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Objectives: PD-1/PD-L1 and CTLA-4 have been investigated and are thought to play an 

important role in tumor evasion. This study aimed to investigate expression patterns of immune-

related molecules, and their clinical impacts in malignant salivary gland tumors.

Patients and methods: We performed immunohistochemical staining for PD-L1, PD-L2, 

CTLA-4, PD-1, and CD8+ tumor-infiltrating lymphocytes in 70 malignant salivary gland 

tumors. Protein expression was assessed by H-score by multiplying the staining intensity by 

the percentage of cells with positive staining.

Results: The tumors comprised mucoepidermoid carcinomas (38.6%), adenoid cystic 

carcinomas (21.4%), salivary duct carcinomas (15.7%), and others. In malignant salivary gland 

tumors, PD-L2 expression was high, while expression of PD-L1 was relatively low in terms 

of the percentage of positively stained cells and the staining intensity. In univariate analysis, 

PD-L2 expression (H-score ,1 vs $1), PD-1 (H-score ,1 vs $1), and CD8+ tumor-infiltrating 

lymphocytes (H-score ,1 vs $1) were significant prognostic factors. In multivariate analysis, 

low PD-L2 expression (H-score ,1) was independently associated with shorter relapse-free 

survival (hazard ratio =6.514; 95% confidence interval, 1.2–36.2; P=0.032).

Conclusion: In summary, PD-L2 is potentially an important biomarker in malignant salivary 

gland tumors, especially in regard to relapse.

Keywords: malignant salivary gland tumors, PD-L1, PD-L2, CTLA-4, tumor-infiltrating 

lymphocytes, relapse-free survival

Introduction
Salivary gland tumors are a complex disease entity, encompassing eleven benign and 

20 malignant tumors according to the 2017 World Health Organization classification.1 

Malignant salivary gland tumors occur rarely, with an overall global prevalence of 

1.2/100,000.2 Owing partly to the low prevalence (less than 1% of all cancers) of 

these tumors and the diverse pathological subtypes, currently available information 

regarding predictive and prognostic clinicopathological factors for survival is 

insufficient. Complete surgical excision is the primary treatment strategy for patients 

with salivary gland tumors, followed by radiotherapy or chemoradiotherapy in patients 

with malignant histology such as adenoid cystic carcinoma or salivary duct carcinoma, 

especially with features associated with high risk of recurrence. In advanced cases, 

chemotherapy may be used for systemic control, and radiotherapy, particle therapy 

including proton and carbon ion therapy, or concurrent chemoradiotherapy may 

facilitate palliation or local symptomatic control.3
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At present, the immune checkpoints, which involve 

the PD-1 receptor and its ligand, PD-L1, have become a 

global focus in oncology. Recent studies have reported great 

advances in the treatment of various cancers with immuno-

therapeutic agents such as immune checkpoint inhibitors, 

and these agents are being used in the clinical setting in the 

treatment of malignant melanoma, non-small cell lung cancer 

(NSCLC), and other malignancies.4,5

PD-1, also known as CD279, is an inhibitory receptor 

expressed by activated T cells which inhibits T-cell receptor-

mediated lymphocyte proliferation, resulting in immune eva-

sion by human cancer cells.6 PD-L1 (also known as B7-H1 

or CD274) is the most well-known PD-1 ligand, and has 

been extensively studied.7 PD-1/PD-L1 expression has been 

found to show an association with poor prognosis and poor 

prognostic clinicopathological features in several human solid 

cancers, including renal cell carcinoma,8 NSCLC,9 and breast,10 

gastric,11 hepatocellular,12 and ovarian carcinomas.13 PD-L2 

(also known as CD273 or B7-DC) is another PD-1 ligand, 

and also plays a role in regulating tumor immunity. Although 

several studies have been performed to investigate this role, the 

available information is insufficient to allow any conclusions to 

be drawn.14,15 The CD28/CTLA-4 pathway is another well-es-

tablished pathway involved in tumor immunity. CTLA-4 first 

competes with CD28, which is expressed on CD4+ and CD8+ 

T cells, then binds with two main ligands, CD80 and CD86, 

which are present on antigen presenting cells. The interaction 

of CTLA-4 with CD80/86 generates intrinsic inhibitory signals 

and prevents T cell activation, thereby causing activation of 

tumor cells.16 Anti-CTLA-4 antibody has also shown clinical 

activity and is used for treating malignant melanoma.5

Although extensive studies have been conducted in 

various cancers, information regarding these immune-related 

markers in salivary gland tumors is still scarce. Therefore, 

we performed immunohistochemical (IHC) analysis of 

PD-1, PD-L1, PD-L2, and CTLA-4 in malignant salivary 

gland tumors to evaluate their expression patterns and 

clinical impact. Moreover, infiltration of cells such as CD8+, 

PD-1 tumor-infiltrating lymphocytes (TILs) into the tumor 

microenvironment is known to affect tumor immunity and 

the response to therapeutic interventions.17 Therefore, we 

also evaluated the expression of CD8+ and PD-1+ TILs in 

these tumors by IHC, and evaluated the correlations between 

clinicopathological factors and prognosis.

Patients and methods
Patients
Samples of malignant salivary gland tumors from patients 

diagnosed between 2001 and 2015 at the Korea University 

Guro Hospital were included in this study. All patients 

whose tissues were used in this research had provided writ-

ten informed consent for their use in future research. All 

patients had undergone an excision and/or neck lymph node 

dissection as an initial treatment. Clinical data including age, 

sex, recurrence, metastasis, and treatment were obtained on 

reviewing medical records and tumor registry information. 

Pathological and histological reports were assessed by an 

experienced pathologist, Chang HY, who was blinded to the 

clinical information, to confirm the diagnosis and evaluate 

the pathological factors including diagnosis, TNM (tumor, 

lymph node, metastases) stage, histological grade, and lym-

phovascular and perineural invasion. Tumors were staged in 

accordance with the criteria outlined in the 8th edition of the 

American Joint Committee on Cancer TNM staging manual.18 

Tumor histology was based on the World Health Organiza-

tion classification system.1 The study protocol was approved 

by the Institutional Review Board of Korea University Guro 

Hospital (KUGH15053-001).

construction of the tissue microarray 
(TMa) blocks
All hematoxylin and eosin (H and E)-stained tissue slides 

were assessed by an experienced pathologist, Chang HY. 

The most representative tumor section was identified via 

microscopic examination and 2 mm plugs were obtained from 

formalin-fixed, paraffin-embedded tumor tissue blocks. The 

plugs were then embedded in a recipient block to construct 

the TMA. For cases with sufficient tumor area, two cores 

were sampled: one from the center and one from the periphery 

of the tumor. Two cores could be sampled in half of all 

cases. In another half of cases, one core was achieved from 

the tumor center. Normal tissue, distant from the tumor, was 

also sampled as a negative control. H and E-stained sections 

of the TMA were reviewed via microscopic examination to 

confirm the suitability of the sampled areas.

ihc analysis
IHC staining for PD-L1, PD-L2, CTLA-4, PD-1, and CD8+ 

TILs in the TMA sections was performed using the standard 

streptavidin-biotin complex method. We used the automated 

BOND-MAX staining system (Leica Microsystems, Wetzlar, 

Germany). After IHC staining, the TMA slides were scanned 

using a slide scanner (ScanScope® CS; Aperio, Vista, CA, 

USA). PD-1, PD-L1, and PD-L2 IHC showed a membranous 

pattern and CD8 showed a cytoplasmic and membranous pat-

tern. CTLA-4 IHC showed a cytoplasmic pattern. Using the 

Aperio ScanScope® digital image analysis program (Aperio 

ScanScope®; Aperio Technologies, CA, USA), digital image 
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analysis was performed. We used optimal protocols for the 

evaluation of nuclear, cytoplasmatic, and membranous tumor 

biomarkers. The percentage of immunoreactive cells, cell 

numbers, and intensity scores were generated automatically 

for each core sample. The staining intensity was graded 

from 0 to 3 (0, negative; 1, weak; 2, moderate; 3, strong) 

and the percentage of positively stained cells (0%–100%) 

was calculated. Then, H-score was calculated to evaluate 

the tumor expression of proteins by multiplying staining 

intensity with the percentage of positively stained cells.19 

Primary antibodies and dilutions were as follows: anti-

PD-1 antibody (1:100, clone NAT105, mouse monoclonal; 

Abcam, Cambridge, MA, USA), anti-PD-L1 antibody 

(1:100, rabbit polyclonal; Abcam), anti-PD-L2 antibody 

(1:200, clone 176611, mouse monoclonal; R&D Systems, 

Inc., Minneapolis, MN, USA), anti-CTLA-4 antibody (1:50, 

clone F-8, mouse monoclonal; Santa Cruz Biotechnology 

Inc., Dallas, TX, USA), anti-CD8 antibody (1:200, clone 

4B11, mouse monoclonal; Leica Microsystems).

statistical analysis
To analyze the association between the level of immune-

related protein expressions and clinicopathological variables, 

chi-square test was used. Pearson’s correlation test was per-

formed to analyze the association between immune-related 

protein expressions. Relapse-free survival (RFS) was defined 

as the time from the initiation of treatment, such as surgery, 

to the first locoregional or distant recurrence. Overall 

survival (OS) was defined as the time from the initiation 

of treatment to death due to any cause. RFS and OS were 

evaluated using the Kaplan–Meier method. The differences 

between the curves were analyzed using the log-rank test. 

After univariate analyses using the Kaplan–Meier method, 

variables which were significantly associated with poor 

survival time (variables with P,0.05) were selected and 

a Cox proportional hazards regression was conducted for 

multivariate analyses by the “enter” method, to identify 

variables which could predict RFS or OS. The Wilcoxon 

signed-rank test was used to compare variables between 

primary and recurrent tumor tissue. All statistical analyses 

were performed using IBM SPSS Statistics for Windows, 

version 21.0 (IBM Corporation, Armonk, NY, USA) with 

P,0.05 as the threshold of statistical significance.

Results
Patient characteristics
IHC data were available for 71 of the 89 tumor samples. 

Clinicopathological information was available for 70 cases. 

The median estimated follow-up duration was 37.6 months 

(range, 10.4–181.8 months). The median age of all 

patients was 54 years (range, 11–84 years). Forty patients 

(57.1%) were women and 30 patients (42.9%) were men. 

Mucoepidermoid carcinoma was the most common sub-

type (27 patients, 38.6%), followed by adenoid cystic 

carcinoma (15 patients, 21.4%), salivary duct carcinoma 

(eleven patients, 15.7%), and acinic cell carcinoma (seven 

patients, 10.0%). Squamous cell carcinoma (three patients, 

4.3%), adenocarcinoma (two patients, 2.9%), carcinoma 

ex-pleomorphic adenoma (two patients, 2.9%), epithelial- 

myoepithelial carcinoma (two patients, 2.9%), and undif-

ferentiated carcinoma (one patient, 1.4%) were also included 

among the tumor types in the study. The parotid gland was 

the most common primary tumor site (52.9%), followed by 

the submandibular gland (12.9%). For the initial treatment, 

surgery was performed in 64 (91.4%) patients. Among the 

70 patients, recurrence was confirmed in 17 patients (24.3%). 

Patient characteristics are shown in Table 1.

expression patterns of markers 
and clinicopathological characteristics 
according to histology
Representative microscopic images of IHC staining are 

shown in Figure 1. PD-L1 was not well expressed in any 

salivary gland tumor samples. The median H-score for PD-L1 

was 0 (range, 0–272.6). For PD-L2 and CTLA-4, relatively 

strong and diffuse uptake was observed. The median H-score 

for PD-L2 was 52.6 (range, 0–265.8), and the median H-score 

for CTLA-4 was 33.7 (range, 0–265.8).

Table 2 shows the expression rate of the molecular 

markers in three tumor subtypes: adenoid cystic carcinomas 

(N=15), salivary duct carcinomas (N=11), and mucoepider-

moid carcinomas (N=27). PD-L1 was not strongly expressed 

in any of these three tumor subtypes. PD-L1 negativity was 

observed in 73.3% of adenoid cystic carcinomas, 54.5% of 

salivary duct carcinomas, and 74.1% of mucoepidermoid 

carcinomas. However, PD-L2 and CTLA-4 were expressed 

in all three tumor types. PD-L2 positivity was observed 

in 86.7%, 63.6%, and 63.0% of cases of adenoid cystic 

carcinoma, salivary duct carcinoma, and mucoepidermoid 

carcinoma, respectively. Focusing only on staining intensity, 

PD-L2 expression was high, particularly in adenoid cystic 

carcinoma, with 46.7% of adenoid cystic carcinoma cases 

demonstrating a PD-L2 intensity score of 3+. In terms of 

CTLA-4, 46.7% of cases of adenoid cystic carcinoma, and 

81.8% of cases of salivary duct carcinoma displayed positive 

CTLA-4 expression scores .2+. Figure 2 shows the propor-

tion of staining intensity for PD-L1, PD-L2, and CTLA-4 in 

adenoid cystic carcinoma and salivary duct carcinoma.
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The proportion of PD-1 expression was low and the intensity 

was relatively low. The median H-score for PD-1 expression 

was 1.2 (range, 0–21.7). The median H-score for CD8+ TIL 

expression was 8.41 (0–98.4). For PD-1, 80% of patients with 

adenoid cystic carcinoma demonstrated low expression, with 

H-score ,1. In salivary duct carcinoma, 27.3% of patients had 

H-score ,1, while 18.5% of patients with mucoepidermoid 

carcinoma had H-score ,1. For CD8+ TILs, an H-score $1 

was observed in 81.8% of cases of salivary duct carcinoma, 

and 92.6% of cases of mucoepidermoid carcinoma.

association between clinicopathological 
variables and immune-related proteins
PD-L1 and CD8 expressions were strongly associated with 

tumor size. They showed inverse results. Low expression 

of PD-L1 was associated with smaller tumor size (,4 cm), 

while high expression of CD8 expression showed an associa-

tion with smaller tumor size. CTLA-4 showed an association 

with the presence of vascular emboli. Statistically significant 

associations were not observed for PD-L2 and PD1 expres-

sions with clinicopathological variables (Table 3).

survival and recurrence
For all patients, the median OS was 75.9 months (95% 

confidence interval [CI], 59.0–92.7). The median OS was 

73.1 months (95% CI, 54.0–92.2) for patients with adenoid 

cystic carcinoma and 75.9 months (95% CI, 51.0–100.7) for 

patients with mucoepidermoid carcinoma. The median OS for 

patients with salivary duct carcinoma was 37.5 months (95% 

CI, 5.1–70.0). In univariate analysis with the clinicopatho-

logical variables, only initial M stage status (M0 vs M1) was 

significant (P=0.008). The median RFS of all patients was 

22.4 months (95% CI, 15.6–29.1). To investigate prognostic 

factors, we classified protein expression status by cut-off point 

of H-score; ,1 vs $1. We applied the same cut-off point 

(H-score ,1 vs $1) to all markers for reliable and reproduc-

ible results, and further application to other cancers. In univari-

ate analysis, PD-L2 expression (H-score ,1 vs $1), PD-1 

(H-score ,1 vs $1), and CD8+ TILs (H-score ,1 vs $1) were 

significant prognostic factors (Table 4). Multivariate analysis 

using a Cox proportional hazards regression model, revealed 

that PD-L2 expression with an H-score ,1 was independently 

associated with shorter RFS (hazard ratio =6.514; 95% CI 

1.2–36.2; P=0.032) (Table 5). The RFS curve according to 

the PD-L2 expression is shown in Figure 3.

Protein expression in primary 
and recurrent tumors
Among the 17 patients who experienced recurrence, tumor 

tissue from both the primary site and the site of recurrence 

was obtained for seven patients. Comparison of protein 

expression between the primary tumor and the recurrent 

tumor was performed using the Wilcoxon signed-rank test. 

Table 1 Baseline characteristics for all patients with salivary 
gland tumors

Parameters N %

sex
Male 30 42.9
Female 40 57.1

age, median (range) 54 (11–84)
Primary site

Parotid gland 37 52.9
submandibular gland 9 12.9
sublingual gland 1 1.4
hard palate 5 7.1
soft palate 1 1.4
nasal cavity 5 7.1
Maxilla 4 5.7
Oral cavity 8 11.4

histology
adenoid cystic carcinoma 15 21.4
salivary duct carcinoma 11 15.7
Mucoepidermoid carcinoma 27 38.6
acinic cell carcinoma 7 10
adenocarcinoma 2 2.9
carcinoma ex-pleomorphic adenoma 2 2.9
squamous cell carcinoma 3 4.3
epithelial-myoepithelial carcinoma 2 2.9
Undifferentiated carcinoma 1 1.4

T stage
1 28 40
2 18 25.7
3 14 20
4 10 14.3

n stage
0 61 87.1
1 6 8.6
2 3 4.3

M stage
0 68 97.1
1 4 5.7

initial stage
1 28 40
2 19 27.1
3 12 17.1
4 13 18.6

Treatment
surgery 45 64.3
surgery + adjuvant rT 18 25.7
surgery + adjuvant ccrT 2 2.9
ccrT 1 1.4
rT alone 3 4.3
no treatment 1 1.4

recurrence
no 53 75.7
Yes 17 24.3

Abbreviations: ccrT, concurrent chemoradiotherapy; T, tumor; n, lymph nodes; 
M, metastases; rT, radiotherapy.
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Figure 1 representative examples of hematoxylin and eosin staining and immunohistochemical staining for PD-l1, PD-l2, PD-1, cD8+ tumor-infiltrating lymphocytes, and 
cTla-4 in malignant salivary gland tumors (×200).
Notes: low PD-l1 (A, B, acinic cell carcinoma), high PD-l1 (C, D, mucoepidermoid carcinoma), low PD-l2 (E, F, acinic cell carcinoma), high PD-l2 (G, H, acinic cell 
carcinoma), low PD-1 (I, J, adenoid cystic carcinoma), high PD-1 (K, L, salivary duct carcinoma), low cD8+ tumor-infiltrating lymphocytes (M, N, acinic cell carcinoma), high 
cD8+ tumor-infiltrating lymphocytes (O, P, epithelial-myoepithelial carcinoma), low cTla-4 (Q, R, adenoid cystic carcinoma), and high cTla-4 expression (S, T, adenoid 
cystic carcinoma). Scale bars at the bottom of the figure indicate 200 μm.

No difference in protein expression was observed between 

the two sites for any of the variables (Table 6).

Discussion
Among the salivary gland tumors, malignant salivary gland 

tumors including adenoid cystic carcinoma and salivary duct 

carcinoma have high recurrence rates and the ability to metastasize 

to other organs. However, there are only a few chemotherapeutic 

agents that have shown effects for systemic control.20,21

In the present study, we assessed the expression patterns 

of the immune-related markers in malignant salivary gland 

tumors. Although numerous studies have been performed 
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Figure 2 The proportion of staining intensity of PD-l1, PD-l2, and cTla-4 expression in adenoid cystic carcinoma and salivary duct carcinoma.
Notes: (A) adenoid cystic carcinoma; (B) salivary duct carcinoma.

Table 2 Molecular marker expression in adenoid cystic carci-
noma, salivary duct carcinoma, and mucoepidermoid carcinoma

H-score Adenoid cystic 
carcinoma 
(N=15)

Salivary duct 
carcinoma 
(N=11)

Mucoepidermoid 
carcinoma 
(N=27)

PD-l1
,1 11 73.3 6 54.5 20 74.1
$1 4 26.7 5 45.5 7 25.9

PD-l2
,1 2 13.3 4 36.4 10 37
$1 13 86.7 7 63.6 17 63

cTla-4
,1 4 26.7 2 18.2 7 25.9
$1 11 73.3 9 81.8 20 74.1

PD-1
,1 12 80 3 27.3 5 18.5
$1 3 20 8 72.7 22 81.5

cD8+ Tils
,1 9 60 2 18.2 2 7.4
$1 6 40 9 81.8 25 92.6

Note: h-score, percentage of positive cells multiplied by intensity.
Abbreviations: H-score, Histoscore; TILs, tumor-infiltrating lymphocytes.

to investigate immune-related biomarker expression in 

various tumors, there is no standardized evaluation method 

or antibody for PD-L1, PD-L2, or CTLA-4 expression. In 

previous studies investigating the efficacy of anti-PD-1 

inhibitor in NSCLC, PD-L1 positivity was selected as a 

predictive marker and defined in accordance with the per-

centage of all tumor cells with positive expressions, regard-

less of staining intensity.22 In the study of atezolizumab 

(Tecentriq®, Hoffman-La Roche, Basel, Switzerland), an 

anti-PD-L1 antibody, IHC staining was assessed in tumor 

cells and tumor-infiltrating immune cells.23 However, many 

other studies have investigated staining intensity, incorpo-

rating the proportion of cells with positive expression for 

evaluation of PD-L1 expression.24,25 In addition, defining 

positivity, staining intensity, or cut-off values between low 

and high expression have differed among the previous stud-

ies. In the present study, we used a digital image analyzer 

for assessment of staining intensity and calculated the 
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Table 5 Multivariate analysis for relapse-free survival in all patients

RFS

HR 95% CI P-value

PD-l2 (h-score ,1 vs $1) 6.514 1.173–36.186 0.032
PD-1 (h-score ,1 vs $1) 0.706 0.184–2.716 0.613
cD8 (h-score vs $1) 0.242 0.046–1.263 0.092

Notes: Statistically significant P-values are indicated in bold. h-score, percentage of 
positive cells multiplied by intensity.
Abbreviations: hr, hazard ratio; h-score, histoscore; rFs, relapse-free survival; 
CI, confidence interval.

Table 4 Univariate analysis for relapse-free survival and overall 
survival in all patients

RFS OS

95% CI P-value 95% CI P-value

PD-l1 
(h-score ,1 vs $1)

25.9 vs 20.9 0.644 75.9 vs 73.1 0.853

PD-l2 
(h-score ,1 vs $1)

10.0 vs 26.0 0.004 63.5 vs 77.3 0.782

cTla-4 
(h-score ,1 vs $1)

15.1 vs 22.4 0.26 – vs 75.9 0.782

PD-1 
(h-score ,1 vs $1)

26.4 vs 21.3 0.044 73.1 vs 75.9 0.772

cD8+ 
(h-score ,1 vs $1)

29.2 vs 21.3 0.037 75.9 vs 73.1 0.731

Note: h-score, percentage of positive cells multiplied by intensity.
Abbreviations: CI, confidence interval; H-score, Histoscore; RFS, relapse-free survival; 
Os, overall survival.

Figure 3 relapse-free survival curve for all salivary gland tumors according to 
PD-l2 expression.
Abbreviation: h-score, histoscore.

percentage of all cells with positive expression. Therefore, 

the proportion of cells with positive expression in this study 

was calculated among all tumor cells and tumor-infiltrating 

immune cells in TMA slides. In addition, IHC scoring of 

tumor cells and immune cells by eye, by a pathologist, is 

time consuming and bears a risk of lack of reproducibility 

among pathologists. Therefore, we performed our analysis 

using a digital image analyzer for both convenience and 

reproducibility.

The overall expression of PD-L1 was low in all salivary 

gland tumors in this study. However, the overall expression 

of PD-L2 showed a higher intensity and proportion than 

PD-L1 in all histological subtypes. Moreover, low expres-

sion of PD-L2 was associated with significantly shorter 

RFS in all salivary gland tumors. Nevertheless, the clinical 

significance of PD-L2 expression in cancer has been less 

explored compared with PD-L1 expression. PD-L2 expres-

sion has been reported in various cell types including tumor 

cells, dendritic cells, and subsets of B and T cells.15 PD-L2 

plays an important role in immunity, such as the modulation 

of T cell responses via binding to PD-1, similar to PD-L1. 

However, the molecular mechanisms of interaction between 

PD-1 and PD-L2 are known to be distinct from those of PD-1 

and PD-L1. Although there have been extensive studies and 

therapeutics developed against PD-1/PD-L1, PD-L2 has not 

been an object of focus as a therapeutic target in cancer, in 

comparison to PD-L1.

The majority of studies have reported a correlation 

between survival and PD-L1 expression, but much less 

so for PD-L2. In addition, prognostic correlations with 

PD-L2 expression have been inconsistent according to the 

tumor histology. Ohigashi et al reported worse survival in 

PD-L2-negative cases in patients with esophageal cancer.26 

However, positive PD-L2 expression was significantly 

associated with shorter progression-free survival in renal 

cell carcinoma.27 In the present study, low PD-L2 expression 

with an H-score ,1 was significantly associated with shorter 

RFS in all salivary gland tumors. In adenoid cystic carcinoma, 

poorer RFS was shown in cases of patients with H-score ,1. 

In salivary duct carcinoma, which also has highly malignant 

characteristics, a similar trend was observed for RFS, although 

there was no statistical significance. Since the number of cases 

of each histological type was not sufficient in this study, prov-

ing statistical significance for each type of tumor histology 

was difficult. Therefore, more extensive studies with larger 

numbers of cases regarding PD-L2 are required to define its 

role in each histological type of salivary gland tumor.

Among the diverse histology of salivary gland tumors, 

adenoid cystic carcinoma and salivary duct carcinoma are 

important because of their malignant clinical characteristics. 

Adenoid cystic carcinoma has a clinical course that may range 

from very indolent to extensive multiple organ metastases. 

Since adenoid cystic carcinoma does not respond well to 

cytotoxic chemotherapy, a new effective therapeutic agent 
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Table 6 expression of PD-l1, PD-l2, cTla-4, PD-1, and cD8+ tumor-infiltrating lymphocytes in primary and recurrent tumors

Patient PD-L1 (H-score) PD-L2 (H-score) CTLA-4 (H-score) PD-1 (H-score) CD8 (H-score)

Primary 
site

Site of 
recurrence

Primary 
site

Site of 
recurrence

Primary 
site

Site of 
recurrence

Primary 
site

Site of 
recurrence

Primary 
site

Site of 
recurrence

a 6.6 0 100.6 58.6 1.1 0 0.5 0 0.9 0
B 0 1.7 37.7 63.9 30.6 5.2 0.8 0.8 3 5.2
c 0 7.1 48.7 37.7 41.5 3 2.2 5.2 22.5 3
D 0 0 131.4 89.5 0 3 0 0 1 3
e 15.3 0 230.2 60.3 0 5.4 0.5 5 12.3 5.4
F 3 0 44.3 41.2 81.5 76.5 3.8 0.9 27.3 76.5
g 0 3.5 78.5 68.5 48.5 9.3 3.4 1.5 5.6 9.3
P-value 0.753 0.091 0.5 0.735 0.735

Note: h-score, percentage of positive cells multiplied by intensity. 
Abbreviation: h-score, histoscore.

is necessary for patients with multiple organ metastases. 

As salivary duct carcinoma also has a very poor prognosis, 

and there is a lack of effective therapeutic agents, the 

investigation of new agents is urgently required. Therefore, 

in the present study, we particularly focused on adenoid 

cystic carcinoma and salivary duct carcinoma to determine 

whether the application of immune checkpoint inhibitors 

such as PD-L1, PD-1, or CTLA-4 inhibitors, which have 

shown great success recently in the treatment of many other 

cancers, would be possible in these tumor types. According 

to the results of this study, it is suggested that PD-L2 is an 

important investigational and therapeutic target candidate. 

Future studies focusing on PD-L2 expression and target 

agents should be promising.

Sometimes, it is not possible in clinical practice to retrieve 

tumor specimens from primary sites or sites of recurrence. 

Since the expression of immune-related markers is considered 

to be influenced by various conditions of the tumor microen-

vironment, differences in expression of these markers, 

according to the tumor site or the time at which the tumor 

specimen was retrieved, have been explored. In a previous 

study of PD-L1 in primary tumors and recurrent or metastatic 

tumors, concordance was observed between the primary and 

metastatic lesions.28 In the analysis of the expression rate 

of the molecular markers in primary and recurrent tumors 

from seven patients in this study, no statistically significant 

differences were identified. Nonetheless, there is a lack of 

information regarding discrepancies between molecular 

markers in primary and metastatic or recurrent salivary gland 

tumors, and studies with larger numbers of cases will provide 

more validated results.

This study has the following limitations. First, the use 

of a TMA to analyze protein expression could cause a sam-

pling error because TMA represents only a small portion of 

whole tumor tissue. To overcome this limitation, we tried to 

achieve multiple cores from tumor center and invasive front. 

However, we achieved a single core in each sample in half 

of all cases, and we obtained two cores in the remaining half. 

Therefore, caution is needed not to over-interpret results of 

this study. Second, the histological subtypes are diverse, and 

we were able to include only a small sample size for each 

histological type; therefore, the tumor samples cannot be 

characterized as simply salivary gland tumors. However, this 

is the first study investigating expression patterns of immune-

related markers and their prognostic value in salivary gland 

tumors. Since the number of patients with salivary gland 

tumors is low, clinical studies are not focused on these 

tumors. However, considering the subset of patients who have 

a poor prognosis, investigation of potential biomarkers is 

important. In addition, the application of anti-PD-1 treatment, 

or future treatment focusing on anti-PD-L2 agents, must be 

evaluated for patients with salivary gland tumors.

Conclusion
In malignant salivary gland tumors, PD-L2 expression was 

high, and low expression of PD-L2 showed a negative prog-

nostic impact in terms of RFS. Further studies focusing on 

PD-L2 are important in malignant salivary tumors.
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