results of log-rank and Cox 

proportional hazards regression models in each study using the methods illustrated by 

Tierney.[21] The completed forms were checked by a third author and statistical 

outcomes were checked by a statistician. 

 

Assessment of risk of bias in included studies 

The Quality In Prognosis Studies (QUIPS) tool was adopted to assess the risk of bias in 

included studies.[22] The QUIPS tool contains six domains, including study 

participation, study attrition, prognostic factor measurement, outcome measurement, 

study confounding, and statistical analysis and reporting. In each domain, 3-7 

prompting items are assessed to facilitate an overall judgment. Two authors 

independently assessed the risk of bias in included studies using the electronic QUIPS 

tool. The risk of bias for each domain was determined by counting the number of 

inadequate items rated “no”. According to our predefined criteria (Supplementary 

Table 2), a domain would be rated as “low risk” only when there is no inadequate item; 

“moderate risk” with at least one item (1-3 items depends on domains). Any 
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discrepancies were resolved by consensus. All eligible studies were pooled in 

meta-analysis irrespective of the potential risk of bias so as to detect precise results, 

which would be interpreted carefully by taking the risk of bias into consideration.[23] 

 

Statistical analysis 

The primary outcome of the present meta-analysis was OS, followed by the DFS, PFS, 

and DSS as secondary outcomes. OS was defined as the time from diagnosis to 

any-cause death, DFS as the time from therapy completion to death or cancer 

recurrence, PFS as the time from the treatment commencement to cancer progression, 

and DSS as the time from diagnosis to cancer-related death. For all survival outcomes, 

the natural logarithms of HRs and standard errors were obtained and combined using 

the generic inverse-variance method.[23] If both unadjusted and adjusted HRs were 

available, the adjusted values were combined for analysis. The positive rates of PD-L1 

expression in HNSCC were pooled using the score method.[24] The positive rates of 

PD-L1 were compared using the odds ratio (OR) with 95% CI.[23] Subgroup analyses 

were conducted to examine the roles of cancer sites, HPV conditions, and CD8+ TILs. 

The effects of patient sources, types of tissue sections, primary antibodies, localizations 

of positive PD-L1 expression, and cut-off values of PD-L1 expression were also 

investigated where information was available. Heterogeneity was computed using the 

Pearson Chi
2
 and I

2
 tests. If the p-value of the Pearson Chi

2
 test was smaller than 0.1 or 

the I
2
 was bigger than 50%, the random-effects analyses were performed. Otherwise, 

the fixed-effects analyses were performed. If the number of included studies was small, 
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the fixed-effects analyses were preferred to provide the best pooled outcome 

estimates.[25] All statistics were performed using Stata (version 13; College Station, 

Texas, United States), Review Manager (version 5.3; the Nordic Cochrane Centre, the 

Cochrane Collaboration; Oxford, United Kingdom) and SPSS Statistics (version 22.0; 

SPSS, IBM Corporation, Chicago, IL). 

 

 

Results 

 

Selection of studies 

Of 3424 records initially identified from database searching, and 3 additional reports 

retrieved through reference lists, 3056 records were retained after duplicates removed. 

By title and abstract screening, 2997 studies were excluded in the first stage. The 

remaining 59 articles were reviewed by full text in the second stage, among which 36 

were excluded due to various reasons as shown in Figure 1. According to the 

predefined inclusion and exclusion criteria, 23 studies with 25 independent cohorts, a 

total of 3105 patients, were included in the present meta-analysis.[26-48] 

 

Characteristics of included studies 

The characteristics of the included studies were shown in Table 1. A total of 3105 

patients from 25 independent cohorts were diagnosed with HNSCC, with various 

primary sites including the oral cavity, oropharynx, hypopharynx, and larynx. Patient 
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cohorts were from Korea, Germany, France, Taiwan, Japan, Belgium, Brazil, Canada, 

Greece and the United States of America (USA). Since the HPV infection status had 

been established as an independent prognosis factor in oropharyngeal squamous cell 

carcinoma (OPSCC), the HPV status was investigated by measuring the p16 protein or 

HPV mRNA in all OPSCC patients except in one cohort from Muller 2017.[32] In the 

study by Solomon 2018, all recruited patients were HPV-positive due to the study 

design.[45] 

 

As to the detection of PD-L1 expression, the IHC assays were performed in all studies. 

Tumor samples were mainly from formalin-fixed paraffin-embedded tissues (FFPE). 

Eleven study cohorts used surgical specimens from excisional surgery, three cohorts 

used biopsy specimens, and other eleven cohorts used both surgical and biopsy 

specimens. The primary antibodies used were heterogeneous across studies, among 

which the rabbit monoclonal antibody (E1L3N®, Cell Signaling Technology, United 

States) was mostly used, followed by the rabbit monoclonal antibody (SP142, Roche, 

Switzerland) and the mouse monoclonal antibody (5H1) from Dr. Lieping Chen’s 

laboratory.[49] In the study by Meulenaere 2017, two different antibodies were used in 

the same cohort of patients, and thus the outcome values were combined before pooled 

with data from other studies to prevent bias.[41] 

 

The definitions of positive staining of PD-L1 were also different among studies since 

there has been no consensus so far. In the studies by Kogashiwa 2017 and Ou 2017, the 



 

11 

 

positive IHC stains in both tumor cells and TILs were counted,[38, 39] whilst in the 

other studies, only the positive stains in tumor cells were deemed valid. The cellular 

localizations of positive PD-L1 stains mainly involved the membrane and cytoplasm. 

In the study published by Oliveira-Costa 2015, the PD-L1 expression in cellular 

membrane and cytoplasm were separately counted and investigated, and therefore, the 

prognostic roles of PD-L1 expression in membrane and cytoplasm were combined 

before pooled with outcomes from other studies.[27] 

 

The cut-off values in different studies were also inconsistent, with the most commonly 

adopted value of 5%. Meanwhile, a preliminary estimation of the positive rate of 

PD-L1 expression in HNSCC was calculated by combining data from each study 

regardless of the cut-off values. The proportions of samples with positive PD-L1 

expression in different studies were varied as shown in Supplementary Figure 1. The 

overall positive rate of PD-L1 expression in HNSCC was 0.42 (95% CI: 0.36-0.48), 

which did not change significantly with different primary cancer sites (heterogeneity 

between groups: p=0.962). However, the overall heterogeneity between studies was 

significant (p<0.05), indicating the heterogeneity of PD-L1 measurement and 

interpretation in most current studies. 

 

Risk of bias in included studies 

The 23 included studies were assessed using the QUIPS tool (Figure 2). As shown in 

Figure 2, only one “high risk” was rated to the study by Badoual 2013, due to the 
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inadequate description of study participation.[42] The other studies were rated with 1-4 

“moderate risk” domains. Besides, studies with an intentional selection of patients, like 

if only late-staged patients included, were considered as inadequate participation by 

eligible patients. As to the study attrition, since nearly all studies were performed in the 

retrospective setting, the attrition domain was not relevant and studies were rated “low 

risk”. However, in the study by Ou 2017 and Steuer 2018, some samples were lost to 

PD-L1 evaluation for unspecified reasons.[39, 46] In assessing the bias of prognostic 

factor measurement, a clear definition of positive PD-L1 expression should be provided 

including the specific protocols, cellular localizations, positive and negative controls, 

whole tissue sections or tissue microarrays (TMA), and cut-off values. Tissue 

specimens were harvested from either definitive surgery or biopsy. Although small 

biopsy specimens might not fully reflect the overall status of PD-L1 expression, we did 

not count it as a risk of bias as no information of specimen size were available among 

all included studies. Any studies using TMA without adequate rectification were rated 

“moderate risk”.[50] Since no consensus of cut-off values of positive PD-L1 exists, a 

standard cut-point was not compulsory. For the outcome measurement, the follow-up 

duration should be indicated and blind measurement should be performed to prevent 

bias.[22] To minimize study confounding effects, the study cohorts should be matched, 

or the potential confounding factors should be accounted for in the analysis. The 

multivariable Cox regression model was adopted to adjust the prognostic performance 

of PD-L1 in most included studies. Especially in OPSCC, the role of HPV was 
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supposed to be well accounted for. For data reporting, survival endpoints should be 

reported in accordance with study design to avoid the risk of selective reporting.  

 

Prognostic role of PD-L1 expression for survival in HNSCC 

Overall Survival (OS) 

A total of 19 studies with 21 patient cohorts investigated the prognostic role of PD-L1 

expression for OS in HNSCC (Figure 3). Due to the significant heterogeneity 

(I
2
=76.0%, p<0.001), the random-effect analysis was used. No significant difference 

was found for OS comparing the PD-L1-positive and -negative patients (HR: 0.98; 95% 

CI: 0.71-1.37; p=0.93). In subgroup analyses based on different primary cancer sites, 

the prognostic roles of PD-L1 expression for OS were not significant in oral cavity 

squamous cell carcinoma (OSCC; HR: 0.77; 95% CI: 0.34-1.77; p=0.54), OPSCC (HR: 

1.07; 95% CI: 0.77-1.50; p=0.68), hypopharyngeal squamous cell carcinoma (HPSCC; 

HR: 0.54; 95% CI: 0.28-1.03; p=0.06). Only one study focused on laryngeal squamous 

cell carcinoma (LSCC), in which the prognostic role of PD-L1 expression was 

significant (HR: 0.57; 95% CI: 0.33-0.98; p=0.04).[30] The cumulative meta-analysis 

confirmed that the positive PD-L1 expression did not exert benefits to OS in HNSCC 

(Supplementary Figure 2). The Begg’s funnel plot and Egger’s test were employed to 

identify publication bias and no significant publication bias was detected 

(Supplementary Figure 3; Begg’s test: p=0.566; Egger’s test: p=0.217). Meanwhile, 

no significant finding was detected in the subgroup analyses, including patient sources 

from Europe and Asia, types of tissue sections, primary antibody, positive PD-L1 
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expression in tumor cells, different cellular localizations of positive PD-L1 expression, 

and the cut-off value of 5%. 

 

Disease-free survival (DFS) 

Seven studies examined the prognostic role of PD-L1 expression for DFS in HNSCC 

(Supplementary Figure 4). The random-effect analysis was used since the 

heterogeneity was significant (I
2
=65.5%, p=0.01). There was no significant difference 

in DFS between patients with or without positive PD-L1 expression (HR: 1.07; 95% CI: 

0.68-1.70; p=0.76), which was also confirmed in the cumulative meta-analysis 

(Supplementary Figure 5). No significant publication bias was detected 

(Supplementary Figure 6; Begg’s test: p=0.548; Egger’s test: p=0.685). Similarly, in 

OSCC, no significant benefits were found for positive PD-L1 expression (HR: 1.33; 95% 

CI: 0.72-2.43; p=0.36). However, when data from the study of Ahn 2017 was excluded, 

the heterogeneity decreased from 64% to 37%, and the positive PD-L1 expression was 

related with poorer DFS in OSCC (fixed-effect model; HR: 1.44; 95% CI: 1.07-1.95; 

p=0.02).[31] Only one study focused on LSCC and presented the significant prognostic 

role of PD-L1 expression (HR: 0.53; 95% CI: 0.30-0.94; p=0.03).[30] 

 

Progression-free survival (PFS)  

Six studies with seven cohorts, which mainly consisted of advanced cancers, were 

combined to analyze the prognostic role of PD-L1 expression for PFS in HNSCC 

(Figure 4). The fixed-effect model was used due to low heterogeneity (I
2
=32.9%, 
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p=0.18). According to the pooled result, patients with positive PD-L1 expression 

showed an improved PFS when compared to those with negative PD-L1 expression 

(HR: 0.71; 95% CI: 0.55-0.93; p=0.01), which was confirmed with the accumulation of 

studies along the time (Supplementary Figure 7). Only one study focused on locally 

advanced OSCC, which indicated the significant prognostic role of PD-L1 expression 

(HR: 0.54; 95% CI: 0.33-0.90; p=0.02).[38] 

 

Disease-specific survival (DSS) 

Only four studies investigated the prognostic role of PD-L1 expression for DSS in 

HNSCC and the fixed-effect model was used to combine data (Supplementary Figure 

8; Supplementary Figure 9). The difference of DSS between PD-L1-positive and 

-negative patients was not significant (HR: 0.90; 95% CI: 0.63-1.29; p=0.56). 

 

Prognostic role of PD-L1 expression for survival in HNSCC with high/low CD8+ 

TILs 

Previous studies had revealed the positive association between high CD8+ TILs with 

better survival outcomes in HNSCC.[8] While recently, the PD-L1 was supposed to 

more accurately stratify HNSCC in combination with the density of CD8+ TILs.[51] 

We combined available data from three studies using the fixed-effect models (Figure 5; 

Supplementary Figure 10; Supplementary Figure 11). In these three studies, the 

densities of CD8+ TILs were categorized into “high” or “low” based on the cut-off 

value of median density. Due to limited sample sizes, the study by Meulenaere 2017 
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was merely included in the meta-analysis of OS in HNSCC with low CD8+ TILs.[41] 

In HNSCC with high CD8+ TILs, there was no significant difference of OS (HR: 2.23; 

95% CI: 0.83-5.98; p=0.11) and PFS (HR: 1.49; 95% CI: 0.60-3.70; p=0.39) between 

PD-L1-positive and -negative patients. No significant difference was observed neither 

for PFS (HR: 1.56; 95% CI: 0.74-3.27; p=0.24) in HNSCC with low CD8+ TILs. 

However, in HNSCC with low CD8+ TILs, a worse OS was observed in patients with 

positive PD-L1 expression (HR: 1.90; 95% CI: 1.07-3.36; p=0.03) (Figure 5; 

Supplementary Figure 10). 

 

Prognostic role of PD-L1 expression for OS in HPV-positive HNSCC 

The HPV infection had defined an independent cohort of HNSCC which tended to have 

a favorable survival outcome. As HPV was speculated to induce adaptive immune 

suppression through the PD-1/PD-L1 axis, it deserved to be explored whether the 

PD-L1 expression would serve as a new biomarker for risk stratification in 

HPV-positive HNSCC. In the present meta-analysis, the HPV-positive HNSCC were 

associated with the positive PD-L1 expression (OR: 1.99; 95% CI: 1.50-2.64; p<0.001) 

as shown in Supplementary Figure 12, Supplementary Figure 13. However, when 

the prognostic roles of PD-L1 expression for OS in HPV-positive HNSCC were pooled 

from six studies which mainly comprised OPSCC, the positive PD-L1 expression 

showed no additional benefits for OS in HPV-positive HNSCC (HR: 1.04; 95% CI: 

0.65-1.65; p=0.88). (Figure 6; Supplementary Figure 14) 

 



 

17 

 

 

Discussion 

The PD-1/PD-L1 blockade immunotherapy has recently renovated the therapeutic 

regimens in recurrent and metastatic HNSCC. To promote personalized treatment, 

robust biomarkers of treatment response are necessitated to guide patient selection. 

The PD-L1 expression assessed by IHC is the most common clinically used 

biomarker for treatment response. According to the current evidence in 

HNSCC,[15-17, 52] patients with positive PD-L1 expression were indicated to have 

better responses or survival outcomes of PD-1/PD-L1 blockade therapy. The FDA had 

even approved diagnostic PD-L1 IHC assays for PD-1/PD-L1 blockade therapy. 

However, there is still a lack of sufficient evidence to establish the definite predictive 

role of PD-L1 expression for PD-1/PD-L1 blockade therapy in HNSCC. 

 

Before clarifying the predictive role of PD-L1 expression for PD-1/PD-L1 blockade 

therapy, numerous studies have investigated the prognostic role of PD-L1 expression 

for survival in HNSCC. A previous meta-analysis by Li et al. found no significant 

correlation between PD-L1 expression and survival endpoints of head and neck 

cancer.[53] With the accumulation of studies in the past two years, we focused on the 

role of PD-L1 expression in HNSCC using IHC technique, so as to minimize clinical 

heterogeneity and facilitate interpretation of findings.[23] This meta-analysis showed 

that the prognostic role of PD-L1 expression varied widely among studies. Overall, 

PD-L1 expression was not positively or negatively correlated with OS, DFS, and DSS 
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in HNSCC patients. Although patients with positive PD-L1 expression showed 

improved PFS, the favorable effect should be further confirmed due to the limited 

number of studies. Especially when considering the heterogeneity of tumor sites, stages, 

treatment regimens, and IHC platforms, these results should be interpreted carefully. 

 

PD-L1 plays a central role in mediating the interrelationship between TILs and tumor 

cells. Upregulation of PD-L1 suppresses T cell function and promotes immune evasion 

in cancer.[9, 11-13] The PD-L1-induced suppression of immune surveillance is 

anticipated to be an indicator of tumor progression and poor survival. However, 

upregulation of PD-L1 expression could be an adaptive response to the vigorous 

immune microenvironment which renders anti-cancer effects.[10, 54, 55] In addition, 

there are multiple cell cohorts (including malignant, stromal and immune cells) and 

immune checkpoints that impose more complexity on the tumor microenvironment.[6, 

8] Therefore, PD-L1 expression in tumor cells alone may not be a robust prognostic 

factor in HNSCC. We attempted to identify subgroups in which PD-L1 expression 

could predict prognosis by taking into account the primary cancer sites, HPV status and 

cellular localizations of positive PD-L1 expression. However, there were no significant 

differences in survival outcomes. Our results did not show that PD-L1 expression in 

tumor cells detected by IHC assays could be used to assess the OS, DFS, and DSS of 

HNSCC patients. Only one study investigated the role of PD-L1 expression in LSCC 

and indicated the favorable prognosis in PD-L1-positive patients.[30] More research is 

warranted to confirm the results. 
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In this meta-analysis, we detected an improvement in PFS in HNSCC with positive 

PD-L1 expression. PFS is mainly used in patients with advanced staged or 

recurrent/metastatic cancer, as among our included cohorts. Presumably, the improved 

PFS might be associated with a better OS. However, we did not observe an 

improvement of OS in the same cohorts. More research is needed to confirm and clarify 

the results. At the same time, caution should be taken when illustrating the PFS 

endpoint in PD-1/PD-L1 blockade immunotherapy clinical trials. The PD-1/PD-L1 

blockade immunotherapy was mainly administered in recurrent/metastatic cancer, and 

the PFS was widely used in these studies.[15, 16, 52] However, the improved PFS in 

patients receiving PD-1/PD-L1 blockade therapy might partly be due to the intrinsic 

PD-L1 expression level instead of the treatment outcome of PD-1/PD-L1 blockade. In 

all, the role of PD-L1 expression in PD-1/PD-L1 blockade immunotherapy deserved to 

be appropriately accounted for in the study design or in the analysis. 

 

Recent studies have suggested the PD-L1 and TILs can be combined to categorize the 

tumor microenvironment into four types, based on different PD-L1 expression levels 

and varied TILs abundances.[51] The first type is characterized by intense TILs with 

positive PD-L1 expression, which is entitled “adaptive immune resistance” and patients 

in this type are most likely to benefit from PD-1/PD-L1 blockade immunotherapy.[55] 

On the contrary, those patients with intense TILs but negative PD-L1 is classified as the 

fourth type, which is designated as “immune tolerance” and the suppressed immunity is 
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supposed to be dominated by other immunosuppressive pathways rather than the 

PD-1/PD-L1 axis.[51] Previous studies have indicated that patients with intense CD8+ 

TILs tended to display better survival outcomes.[8] In the present meta-analysis, we 

found that the PD-L1 expression did not add value to risk stratification among patients 

with intense CD8+ TILs. No significant difference in survival outcomes was detected 

between patients with the first and fourth type of tumor microenvironment. We 

speculated that, in the fourth type, some other underlying molecular mechanisms might 

play an equivalent role as the PD-1/PD-L1 axis, which should be further elucidated in 

future studies. 

 

The second and third types of tumor microenvironment are exempt from TILs. Due to 

the lack of immune response, both the second and third type cancers are predicted to 

have a very poor prognosis.[51] The second type is “immunological ignorance” which 

denotes the lack of TILs and negative PD-L1 expression,[51, 56, 57] while the third 

type exhibits positive PD-L1 expression induced by intrinsic oncogenic pathways.[11, 

58-60] In this meta-analysis, the poorer OS was detected in the third type patients with 

positive PD-L1 expression and sparse CD8+ TILs. It is suggested that the intrinsic 

oncogenic pathways that stimulate PD-L1 expression, including aberrant STAT3 and 

EGFR activation, or ALK translocation, may contribute to poorer outcomes in 

HNSCC.[11, 61-63] Although the intrinsic oncogenic pathways of PD-L1 expression 

are still under research and yet to be elucidated, the intrinsic oncogenic pathways do 
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highlight the complexity of PD-L1 expression,[64] which alone may not be a predictor 

of survival in HNSCC. 

 

HPV infection has been recognized as an independent risk factor for HNSCC. Chronic 

persistent HPV infection is believed to evade local immunosurveillance through 

various mechanisms.[65, 66] As recent studies confirm the activation of PD-1/PD-L1 

during chronic infection of virus,[67] it is worth exploring the role of PD-L1 in 

HPV-related HNSCC. In this meta-analysis, we found that HPV infection was 

associated with positive PD-L1 expression. This HPV-enhanced PD-L1 expression 

could be stimulated by chronic immune cell infiltration in the highly specialized 

reticular epithelium in tonsil and tongue base lymphoid tissues.[61, 67, 68] We further 

examined whether PD-L1 could improve risk stratification in the HPV-positive 

HNSCC. However, there was no difference in OS between PD-L1-positive and 

-negative patients. The potential explanation was that other immunosuppressive 

pathways exist and that PD-L1 might not be sufficient as an independent prognostic 

factor.[51] 

 

Some limitations of included studies cannot be ignored in interpreting main findings of 

this meta-analysis. The significant heterogeneity of studies limits the validity of 

outcomes, which could be attributed to the diversity of patient sources, different 

primary cancer sites and stages, and various treatment regimens. We have performed 

subgroup analyses while the reliability decreased due to limited studies. An individual 
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participant data meta-analysis is warranted to improve the quality of data and confirm 

the findings. Meanwhile, although IHC is a simple and sophisticated assay that is 

accessible on different platforms, the heterogeneity of IHC protocols cannot be 

underestimated.[50] Currently, there are multiple PD-L1 antibodies, which inevitably 

result in inhomogeneous results including cellular localization and staining 

intensity.[49, 50, 69] We suggest the specific IHC protocols in each platform should be 

calibrated and operation techniques should be standardized, in order to arrive at more 

comparable results while reducing heterogeneity in future studies. Another point to 

emphasize is the dynamic PD-L1 expression in tumor cells.[60] Some studies suggest 

that DNA or mRNA aberration may better predict the expression of PD-L1, which may 

be limited in clinical application and should be further investigated.[20, 49, 70] 

 

Overall, based on the results of this meta-analysis, PD-L1 expression detected by IHC 

was not recommended for use in clinical practice to predict survival outcomes in 

HNSCC patients. It was not recommended to aid risk stratification in HPV-related 

HNSCC neither. Whilst, the positive PD-L1 expression might predict better PFS in 

patients with advanced HNSCC. The combined effects of PD-L1 and CD8+ TILs 

should be further elucidated. Due to the heterogeneity of included studies and the 

limited sample size, these findings should be interpreted with caution and more 

high-quality researches are still warranted. 
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Figure 1. Flowchart of study selection in the meta-analysis. 

 

Figure 2. Risk of bias assessment using the Quality In Prognosis Studies (QUIPS) tool. 

 

Figure 3. Meta-analysis of the prognostic role of PD-L1 expression for OS in HNSCC 

using the random-effect analysis. 

 

Figure 4. Meta-analysis of the prognostic role of PD-L1 expression for PFS in HNSCC 

using the fixed-effect analysis. 

 

Figure 5. Meta-analysis of the prognostic role of PD-L1 expression for OS in HNSCC 

with (A) high CD8+ TILs and (B) low CD8+ TILs using the fixed-effect analysis. 

 

Figure 6. Meta-analysis of the prognostic role of PD-L1 expression for OS in 

HPV-positive HNSCC using the fixed-effect analysis. 

 



Table 1. Main characteristics of studies included in meta-analysis. 

Study Year (ref) 
Patient 

source 

Cancer 

subtype 

N 

(PD-L1+/-) 

HPV 

status 

Immunohistochemistry PD-L1+ 

Tissue section Test Antibody Dilution Cell type Location Cut-off value 

Ahn 2017 Korea OSCC 68 (22/46) NA SS-FFPE-TMA IHC Rabbit PAb (ab153991, Abcam) 1:1000 TC M&C 10% 

Badoual 2013 France HNSCC 64 (33/31) 50% S/BS-FFT IFA Goat PAb (R&D Systems) 15μg/ml TC NA 20% 

Balermpas 2017 Germany HNSCC 161 (63/98) 37.9% SS-FFPE IHC Rabbit MAb (E1L3N®, CST) 1:50 TC M&C 5% 

Chen 2015 Taiwan OSCC 218 (139/79) NA SS-FFPE IHC Rabbit PAb (Proteintech Group) NA TC M 5% 

Chen 2018 Taiwan HNSCC 106 (34/72) 20.8% SS-FFPE-TMA IHC Rabbit MAb (E1L3N®, CST) 1:200 TC M&C 5% 

Cho 2011 Korea OSCC 45 (22/23) NA SS-FFPE IHC Rabbit PAb (ab82059, Abcam) 1:100 TC M&C Median 

Fiedler 2017 Germany HNSCC 81 (31/50) 9.8% BS-FFPE-TMA IHC Rabbit MAb (E1L3N®, CST) 1:200 TC M 5% 

Kim 2015 Korea OPSCC 133 (90/43) 66.9% S/BS-FFPE IHC Mouse MAb (5H1) 1:1000 TC M 20% 

Kogashiwa 2017 Japan OSCC 84 (44/40) NA SS-FFPE IHC Rabbit MAb (SP142, Roche) 1:100 TC&TIL M&C 5% 

Lin 2015 Taiwan OSCC 305 (133/172) NA SS-FFPE-TMA IHC Rabbit PAb (104763, GeneTex) 1:100 TC M&C Stg/mod vs. weak/nil 

Maruse 20108 Japan OSCC 97 (63/34) NA BS-FFPE IHC Rabbit MAb (E1L3N®, CST) 1:200 TC M 5% 

Meulenaere 2017 Belgium OPSCC 
99 (22/72) 

19.2% S/BS-FFPE IHC 
Rabbit MAb (SP142, Roche) 1:1 

TC M&C 5% 
99 (33/64) Mouse MAb (22C3, Agilent) 1:100 

Muller(1) 2017 Germany HNSCC 98 (15/83) NA S/BS-FFPE-TMA IHC Rabbit MAb (ab174838, Abcam) 1:75 TC M&C Stg vs. low/nil 

Muller(2) 2017 Germany HNSCC 195 (54/141) 8.2% S/BS-FFPE-TMA IHC Rabbit MAb (ab174838, Abcam) 1:75 TC M&C Stg vs. low/nil 

Ock(1) 2016 Korea HNSCC 50 (32/18) 30% S/BS-FFPE IHC Rabbit MAb (E1L3N®, CST) NA TC M 5% 

Ock(2) 2016 Korea HNSCC 91 (59/32) 36.3% S/BS-FFPE IHC Rabbit MAb (E1L3N®, CST) NA TC M 5% 

Oliveira-Costa 2015 Brazil OSCC 
96 (7/89) 

NA SS-FFPE-TMA IHC Goat PAb (ab28753, Abcam) 1:25 TC 
M 

5% 
96 (47/49) C 

Ono 2017 Japan HPSCC 83 (26/57) NA S/BS-FFPE IHC Rabbit MAb (E1L3N®, CST) 1:50 TC M&C 1% 

Ou 2017 France HNSCC 38 (19/19) 39.5% BS-FFPE IHC Rabbit MAb (E1L3N®, CST) 1:1500 TC&TIL M&C 5% 

Satgunaseelan 2016 Australia OSCC 217 (40/177) 0.9% SS-FFPE-TMA IHC Rabbit MAb (E1L3N®, CST) 1:500 TC M 5% 

Solomon 2018 Australia OPSCC 182 (86/96) 100% S/BS-FFPE IHC Rabbit MAb (SP142, Roche) 1:500 TC M 1% 

Steuer 2018 USA OPSCC 95 (24/71) 71.1% S/BS-FFPE IHC Rabbit MAb (E1L3N®, CST) 1:20 TC M Stg/mod/weak vs. nil 

Straub 2016 Germany OSCC 80 (36/44) 6.3% SS-FFPE-TMA IHC Rabbit MAb (E1L3N®, CST) 1:100 TC M 5% 

Ukpo 2012 Canada OPSCC 181 (84/97) 79.3% S/BS-FFPE-TMA IHC Mouse MAb (5H1-A3) 1:300 TC M&C 5% 

Vassilakopoulou 2016 Greece LSCC 238 (98/140) NA SS-FFPE-TMA IFA Mouse MAb (5H1) 1:500 TC NA 58% 

Abbreviations: reference (ref); No. of patients (N); not applicable (NA); surgical specimen (SS); biopsy specimen (BS); surgical or biopsy specimen (S/BS); 

formalin-fixed paraffin-embedded tissue (FFPE); tissue microarrays (TMA); fresh frozen tissue (FFT); immunohistochemistry staining (IHC); immunofluorescence 

assay (IFA); Cell Signaling Technology (CST); monoclonal antibody (MAb); polyclonal antibody (PAb); strong (stg); moderate (mod); tumor cells (TC); 

tumor-infiltrating lymphocytes (TIL); membrane (M); cytoplasm (C); head and neck squamous cell carcinoma (HNSCC); oral squamous cell carcinoma (OSCC); 

oropharyngeal squamous cell carcinoma (OPSCC); hypopharyngeal squamous cell carcinoma (HPSCC); laryngeal squamous cell carcinoma (LSCC). 
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