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ABSTRACT

Limited information is available regarding the immune-related prognostic factors 
of patients with advanced hypopharyngeal squamous cell carcinoma (HPSCC). The 
expression of programmed cell death-ligand 1 (PD-L1) in tumor cells contributes to a 
mechanism that allows cancer cells to escape immune surveillance. We investigated 
whether PD-L1 or human leukocyte antigen (HLA) class I expression in tumor 
cells and the tumor-infiltrating lymphocyte (TIL) density were associated with the 
tumor response to neoadjuvant chemotherapy (NAC) and survival in patients with 
advanced HPSCC. We retrospectively reviewed 83 consecutive patients with stage 
III or IV HPSCC who received NAC. We evaluated PD-L1 and HLA class I expression 
and TIL density using immunohistochemistry. Univariate and multivariate analyses 
demonstrated that CD8+ TIL density was an independent and significant predictive 
factor for the response to NAC, progression-free survival (PFS) and overall survival 
(OS), whereas PD-L1 or HLA class I expression did not significantly correlate. The 
subgroup analysis revealed that a higher CD8+ TIL density without detectable PD-
L1 expression tended to be associated with longer patient survival. These results 
suggest that PD-L1 expression levels combined with CD8+ TIL density may serve as 
a predictive biomarker for patients with stage III or IV HPSCC receiving NAC.

INTRODUCTION

Hypopharyngeal squamous cell carcinoma 
(HPSCC) accounts for 3%–5% of all head and neck 
squamous cell carcinoma (HNSCC) [1]. Most patients 
with HPSCC present with advanced disease and have the 
worst prognosis among those with HNSCCs arising from 
different anatomical sites, despite the development of 

treatments comprised of surgery and chemotherapy with 
or without radiotherapy [2].

Although neoadjuvant chemotherapy (NAC) has no 
clear evidence of survival benefits [3], it has been used 
as a treatment option for larynx-preservation in locally 
advanced laryngeal and hypopharyngeal cancer [4, 5]. 
Despite the correlation between tumor responses to NAC 
and patient prognosis [6, 7], few reports describing the 
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predictive biomarkers for tumor responses to NAC are 
available in the context of HNSCC [8, 9].

The CD28 protein family member, programmed cell 
death 1 (PD-1), is a receptor expressed on the surface of T 
cells, which suppresses their activation and proliferation. 
The binding of PD-1 to its ligand, programmed cell death-
ligand 1, induces apoptosis or exhaustion in activated 
T cells, and inhibition of this interaction enhances the 
antitumor activity of T cells [10]. Therefore, PD1 and 
PD-L1 are considered immune checkpoint molecules. 
PD-L1 is frequently overexpressed in many types of 
human cancers [10], and therefore, the PD-1/PD-L1 
axis is considered to contribute to a mechanism that 
allows cancers to escape immune surveillance. Specific 
antibodies, which act as immune checkpoint blockers to 
inhibit the interactions between PD-1 and its ligands, PD-
L1 and PD-L2, exhibit promising clinical efficacy against 
certain malignancies [11–13].

Currently, there is limited information available 
regarding the prognostic values of PD-L1 or HLA 
class I expression and TILs in patients with HPSCC 
receiving NAC. Therefore, this study aimed to evaluate 
the predictive relevance of these factors in patients with 
advanced HPSCC who received NAC.

RESULTS

Patient characteristics

The clinical characteristics of the 83 patients 
included in this study are presented in Table 1. The 
median age of the patients at diagnosis was 65 years 
(range: 40–80 years). A total of 79 patients (95%) were 
men, and 75 (90%), 6 (7%), and 2 (2%) patients had PS 
(0), PS (1), and PS (2), respectively. Mild (< 40 packs of 
cigarettes per year) and heavy (≥ 40 packs of cigarettes 
per year) smokers consisted of 33 (40%) and 45 (54%) 
patients, respectively. Moderate (10-30 g/day) and heavy 
(≥ 30 g/day) alcohol consumers consisted of 38 (46%) 
and 40 (48%) patients, respectively. Tumor histology was 
classified as well differentiated (30 patients), moderately 
differentiated (42 patients), or poorly differentiated (11 
patients). The anatomical subsites were classified as 
pyriform sinus (70 patients), post-cricoid (6 patients), and 
posterior wall (7 patients). In accordance with the system 
adopted by the Union for International Cancer Control 
(UICC) TNM Classification of Malignant Tumors 7th 
edition [14], 16 (19%), 55 (66%), and 12 (15%) patients, 
respectively exhibited stage III, IVA, or IVB disease at the 
time of diagnosis.

Treatment protocol

The various treatments and associated tumor 
responses are shown in Table 1. All patients received 

platinum and fluorouracil-based agents as NAC as for 
the initial treatment. A total of 45 patients received 
intravenous PF (20 mg/m2 cisplatin on days 1-5 and 1000 
mg/m2 5-fluorouracil on days 1-5 in one cycle) and 38 
patients received TPF (60 mg/m2 docetaxel on day1, 60 
mg/m2 cisplatin on day 1, and 700 mg/m2 5-fluorouracil 
on days 1-4 in one cycle). An evaluation of the tumor 
response to NAC based on the response evaluation 
criteria in solid tumors, was performed using computed 
tomography and magnetic resonance imaging. Partial 
responses (PR), stable disease (SD), and progressive 
disease (PD) were observed in 39 (47%), 34 (41%), 
and 10 (12%) patients, respectively. Six patients (7%) 
received palliative treatment because of rapid locoregional 
progression or the appearance of distant metastasis, 29 
patients (35%) received concurrent chemoradiotherapy 
(CCRT) containing platinum and 5-fluorouracil-based 
agents, and 48 patients (58%) received surgical treatment 
(e.g., transoral resection or total pharyngolaryngectomy) 
combined with a neck dissection. Twenty (24%) and eight 
(10%) patients received RT and CCRT, respectively, as a 
post-operative treatment. Post-operative RT for primary 
and regional sites consisting of a single daily irradiation 
administered at 1.8 Gy per fraction (total: 60-61Gy), 
was initiated 3–4 weeks after surgery. Definitive or post-
operative CCRT containing cisplatin (5 mg/m2 on days 
1-15) and 5-fluorouracil (250 mg/m2 on days 115) was 
performed with a daily irradiation administered at 1.8 Gy 
per fraction (total: 61-71Gy).

PD-L1 or HLA class I expression and CD3+, 
CD4+, or CD8+ TIL density

We restricted our immunohistochemical analysis 
to PD-L1 or HLA class I expression and CD3+, CD4+, or 
CD8+ TIL density due to limited tissue availability. Figure 
1 shows the representative staining patterns of PD-L1, 
HLA class I, CD3, CD4, and CD8 in the tumor specimens. 
PD-L1 expression was observed in the membrane, 
cytoplasm, or both in tumor cells and/or stromal 
lymphocytes. PD-L1 expression in the tumors [tumor 
proportion score (TPS) ≥1%] was detected in 26 (31%) 
patients. Regarding the expression of HLA class I in tumor 
cells, positive (expression level ≥ 75%), heterogeneous 
(expression level: 25%-74 %), and negative (expression 
level < 25%) staining was detected in 14 (17%), 34 (41%), 
and 35 (42%) of patients, respectively (Table 1). The 
median number of CD3+, CD4+, and CD8+ TILs were 50 
(range: 0–383), 21 (range: 0–186), and 36 (range: 0–347), 
respectively; these values were used to discriminate 
patients with high or low TIL density. Although we 
examined the expression of P16, which was associated 
with HPV infection, using immunohistochemistry, the 
CD8+ TIL density was not correlated with the level of P16 
expression (data not shown).
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Table 1: Patients’ characteristics

Characteristics  N (%)

Age (years) (n = 83)   

 Median 65

 Range 40–80

Performance status   

 0 75 (90)

 1 6 (7)

 2 2 (2)

Sex   

 Male 79 (95)

 Female 4 (5)

Follow up (month)   

 Median 32

 Range 2–127

Progression-free survival
(month)   

 Median 24

 Range 1–127

Overall survival (month)   

 Median 32

 Range 2–127

Current status   

 Dead 48 (58)

 Alive 35 (42)

Smoking status   

 Never 5 (6)

 Mild 33 (40)

 Heavy 45 (54)

Alcohol status   

 Never 5 (6)

 Moderate 38 (46)

 Heavy 40 (48)

Differentiation   

 Well differentiated 30 (36)

 Moderately differentiated 42 (51)

 Poorly differentiated 11 (13)

(Continued )
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Characteristics  N (%)

Subsite   

 Pyriform sinus 70 (84)

 Post cricoid 6 (7)

 Posterior wall 7 (8)

T stage   

 T1 0

 T2 15 (18)

 T3 38 (46)

 T4 30 (36)

N Stage   

 N0 10 (12)

 N1 13 (16)

 N2 49 (59)

 N3 11 (13)

Stage   

 III 16 (19)

 IVA 55 (66)

 IVB 12 (15)

NAC categories   

 PF 45 (54)

 TPF 38 (46)

Response to NAC   

 Complete response 0

 Partial response 39 (47)

 Stable disease 34 (41)

 Progressive disease 10 (12)

Definitive treatment   

 Surgery 48 (58)

 CCRT 29 (35)

 Palliation 6 (7)

Postoperative treatment   

 None 20 (24)

 RT 20 (24)

 CCRT 8 (10)

(Continued )
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Correlation between PD-L1 or HLA class I 
expression and patient characteristics

The relationships between PD-L1 or HLA class 
I expression and patient demographics are presented in 
Table 2. No significant correlations were not detected 
between PD-L1 expression and age (p = 0.479), smoking 
status (p = 1.000), alcohol consumption (p = 0.488), 
performance status (p = 0.710), tumor differentiation (p 
= 0.139), T classification (p = 1.000), or N classification 
(p = 0.605). The correlation between PD-L1 and HLA 
class I expression was significant (p = 0.030); however, 

PD-L1 expression was not significantly associated with 
the CD3+ TIL density (p = 1.000). In addition, PD-L1 
expression tended to be positively correlated with CD4+ 
(p = 0.061) and CD8+ (p = 0.061) TIL density, albeit 
this was not statistically significant. Of note, significant 
correlations were found between PD-L1 expression and 
CD4+ (p = 0.010) or CD8+ (p = 0.022) TIL density when 
these TIL densities were analyzed as continuous variables 
(Supplementary Figure 1).

Regarding the correlation with HLA class I 
expression, significant differences were not detected 
for age (p = 0.570), smoking status (p = 0.151), alcohol 

Characteristics  N (%)

HLA class I expression   

 < 25% 35 (42)

 25–74 34 (41)

 ≥ 75% 14 (17)

PD-L1 TPS   

 < 1% 57 (68)

 1%–49% 13 (16)

 ≥ 50% 13 (16)

NAC, neoadjuvant chemotherapy; PF, cisplatin and 5-fluorouracil; TPF, docetaxel, cisplatin, and 5-fluorouracil; TPS, tumor 
proportion score; CCRT, concurrent chemoradiotherapy.

Figure 1: Immunohistochemical (IHC) staining patterns of PD-L1, HLA class I, CD3, CD4, and CD8 of patients with 
advanced hypopharyngeal squamous cell carcinoma. Representative examples of patients whose tumor proportion scores (TPS) 
were classified as < 1%, 1%–49%, and ≥ 50% for the membrane expression of PD-L1 are shown (A). The level of HLA class I expression 
was classified as < 25%, 25%–74%, and ≥ 75% (B). High or low IHC staining patterns for CD3+, CD4+, and CD8+ TILs are shown (C).
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Table 2: Relationship between PD-L1 or HLA class I expression and patients’ characteristics

Characteristic N
PD-L1 HLA class I

Negative Positive P valuea Low High P valuea

 83 57 26  69 14  

Age (years)        

 ≤ 65 42 27 15 0.479 36 6 0.570

 > 65 41 30 11  33 8  

Smoking status        

 Never or Mild 38 26 12 1.000 29 9 0.151

 Heavy 45 31 14  40 5  

Alcohol status        

  Never or 
Moderate 43 28 15 0.488 35 8 0.773

 Heavy 40 29 11  34 6  

Performance 
status        

 0 75 52 23 0.710 63 12 0.617

 1 or 2 8 5 3  6 2  

Differentiation        

 Well 30 24 6 0.139 25 5 1.000

  Moderately or 
Poorly 53 33 20  44 9  

T classification        

 T2 15 10 5 1.000 12 3 0.711

 T3–4 68 47 21  57 11  

N classification        

 N0–1 23 17 6 0.605 18 5 0.518

 N2–3 60 40 20  51 9  

HLA class I        

 High 14 6 8 0.030 - - -

 Low 69 51 18  - -  

CD3        

 High 41 28 13 1.000 30 11 0.020

 Low 42 29 13  39 3  

CD4        

 High 41 24 17 0.061 32 9 0.245

 Low 42 33 9  37 5  

CD8        

 High 41 24 17 0.061 30 11 0.020

 Low 42 33 9  39 3  

aFisher’s exact test.
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consumption (p = 0.773), performance status (p = 0.617), 
tumor differentiation (p = 1.000), T classification (p = 
0.711), N classification (p = 0.518), or CD4+ TIL density 
(p = 0.245). In contrast, CD3+ or CD8+ TIL density was 
significantly correlated with HLA class I expression (p = 
0.020 and p = 0.020, respectively).

Correlation between the tumor response to NAC 
and patient characteristics

Patients who exhibited a partial response (PR) to 
NAC were defined as responders, whereas those with 
stable disease (SD) or progressive disease (PD) were 
defined as non-responders. As shown in Supplementary 
Figure 2, the responders to NAC were associated with a 
significantly better prognosis than the non-responders. 

The relationships between the response rate (RR) to NAC 
and patient demographics are presented in Table 3. In the 
univariate analysis, N classification (RR: N0-N1vs. N2-
3, 65.2% vs. 40%; p = 0.043), CD3+ TIL density (RR: 
high vs. low, 58.5% vs. 35.7%; p = 0.039), and CD8+ TIL 
density (RR: high vs. low, 63.4% vs. 31.0%; p = 0.004) 
were significantly correlated with the tumor response 
to NAC. HLA class I expression was not included in 
the multivariate analysis because it was significantly 
correlated with PD-L1 expression, CD3+ TIL density, 
or CD8+ TIL density (p = 0.030, 0.020, and 0.020, 
respectively). The multivariate analysis demonstrated that 
N classification (odds ratio [OR]: 0.29; 95% confidence 
interval [CI]: 0.09–0.89; p = 0.031) and CD8+ TILs density 
(OR: 0.32; 95%CI: 0.11–0.95; p = 0.039) were significant 
factors for the tumor response to NAC.

Table 3: Univariate and multivariate analyses of clinicopathologic factors associated with response to NAC

Factor N

Response rate (%) Univariate Multivariate

P valuea P valuea

OR (95% CI) OR (95% CI)

Age (years)     

 ≤ 65 42 56.1 0.102 0.154

 > 65 41 38.1 2.07 (0.86–4.99) 2.02 (0.77–5.33)

Smoking status     

 Never or Mild 38 39.5 0.209  

 Heavy 45 53.3 1.75 (0.73–4.20)  

Alcohol status     

 Never or Moderate 43 48.8 0.726  

 Heavy 40 45.0 0.86 (0.36–2.03)  

Performance status     

 0 75 48.0 0.574  

 1 or 2 8 37.5 0.65 (0.15–2.92)  

Differentiation     

 Well 30 50.0 0.679  

  Moderately or 
poorly 53 45.3 1.21 (0.49–2.96)  

T classification     

 T2 15 46.7 0.978 0.628

 T3-4 68 47.1 1.02 (0.33–3.11) 0.73 (0.20–2.60)

N classification     

 N0-1 23 65.2 0.043 0.031

 N2-3 60 40.0 0.36 (0.13–0.98) 0.29 (0.09–0.89)

(Continued )



Oncotarget92706www.impactjournals.com/oncotarget

Factor N

Response rate (%) Univariate Multivariate

P valuea P valuea

OR (95% CI) OR (95% CI)

NAC categories     

 PF 45 48.9 0.706  

 TPF 38 44.7 0.84 (0.36–2.01)  

HLA class I     

 High 14 57.1 0.407  

 Low 69 44.9 0.61 (0.19–1.95)  

PD-L1     

 Positive 26 53.8 0.399 0.591

 Negative 57 43.9 0.67 (0.26–1.70) 0.73 (0.24–2.26)

CD3     

 High 41 58.5 0.039 0.378

 Low 42 35.7 0.39 (0.16–0.95) 0.61 (0.20–1.82)

CD4     

 High 41 51.2 0.446 0.711

 Low 42 42.8 0.71 (0.30–1.70) 0.81 (0.28–2.39)

CD8     

 High 41 63.4 0.004 0.039

 Low 42 31.0 0.26 (0.10–0.64) 0.32 (0.11–0.95)

aLogistic regression analysis; OR, odds ratio; CI, confidence interval; NAC, neoadjuvant chemotherapy; PF, cisplatin and 
5-fluorouracil; TPF, docetaxel, cisplatin, and 5-fluorouracil.

Survival analysis

At the time of analysis, the median follow-up time 
for all patients was 32 months, and 35 patients (42%) 
were alive at the time of the last follow-up (Table 1). 
The median progression-free survival (PFS) and overall 
survival (OS) were 24 and 32 months, respectively, and 
PFS and OS rates at 60 months were 41.9% and 42.5%, 
respectively. A Kaplan-Meier analysis was performed to 
evaluate whether PD-L1 or HLA class I expression and 
CD3+, CD4+, or CD8+ TIL density were associated with 
PFS or OS (Figure 2). The expression of PD-L1 or HLA 
class I was not significantly correlated with PFS (positive 
vs negative: median 21.9 vs. 31.9 months, p = 0.316; high 
vs. low: median not reached [NR] vs. 20.5 months; p = 
0.149; respectively] or OS (positive vs. negative: median 
28.4 vs. 35.1 months, p = 0.397; high vs. low: median 
NR vs. 31.9 months, p = 0.233; respectively). Although 
the differences were not significant, patients with higher 
numbers of CD3+ TILs tended to have a longer PFS (high 

vs. low: median NR vs. 10.4 months; p = 0.062), but not 
OS (high vs. low: median NR vs. 28.4 months; p = 0.181). 
CD4+ TIL density did not exhibit a significant correlation 
with PFS (high vs. low: median 23.5 vs. 24.1 months, p = 
0.382) or OS (high vs. low: median NR vs. 31.9 months, p 
= 0.261). In contrast, patients with higher numbers of CD8+ 
TILs experienced significantly longer PFS (high vs. low: 
median NR vs. 9.5 months; p < 0.001) and OS (high vs. 
low: median NR vs. 18.6 months; p = 0.001). Furthermore, 
the univariate analysis indicated that N classification was 
a significant predictive factor of OS (hazard ratio [HR]: 
0.47; 95%CI: 0.21–0.93; p = 0.029) (Table 4).

The multivariate analyses revealed that the density 
of CD8+ TILs was an independent and significant 
predictive factor of PFS (HR: 0.33; 95%CI: 0.16–0.62; 
p = 0.001) and OS (HR: 0.38; 95%CI: 0.19–0.75; p = 
0.005) (Table 4). In addition, the multivariate analysis 
revealed that N classification was a significant factor 
associated with OS (HR: 0.49; 95%CI: 0.22–0.99; p = 
0.048 (Table 4).
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Figure 2: Kaplan-Meier analysis of the progression-free survival (PFS) (A) and overall survival (OS) (B) of patients with advanced 
hypopharyngeal squamous cell carcinoma exhibiting positive or negative expression of PD-L1, HLA class I, and high or low CD3+, CD4+, 
and CD8+ TIL density. Significant differences were evaluated using a log-rank test.

Correlation between survival and PD-L1 
expression combined with CD8+ TIL density

We performed subanalyses to determine whether 
the combination of PD-L1 expression and CD8+ TIL 
density could predict patient prognosis. For this purpose, 
patients were divided into four subgroups, which were 
defined by PD-L1 expression and CD8+ TIL density [15, 
16]. A Kaplan-Meier analyses of PFS and OS in the four 
subgroups (PD-L1-/CD8high, PD-L1+/CD8high, PD-L1-/
CD8low, and PDL1+/CD8low) are presented in Figure 3. The 
median PFS values were NR in the PD-L1-/CD8high group, 
25.6 months in the PD-L1+/CD8high group, 10.8 months 
in the PD-L1-/CD8low group, and 7.9 months in the PD-
L1+/CD8low group (p = 0.006) (Figure 3A). The univariate 
analysis revealed that the PFS of the CD8high group was 
longer than that of the CD8low group in patients negative 
or positive for PD-L1 expression (PD-L1+/CD8high vs PD-
L1+/CD8low, p = 0.044; PD-L1-/CD8high vs PD-L1-/CD8low 
groups, p = 0.001, respectively). In addition, although not 
statistically significant, the PFS of the PD-L1-/CD8high 
group also tended to be longer than that of the PD-L1+/
CD8high group (p = 0.072).

The median OS was NR in the PD-L1-/CD8high 
group, 34.0 months in the PD-L1+/CD8high group, 25.1 
months in the PD-L1-/CD8low group, and 14.3 months in 
the PD-L1+/CD8low group (p = 0.011) (Figure 3B). The 
univariate analysis revealed that the OS of the CD8high 
group was longer than that of the CD8low group in patients 
with negative or positive PD-L1 expression (PD-L1+/
CD8high vs. PD-L1+/CD8low, p = 0.132 and PD-L1-/CD8high 
vs. PD-L1-/CD8low groups, p = 0.004, respectively). In 

addition, although not statistically significant, the OS of 
the PD-L1-/CD8high group also tended to be longer than 
that of the PD-L1+/CD8high group (p = 0.076).

DISCUSSION

CD8+ cytotoxic T cells are a crucial component 
of the cellular immune system and play a pivotal role in 
cell-mediated antitumor immune responses [17, 18]. For 
example, patients with HNSCC who exhibit a greater 
number of tumor-infiltrating CD8+ TILs are reported to 
survive longer [9, 19–21]. Consistent with these studies, 
we this study demonstrated that a higher CD8+ TIL density 
was significantly associated with long-term survival, 
indicating that CD8+ T cells may play an important role 
in antitumor immunity in HPSCC patients who received 
NAC [22]. In addition, the subgroup analysis suggested 
that further stratification based on PD-L1 expression 
could be useful for predicting the prognosis of patients 
with a higher CD8+ TIL density. This suggests that a co-
assessment of CD8+ TIL density and PD-L1 expression 
may be a predictive biomarker for patients with HPSCC 
receiving NAC.

Several immune-related biomarkers used to predict 
chemotherapeutic responses have been identified for 
various types of cancers [23]. For example, a higher 
CD3+ TIL density and fewer intraepithelial macrophages 
in tumors have been found to exhibit a better response 
to NAC in patients with head and neck cancer [9]. In 
the present study, the multivariate analysis revealed 
that CD8+ TIL density was significantly associated with 
tumor response to NAC. To our knowledge, there have 
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Table 4: Univariate and multivariate analyses of clinicopathologic factors associated with PFS and OS

Factor N

PFS OS

Univariate Multivariate Univariate Multivariate

P valuea P valuea P valuea P valuea

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Age (years)      

 ≤ 65 42 0.521  0.743  

 > 65 41 1.20 (0.68–2.12)  1.10 (0.62–1.95)  

Smoking status      

  Never or Mild 38 0.666  0.345  

 Heavy 45 1.13 (0.64–1.99)  1.31 (0.74–2.32)  

Alcohol status      

  Never or 
Moderate 43 0.461  0.679  

 Heavy 40 0.81 (0.46–1.42)  0.89 (0.50–1.56)  

Performance 
status      

  0 75 0.276  0.188 0.298

 1 or 2 8 0.60 (0.28–1.58)  0.53 (0.25–1.41) 0.60 (0.26–1.65)

Differentiation      

 Well 30 0.672  0.943  

  Moderately or 
poorly 53 1.13 (0.62–2.01)  1.02 (0.56–1.82)  

T classification      

 T2 15 0.464 0.581 0.437 0.602

 T3–4 68 1.29 (0.63–2.45) 1.21 (0.58–2.34) 1.31 (0.64–2.50) 1.21 (0.57–2.40)

N classification      

 N0–1 23 0.060 0.102 0.029 0.048

 N2–3 60 0.53 (0.25–1.02) 0.56 (0.26–1.11) 0.47 (0.21–0.93) 0.49 (0.22–0.99)

NAC categories      

 PF 45 0.263  0.417  

 TPF 38 0.72 (0.41–1.28)  0.78 (0.44–1.41)  

HLA class I      

 High 14 0.127  0.209  

 Low 69 0.54 (0.20–1.17)  0.60 (0.22–1.30)  

PD-L1      

 Positive 26 0.326 0.070 0.405 0.073

 Negative 57 1.35 (0.73–2.43) 1.85 (0.95–3.48) 1.30 (0.42–1.45) 1.86 (0.94–3.57)

(Continued )
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been no published reports demonstrating that CD8+ TIL 
density may be a useful biomarker for predicting tumor 
responses to NAC in patients with advanced HPSCC. 
Because chemotherapy has been reported to change the 
tumor microenvironment via high antigen exposure and 
the accumulation of dendritic cells, which stimulate CD8+ 
T cells and the type I IFN pathway [24], pre-existing CD8+ 
TILs may be one of the key components for efficient 
responses to NAC.

Negative regulatory mechanisms (e.g., increased 
PD-1 expression) may impact the prognostic importance 
of CD8+ TILs. For example, previous reports have 
demonstrated that patients with high PD-1+/CD8+ TILs 
were associated with a significantly worse prognosis 
compared to those with low PD-1+/CD8+ TILs [25, 26]. 
These findings suggest that increased PD-1 expression 
on CD8+ TILs may represent an exhausted state of 
effector cells, thus resulting in a reduced anti-tumor 

Factor N

PFS OS

Univariate Multivariate Univariate Multivariate

P valuea P valuea P valuea P valuea

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

CD3      

 High 41 0.063 0.437 0.181 0.596

 Low 42 0.59 (0.33–1.03) 0.78 (0.41–1.46) 0.67 (0.38–1.20) 0.84 (0.44–1.58)

CD4      

 High 41 0.385 0.517 0.260 0.301

 Low 42 0.78 (0.44–1.37) 0.78 (0.42–1.44) 0.72 (0.40–1.27) 0.72 (0.38–1.34)

CD8      

 High 41 < 0.001 0.001 0.001 0.005

 Low 42 0.34 (0.18–0.61) 0.33 (0.16–0.62) 0.38 (0.20–0.70) 0.38 (0.19–0.75)

aCox proportional hazards model. PFS, progression-free survival; OS, overall survival; CI, confidence interval; NAC, 
neoadjuvant chemotherapy; PF, cisplatin and 5-fluorouracil; TPF; docetaxel, cisplatin, and 5-fluorouracil.

Figure 3: Kaplan-Meier analysis of PFS (A) and OS (B) of patients with positive or negative PD-L1 expression combined with high or 
low CD8+ TIL density. Significant differences were evaluated using a log-rank test.
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effect. Therefore, it may be important to investigate the 
level of PD-1 expression on CD8+ TILs to distinguish 
between functional and exhausted CD8+ TILs. However, 
unfortunately, we were unable to examine the PD-1 
expression in TILs using immunohistochemistry in this 
study due to the limited number of available tumor tissues 
for immunohistochemistry. We would like to investigate 
the significance of the PD-1 expression on CD8+ TILs in 
patients with advanced HPSCC in future studies and to 
report the results in detail in future publications.

Although blockade of the PD-1/PD-L1 pathway 
using monoclonal antibodies is a novel therapeutic strategy 
for treating patients with recurrent HNSCC [27], the 
association between PD-L1 expression and the prognosis 
of patients with HNSCC has not been well described. 
Recent studies have demonstrated that higher levels of 
PD-L1 expression are associated with a poor prognosis 
in various types of cancers [28–32], whereas other studies 
have presented controversial results [33–35]. For example, 
PD-L1 expression was reportedly not associated with 
patient prognosis in laryngeal and pharyngeal squamous 
cell carcinoma [9, 36]. Consistent with these results, the 
present study did not find a significant correlation between 
PD-L1 expression and the prognosis of patients with stage 
III or IV HPSCC who received NAC.

It has been reported that IFN-γ produced by tumor-
specific TILs could induce PD-L1 expression in tumor 
cells and/or immune cells as an adaptive immune response. 
Nevertheless, because CD8+ TIL density does not strictly 
correlate positively with PD-L1 expression, the PD-1/PD-
L1 axis may function as an immune escape mechanism 
only in some (but not all) patients; albeit the precise 
mechanism remains unclear. Therefore, we considered that 
an evaluation of CD8+ TIL density could become more 
meaningful when interpreted in conjunction with PD-L1 
expression on tumor cells. The Kaplan-Meier analysis 
demonstrated that the four subgroups defined by PD-L1 
expression and CD8+ TIL density demonstrated prognostic 
relevance. Of note, the PD-L1+/CD8high group tended to 
exhibit a worse prognosis than the PD-L1-/CD8high group. 
In the PD-L1+/CD8high group, PD-L1 expression may 
be intrinsically expressed or efficiently induced as an 
adaptive immune escape response, possibly resulting in a 
worse prognosis. In contrast, in the PD-L1-/CD8high group, 
immune suppressive mechanisms other than the PD-1/
PD-L1 axis [e.g., regulatory T cells, tumor-associated 
macrophages, or myeloid-derived suppressor cells 
(MDSCs)], may be activated for the purpose of immune 
escape [37, 38]; however, the specific details remain 
unclear. Based on our finding that the PD-L1-/CD8high 
group tended to have a better prognosis than the PD-L1+/
CD8high group, it may be possible that PD-L1 expression 
could induce more efficient immune suppression than 
other immune escape mechanisms. Consistent with the 
current study, previous studies have demonstrated similar 

results in other tumor types (e.g., lung and gastric cancer) 
[16, 37].

The anti-PD-L1 antibody MPDL3280A has been 
reported to elicit improved clinical responses in patients 
with tumors that express high levels of PD-L1 and contain 
higher numbers of tumor-infiltrating immune cells [39]. 
Similarly, it has been suggested that patients with tumor 
cells expressing PD-L1, as well as a high density of CD8+ 
TILs may achieve better outcomes via an anti-PD-1 
blocking antibody [38]. Further studies are required to 
determine the predictive relevance of a co-assessment 
of PD-L1 expression and CD8+ TIL density for selecting 
patients with HPSCC who are most likely to respond to 
the PD-1/PD-L1 blocking treatments.

The current retrospective study has several 
limitations. First, the definitive treatments of the patients 
following NAC were heterogeneous. Second, the tissue 
samples obtained using nasal endoscopy were small, and 
may not reflect the entire tumor. Because the expression 
of PD-L1 on tumor cells, as well as the TIL density 
are often heterogeneous even within the same tumors, 
an accurate evaluation of PD-L1 expression and TIL 
density in small biopsy samples may occasionally be 
difficult in this study. Third, the threshold for positive 
immunohistochemistry results was not formally defined, 
and reproducibility was not formally assessed. Therefore, 
future investigations and validations are warranted to 
harmonize and standardize testing for PD-L1 expression 
using an immunohistochemical analysis of larger sample 
sizes.

In conclusion, the current study demonstrated that 
a higher CD8+ TIL density was significantly associated 
with the tumor responses to NAC and long-term survival 
in patients with advanced HPSCC who received NAC. 
In addition, our subanalysis suggested that patients who 
exhibited a higher CD8+ TIL density without detectable 
levels of PD-L1 in tumor cells survived longer. We 
propose that a co-assessment of CD8+ TIL density and 
PD-L1 expression would have greater predictive potential 
compared with an evaluation of each factor alone in 
patients with advanced HPSCC.

MATERIALS AND METHODS

Patients

We retrospectively screened consecutive patients 
diagnosed with stage III or IV HPSCC at Kurume 
University Hospital between 2000 and 2013. The inclusion 
criteria were as follows: pathological diagnosis of HPSCC; 
NAC treatment followed by surgery, definitive concurrent 
chemoradiotherapy (CCRT) with combined platinum-
containing chemotherapy, or palliation; and the availability 
of adequate histological specimens containing tumor cells. 
The present study was conducted in accordance with 
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the provisions of the Declaration of Helsinki and was 
approved by the Institutional Review Boards of Kurume 
University Hospital.

Immunohistochemical analysis

We used 4-μm-thick sections of formalin-fixed, 
paraffin-embedded tissues. The sections were mounted 
on glass slides and then incubated with an anti-rabbit 
monoclonal antibody against PD-L1 (clone D3; Cell 
Signaling Technology, Danvers, MA) using a BenchMark 
ULTRA (Ventana Automated Systems, Inc., Tucson, AZ). 
Briefly, each slide was heated using the Ventana CC1 
retrieval solution for 30 min and incubated with the PD-
L1 antibody for 30 min. This automated system used the 
ultraVIEW DAB detection kit with 3, 3’ diaminobenzidine 
(DAB) as the chromogen (Ventana Automated Systems).

Immunohistochemical analysis of HLA class I 
(EMR8-5; ab70328; Abcam, Cambridge, England), 
CD3, CD4, and CD8 expression (Leica Microsystems, 
Newcastle-upon-Tyne, UK) was performed using a fully 
automated Bond-III system (Leica Microsystems). Briefly, 
each slide was treated using onboard heat-induced antigen 
retrieval with an epitope retrieval solution 2 for 10 min 
at 99°C, incubated with the antibody for 30 min at room 
temperature, and then incubated with a secondary antibody 
for 30 min at room temperature. This automated system 
used a Refine polymer detection kit with HRP (horseradish 
peroxidase)-polymer as the secondary antibody in 
conjunction with DAB.

All immunohistochemical analyses were evaluated 
by two observers (A.K. and J.A.) who were unaware of the 
patients’ condition. Disagreements in data interpretation 
were reviewed jointly, and a single consensus category 
was established. All patient samples for PD-L1 expression 
were divided into groups based on the TPS of < 1%, 1%–
49%, and ≥ 50%, as detailed previously [40, 41]. Patients 
with PD-L1 TPS of ≥ 1% were considered positive, as 
described previously [42]. Regarding the expression of 
HLA class I, we divided the expression levels into three 
criteria as previously described: 1) positive, expressed on 
more than 75% of tumor cells; 2) heterogeneous, expressed 
between 25% and 74%; and 3) negative, expressed on less 
than 25% of tumor cells [43, 44]. Patients with positive 
HLA class I expression (≥75%) were defined as the high 
group. Furthermore, the TIL numbers were counted, 
and scoring was performed using a four-tier scale. We 
determined the median values of CD3+, CD4+, and CD8+ 
TILs to define the cut-off value for TIL density.

Statistical analyses

Correlations between PD-L1 or HLA class I 
expression and the patient characteristics were analyzed 
using Fisher’s exact test for categorical variables. We 
evaluated whether variables, including PD-L1 expression, 

were associated with the survival of patients with stage III 
or IV HPSCC who received NAC, followed by definitive 
treatment or best supportive care. To examine the 
predictive factors for the NAC response, univariate and 
multivariate logistic regression analyses were performed. 
The progression-free survival (PFS) and overall survival 
(OS) were calculated from the date of initiating NAC to 
tumor relapse (locoregional recurrence, distant metastasis, 
or both) or death, respectively. Kaplan–Meier analysis 
was used to assess patient’s survival, and a log-rank 
test was used to evaluate the significant differences 
between and among two or four groups, respectively. 
Multivariate regression analysis was performed using a 
Cox proportional hazards model. All tests were two-sided, 
and p < 0.05 indicates a statistically significant difference. 
The statistical analyses were conducted using JMP version 
11 (SAS Institute Inc., Cary, NC).
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