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Abstract
Introduction  The importance of immune tumor microenvironment in the prognosis of patients with head and neck squamous 
carcinomas (HNSCC) is increasingly recognized. We analyzed the prognostic relevance of PD-L1 and PD-1 expressions in 
relation to the infiltration by CD8+ and FOXP3+ tumor-infiltrating lymphocytes (TILs).
Methods  Samples from 372 surgically treated HPV-negative HNSCC patients were evaluated by immunohistochemistry for 
PD-L1 expression [both tumor proportion score (TPS) and combined proportion score (CPS)], PD-1 expression in immune 
cells, and density of infiltrating CD8+ and FOXP3+ TILs. PD-L1 expression and CD8+ TIL density were combined to estab-
lish the type of tumor microenvironment.
Results  29.5% cases exhibited PD-L1 TPS positivity (≥ 1%), whereas PD-L1 CPS positivity (≥ 1%) was observed in 40% 
cases. 47.5% cases showed positive PD-1 expression (≥ 1%). PD-L1 and PD-1 positivity correlated with a high density of 
both CD8+ and FOXP3+ TILs. In univariate analysis, PD-L1 TPS positivity (P = 0.026), PD-L1 CPS positivity (P = 0.004), 
high density of CD8+ TIL (P = 0.001), and high density of FOXP3+ TIL (P = 0.004) were associated with a better disease-
specific survival (DSS). However, in multivariate analysis, only high density of CD8+ TIL was associated with a better DSS 
(P = 0.002). The type of tumor microenvironment correlated with DSS (P = .008), with the better DSS observed in cases 
with type I (PD-L1 CPS positivity and high density of CD8+ TIL).
Conclusions  High infiltration by CD8+ TIL is associated with better survival outcomes. Positive PD-L1 expression correlates 
with a high infiltration by TILs, explaining its association with better prognosis.

Keywords  Head and neck cancer · PD-L1 · Tumor-infiltrating lymphocytes · Prognosis

Introduction

It is now recognized that the immune system plays a key 
role in the development and progression of cancers [1], 
including the head and neck squamous cell carcinomas 
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(HNSCC). Different mechanisms of tumor immune eva-
sion have been described in HNSCC [2], and various 
immune checkpoints are exploited by the immune cells 
in the surrounding tumor microenvironment to induce the 
exhaustion of effector T cells [2]. One of these mecha-
nisms of evasion from host immune responses is the tumor 
expression of programmed cell death ligand 1 (PD-L1) 
that interacts with programmed cell death protein (PD-1) 
expressed on cytotoxic T lymphocytes, thereby reducing 
T cell activation and proliferation [3]. Immunotherapy has 
emerged as a promising treatment strategy to redirect host 
immune responses and match tumor adaptability. Immune 
checkpoint blockade, particularly by using antibodies 
directed against PD-1/PD-L1 pathway members, has dem-
onstrated efficacy in the treatment of several neoplasms [3, 
4]. In 2016, the US Food and Drug Administration (FDA) 
approved the anti-PD-1 monoclonal antibodies nivolumab 
and pembrolizumab for the treatment of patients with 
recurrent/metastatic (R/M) HNSCC refractory to plati-
num-based therapy, and in 2019, the FDA approved pem-
brolizumab for the first-line treatment of patients with 
unresectable R/M HNSCC [5]. PD-L1 expression has been 
proposed as a predictive biomarker for checkpoint inhibi-
tors, although it has shown moderate predictive value 
across multiple solid tumors [6]. In HNSCC, tumor PD-L1 
expression is generally correlated with improved efficacy 
to anti-PD-1/PD-L1 blockers, and the predictive value 
increases when considering both PD-L1 expression and 
the levels of tumor-infiltrating immune cells. However, the 
predictive value of PD-L1 expression has limitations, as 
some PD-L1-negative patients were also found to respond 
to treatment with these immunotherapeutic agents [7, 8].

Besides the potential role of PD-L1 as a predictive bio-
marker for HNSCC response to anti-PD-1/PD-L1 treatment, 
the prognostic relevance in this tumor is still controversial. 
Two recent meta-analyses failed to show a clear impact of 
PD-L1 expression on the prognosis of HNSCC patients [9, 
10]. The heterogeneity between studies was significant. 
These conflicting results may have been caused by meth-
odological differences in the immunohistochemical staining 
for PD-L1, including the specific antibodies used and/or in 
the cutoff values used in each study. Moreover, the heteroge-
neous tumor locations, staging, treatment regimens, as well 
as the HPV status of the HNSCC patients enrolled in these 
studies may have also contributed to these varying results. 
In our view, a more refined and careful dissection of the 
immune microenvironments associated with PD-L1 expres-
sion may be helpful to better define its prognostic role in 
HNSCC. Previous studies on tumor-infiltrating lymphocytes 
(TILs) have shown that increased infiltration by CD8+ T 
cells or regulatory T cells (Treg) are associated with favora-
ble outcomes [11]. Unfortunately, up to now, the interactions 
between PD-L1, PD-1, and the different subgroups of TILs, 

as well as the impact of these interactions on clinical out-
comes, have not been well documented in HNSCC.

This prompted us to investigate the expression of PD-L1 
and PD-1 in a large homogeneous series of 372 resected 
HPV-negative HNSCC and to establish associations with 
clinicopathologic features, presence of TILs in the tumor 
microenvironment, and clinical outcomes.

Methods

Patients and tissue specimens

Surgical tissue specimens from 372 patients with HPV-
negative HNSCC who underwent resection of their tumors 
at the Hospital Universitario Central de Asturias between 
1990 and 2009 were retrospectively collected. Sample use 
and experimental procedures were performed in accordance 
with the Declaration of Helsinki. Written informed consent 
was obtained from all patients. Formalin-fixed paraffin-
embedded (FFPE) tissue samples and data from donors 
were provided by the Principado de Asturias BioBank 
(PT17/0015/0023), integrated in the Spanish National 
Biobanks Network, and histological diagnosis was con-
firmed by an experienced pathologist. Samples were pro-
cessed following standard operating procedures with the 
appropriate approval of the Regional Ethical Committee 
from Principado de Asturias for the project PI16/00280 
(approval number: 70/16; date: 5 May 2016).

The characteristics of the studied cases are shown in 
Table 1. All patients had a single primary tumor, micro-
scopically clear surgical margins, and received no treat-
ment prior to surgery. Only fourteen patients were women, 
and the mean age was 58.6 years (range 30–86 years). The 
stage of the tumors was determined according to the TNM 
system of the International Union Against Cancer (7th Edi-
tion). Two hundred thirty-two (62%) of 372 patients received 
postoperative radiotherapy. Patients were followed up for a 
minimum of 36 months. The mean follow-up for the whole 
series was 34.6 months (median 21.5 months). Recurrence 
was defined as tumor relapse in the five first years after treat-
ment at any site: local recurrence, regional recurrence, and/
or distant metastasis. Information on HPV status was avail-
able for all patients. HPV status was analyzed using p16 
immunohistochemistry, high-risk HPV DNA detection by 
in situ hybridization, and genotyping by GP5+/6+-PCR, as 
previously reported [12, 13].

Tissue microarray (TMA) construction

Three morphologically representative areas were selected 
from each individual tumor paraffin block. Subsequently, 
three 1-mm cylinders were taken to construct TMA blocks, 
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as described previously [12], containing a total of 372 
HNSCC (135 tonsillar, 106 base of tongue, 64 hypopharyn-
geal, and 67 laryngeal carcinomas). In addition, each TMA 
included three cores of normal squamous epithelium as 
an internal negative control. This normal epithelium was 
obtained from adult male, non-smokers and non-drinkers, 
patients that were operated from tonsillectomy and patients 
operated from benign vocal cord lesions.

Immunohistochemical study

The TMA blocks were cut into 3-µm sections and dried 
on Flex IHC microscope slides (Dako, Santa Clara, CA). 
The sections were deparaffinized with standard xylene 
and hydrated through graded alcohols into water. Anti-
gen retrieval was performed using EnVision Flex Target 

Retrieval solution, high pH (Dako). Staining was done at 
room temperature on an automatic staining workstation 
(Dako Autostainer Plus) using the following primary anti-
bodies: anti-PD-L1 antibody (clone E1L3N; Cell Signal-
ing Technology, Danvers, MA) at 1:200 dilution, anti-PD-1 
(clone EH33, Cell Signaling Technology) at 1:200 dilution, 
anti-CD8 (clone SP16, Neomarkers, Freemont, CA) at 1:400 
dilution, or anti-FOXP3 (clone 236A/E7, Abcam, Cam-
bridge, UK) at 1:400 dilution. Detection was performed with 
EnVision Flex + Visualization System (Dako) for 30 min at 
room temperature, and immunostaining was developed using 
diaminobenzidine. Sections were washed in water, coun-
terstained with hematoxylin, and dehydrated before being 
mounted in DPX mounting medium.

Positive controls were placenta samples for PD-L1 
expression, and normal tonsil samples for PD-1, CD8, and 
FOXP3 expression.

All slides were reviewed by two expert authors. For tumor 
PD-L1 expression, only the membrane staining of tumor 
cells was evaluated and expression was scored as: negative 
PD-L1 expression (< 1% stained cells), low PD-L1 expres-
sion (≥ 1– 10%), intermediate PD-L1 expression (11–50%), 
or high PD-L1 expression (> 50%). Tumor proportion score 
(TPS) positivity was defined as ≥ 1% stained tumor cells 
based on current recommendations [5]. Combined pro-
portion score (CPS), the number of PD-L1-positive cells 
(tumor, lymphocytes, and macrophages) in relation to total 
tumor cells, was also considered positive if ≥ 1%.

PD-1 expression was evaluated in stromal immune cells 
and was considered positive when ≥ 1% of the cells were 
stained.

Tumor-infiltrating lymphocytes (TILs) were defined as 
lymphocytes within the tumor, while the peritumoral area 
was not included in this assessment. Quantification of TILs 
staining was performed automatically using ImageJ software 
for CD8 (marker of cytotoxic T lymphocytes) and manually 
for FOXP3 (marker of T-regulatory lymphocytes), counting 
the cells in the tumor areas of each core within the TMAs 
(i.e., 3 cores per tumor case). The tumoral areas quantified 
in each core were measured, and the average total number of 
cells positive for each marker in the 3 cores was expressed in 
density per mm2. For statistical purposes the median value 
was used as the cutoff to define high and low density for both 
CD8+ and FOXP3+ TILs.

All scoring was conducted blinded to clinical outcomes.

Statistical analysis

Chi-squared and Fisher’s exact tests were used for compari-
son between categorical variables. For time-to-event analy-
sis, Kaplan–Meier curves were plotted. Cox proportional 
hazards models were utilized for univariate and multivari-
ate analyses. The hazard ratios (HR) with 95% confidence 

Table 1   Clinicopathologic characteristics of the patients studied

Characteristic No. cases (%)

Age, mean (range) 58.6 (30–86 years)
Tobacco
 Non-smokers 12 (3.5)
 Moderate (1–50 packs-year) 207 (55.5)
 Heavy (> 50 packs-year) 153 (41)

Alcohol
 Non-drinkers 37 (10)
 Drinkers 335 (90)

Location
 Oropharynx 241 (65)
 Hypopharynx 64 (17)
 Larynx 67 (18)

pT classification
 T1 38 (10)
 T2 77 (21)
 T3 125 (34)
 T4 132 (35)

pN classification
 N0 103 (28)
 N1 46 (12)
 N2 183 (49)
 N3 40 (11)

Stage
 I 20 (5)
 II 24 (6)
 III 64 (17)
 IV 264 (71)

Degree of differentiation
 Well-differentiated 147 (39)
 Moderately differentiated 148 (40)
 Poorly differentiated 77 (21)

Total 372
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interval (CI) and P values were reported. All tests were 
two-sided. P values of ≤ 0.05 were considered statistically 
significant.

Results

Analysis of PD‑L1 and PD‑1 expression and TIL 
infiltration in HNSCC tissue specimens

PD-L1 immunostaining was successfully evaluated in 349 
of 372 cases; 103 (29.5%) of 349 cases exhibited positive 
PD-L1 expression in tumor cells (Fig. 1a). From these cases, 
66 (19%) were scored as low expressors (1–10% stained 
tumor cells), 18 (5%) as intermediate (11–50% stained 
tumor cells), and 19 cases (5.5%) as showing high expres-
sion (> 50% stained tumor cells) (Supplementary figure 1). 
Stromal PD-L1 expression was detected in 92 cases (26%); 
of these, 37 cases (11% of total cases) were negative in the 
tumor cells, but there was a significant correlation between 
PD-L1 expression in tumor cells and in immune cells 
(Spearman’s Rho coefficient = 0.373, P < 0.001). Then, a 
PD-L1 combined proportion score (CPS) ≥ 1% was observed 
in 140 cases (40%).

PD-1 immunostaining was evaluated in 319 out of 372 
HNSCC; 152 (47.5%) of the 319 cases exhibited positive 
PD-1 expression in stromal immune cells (Fig. 1b). PD-1 
expression significantly correlated with both PD-L1 TPS 
(Spearman’s Rho coefficient = 0.373, P < 0.001) and PD-L1 
CPS (Spearman’s Rho coefficient = 0.288, P < 0.001).

The number of CD8+ TIL was evaluated in 337 HNSCC, 
showing a mean number of 275 CD8+ TIL (median = 182, 
range 4–2670) per mm2. The number of FOXP3+ TIL was 
evaluated in 338 cases and were less numerous than CD8+ 
TIL, with a mean number of 54 (median = 37, range 0–321) 
per mm2. The mean ratio between CD8+ TIL and FOXP3+ 
TIL was 9.4 (median 5.1, range 0.1–129). Representative 
examples of high and low density of TILs are shown in 
Fig. 1c–f. There was a strong positive correlation between 
the number of CD8+ and FOXP3+ TILs (Spearman’s Rho 
coefficient = 0.473, P < 0.001). The number of infiltrating 
CD8+ and FOXP3+ TILs was also found to correlate with 
PD-L1 expression and was significantly higher in cases 
with a positive PD-L1 TPS and with a positive PD-L1 CPS 
(Fig. 2). Similarly, CD8+ and FOXP3+ TILs’ infiltration 
was also correlated with positive PD-1 expression (Spear-
man’s Rho coefficient = 0.316, P < 0.001, and Spearman’s 
Rho coefficient = 0.239, P < 0.001, respectively).

PD-L1 CPS and CD8+ TIL density were combined to 
categorize the tumor microenvironment in four subtypes, 
as described by Teng et al. [14]: PD-L1 CPS-positive/high 
CD8+ TIL (type I, adaptive immune resistance), which was 
observed in 67/335 cases (20%); PD-L1 CPS-negative/low 
CD8+ TIL (type II, immunological ignorance), observed 
in 143/335 cases (43%); PD-L1 CPS-positive/low CD8+ 
TIL (type III, intrinsic induction), observed in 30/335 
cases (9%); PD-L1 CPS-negative/high CD8+ TIL (type 
IV, immune tolerance), observed in 95/335 cases (28%).

Fig. 1   Representative examples of positive PD-L1 expression in tumor and stromal immune cells (a), PD-1 expression in immune cells (b), high 
and low density of CD8+ TIL (c, d) and high and low density of FOXP3+ TIL (e, f). Original magnification X200
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Correlations of PD‑L1 and PD‑1 expression and TIL 
infiltration with clinicopathologic parameters

Positive PD-L1 TPS and positive PD-L1 CPS were sig-
nificantly less frequent in pT4 (P = 0.033 and P = 0.04, 
respectively) and in advanced stage IV tumors (P = 0.017 
and P = 0.029, respectively). Positive PD-L1 CPS was 
more frequent in tumors without recurrence (P = 0.043) 
(Table 2). In parallel to our observation with PD-L1, high 
CD8+ TIL infiltration was also significantly more frequent 
in early (I–III) stages (P = 0.03). High FOXP3+ TIL infil-
tration was more frequently observed in laryngeal car-
cinomas (P = 0.002) as compared to the other locations 
(tonsillar, base of tongue, or hypopharyngeal). High CD8+ 
and high FOXP3+ TILs’ densities were more frequent in 
nonrecurrent tumors, although the differences did not 
reach statistical significance. No other correlations with 
pathological characteristics were observed.

Correlations of PD‑L1 and PD‑1 expressions and TIL 
infiltration with patient survival

Patients harboring positive PD-L1 TPS or CPS tumors 
showed a significantly improved disease-specific survival 
(DSS) and overall survival (OS) (Fig. 3a–d). Although 
PD-L1 positive score was associated with better survival, no 
significant differences in survival rates were observed among 
the different levels of tumor PD-L1 expression (Supplemen-
tary figure 2). Positive PD-L1 expression in immune stromal 
cells was also associated with a better survival (P = 0.011 for 
DSS and P = 0.009 for OS). Patients with high CD8+ TIL 
infiltration or high FOXP3+ TIL infiltration also showed sig-
nificantly better DSS and OS (Fig. 3e–h). The ratio between 
CD8+ and FOXP3+ TILs (using the median ratio as cutoff 
point) had no influence on patient’s prognosis (P = 0.84 for 
DSS and P = 0.78 for OS). Moreover, high CD8+ TIL infil-
tration was associated with better prognosis irrespective of 

Fig. 2   Correlations between PD-L1 tumor proportion score (TPS) and composite proportion score (CPS) and the density of CD8+ (a, b) and 
FOXP3+ TILs (c, d). Box plots with the median (black line) and the mean values are shown
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high FOXP3+ TIL levels (P = 0.009 for DSS and P = 0.007 
for OS; Supplementary figure 3). Positive PD-1 expression 
did not correlate with DSS nor with OS (Fig. 3i, j).

According to the tumor microenvironment type, the sub-
group of HNSCC patients classified as type I (PD-L1 CPS+/
high CD8+) showed the highest 5-year DSS (53%), followed 
by those classified as type IV (48%), type III (30%), and 
the worst DSS found in type II subgroup (26%) (P = 0.008; 
Supplementary figure 4). According to these results, patients 
with high CD8+ TIL infiltration clearly exhibited a better 
prognosis, irrespective of PD-L1 expression status; however, 
among the patients with low CD8+ TIL density, those with 
positive PD-L1 expression showed a better prognosis.

Multivariate analysis, including tumor localization, T 
classification, N classification, degree of differentiation, 
PD-L1 CPS, PD-1 expression, CD8+ TIL, and FOXP3+ 
TIL, showed that the parameters independently associated 
with a worse DSS were T4 classification (HR = 1.56, 95% 
CI = 1.16–2.10, P = 0.003), N+ classification (HR = 2.27, 
95% CI = 1.51–3.42, P < 0.001), and low CD8+ TIL density 
(HR = 1.6, 95% CI = 1.19–2.16, P = 0.002). Accordingly, the 
same parameters were also found to independently associ-
ate with a worse OS: T4 classification (HR = 1.61, 95% 
CI = 1.24–2.10, P < 0.001), N+ classification (HR = 1.84, 
95% CI = 1.33–2.56, P < 0.001), and low CD8+ TIL density 
(HR = 1.45, 95% CI = 1.12–1.89, P = 0.005).

The impact of the immunoprofiles on disease course was 
also examined separately in each anatomic site (Table 3). 
Positive PD-L1 CPS was associated with a better DSS and 
OS in all tumor locations, although the differences were only 
statistically significant in the oropharynx, probably due to 
the lower number of cases from other sites. High CD8+ 

TIL density was associated with a better DSS and OS in 
all locations, being the differences statistically significant 
in oropharynx and hypopharynx. High FOXP3+ TIL den-
sity was also associated with better DSS and OS in all sites, 
but the differences were not statistically significant. By con-
trast, positive PD-1 expression was associated with a better 
DSS and OS in oropharynx (although significance was not 
reached), but with a worse DSS and OS in hypopharynx and 
larynx, although the differences were only significant for the 
hypopharyngeal subgroup.

Discussion

The interaction between tumor and host immune systems is 
a continuous process, the so-called immune editing, which 
includes tumor elimination, equilibrium state, and escape 
[15]. PD-L1 expression by tumor cells has been identified 
as one mechanism to escape the immune surveillance [2], 
and several reports have shown PD-L1 expression to be a 
negative prognostic factor in some cancer types, while some 
others found an association of PD-L1 expression with bet-
ter outcomes [16, 17]. Similarly, controversial data have 
been reported in the context of HNSCC, with two meta-
analysis studies that failed to demonstrate a clear association 
of PD-L1 expression with prognosis [9, 10]. Thus, varying 
results were obtained regarding the impact of PD-L1 expres-
sion with both positive and negative effects in the different 
studies included in these meta-analyses. These discrepan-
cies could be attributed to methodological differences, such 
as the use of different antibodies, various cutoff values of 
PD-L1 positivity, varying scoring criteria (including or not 

Fig. 3   Disease-specific survival (DSS) and overall survival (OS) curves categorized according to PD-L1 tumor proportion score (TPS; a, b), 
PD-L1 composite proportion score (CPS; c, d), CD8+ TIL density (e, f), FOXP3+ TIL density (g, h), and PD-1 expression (i, j)
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the immune cells), and the inclusion in a single study cohort 
of patients with different HPV status and treatments. In addi-
tion, the varying prognostic relevance could also point to 
the high level of complexity and heterogeneity involved in 
tumor–stroma communication and interactions between 
tumor PD-L1 expression and other stromal immune cells 
within the tumor microenvironment. Taking all this into 
consideration, we have selected a large cohort of homoge-
neously treated HNSCC HPV-negative patients; the analysis 
of PD-L1 expression was performed considering both tumor 
and immune stromal cells using the cutoff recommended by 
recent guidelines [5] and also alongside assessing the rela-
tionship between PD-L1 expression, PD-1 expression, and 
the presence of infiltrating cytotoxic and regulatory TILs in 
the tumor microenvironment. Furthermore, we assessed the 
impact on HNSCC prognosis of combined PD-L1 expres-
sion and TILs infiltration by classifying the tumors into four 
types (I–IV) according to the immune tumor microenviron-
ment, as reported for other cancers [14].

We observed that positive PD-L1 expression (in either 
tumor cells, immune cells, or combined expression in both 
tumor and immune cells) was associated with prolonged sur-
vival rates among resected HNSCC. Notably, this associa-
tion was observed in all locations, although it was only sig-
nificant in the oropharynx, probably due to a lower sample 
size of the hypopharyngeal and laryngeal cases. In marked 

contrast, PD-1 positivity in immune cells was not associated 
with survival. A recent study also analyzed the expression 
of PD-L1 on tumor cells and PD-1 on TILs in a series of 
surgically treated HNSCCs [18]. These authors showed that 
PD-L1 expression in the whole series did not correlate with 
survival, although a trend to a better prognosis was observed 
for positive cases, as we have found in our study. In marked 
contrast, PD-L1 expression was associated with a worse 
prognosis in the oral carcinoma subgroup, suggesting an 
influence of the tumor site in the prognostic significance of 
PD-L1. High levels of PD-1-positive TILs were associated 
with a better prognosis in the previously mentioned study, 
although this may probably reflect the overall high levels of 
TILs infiltration. In relation to this, high density of TILs, 
both CD8+ and FOXP3+, was also associated with better sur-
vival rates in our study. Nevertheless, multivariate analysis 
revealed that the only immunological parameter significantly 
associated with better DSS and OS was the high density 
of CD8+ TIL. CD8+ T cells are predominantly cytotoxic T 
cells, crucial components of the cellular immune system that 
are pivotal for cell-mediated antitumor immune responses. 
High infiltration of CD8+ T cells has been consistently found 
to associate with favorable outcomes in HNSCC, as demon-
strated in a recent meta-analysis [11]. Indeed, almost every 
study that assessed the prognostic value of infiltrating CD8+ 
TIL described an association between high CD8+ T cells and 

Table 3   Five-year disease-specific survival (DSS) and overall survival (OS) according PD-L1 expression, PD-1 expression, CD8+ TIL, and 
FOXP3+ TIL

Oropharynx Hypopharynx Larynx

DSS OS DSS OS DSS OS

PD-L1 CPS
 Positive 40% 29% 35% 27% 65% 58%
 Negative 34% 22% 18% 16% 41% 36%
 HR (95% CI) 0.67 (0.46–0.97) 0.71 (0.52–0.98) 0.87 (0.46–1.6) 0.81 (0.45–1.45) 0.44 (0.19–1.02) 0.49 (0.23–1.04)
 P 0.035 0.038 0.66 0.48 0.056 0.06

PD-1 expression
 Positive 39% 29% 18% 16% 39% 36%
 Negative 31% 20% 25% 21% 51% 45%
 HR (95% CI) 0.72 (0.5–1.02) 0.75 (0.55–1.02) 1.89 (1.02–3.5) 1.59 (0.87–2.87) 1.2 (0.5–2.85) 1.15 (0.5–2.63)
 P 0.07 0.07 0.04 0.13 0.68 0.73

CD8+ TIL
 High 44% 31% 43% 34% 59% 54%
 Low 28% 17% 10% 10% 42% 33%
 HR (95% CI) 0.62 (0.43–0.88) 0.67 (0.49–0.91) 0.49 (0.26–0.92) 0.57 (0.31–1.04) 0.74 (0.34–1.62) 0.72 (0.35–1.58)
 P 0.008 0.011 0.027 0.06 0.46 0.38

FOXP3+ TIL
 High 40% 26% 35% 32% 57% 45%
 Low 32% 24% 14% 11% 42% 40%
 HR (95% CI) 0.72 (0.5–1.02) 0.78 (0.57–1.05) 0.63 (0.34–1.16) 0.63 (0.35–1.11) 0.64 (0.29–1.42) 0.87 (0.41–1.84)
 P 0.068 0.11 0.14 0.11 0.28 0.72
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a better outcome for HNSCC patients, irrespective of HPV 
status [11]. PD-L1 positivity (both in tumor and stromal 
cells) and high density of FOXP3+ TIL were strongly corre-
lated with high density of CD8+ TIL infiltration. This could 
be plausible explanation for the associations of these three 
parameters with better survival, as observed in the univariate 
analyses. Our findings are consistent with various studies on 
HNSCCs [19, 20] and other malignancies [21–23] showing 
the association of PD-L1 expression with increased TILs and 
improved survival. PD-L1 expression may, therefore, repre-
sent a surrogate marker of endogenous antitumor immune 
response, thereby explaining its unexpected association with 
good prognosis in some tumors.

PD-L1 is generally not expressed in normal tissues but 
inflammatory cytokines, particularly IFNγ, can upregulate 
its expression in various cell types, including tumor cells. 
This indicates that tumors upregulate PD-L1 in response to 
IFNγ released by TILs as an adaptive immune-resistance 
mechanism to suppress local effector T-cell function, sug-
gesting that immunosurveillance exists even in advanced 
cancers [3, 14]. However, PD-L1 can also be constitutively 
expressed on tumors without TILs through intrinsic onco-
genic pathways [24]. Based on combined PD-L1 expression 
and TILs density, a classification of tumors into four groups 
has been proposed [14]. The type I is characterized by 
PD-L1 positivity with high TILs driving adaptive immune 
resistance; patients within this type are most likely to benefit 
from PD-1/PD-L1 blockade immunotherapy. Type II tumors 
have PD-L1-negative expression with no TILs indicating 
immune ignorance. Type III tumors show PD-L1-positive 
expression with no TILs indicating induction by intrinsic 
oncogenic pathways. And type IV is characterized by nega-
tive PD-L1 expression with high TILs indicating immune 
tolerance, and the suppressed immunity is supposed to be 
dominated by other suppressors rather than the PD-1/PD-L1 
axis. In human melanoma (where the data are most mature), 
type I (38%) and type II (41%) tumors predominate, with the 
former having considerably the best prognosis [14]. Good 
analogous frequencies of tumor type using this classifica-
tion are not yet available for most other cancers, but Teng 
et al. [14] argue that type I cancer microenvironments are 
not expected to be as prevalent as observed in melanoma. 
Accordingly, only 20% of our patients were classified as type 
I tumors, data comparable with those of two other studies in 
HNSCC [19, 20], which showed a 14–20% of type I tumors 
and also more similar to the 24% and 19% described in lung 
squamous cell carcinoma and adenocarcinoma, respectively 
[25].

High infiltration of CD8+ T cells reflects immune 
response and has been associated with better prognosis [11]. 
Therefore, types I and IV tumors are predicted to have the 
better prognosis, while the types II and III a poorer prog-
nosis. Indeed, in our study, the subset of patients classified 

as type I and IV tumors exhibited significantly better DSS 
and OS than patients with types II and III tumors. The best 
survival was observed in type I tumors, while the worst in 
type II. Similar results were observed in the meta-analysis 
of Yang et al. [10] when combining PD-L1 expression with 
the density of CD8+ TIL in three studies in which these 
data were available [19, 20, 26]. Importantly, our work is 
in complete agreement with two of these studies [19, 20], 
which also showed a positive correlation between PD-L1 
expression and CD8+ TIL, and a better prognosis for posi-
tive PD-L1 expression, high CD8+ TIL, and type I tumor 
microenvironment. Interestingly, these two studies, as ours, 
included tumors only [20] or predominantly [19] located in 
the oropharynx and in one of them [19] receiving surgical 
treatment. It should be noted that, in contrast with our study, 
these two studies also included a significant proportion of 
HPV-positive patients (19% and 37%), and none included 
laryngeal tumors. The other study [26] also reported a posi-
tive correlation between positive PD-L1 expression and 
CD8+ TIL, although neither positive PD-L1 expression nor 
type I tumor microenvironment were associated with better 
prognosis. Noteworthily, this study included hypopharyngeal 
tumors treated with induction chemotherapy. Another recent 
study on hypopharyngeal carcinomas surgically treated also 
found a positive correlation of PD-L1 expression and CD8+ 
TIL and a better prognosis for high CD8+ TIL and type I 
tumor microenvironment, but not for PD-L1 expression [27]. 
Then, again, it seems that the location of the tumor and type 
of treatment could influence the prognostic significance of 
these parameters.

According to our findings, high tumor-infiltrating 
FOXP3+ TILs also predict a better clinical outcome. This 
has also been previously described in HNSCC [11, 27] 
and other tumors [28]. Nevertheless, it seems quite unex-
pected that the presence of immune-suppressing T-cells in 
the tumor microenvironment was found to associate with 
a better survival. We observed a close correlation between 
infiltrating CD8+ and FOXP3+ T cells, and both were con-
sistently found to associate with improved outcomes in uni-
variate analyses. Nonetheless, the prognostic significance 
of FOXP3+ TIL was lost in multivariate analysis suggest-
ing that its association with a better prognosis could be 
indirect, due to the correlation with CD8+ TIL infiltration. 
Other studies also suggested that the number of FOXP3+ 
TIL could simply reflect the total amount of T cells pre-
sent within the tumor [27, 29]. Then, our hypothesis is that 
the beneficial effect of CD8+ TILs outweighs the immuno-
suppressive effect of the FOXP3+ TILs. To investigate this 
potential phenomenon, the CD8/FOXP3 ratio could be used. 
A high ratio, which reflects a predominance of CD8+ TIL, 
has been associated with better clinical outcomes in different 
tumor types [30]. Few previous studies assessed this ratio in 
HNSCCs, showing also an association with better outcome 
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[31, 32]. By contrast, we did not observe evidences of asso-
ciation between the CD8/FOXP3 ratio and the survival in 
our cohort of HNSCC patients. Therefore, the prognostic 
value of the CD8/FOXP3 ratio in HNSCC would need to be 
further validated in additional studies.

PD-1 expression on T cells is known to perform an inhibi-
tory function against effector T cells, and PD-1 is highly 
upregulated in exhausted T cells, suggesting a negative 
prognostic significance of PD-1 expression. By contrast, 
positive PD-1 expression was not associated with poorer 
survival outcomes in our series of resected HNSCC patients. 
In fact, other studies on HNSCCs have found that high PD-1 
expression on immune cells correlated with better survival 
[18, 33, 34]. To explain the better prognosis of high PD-1 
expression, these authors suggest that the increase in PD-1 
expression could be the result of T cell receptor activation, 
and PD-1 might remain upregulated in the context of persis-
tent antigen-specific immune stimulation. 

The present study brings together a number of unique 
characteristics such as the selection of cases to preclude the 
influence of various uncontrolled variables (HPV status, 
tumor site, different treatment regimens), a large sample 
size, and the joint evaluation of PD-L1 and PD-1 expression 
and TIL infiltration of both cytotoxic CD8+ and regulatory 
FOXP3+ T cells. Nevertheless, this study has also several 
limitations. First, there are potential biases due to the retro-
spective nature of our study. Second, we used tissue microar-
rays, and since PD-L1/PD-1 expression and TILs infiltration 
pattern are heterogeneous, our scoring could not reflect the 
situation on the entire tumor. However, we observed that the 
expression was highly concordant in the three representative 
tissue cores selected and evaluated from each tumor. Even 
in the case of analysis of diagnostic sections, this heteroge-
neity could also influence the scoring. Third, the study was 
performed in a single center. And, fourth, it would help to 
the robustness of our study to perform a parallel analysis 
in a second independent cohort as validation group for the 
hypothesis generated.

In conclusion, high TILs infiltration, in particular by 
CD8+ T cells, was found to associate with better survival 
outcomes in HPV-negative surgically treated HNSCC 
patients. Positive PD-L1 expression was also associated with 
a better prognosis, although this association seems to be due 
to the correlation of PD-L1 positivity with high density of 
CD8+ TIL. The combination of high CD8+ TIL infiltration 
and positive PD-L1 expression (type I tumor microenviron-
ment or adaptive immune resistance) confers a favorable 
prognosis to HNSCC patients, thus clearly indicating that 
this is the most favorable immune microenvironment to 
mediate effective host immune responses that can restrain 
tumor growth. Thus, the subset of patients with type I tumor 
immune microenvironment is the most likely to benefit from 
PD-1/PD-L1 disrupting therapies.
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