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Abstract
Background  No predictive biomarker of immune checkpoint inhibitors in head and neck squamous cell carcinoma (HNSCC) 
has been well established. The impact of programmed death-ligand 1 (PD-L1) expression, CD8+ tumor-infiltrating lympho-
cytes (TILs), and p16 status in HNSCC is unclear and may vary according to ethnicity.
Methods  HNSCC patients treated between 2007 and 2013 were reviewed. Archival tissues were retrieved for PD-L1, CD8+ 
TILs, and p16 analyses. PD-L1 expression was evaluated by using the validated SP142 assay on the VENTANA platform. 
CD8+ TILs were defined by using semiquantitative scoring.
Results  A total of 203 patients were analyzed. PD-L1 expression was observed in 80% of patients and was significantly 
associated with older age (P < 0.001). A high CD8+ TIL score (≥ 6) was significantly associated with never-smoking 
(P = 0.020), oral cavity cancer (P < 0.001), and stage M0 at presentation (P = 0.025). The p16 status was positive in 12% of 
patients. Patients with a high TIL score had a significantly longer OS (P = 0.032). Patients with PD-L1 expression of 1–49% 
and ≥ 50% were associated with a significantly shorter OS compared with those with PD-L1 < 1% (P = 0.027 and P = 0.011, 
respectively). Multivariate analysis showed that PD-L1 ≥ 50% was significantly associated with a poor OS. (HR 2.98 [95% 
CI 1.2–7.39]; P = 0.019.)
Conclusions  A high prevalence of PD-L1 expression was observed in HNSCC using the validated SP142 assay. PD-L1 
expression was associated with older age, while highly PD-L1 expression (≥ 50%) was an independent prognostic factor for 
poor OS in anti-PD1/PD-L1 untreated HNSCC patients.

Keywords  Programmed death ligand-1 · CD8+ tumor infiltrating lymphocytes · P16 · Human papillomavirus · Head and 
neck squamous cell carcinoma

Introduction

During recent years, cancer immunotherapy has developed 
rapidly for many types of malignancy. Moreover, the iden-
tification of immune checkpoint inhibitors has changed the 
standard of care for some deadly cancers such as melanoma, 
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lung cancer, urothelial carcinoma, renal cancer, and some 
gastrointestinal cancers thought to have high mutational 
burdens. The immune microenvironment of head and neck 
squamous cell carcinoma (HNSCC) is defined by alterations 
in the population of immune cells, immune checkpoints, and 
the balance of microenvironmental factors [1]. Immuno-
genicity in HNSCC induces disease development and pro-
gression, while immune suppression leads to tumor evasion 
and escape from immune surveillance [2, 3].

The immune checkpoint inhibitors, pembrolizumab and 
nivolumab, were approved for treatment of recurrent/meta-
static (R/M) non-nasopharyngeal HNSCC after progression 
or platinum-containing chemotherapy [4–8]. A phase 2 sin-
gle arm study of pembrolizumab (KEYNOTE-055) in plati-
num- and cetuximab-refractory R/M HNSCC demonstrated 
clinically meaningful antitumor activity [7]. Moreover, in 
CHECKMATE-141, a randomized phase 3 study for patients 
with R/M HNSCC with disease progression after platinum-
based chemotherapy, patients receiving nivolumab had 
longer overall survival (OS) than those receiving standard 
of care chemotherapy [6, 8]. This study showed no signifi-
cant interaction between programmed death-ligand 1 (PD-
L1) expression and the benefit of nivolumab [6], although 
most studies reported a trend towards a greater magnitude 
of effect from immunotherapy in higher PD-L1-expressing 
tumors [4–7]. No established predictive biomarker for these 
agents has yet been identified for use in clinical practice.

Tumor-infiltrating lymphocytes (TILs), which include all 
immune cells inside tumors, have previously been exam-
ined as possible biomarkers. In some studies of patients 
with NSCLC and melanoma, significant survival benefits 
were reported in patients with CD4+ and CD8+ lympho-
cytes in the tumor area [9–11]. However, few studies of TILs 
in HNSCC have been performed. Moreover, the prognosis 
of patients with high and low immune receptor expression, 
and the correlation between immunogenicity and HPV status 
remain uncertain [12, 13]. Therefore, we aimed to evalu-
ate characteristics of the immune biomarker profile, includ-
ing PD-L1 expression, CD8+ TILs, and the p16 status of 
HNSCC patients, and their prognostication.

Materials and methods

Patient and specimen characteristics

Patients with histologically confirmed HNSCC who received 
treatment at the Ramathibodi Cancer Center between Janu-
ary 2007 and December 2013 were identified. Patient char-
acteristics, pathological features, treatments, and outcomes 
were retrospectively abstracted from medical records. Archi-
val formalin-fixed, paraffin-embedded (FFPE) samples of 
HNSCC tissues obtained at diagnosis were retrieved from 

the pathology department. Patients with nasopharyngeal 
carcinoma, squamous cell carcinoma of unknown primary, 
and with insufficient or unavailable FFPE samples and/or 
incomplete or unavailable medical records were excluded. 
Deaths were crosschecked with the National Security Death 
Index. The study was approved by the Ramathibodi Ethics 
Committee.

Assay methods: quantification of HPV status, PD‑L1 
expression, and CD8+ TILs

HPV status was defined using p16 immunohistochemistry 
(IHC). The IHC of the expression of HPV status were char-
acterized by CINtec® p16 histology, consisting of a mouse 
monoclonal primary antibody against p16INK4a (E6H4™; 
Roche, USA). VENTANA detection kits and a VENTANA 
BenchMark XT automated slide stainer were used to detect 
p16 expression from archived FFPEs. p16 expression was 
categorized as positive or negative according to the manu-
facturer’s instructions.

IHC analysis for PD-L1 used 4-µm-thick FFPE tissue 
sections and a validated anti-human PD-L1 rabbit mono-
clonal antibody (clone SP142; Ventana, Tucson, AZ) on an 
automated staining platform (Benchmark; Ventana) using 
a concentration of 4.3 mcg/ml, with signal visualization 
by diaminobenzidine; sections were counter-stained with 
hematoxylin [11]. PD-L1 expression was evaluated on tumor 
cells and tumor-infiltrating immune cells. Specimens were 
scored using established criteria, which was defined as ≥ 5% 
of tumor-infiltrating immune cells (TC) or tumor cells (TC) 
to determine PD-L1 positivity [11].

TIL scoring was performed semiquantitatively by meas-
uring CD8 cell densities as previously described: (i) no, or 
sporadic cells; (ii) moderate numbers of cells; (iii) an abun-
dance of cells; and (iv) highly abundant cells [14, 15]. TILs 
were evaluated in three different tumor areas: the intraepi-
thelial compartment, the stroma, and the tumor periphery. 
The CD8 total score was measured as the sum of individual 
scores from these three tumor areas and ranged from 3 to 
12. The CD8+ TIL score cut-off for further correlations of 
the study was statistically analyzed and defined using death 
as the gold standard.

Study design and statistical analysis

The study aimed to evaluate whether PD-L1 expression 
could predict OS in the tested population as a primary objec-
tive. Exploratory objectives include associations of between 
PD-L1 expression, p16 status, and CD8+ TIL score. Sample 
size of the study was justified by using simplest formula for 
a proportion outcome, assuming alpha of 0.05 and accept-
able margin of error 10%. The estimated incidence of PD-L1 
expression in the population was between 70 and 80% from 
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previous studies.[4, 5] Therefore, a sample size of at least 
165 cases would be adequate for the study.

Although sample size was based on the assumption of 
normality for the distribution of mean PD-L1 and CD8+ TIL 
score, the extent of skewness in the observed distribution 
was such that means could not be assumed to have a normal 
distribution. Therefore, nonparametric analysis using the 
Mann–Whitney–Wilcoxon test was employed. Pearson’s cor-
relation was used to assess relationships among the CD8+ 
TIL score, PD-L1 expression, patient age, and smoking sta-
tus (pack-years). Continuous variables were summarized as 
means (± SD) or medians [min, max] and compared using 
the Student t test or Mann–Whitney–Wilcoxon tests where 
appropriate. Categorical data were expressed as numbers 
(percentages) and compared using Fisher’s exact test. The 
overall model fit was assessed using the Hosmer–Leme-
show test. In analyses based on fully adjusted models, the 
P-value for interaction was determined to explore the effect 
modification. To evaluate for multicollinearity, we calcu-
lated variance inflation factors and tolerances for each of 
the independent variables. A multivariable Cox proportional 
hazards model was performed to evaluate the association of 
factors with OS. All case survival analyses were performed 
by constructing Kaplan–Meier curves stratified by PD-L1 
level. The log-rank statistic was used to test for differences 
in survival across strata. A P-value < 0.05 was considered 
significant.

Results

Patient characteristics

A total of 203 HNSCC patients were identified and stained 
for IHC analyses. Baseline patient and pathological charac-
teristics are summarized in Table 1. Most patients were male 
and had an active or former smoking status. The oral cav-
ity was the most common primary tumor site (46%). More 
than 70% of patients presented with locally advanced disease 
(stage III/IVab), while fewer than 3% had distant metastasis 
at diagnosis. p16 was positive in only 24 of 203 patients 
(12%), representing a low incidence of HPV-associated 
HNSCC.

PD‑L1 expression

PD-L1 expression is shown in Fig. 1a. Using the cut-off 
of ≥ 5% of TC or IC to determine PD-L1 positivity [11], 
163 of 203 HNSCC samples (80%) were classed as posi-
tive for PD-L1 expression. PD-L1-positive patients were 
significantly older than -negative patients (median age, 65 
vs 57.5 years; P < 0.001). Older patients (≥ 65 years) also 
significantly associated with PD-L1 positivity (52.8% vs 

22.5%; P = 0.001), while older age significantly correlated 
with a higher percentage of PD-L1 expression (r = 0.149; 
P = 0.034) (Fig. 1c). Patient sex, smoking status, site of pri-
mary cancer, stage at diagnosis, and p16 status were not 
associated with PD-L1 expression (Table 1). No correlation 
of the percentage of PD-L1 expression and smoking pack-
years was observed in this population (Fig. 1e). In the sub-
set of primary site, PD-L1 expression was positive in 84%, 
83.9%, and 80.9% of tumors in the oral cavity, oropharynx, 
and larynx, respectively, but in only 61.5% of tumors in the 
hypopharynx (Supplement 1).

CD8+ TIL score

The mean CD8+ TIL score was 5.49 ± 1.93 (Fig. 1b). To 
determine the cut-off score for further analyses, a receiver 
operating characteristic (ROC) curve was drawn using death 
as the gold standard (Supplement 2). The final cut-off was 
defined using a score of 6. When compared with low CD8+ 
TIL score (< 6), high CD8+ TIL score (≥ 6) was signifi-
cantly associated with patients who never smoked (43% vs 
27.5%; P = 0.020), lower amount of smoking per pack-year 
(median 5 vs 15 pack-years; P = 0.007), those with site of 
primary cancer (P < 0.001), and those receiving a differ-
ent definitive treatment (P < 0.001) (Supplement 3). Heavy 
smokers (per pack-year) were significantly correlated with 
a lower CD8+ TIL score (r = 0.192; P = 0.010) (Fig. 1f). 
Patient age, stage at diagnosis, sex, and p16 status were not 
associated with CD8+ TIL score (Fig. 1d and Supplement 
3). No correlation between CD8+ TIL score and PD-L1 sta-
tus was observed (P = 0.273) (Table 1).

Survivals

The median follow-up duration was 39.6 months. Using 
a ≥ 5% cut-off of TC or IC to determine PD-L1 positivity 
[11], the PD-L1 status was not associated with OS (PD-
L1 positive vs negative, 23.6 vs 34.2 months; P = 0.505) 
(Fig. 2A). However, patients with PD-L1 expression ≥ 50% 
and 1–49% were significantly associated with a longer OS 
compared with PD-L1 < 1% patients (P = 0.032) (Fig. 2b). 
In subgroups of patients according to PD-L1 and p16 status, 
no association between OS was observed in both oropharyn-
geal (P = 0.716) and non-oropharyngeal cancers (P = 0.144) 
(Supplement 4).

Patients with high CD8+ TIL scores (≥ 6) had a sig-
nificantly longer OS than low scoring patients (48.1 vs 
20 months; P = 0.032) (Fig. 3a). Additionally, p16-positive 
and high TIL scoring patients were associated with the long-
est OS, while p16-negative and low TIL scoring patients had 
the shortest OS (P = 0.028) (Fig. 3b). However, this signifi-
cant correlation of OS between p16 status and CD8+ TIL 
score was olny limited to patients with non-oropharyngeal 
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Table 1   Patient characteristics 
and PD-L1 status

PD-L1 status P-value

Positive (n = 163) Negative (n = 40)

Clinical characteristics
Age median [range] 65 [28, 89] 57.5 [25, 75] < 0.001
 Age < 65 77 (47.2%) 31 (77.5%) 0.001

Sex
 Male 116 (71.2%) 29 (72.5%) 0.867
 Female 47 (28.8%) 11 (27.5%)

ECOG
 0–1 131 (80.4%) 36 (90%) 0.242
 ≥ 2 28 (17.2%) 4 (10%)

Smoking status
 Never 59 (36.2%) 11 (27.5%) 0.309
 Active/former 101 (62%) 28 (70%)
 Median pack-year [range] 10 [0, 90] 10 [0, 150] 0.664

Site of primary cancer
 Oral cavity 79 (48.5%) 15 (37.5%) 0.143
 Oropharynx 26 (16%) 5 (12.5%)
 Larynx 38 (23.3%) 9 (22.5%)
 Hypopharynx 16 (9.8%) 10 (25%)
 Nasal cavity and paranasal sinus 4 (2.5%) 1 (2.5%)

Tumor stage
 1–2 79 (48.5%) 16 (40%) 0.336
 3–4 84 (51.5%) 24 (60%)

Nodal stage
 0–1 117 (71.8%) 26 (65%) 0.400
 ≥ 2 46 (28.2%) 14 (35%)

Distant metastasis
 No 160 (98.2%) 38 (95%) 0.248
 Yes 3 (1.8%) 2 (5%)

The 7th AJCC stage
 I–II 62 (38%) 12 (30%) 0.344
 III–IV 101 (62%) 28 (70%)

Definitive treatment
 Surgery 89 (54.6%) 22 (55%) 0.583
 Chemoradiotherapy 33 (20.2%) 7 (17.5%)
 Radiation 25 (15.3%) 9 (22.5%)
 Missing 16 (9.8%) 2 (%)

Adjuvant treatment
 Radiation 56 (34.4%) 18 (45%) 0.635
 CRT​ 24 (14.7%) 6 (15%)

Pathological characteristics
Tumor differentiation
 Well differentiated 51 (31.3%) 9 (22.5%) 0.425
 Moderately differentiated 51 (31.3%) 16 (40%)
 Poorly/undifferentiated 27 (16.6%) 8 (20%)

p16 status
 Negative 140 (85.9%) 37 (92.5%) 0.333
 Positive 21 (12.9%) 3 (7.5%)

CD8+ TIL score
 < 6 76 (46.6%) 23 (57.5%) 0.273



Medical Oncology (2019) 36:21	

1 3

Page 5 of 10  21

cancer (P = 0.015) (Fig. 3c, d). No OS correlation was 
observed among subgroups of patients based on PD-L1 sta-
tus and CD8+ TIL score (P = 0.126) (Supplement 4).

In multivariate analysis, ECOG PS ≥ 2, AJCC stage 
III–IV, type of definitive treatment, and p16 status were 
significantly associated with OS, while CD8+ TIL score 

and PD-L1 expression using pre-defined criteria [11] 
showed no significant association (Table 2). However, 
PD-L1 expression ≥ 50% was significantly associated with 
poor prognosis for OS in the multivariate analysis (HR 
2.98 [95% CI 1.2–7.39; P = 0.019]).

Table 1   (continued) PD-L1 status P-value

Positive (n = 163) Negative (n = 40)

 ≥ 6 83 (50.9%) 17 (42.5%)

Fig. 1   Distribution of PD-L1 expression (a), TIL score (b), and correlation with age (c; d) and smoking pack-year (e; f)
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Discussion

Though PD-L1 expression has been evaluated in many stud-
ies using various PD-L1 antibody clones, few investigations 
have used validated PD-L1 IHC clones developed for spe-
cific anti-PD1/PD-L1 drugs. Moreover, different anti-PD1/
PD-L1 drugs utilize different compassionate PD-L1 IHC 
clones, methods, and positivity cut-offs to evaluate PD-L1 
status [16]. We reported 80% PD-L1 positivity in our 
HNSCC patients using the validated SP142 antibody on a 
VENTANA platform, and previously well-described positiv-
ity criteria for atezolizumab [11]. The incidence of PD-L1 
positivity in this study was comparable with that reported 
in a phase 1 study of atezolizumab in HNSCC, in which 25 
of 32 patients (78.1%) were PD-L1 positive [17]. However, 
a retrospective European study evaluating the PD-L1 status 
of 99 oropharyngeal cancer patients reported low incidences 
of PD-L1 expression of 23% and 34%, using the SP142 and 
22C3 IHC clones, respectively [18]. The 22C3 IHC clone 
was developed for PD-L1 testing for pembrolizumab. A 
phase Ib KEYNOTE-012 expansion cohort of 188 R/M 
HNSCC patients treated with pembrolizumab demonstrated 

that the combined positive score (CPS) of tumors and inflam-
matory cells improved the ability to predict the response of 
pembrolizumab compared with the tumor proportion score 
(TPS) [4, 5, 19]. In this study, 152 of 188 HNSCC patients 
(80.8%) had PD-L1-positive tumors using CPS ≥1% as a 
cut-off [19]. This was confirmed by KEYNOTE-055 and 
KEYNOTE-040 studies of pembrolizumab in R/M HNSCC, 
in which PD-L1 positivity using the 22C3 IHC clone and 
CPS ≥1% as a cut-off was demonstrated in 82% and 78% of 
patients, respectively [7, 20]. The PD-L1 antibody 28-8 IHC 
clone was developed along with nivolumab on the Dako plat-
form. A phase III CHECKMATE-141 study reported PD-L1 
positivity in 149 of 260 R/M HNSCC patients (57.3%) using 
tumor PD-L1 membrane expression ≥1% as a cut-off [6]. 
In a phase I study of 62 R/M HNSCC patients treated with 
durvalumab using the Ventana PD-L1 SP263 IHC assay, PD-
L1-positive tumors were reported in 34% of patients [21]. A 
large retrospective multicenter study of PD-L1 expression in 
R/M HNSCC (SUPREME-HN) evaluated PD-L1 expression 
using the Ventana SP263 assay and scored PD-L1 expres-
sion as high (≥ 25% of TCs only) versus low/negative. This 
study found that 132 of 396 evaluable tumors (33.3%) highly 
expressed PD-L1 [22]. These various incidences of PD-L1 
expression are partially related to different PD-L1 IHC anti-
bodies used, the method of evaluation, and cut-off for posi-
tivity. Other retrospective studies using non-validated PD-L1 
IHC assays reported widely-ranging PD-L1 expression in 
HNSCC.[23–25].

A Blueprint PD-L1 IHC assay project compared 4 val-
idated PD-L1 IHC assays in 39 NSCLC samples [26]. It 
found comparable percentages of PD-L1-stained TCs among 
22C3, 28-8, and SP263 assays, whereas SP142 exhibited 
fewer stained TCs overall. All assays demonstrated IC stain-
ing, but with greater variability than TC staining. Another 
larger prospective multicenter study evaluated 90 NSCLC 
samples stained for 4 PD-L1 platforms (22C3, 28-8, SP142, 
and E1L3N) [27]. The SP142 antibody was an outlier that 
detected significantly less PD-L1 expression in TCs and 
ICs compared with other assays. Though these two studies 
obtained consistent findings when evaluating four validated 
PD-L1 assays in NSCLC, non-NSCLC samples have not 
been tested [26, 27]. Therefore, future non-NSCLC studies 
are warranted.

We observed no correlation between p16 status and 
PD-L1 expression, although data regarding this are con-
flicting [6, 7, 24, 28]. We also found that PD-L1 expres-
sion ≥ 50% was significantly associated with poor OS in 
multivariate analysis. A retrospective study of SP263 IHC 
PD-L1 expression reported that a PD-L1 ≥ 1% cut-off was 
associated with a significantly longer OS [29]. These results 
demonstrated the prognostic activity of PD-L1 using differ-
ent IHC clones and cut-off values in immunotherapy-naïve 
HNSCC patients.

Fig. 2   Overall Survival (OS) of HNSCC patients and PD-L1 expres-
sion
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Unlike PD-L1 expression, CD8+ TIL measurements have 
not been determined during clinical development of anti-
PD1/PD-L1 drugs. This partially reflects their challenging 
evaluation in HNSCC because tumors arising from different 
anatomical sites of the head and neck region contain various 
numbers of TILs from background lymphoid tissue [30]. 
The International Immuno-Oncology Biomarkers Working 
Group proposed a standardized method for assessing TILs, 
but this recommendation for HNSCC was unclear because of 
a lack of data support [30]. Balermpas et al. proposed a sem-
iquantitative IHS scoring method to describe TILs [14, 15]. 
We validated this semiquantitative scoring method but rede-
fined the cut-off using the ROC graph to evaluate sensitivity 
and specificity for predicting death. Interestingly, we found 
that a similar score cut-off of 6 was significant. We showed 
that a high CD8+ TIL score was associated with lower levels 
of smoking (per pack-year), primary tumor site, and a longer 
OS in univariate analysis. These results were consistent with 
the literature [15, 23]. However, an association between p16 

expression/HPV positivity and high CD8+ TIL tumors was 
previously reported [15, 28], but this was not observed in 
our present study. This could reflect the low incidence of 
p16-expressing/HPV-associated tumors (12–17.5%), as seen 
in previous studies from Thailand [31, 32].

PD-L1 expression has been incorporated in the clinical 
development of all immune checkpoint inhibitors. How-
ever, the PD-L1 status has not been used as a predictive 
biomarker for any indication of immunotherapy in HNSCC 
to date [5–8]. Both pembrolizumab and nivolumab improved 
survival in platinum-refractory R/M HNSCC, regardless of 
PD-L1 status, although the objective response rate (ORR) 
was higher in PD-L1-expressing tumors [5–8]. In a phase 
Ib KEYNOTE-012 expansion cohort, a significant increase 
in ORR was observed for PD-L1 positive vs negative 
patients (22% vs 4%; P = 0.021) [5]. Similarly, a phase II 
KEYNOTE-055 study reported an overall ORR of 16% [7]. 
When using a CPS score of ≥50% as a cut-off, the ORR 
was improved from 13% in patients with CPS < 50–27%. A 

Fig. 3   OS of HNSCC patients and TIL score (a), and subgroups of CD8+ TIL score and p16 status in all (b), oropharyngeal (c), and non-oro-
pharyngeal (d) cancer
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phase III KEYNOTE-040 study demonstrated that pembroli-
zumab improved ORR and OS in patients with CPS ≥ 1% 
compared with chemotherapy. This benefit was more pro-
nounced in patients with a TPS ≥ 50% [20]. Additionally, 
a phase III CHECKMATE-141 study demonstrated a sig-
nificant improvement in OS from 5.1 months in the chemo-
therapy group to 7.7 months in the nivolumab group [6]. 
This OS benefit was observed regardless of PD-L1 status 
[8]. Because HNSCC is an area of interest for the devel-
opment of immune checkpoint inhibitors, numerous clini-
cal studies are ongoing [33]. These are evaluating various 
approaches in different settings, and are assessing potential 

biomarkers as single agents, or in combination with radio-
therapy or immune checkpoint inhibitors targeting PD-1, 
PD-L1, CTLA-4, OX40, CD27, and LAG-3.

Conclusions

A high prevalence of PD-L1 expression (80%) was observed 
in HNSCC using the validated SP142 assay and previously 
described cut-off value. PD-1L expression was associated 
with older age, while highly expressed PD-L1 (≥ 50%) was 
an independent prognostic factor for poor OS in anti-PD1/

Table 2   Univariate and 
multivariate analysis for OS

Values presented as hazards ratio (95% confident interval). P value corresponds to Cox regression analysis

Univariate Multivariate

HR (95% CI) P value Adjusted HR (95% CI) P value

Age
 Age < 65 Ref 1
 Age ≥ 65 1.01 (0.72, 1.43) 0.945

Sex
 Female Ref 1
 Male 1.3 (0.87, 1.94) 0.196

Smoking status
 Never Ref 1
 Active/former 1.26 (0.87, 1.84) 0.223

Site of primary
 Non-oropharynx ref 1
 Oropharynx 0.89 (0.55, 1.43) 0.626

ECOG
 0–1 Ref 1 Ref 1
 ≥ 2 1.82 (1.18, 2.78) 0.006 2.27 (1.45, 3.57) < 0.001

The 7th AJCC stage
 I–II Ref 1 Ref 1
 III–IV 3.39 (2.23, 5.17) < 0.001 3.22 (2.01, 5.17) < 0.001

Definitive treatment
 Surgery Ref 1 Ref 1
 CCRT​ 2.14 (1.38, 3.33) 0.001 2.1 (1.28, 3.46) 0.003
 Radiation 2.42 (1.52, 3.86) < 0.001 1.98 (1.18, 3.31) 0.01

p16 status
 Negative Ref 1 Ref 1
 Positive 0.55 (0.29, 1.02) 0.057 0.45 (0.22, 0.91) 0.026

TIL score
 < 6 Ref 1 Ref 1
 ≥ 6 0.68 (0.48, 0.97) 0.032 0.92 (0.62, 1.35) 0.66

PD-L1 expression
 Negative Ref 1
 Positive 1.17 (0.74, 1.85) 0.505

PD-L1 expression
 0% Ref 1 Ref 1
 1–49% 2.55 (1.12, 5.82) 0.027 2.24 (0.96, 5.22) 0.062
 ≥ 50% 3.13 (1.29, 7.57) 0.011 2.98 (1.2, 7.39) 0.019
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PD-L1 untreated HNSCC patients. No correlation among 
PD-L1, CD8+ TIL score, and p16 status was observed in 
this study.
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