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Abstract

Introduction: PD-L1 expression, existence of tumor-infiltrating 

lymphocyte (TIL), and mutational burden would be promising 

biomarkers to predict the efficacy of anti-PD-1/PD-L1 inhibitor, but 

clinical implication of these markers have not been completely 

established. In the current study, we analyze the immunogenomic 

properties in The Cancer Genome Atlas (TCGA) according to the 

classification of tumor based on PD-L1 expression and TIL. Moreover, 

upstream mechanism of PD-L1 expression and immune-suppressive 

signature of TIL were comprehensively analyzed.

Methods: The RNA expression levels of PD-L1 and CD8A in the 

samples in the pan-cancer database of TCGA (N=9,677) were analyzed. 

Based on their median values, the samples were classified into four 

tumor microenvironment immune types (TMITs). In tumor tissues of 

head and neck squamous cell carcinoma (HNSCC) of Seoul National 

University Hospital (SNUH cohort), PD-L1 expression and epithelial-

mesenchymal transition (EMT) markers were assessed by 

immunohistochemistry and this finding was validated in 5 HNSCC cell 

lines.

Results: In TCGA analysis, the number of somatic mutations, PD-L1

amplification and oncogenic virus infection were significantly 

associated with TMIT I, respectively. Immune-suppressive signature by 

regulatory T-cells or M2 macrophage clearly affected survival among 

TME with highly infiltrated CD8-positive T-cells. PD-L1 expression 

was associated with EMT phenomenon, assessed by high vimentin and 

low E-cadherin expressions. Increased PD-L1 expression with EMT-
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positive was significantly associated with poor prognosis in SNUH 

cohort and TCGA cohort. PD-L1 expression was increased by cisplatin 

treatment in SNUH cohort and HNSCC cell lines, accompanying 

MAPK/ERK pathway. 

Conclusions: This integrative analysis highlights the importance of the 

assessment of both PD-L1 expression and TIL signature in the era of 

immune checkpoint inhibitors.

----------------------------------------------------------------------------------------------

Keywords: Tumor Microenvironment; Comprehensive analysis; Next-

generation sequencing; Transcriptome; Immune evasion; Immune checkpoint 

inhibitor

Student Number: 2014 – 22036
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Introduction

A recent strategy targeting immune checkpoints such as CTLA-

4 and PD-1/PD-L1 shows promising clinical benefits and introduces a 

paradigm shift in cancer treatment. Immune checkpoint-blocking 

agents have shown a remarkable clinical efficacy with a long response 

duration in immunogenic tumors (1-5). 

Although the expression of PD-L1 on the surface of tumor 

cells, as measured by immunohistochemistry, may potentially serve as a 

predictive factor to identify patients who would benefit from anti-PD-

1/PD-L1 therapy, not all PD-L1-positive patients respond well (4-6). 

Interestingly, the degree of TIL infiltration and PD-L1 expression in the 

tumor microenvironment (TME) are also correlated with the clinical 

outcomes of anti-PD-1/PD-L1 therapies (6, 7). Moreover, recent 

advances in immuno-genomics have shown that tumors with a high 

mutational burden, abundant neoantigen and microsatellite (MSI)-high 

status are associated with a good response to anti-PD-1/PD-L1 therapy 

(8-14). Moreover, oncogenic viruses such as Epstein-Barr virus (EBV) 

or human papillomavirus (HPV) are associated with an inflamed TME, 

and a favorable clinical outcome in response to anti-PD-1/PD-L1 

therapy would also be expected (10, 15). Because of the complex 

nature of tumor immunity, a comprehensive immuno-genomic analysis 

that include analyses of the interaction between the tumor and TIL in 
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the TME and investigations of the underlying reasons for the promotion 

of tumor immunogenicity is needed.

The classification of tumors into four different types based on 

the presence or absence of CD8+ CTLs and PD-L1 expression was 

recently suggested (15, 16). Tumors with high PD-L1 expression and 

the presence of CD8+ CTLs in the microenvironment are classified as 

TME immune type I, which would only benefit from anti-PD-L1/PD-1 

therapies (15, 16). However, this concept has not been investigated with 

a large-scale genomics database because a standardized methodology 

for assessing PD-L1 and CD8+ CTLs has not been clarified. 

Moreover, the upstream biologic mechanisms of PD-L1 

expression in cancer has been poorly clarified, although possible 

pathways have been suggested. Firstly, Viruses and epithelial-

mesenchymal transition (EMT) are associated with high PD-L1 

expression (17). PD-L1 up-regulation occurs in cancers associated with 

human papillomavirus (HPV) such as uterine, cervical, head and neck 

cancers (18-23), possibly by interferon-gamma secreted from tumor-

infiltrating immune cells via the JAK/STAT pathway (20-24). Moreover, 

PD-L1 expression is also associated with the mesenchymal signature of 

tumors. For example, more than half of sarcoma and sarcomatoid lung 

carcinoma patients showed high PD-L1 expression levels, irrespective 

of tumor type (25, 26). EMT changes, manifested by E-cadherin 

(encoded by CDH1) down-regulation and vimentin (encoded by VIM) 
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up-regulation, also correlated with PD-L1 induction (27). HNSCC is a 

suitable model to investigate the clinicopathologic features associated 

with PD-L1 up-regulation. Recent advances in genomics have shown 

that mutational HPV-positive and -negative tumor profiles, which have 

retained and lost p16 expression, respectively, clearly differ (28-30).

Secondly, PD-L1 expression would be changed by 

chemotherapy. Increasing in vitro evidence has shown that the 

expression of PD-L1 in tumors changes in response to various 

exogenous signals including interferon-gamma, radiotherapy, or 

chemotherapeutic agents (31-33). Therefore, PD-L1 changes during the 

treatment course may be also evident in HNSCC, but few studies have 

examined this. 

In the current study, we classified a large set of TCGA pan-

cancer samples into four tumor microenvironment immune types 

(TMIT) by measuring the mRNA expression levels of PD-L1 and 

CD8A with in-depth analysis focused on immune-suppressive 

microenvironment. Moreover, we analyzed the association of PD-L1 

expression and EMT status, and the change of PD-L1 expression by 

cisplatin treatment, which is the most commonly used 

chemotherapeutic agent to treat HNSCC. 
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Material and Methods

Processing of genomic data from The Cancer Genome 

Atlas project

We used publicly available, level 3 data of TCGA in the current 

study. Clinical information, gene-level somatic mutation data, copy 

number variation (CNV) data, and mRNA expression data obtained by 

RNA sequencing (RNAseq) of the TCGA samples were downloaded 

from the UCSC Cancer Browser (https://genome-cancer.ucsc.edu) on 

June 3, 2015. To count the number of total somatic mutations, multiple 

somatic mutations including non-synonymous mutations, insertion-

deletion mutations, and silent mutations were each counted and 

summated, and germline mutations without somatic mutations were 

excluded. The amplification and deletion statuses in the CNV 

thresholded data, which was calculated using Gistic 2.0 (34), were 

documented as “2” and "-2", respectively, and mRNA expression data, 

which were generated using the Illumina HiSeq V2 platform, are 

presented as reads per kilobase per million (RPKM) and transformed 

into log 2 values for analysis. The patients’ clinical data and 

microsatellite instability (MSI) status of the tumors were extracted from 

the TCGA database. The MSI status was available for 1,164 samples, 

which included COAD (N = 426) and STAD samples (N = 414). The 
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detection of oncogenic viruses, such as Epstein-Barr virus (EBV), 

human papillomavirus (HPV), and hepatitis B virus (HBV), in each 

tumor sample (N = 6,511) and the neoantigen number (N = 3,726) were 

also referenced in a previous report by Rooney et al. (10). Altogether, 

samples of 32 cancer types (N = 10,354) were included in the analysis.

Statistical analyses of genomic data

According to previous reports regarding the four types of 

immune evasion of cancer (15), after merging log 2-transformed values 

of the RPKM of PD-L1 and CD8A, we divided all of the TCGA 

samples into four groups as follows: Type I, PD-L1 expression higher 

than the median and CD8A expression higher than the median; Type II, 

PD-L1 expression lower than the median and CD8A expression lower 

than the median; Type III, PD-L1 expression higher than the median 

and CD8A expression lower than the median; and Type IV, PD-L1 

expression lower than the median and CD8A expression higher than the 

median. The cytolytic activity of each sample was calculated using the 

log 2-transformed value of the geometric mean of GZMA and PRF1, as 

previously reported (10). The prognostic significance of the four tumor 

microenvironment immune types (TMITs) was estimated using Kaplan-

Meier plots (log-rank test) and Cox proportional hazards regression 

analysis. The statistical significance of two continuous variables, such 

as the total number of somatic mutations and the number of 
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neoantigens, as well as the CD8A expression level, cytolytic activity 

and PD-1 expression was calculated by linear regression analysis. The 

significance of the differences between continuous values, such as the 

number of mutations, interferon-gamma expression, and cytolytic 

activity, and categorical variables, such as TMIT, MSI status, and 

POLE mutation, was calculated by the Wilcoxon rank sum test or 

analysis of variance with Tukey’s post hoc test (for comparisons of 

more than 3 groups). Comparing the proportion of each TMIT 

according to categorical variables was performed by Fisher's exact test. 

The number of somatic mutations and copy number variation, such as 

the amplification and deletion of a gene in a previously suggested set of 

373 genes that are frequently altered in cancer (35) with PD-L1 

(CD274), were analyzed by logistic regression to determine whether 

these variables can significantly predict a specific TMIT. Univariate 

and multivariate logistic regression analyses were performed to 

determine whether there is a significant association between 

clinicopathologic characteristics and the ability to predict TMIT I. To 

analyze immune-suppressive microenvironment, we calculated 

infiltration of CD8-positive T-cells, regulatory T-cells, and M2 

macrophages using Cibersort algorism (36). Among tumor samples 

whose CD8-positive T-cells infiltration score is higher than median, 

regulatory T-cells or M2 macrophage infiltration status was classified 

by highly deviated (+/- 0.5 standard deviation) to fitted line of 
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regulatory T-cells score or M2 macrophage score by CD8-positive T-

cells infiltration score, respectively. 

Statistical analyses of microarray, RNA sequencing, and 

clinicopathologic data

The BRB-ArrayTools software program 

(http://linus.nci.nih.gov/BRB-ArrayTools.html) was used in the 

analysis of gene expression data (37). A heatmap was generated using 

Cluster and TreeView software programs (38). To assess EMT 

characteristics of tumors from an HNSCC cohort of TCGA study (28)

and cell lines from CCLE (39), 75 gene expression signatures 

associated with EMT from a previous study, GSE4824 (40), and a 

previously developed approach were used (41, 42). Briefly, the 75 gene 

expression data in the training set (GSE35640, Supplementary Table 1) 

were combined to form a classifier according to a Bayesian compound 

covariate predictor (BCCP) (43). The robustness of the classifier was 

assessed using a misclassification rate determined during leave-one-out 

cross-validation in the training set. The BCCP classifier estimated the 

likelihood that an individual patient had either an epithelial or 

mesenchymal signature according to a Bayesian probability cut-off of 

0.5, which was optimized by comparing results with a previously 

reported proportion of EMT signatures in HNSCC (44). A comparison 
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of continuous values, such as H-scores for E-cadherin and vimentin, or 

the log 2 value of reads per kilobase of transcript per million mapped 

reads (RPKM) of PD-L1, was undertaken using a Wilcoxon Rank Sum 

test. A Fisher's exact test was used to determine associations between 

clinicopathologic parameters. The significance of clinicopathologic 

factors on PD-L1-positivity was calculated by logistic regression. OS 

was measured from the diagnosis date until death, or the last follow-up 

date if censored. Progression-free survival (PFS) was calculated from 

the first day of definitive treatment up to the date of disease progression, 

confirmed by imaging, death, or the last follow-up date if censored. 

Survival analyses were carried out according to the Kaplan-Meier 

method with log-rank testing to assess differences between groups. A 

Cox proportional hazard regression model was used for univariate and 

multivariate survival analyses. The RPKM cut-off for PD-L1 in 

survival analyses was determined by a median value of PD-L1 RPKM 

for mesenchymal signatures.

All reported P values were two-sided, and considered 

significant if P < 0.05. A false discovery rate was applied to control 

type I errors. All statistical analyses and data generation were carried 

out using R version 3.1.3 (http://www.r-project.org) and STATA version 

12 (StataCorp LP, College Station, TX, USA).
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HNSCC patient cohort

Medical records were retrospectively reviewed to identify 

patients diagnosed with HNSCC who were treated at Seoul National 

University Hospital (SNUH) from December 2004 to November 2012. 

Patients from whom paraffin-embedded tumor samples were obtained 

prior to and after cisplatin chemotherapy were included. 

Cisplatin treatment in HNSCC patients

The decision to treat patients was determined by a 

multidisciplinary team. Patients were treated initially with induction 

chemotherapy and/or definitive CCRT or radical surgery (including 

primary tumor and regional lymph node dissection). Induction 

chemotherapy regimens included docetaxel, cisplatin, or 5-fluorouracil. 

CCRT regimens consisted of cisplatin. Radiotherapy delivered 5 days 

per week using a simultaneous integrated boost technique. Gross tumor 

lesions or high-risk volumes received 63 Gy to 67.5 Gy in 28 to 30 

fractions over 6 weeks using a daily dose of 2.25 Gy, and low- and 

intermediate-risk volumes were irradiated to 48 Gy to 56 Gy using a 

daily dose of 1.8 Gy to 2.0 Gy with concurrent chemotherapy of 

weekly cisplatin. 
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Immunohistochemistry

Representative, formalin-fixed, paraffin-embedded tissue 

blocks from each case were submitted for immunohistochemistry (IHC) 

using the following antibodies: mouse anti-p16 (E6H4) monoclonal 

antibody (mAb; Roche/MTM/Ventana Medical Systems, Tucson, AZ, 

USA), mouse anti-E-cadherin (36B5) mAb (Novocastra 

Laboratories, Newcastle upon Tyne, UK), mouse anti-vimentin (V9) 

mAb (Dako, Ely, UK) and rabbit anti-PD-L1 (E1L3N) XP® mAb (Cell 

Signaling Technology, Danvers, MA, USA). IHC was performed using 

the Ventana Benchmark XT system (Ventana Medical Systems). When 

tissue sections showed diffuse and strong nuclear and cytoplasmic 

staining in ≥ 70% of tumor cells, this was considered positive for p16 

(45). For E-cadherin and vimentin, staining intensity was scored in four 

categories: no staining (0), weak (1+), moderate (2+) and strong (3+) 

staining. The percentage of tumor cells showing the different staining 

intensities were evaluated by a trained pathologist. An IHC score (H-

score) was then calculated using the following formula: 1 ´ (percentage 

of cells showing weak staining) + 2 ´ (percentage of cells showing 

moderate staining) + 3 ´ (percentage of cells showing strong staining). 

E-cadherin and vimentin were used as an epithelial or mesenchymal 

phenotype marker, respectively. An EMT phenotype was defined as 
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low E-cadherin expression with an H-score < 200 and high vimentin 

expression with a H-score > 30. PD-L1 IHC was evaluated based on the 

intensity and proportion of membranous staining, with or without 

cytoplasmic staining, in tumor cells and was scored as follows: 0, less 

than 5% of tumor cells; 1, weak in ≥ 5% of tumor cells; 2, moderate in 

≥ 5% of tumor cells; and 3, strong in ≥ 5% of tumor cells. Cases 

showing membranous staining for PD-L1 in ≥ 5% of tumor cells (i.e., 

including IHC scores 1, 2 or 3) were considered PD-L1-positive.

Head and neck cancer cell lines experiments

Head and neck cancer cell lines were purchased from the 

American Type Culture Collection (Manassas, VA, USA) and Korean 

Cell Line Bank (Seoul, Korea) and cultured as previously described 

(46). Briefly, the SNU-1066, SNU-1041 and SNU-1076 cell lines were 

maintained in RPMI 1640 medium containing 100 U/mL penicillin, 

100 μg/mL streptomycin (Invitrogen, Carlsbad, CA, USA)

supplemented with 10% fetal bovine serum (GIBCO, Grand Island, NY, 

USA). The Detroit-562, and FaDu and PCI-13 cell lines were 

maintained in American Type Culture Collection Eagle’s modified 

essential medium (EMEM) with 100 U/mL penicillin, 100 μg/mL 

streptomycin (Invitrogen, Carlsbad, CA, USA) supplemented with 10% 

fetal bovine serum (GIBCO). All cell lines were incubated under 

standard culture conditions (5% CO2 at 37°C). Cells were resuspended 
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in lysis buffer (Cell Signaling Technology), incubated on ice for 10 min, 

and centrifuged for 15 min at 4°C. Samples containing equal quantities 

of total protein were resolved on SDS–polyacrylamide denaturing gels, 

transferred to polyvinylidene fluoride membranes, and probed with 

antibodies according to the manufacturer’s protocols. Antibodies 

against PD-L1, p-MEK Ser217/221, MEK, p-STAT3, STAT3, E-

cadherin, vimentin, and β-actin were purchased from Cell Signaling 

Technology. β-Actin was used as the protein loading control Detection 

was performed using an enhanced Lumi-Light Western Blotting 

Substrate kit (Roche, Basel, Switzerland).

Flow cytometry analysis for cell lines

Flow cytometry was performed as previously described (47). A 

total of 2 × 105 cells was aliquoted and placed into assay tubes. Next, 2 

mL of fluorescence-activated cell sorting (FACS) buffer was added to 

each tube and rinsed twice by centrifugation. The cells were 

resuspended in 100 mL of FACS buffer with fixable viability dye 

(eBioscience, San Diego, CA). The cells were stained with PD-L1 

phycoerythrin (PE; eBioscience) or isotype control for 30 min on ice in 

staining buffer (2% bovine serum albumin and 0.01% sodium azide). 

Analysis was conducted using a FACSCalibur instrument (BD 

Biosciences, Franklin Lakes, NJ, USA) with CELLQuest software (BD 
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Biosciences). Flow cytometric analysis of PD-L1 expression in head 

and neck cancer cells was conducted. After 24 h, the cells were 

harvested and stained with either mouse anti-human PD-L1 (clone 5H1) 

or a mouse IgG1 isotype control followed by PE-conjugated goat anti-

mouse Ig.

Ethics

This study was approved by the Institutional Review Board of 

Seoul National University Hospital (approval number: H-1307-051-504) 

and was conducted in accordance with the Principles of the Declaration 

of Helsinki. 
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Results

Distribution and clinical implication of TMIT across 

cancer types.

We analyzed 9,677 tumor samples from 32 cancer types 

included in the TCGA dataset. The median of the log 2-transformed 

RPKM values, which indicate the mRNA expression level, of PD-L1 

and CD8A were 4.72 and 6.97, respectively. The log transformation has 

no effect on the division at the median of the distributions, but only 

improves the analysis of the correlation. The expression levels of PD-

L1 and CD8A were generally positively correlated even though a 

considerable proportion of tumor samples were found to be PD-L1-high 

and CD8A-low or PD-L1-low and CD8A-high tumors (P < 0.001, R2 = 

0.250, Fig. 1a). CD8A expression was significantly correlated with 

cytolytic activity (10) and PD-1 expression (P < 0.001, R2 = 0.718 and 

0.712, respectively).

All tumor samples were divided into four groups of TMIT 

according to the median values of PD-L1 and CD8A expression. 

Among all of the evaluated samples, 34.6% of the samples were 

classified as TMIT I, defined by high PD-L1 expression in the tumor 

and surrounding TME and high CD8A expression, which indicates a 

high proportion of CD8+ CTLs. The proportions of TMIT II (low PD-
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L1/low CD8A), III (high PD-L1/low CD8A), and IV (low PD-L1/high 

CD8A) were 34.6%, 15.4%, and 15.4%, respectively. The proportion of 

TMIT I, II, III, and IV samples of skin cutaneous melanoma (SKCM) 

were 43.4%, 33.2%, 5.9%, and 18.4%, respectively, and these values 

are comparable to those included in previous reports (38%, 41%, 1%, 

and 20%, respectively) (15, 16).

The proportion of TMIT samples was analyzed according to 

cancer type (Fig. 1b). As expected, cancers derived from 

lymphoproliferative tissues, such as thymoma (THYM) and diffuse 

large B cell lymphoma (DLBC), had the highest proportion of TMIT I 

tumors among all cancer types (84.0% and 70.8%, respectively), further 

supporting the hypothesis that the signature reliably reflects the TMIT 

in cancer tissues. Among the solid cancers, lung adenocarcinoma 

(LUAD, 67.1%), kidney clear cell carcinoma (KIRC, 64.8%), lung 

squamous cell carcinoma (LUSC, 63.5%), and head and neck 

squamous cell carcinoma (HNSC, 54.1%) had the highest proportion of 

TMIT I samples. The clinicopathological features of the TCGA patients 

are summarized as follows: older patients (> 60 years) had a 

significantly higher proportion of TMIT I tumors compared with 

younger patients, although the actual difference between two groups 

was small (37.4% versus 32.4%, P < 0.001).
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Figure 1. Distribution of tumor microenvironment immune 
type and mutational burden across cancer type. A scatter plot of 
log 2-transformed values of reads per kilobase of transcript per 
million reads mapped (RPKM) of PD-L1 and CD8A is shown (a). 
The portion of tumor microenvironment immune types (TMIT, I, 
red [34.6%]; II, blue [34.6%]; III, green [15.4%]; IV; yellow 
[15.4%]) (b) and the log 2-transformed value of the total number of 
somatic mutations according to cancer types of The Cancer 
Genome Atlas (c) are graphed. The red bar indicates the median 
value of each column, and the blue dashed line indicates the 
median value of the total samples. Abbreviation: NA, not 
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High mutational burden is associated with TMIT I

Because previous reports have shown that the degree of 

mutational burden and the presence of neoantigen are correlated with 

the immunogenic features of the tumor and reliably predict a good 

response to an anti-PD-1/PD-L1 treatment strategy (10, 12-14), we 

compared the proportion of different TMIT groups according to the 

mutational burden. According to cancer type, we observed a tendency 

toward a correlation between the total number of somatic mutations 

(hereby, number of mutations) as well as the number of neoantigens 

and the proportion of TMIT I (Fig. 1c). Interestingly, TMIT I tumors 

had a significantly higher number of mutations as well as a higher 

number of neoantigens compared with the other TMIT groups (P < 

0.001, Fig. 2a). Tumor samples with a higher number of mutations than 

the median value (46) had a significantly higher proportion of TMIT I 

compared with those with fewer mutations (40.3% versus 30.4%, P < 

0.001, Fig. 2b).

The microsatellite instability (MSI) has also been reported as a 

type of high mutational burden with immunogenic features (14, 48). As 

expected, MSI-high tumors had a significantly higher number of 

mutations compared with MSI-low tumors and microsatellite stable 

(MSS) tumors (Fig. 2c). Moreover, MSI-high tumors had a high 

proportion of TMIT I compared MSI-low tumors and MSS tumors 

(52.2% versus 25.0% and 29.9%, respectively, P < 0.001, Fig. 2d). 
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Because the mutational burden is significantly associated with 

TMIT I, we then assessed the association of TMIT I with somatic 

mutations in 373 genes that are frequently mutated in many cancers (35)

as well as the PD-L1 (CD274) gene (Table 1). We found that VHL, 

PBRM1, CASP8, and ATM mutations are significantly associated with 

TMIT I. In contrast, EGFR and BRAF mutations were found to be 

correlated with TMIT III.
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Figure 2. High mutational burden is associated with tumor 
microenvironment immune type I. Box plot of log 2-transformed 
values of the number of total somatic mutations (first, third, fifth, 
and seventh columns, the color scheme is as follows: I, red; II, 
blue; III, green; IV, yellow) and neoantigens (second, fourth, sixth, 
and eighth columns) according to tumor environment immune 
types (TMIT) are plotted (a). Proportion of TMIT according to a 
number of total mutations higher or lower than the median is 
compared (b). Box plot of log 2-transformed value of the number 
of mutations according to microsatellite instability (MSI) status is 
plotted (c). The proportion of TMIT according to MSI status is 
compared (d). Abbreviations: Total MT, total number of somatic 
mutations; NeoAg, number of neoantigens; MSI-H, microsatellite 
instability-high; MSI-L, microsatellite instability-low; MSS, 
microsatellite stable; RPKM, reads per kilobase of transcript per 
million reads mapped.
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Table 1. Specific genomic alterations of cancer driver 

genes to predict tumor microenvironment immune type I.

Gene
Genomic 
alteration

Odds ratio P value FDR

VHL mutation 3.37 2.21 x 10-20 4.15 x 10-18

CASP8 mutation 3.13 2.56 x 10-8 8.81 x 10-7

PBRM1 mutation 2.40 6.59 x 10-12 8.23x 10-10

NCOR1 mutation 2.37 2.58 x 10-8 8.81 x 10-7

MXRA5 mutation 2.13 5.93 x 10-10 4.44 x 10-8

FAT1 mutation 1.99 1.44 x 10-8 6.00 x 10-7

ANK3 mutation 1.95 1.20 x 10-8 5.64 x 10-7

MUC17 mutation 1.94 1.90 x 10-11 1.78 x 10-9

BRAF mutation 1.70 5.50 x 10-9 3.44 x 10-7

FLG mutation 1.69 7.05 x 10-9 3.78 x 10-7

CD274 amplification 3.46 2.05 x 10-14 7.43 x 10-12

APC amplification 3.33 6.10 x 10-9 3.68 x 10-7

DIAPH1 amplification 3.09 1.16 x 10-9 1.40 x 10-7

CDX1 amplification 2.73 1.69 x 10-8 8.75 x 10-7

NPM1 amplification 2.54 2.27 x 10-9 1.65 x 10-7

PIGZ amplification 1.67 4.94 x 10-10 8.94 x 10-8

MUC4 amplification 1.64 2.03 x 10-9 1.65 x 10-7

ACVR2B deletion 4.50 1.54 x 10-11 5.57 x 10-9

MYD88 deletion 4.32 3.56 x 10-11 5.58 x 10-9

TGFBR2 deletion 3.42 4.64 x 10-11 5.58 x 10-9

RPSA deletion 4.26 1.52 x 10-10 1.31 x 10-8

SLC22A14 deletion 3.92 1.81 x 10-10 1.31 x 10-8

EAF1 deletion 4.10 6.79 x 10-10 3.50 x 10-8

MRPS25 deletion 4.19 6.45 x 10-10 3.50 x 10-8

CTNNB1 deletion 3.50 7.86 x 10-10 3.55 x 10-8

ZNF620 deletion 3.78 1.55 x 10-9 6.21 x 10-8

Odds ratio was calculated that the proportion of TMIT I in each 

genomic alteration-positive divided by those in the genomic alteration-

negative, by logistic regression.

Filtering condition of this table is odds ratio > 1.5 and FDR < 1.00 x 10-

7.

Abbreviation: FDR, false discovery rate; TMIT, tumor 

microenvironment immune type.
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PD-L1 amplification is associated with TMIT I

The association of PD-L1 amplification and TMIT was 

analyzed because PD-L1 amplification has been reported to serve as a 

good predictive marker of the response to anti-PD-1/PD-L1 therapy in 

Hodgkin’s lymphoma (4, 18) and has been found to be associated with 

high immune cytolytic activity (10). The frequency of PD-L1

amplification in all cancers was 1.6% (149 out of 9,364 samples), and 

HNSC (4.8%), sarcoma (4.7%), ovarian serous cystadenocarcinoma 

(4.3%), and DLBC (4.2%) had a relatively high frequency of PD-L1

amplification (Fig. 3a). Compared with the wild-type tumors, a high 

proportion of tumors with PD-L1 amplification were TMIT I (64.4% 

versus 34.4%, P < 0.001, Figs. 3b and 3c).

In addition to PD-L1 amplification, the analysis of 373 oncogenic 

genes in cancer revealed that APC, NPM1, and CDX1 amplifications as 

well as CTNNB1 deletion are associated with TMIT I. Moreover, EGFR

amplification and CDKN2A deletion were found to be associated with 

TMIT III (Table 1).
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Figure 3. PD-L1 amplification is associated with tumor 
microenvironment immune type I. The frequency of PD-L1 
amplification according to cancer type is shown (a). A scatter plot 
of log 2-transformed values of RPKM of PD-L1 and CD8A 
according to PD-L1 amplification is shown (b). The proportion of 
tumor microenvironment immune types according to PD-L1 
amplification is compared (c). Abbreviation: RPKM, reads per 
kilobase of transcript per million reads mapped.
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Oncogenic virus infection is associated with TMIT I

We then aimed to determine whether there is association 

between infection with an oncogenic virus and TMIT. Considerable 

proportions of EBV in STAD, HPV in CESC and HNSC, and hepatitis 

B virus (HBV) in liver hepatocellular carcinoma were detected (LIHC), 

which is consistent with previous reports (10, 49). A high proportion of 

tumors resulting from EBV infection and HPV infection were classified 

as TMIT I compared with those resulting from HBV infection or those 

with no virus (84% and 56.4% versus 18.5% and 35.9%, respectively, P

< 0.001, Figs. 1.4a and 1.4b). Interferon-gamma expression and 

cytolytic activity were significantly higher in TMIT I tumors (Figs. 

1.4c and 1.4d), and cytolytic activity was significantly higher in EBV-

infected and HPV-infected tumors compared with HBV-infected and 

uninfected samples (Fig. 1.4e).



24

Figure 4. Oncogenic viral infection with increased cytolytic 
activity is associated with tumor microenvironment immune 
type I. A scatter plot of log 2-transformed values of RPKM of PD-
L1 and CD8A according to virus detection and PD-L1 
amplification is shown (a). The proportion of tumor 
microenvironment immune types (TMIT) according to PD-L1 
amplification is compared (b). Box plots of log 2-transformed 
values of RPKM of interferon-gamma (IFNG, c) and cytolytic 
activity (d) according to TMITs are shown. A box plot of cytolytic 
activity according to virus detection and TMIT is shown (e).
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Summary of clinicopathologic features correlated with 

TMIT I

Taken together, the multivariate analysis results showed that a 

high number of mutations, EBV infection, HPV infection, and PD-L1

amplification were independently associated with TMIT I (Table 2). 

Biological impact of TMIT classification was summarized in Fig. 5.

Table 2. Logistic regression analysis for predicting tumor 
microenvironment immune type I according to 
clinicopathological characteristics

Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value
Age ≥ Median 1.24 (1.14-1.35) 5.78 x 10-7 1.11 (0.96-1.28) 0.147

Gender
Men (vs. 
Women)

0.97 (0.89-1.06) 0.493 not entered not entered

Number of 
mutations

≥ Median 1.55 (1.40-1.72) < 2.00 x 10-16 1.44 (1.25-1.67) 6.21 x 10-7

Presence of virus EBV 8.14 (3.07-28.0) 1.32 x 10-4 6.29 (2.34-21.8) 9.01 x 10-4

HPV 2.31 (1.75-3.07) 5.05 x 10-9 1.98 (1.47-2.67) 8.31 x 10-6

HBV 0.19 (0.07-0.42) 1.54 x 10-4 0.18 (0.07-0.40) 1.08 x 10-4

PD-L1
amplification

Yes 3.46 (2.50-4.87) 6.47 x 10-13 3.45 (1.96-6.33) 3.10 x 10-5

Abbreviation: EBV, Epstein-Barr virus; HBV, hepatitis B virus; HPV, 

human papillomavirus; OR, odds ratio.
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Figure 5. Summary of tumor microenvironment immune types.
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Immune-suppressive signature in inflamed tumors

To understand immune-suppressive gene signature in inflamed 

tumors with highly recruited TIL, we divided TCGA tumor samples by 

different classification system. Using Cibersort algorism (36), 

infiltrated proportions of immune cells in TME can be predicted in 

silico. TIL-high TME is defined by higher CD8-positive T-cells 

infiltration score (CD8TS) predicted by Cibersort than their median

value in all TCGA samples. As shown in Fig 6, CD8TS was linearly 

correlated with regulatory T-cells infiltration score (TregS) or M2 

macrophage infiltration score (M2S), indicating that recruitment of TIL 

would consist of both immune-activators and immune-suppressors. 

Divided by 0.5 standard deviation higher than fitted value of TregS or 

M2S by CD8TS, we classified tumors with 3 groups each for TregS or 

M2, respectively: CD8TS-low, CD8TS-high/TregS-high, and CD8TS-

high/TregS-medium-low (Fig 6a), or CD8TS-low, CD8TS-high/M2-

high, and CD8TS-high/M2-medium-low (Fig 6b). This classification 

clearly demonstrated prognostic significance, as survival rate of 

CD8TS-low group was similar with that of CD8TS-high/TregS-high 

group (P < 0.001, Fig 6c). However, CD8TS-high/TregS-medium-low 

group had favorable survival compared to other 2 groups. Classification 

according to CD8TS and M2 had also similar results with CD8TS and 

TregS (Fig 6d). Therefore, for precise assessment of TME, not only 

CD8-positive T cells infiltration, but also regulatory T-cells and M2 
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macrophage infiltration should be considered since those proportion 

clearly affected tumor biology.

Figure 6. Biologic impact of immune-suppressive signature of 
regulatory T-cells and M2 macrophage. A scatter plot of CD8-
positive T cells score (CD8TS, x-axis), and regulatory T-cells score 
(TregS, y-axis, a) and M2 macrophage (M2S, y-axis, b) is shown. 
Red dots indicates CD8TS-low group, and yellow dots indicates 
CD8TS-high/TregS-high (b), and CD8TS-high/M2S-high group 
(c). Green dots and blue dots indicate CD8TS-high/TregS (M2S)-
medium and CD8TS-high/TregS (M2S)-low group, combining 
together as CD8TS-high/TregS (M2S)-medium-low group. Kaplan-
Meier curves of overall survival according to CD8TS-low (red), 
CD8TS-high/TregS-high (yellow), and CD8TS-high/TregS-
medium-low (blue) was shown (c). Kaplan-Meier curves of overall 
survival according to CD8TS-low (red), CD8TS-high/M2S-high 
(yellow), and CD8TS-high/M2S-medium-low (blue) was also 
shown (d).
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EMT phenomenon is highly enriched in TMIT III

As previous studies shown that sarcoma and sarcomatoid lung 

carcinoma had high PD-L1 expression (25, 26), we hypothesized that 

EMT would be frequently observed in TMIT I or TMIT III cancers. To 

prove the proportion of EMT in TCGA, we defined that high vimentin

mRNA expression and low E-cadherin mRNA expression would relate 

to EMT phenomenon. Among TCGA cancer types, thymoma (THYM), 

diffuse large B cell lymphoma (DLBC), acute myeloid leukemia 

(LAML), sarcoma (SARC), mesothelioma (MESO), glioblastoma 

(GBM), and germ cell tumor (TGCT) are classified as mesenchymal 

origin, and others are classified as epithelial origin. The ratio of 

vimentin and E-cadherin was increased in cancers with mesenchymal 

origin, compared to those with epithelial origin (Fig 7a). Interestingly, 

TMIT III had the most high level of vimenin / E-cadherin ratio among 

four TMITs (Fig 7b), indicating that sore PD-L1 expression would be 

closely related to EMT.
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Figure 7. EMT is associated with TMIT III. Box plots of the 
ratio of vimentin and E-cadherin RPKM according to 
mesenchymal or epithelial origin (a) and according to TMIT (b).
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PD-L1 expression correlated with EMT

Representative images of PD-L1-negative and -positive, p16-

positive and high E-cadherin expressing tumor tissues are shown in 

Supplementary Figure 1. Of the 50 patients included in this study 

(training cohort), 32 and 18 patients, respectively, exhibited PD-L1-

positive and –negative tumors. Fifteen patients were p16-positive and 

17 were EMT-positive. Interestingly, 15 of the 32 PD-L1-positive 

tumors (46.9%) were EMT-positive, as assessed by low E-cadherin and 

high vimentin expression (Fig. 8a). PD-L1 positivity was significantly 

higher in patients with EMT-positive tumors (P = 0.013, Fig. 8b). 

Clinical features, including age, sex, smoking history, nd stage, did not 

differ according to patients’ PD-L1 and EMT statuses (Table 3, left 

column). The proportion of patients showing oropharyngeal tumors was 

higher in PD-L1-positive/EMT-negative patients (PD-L1+/EMT-; Table 

2.1). The E-cadherin H-score was lower for PD-L1+/p16- compared 

with PD-L1-/p16- patients (P = 0.559). The vimentin H-score was 

significantly higher in PD-L1+/p16- compared with PD-L1-/p16-

patients (P = 0.014). However, this trend was not observed in p16+ 

patients (P = 0.245 and 0.371, respectively; Fig. 8c-d). Taken together, 

of the 32 PD-L1+ patients, 12 were p16-/EMT+ (37.5%), 9 were 

p16+/EMT- (28.1%), 8 were p16-/EMT- (25%), and 3 were 

p16+/EMT+ (9.4%; Fig. 8e). Although PD-L1 positivity was not 

significantly different according to p16 status (P = 0.199), PD-L1 
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positivity was significantly higher in p16-/EMT+ and p16+/EMT-

compared with p16-/EMT- patients (P = 0.002 and 0.026, respectively). 

Univariate and multivariate logistic regression analyses showed that an 

oropharyngeal tumor origin and EMT status associated significantly 

with PD-L1 positivity (P = 0.014 and 0.010, respectively; Table 4).
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Figure 8. PD-L1 expression is associated with epithelial-
mesenchymal transition. Representative images of 
immunohistochemical staining with anti-PD-L1 (x200; A, x400, 
B), anti-E-cadherin (x200, C), and anti-vimentin (x200, D) are 
shown. PD-L1 expression was positively correlated with vimentin 
and negatively correlated with E-cadherin. The number of PD-L1-
negative (blue bars) and -positive (red bars) cases according to 
epithelial-mesenchymal transition (EMT) are shown. The P value 
from Fisher's exact test is annotated (red). H-scores for E-cadherin 
(C) and vimentin (D) are plotted according to PD-L1 and p16 
statuses. The number of p16- EMT- (green), p16+ EMT- (orange), 
p16+ EMT+ (pink), and p16- EMT+ (red) cases according to PD-
L1 status are shown (E).
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Table 3. Patient characteristics according to PD-L1 and EMT status

All

N=50

PD-L1(-)

N=18

PD-L1(+)

EMT(-)

N=17

PD-L1(+)

EMT(+)

N=15

P value

Age
Median years

(range)

60

(16-78)

61

(44-78)

57

(16-75)

61

(26-76)
0.074

Sex Men, N (%) 40 (80.0) 14 (77.8) 15 (88.2) 11 (73.3)

Women, N (%) 10 (20.0) 4 (22.2) 2 (11.8) 4 (26.7) 0.614

Smoking Non-smoker, N (%) 30 (60.0) 10 (55.6) 10 (58.8) 10 (66.7)

Ex/Current-smoker, N (%) 20 (40.0) 8 (44.4) 7 (41.2) 5 (33.3) 0.877

ECOG 0, N (%) 12 (24.0) 2 (11.1) 6 (35.3) 4 (26.7)

1, N (%) 38 (76.0) 16 (88.9) 11 (64.7) 11 (73.3) 0.243

Location Oropharynx, N (%) 16 (32.0) 2 (11.1) 10 (58.8) 4 (26.7)

Non-oropharynx, N (%) 34 (68.0) 16 (88.9) 7 (41.2) 11 (73.3) 0.010

p16 Negative, N (%) 35 (70.0) 15 (83.3) 8 (47.1) 12 (80.0)

Positive, N (%) 15 (30.0) 3 (16.7) 9 (52.9) 3 (20.0) 0.051

Pathology P/D, N (%) 24 (48.0) 8 (44.4) 11 (64.7) 5 (33.3)

M/D, N (%) 12 (24.0) 6 (33.3) 3 (17.7) 3 (20.0)

W/D, N (%) 12 (24.0) 4 (22.2) 2 (11.8) 6 (40.0)

Non-keratinizing type, N (%) 2 (4.0) 0 (0.0) 1 (5.9) 1 (6.7) 0.331
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Stage I, N (%) 6 (12.0) 1 (5.6) 1 (5.9) 4 (26.7)

II, N (%) 2 (4.0) 0 (0.0) 1 (5.9) 1 (6.7)

III, N (%) 15 (30.0) 9 (50.0) 5 (29.4) 2 (13.3)

IVA, N (%) 27 (54.0) 8 (44.4) 10 (58.8) 8 (53.3) 0.253

Definitive Treatment
Concurrent 

chemoradiotherapy, N (%)
16 (32.0) 7 (38.9) 4 (23.5) 5 (33.3)

Surgery, N (%) 34 (68.0) 11 (61.1) 13 (76.5) 10 (66.7) 0.693

Overall survival Median months (95% CI) NR (43.7-NR) 50.1 (25.0-NR) NR (NR-NR) 35.7 (30-NR) 0.007

3-year survival rate 73.7% 74.3% 100% 42.8%

5-year survival rate 53.2% 41.3% 100% 21.4%

Median follow-up Median months (range)
72.4

(23.0-119.6)

84.5

(27.4-119.6)

50.3

(33.0-112.7)

48.2

(23-112.7)
0.623

Bold values indicate statistically significant correlations with P values less than 0.05.

Abbreviation: EMT, epithelial-mesenchymal transition; ECOG, Eastern Cooperative Oncology Group performance status; P/D, 

poorly-differentiated squamous cell carcinoma; M/D; moderate-differentiated squamous cell carcinoma; W/D, well-differentiated 

squamous cell carcinoma; CI, confidence interval; NR, not reached.
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Table 4. Univariate and multivariate logistic analysis of factors affecting baseline PD-L1 expression

Univariate Multivariate

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

Age Continuous 0.97 (0.92-1.02) 0.275

Sex Female (vs. Male) 0.81 (0.19-3.35) 0.769

Smoking Yes (vs. No) 0.75 (0.23-2.42) 0.631

ECOG 1 (vs. 0) 0.28 (0.05-1.43) 0.125

Stage Continuous 0.81 (0.44-1.49) 0.495

Location Oropharynx (vs. Non-oropharynx) 6.22 (1.22-31.7) 0.028 8.60 (1.54-48.1) 0.014

p16 Positive (vs. Negative) 3.00 (0.72-12.5) 0.132

EMT Positive (vs. Negative) 7.06 (1.39-35.9) 0.018 9.54 (1.72-52.9) 0.010

Bold values indicate statistically significant correlations with P values less than 0.05.

Abbreviation: ECOG, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; CI, confidence interval; EMT, 
epithelial-mesenchymal transition.
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Survival analysis according to PD-L1 and EMT statuses

Survival analysis according to PD-L1 expression in HNSCC 

has not been clearly defined. PD-L1 expression was not significantly 

associated with overall survival (OS, P = 0.137) or progression-free 

survival (PFS, P = 0.213). In regard to the training cohort, interestingly, 

PD-L1+/EMT+ patients showed significantly poorer OS and PFS rates 

compared to PD-L1+/EMT- patients (P < 0.001 and 0.005, respectively; 

Fig. 9a-b). The 3-year OS rate was 42.8% for PD-L1+/EMT+ patients, 

which differed markedly from 100% for PD-L1+/EMT- patients. 

Moreover, PD-L1+/EMT+ patients showed significantly poorer OS and 

PFS rates compared with PD-L1+/p16+/EMT- patients (P = 0.007 and 

0.006, respectively).

Figure 9. Survival analysis according to PD-L1 and epithelial-
mesenchymal transition statuses in HNSCC patients. A Kaplan-
Meier plot of overall survival (OS; A) and progression-free 
survival (PFS; B) according to PD-L1 and epithelial-mesenchymal 
transition (EMT) statuses. Abbreviations: HNSCC, head and neck 
squamous cell carcinoma; Ref, reference.
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Correlation of PD-L1 with EMT in TCGA and CCLE

A 75 gene EMT expression signature was obtained from the 

GSE4824 dataset, which predicted mesenchymal features in lung 

cancer cell lines, including squamous cell carcinoma (40). EMT 

predictions based on the 75 gene signature were conducted for HNSCC 

samples and cell lines from TCGA and CCLE, respectively (28, 39). 

EMT predictions resulted in 119 out of 564 HNSCC samples (21.1%) 

from TCGA, and 4 out of 32 cell lines (12.5%) from CCLE having 

mesenchymal features (Fig. 10a, c). Samples with a high probability of 

mesenchymal features exhibited a high expression of mesenchymal 

signatures, such as ZEB1 and VIM that encode vimentin, and low 

expression of epithelial signatures, such as MUC1 and CDH1 that 

encode E-cadherin. Interestingly, in both TCGA and CCLE, PD-L1 

expression was significantly higher in mesenchymal features compared 

with epithelial features (P < 0.001; Fig. 10b, d).

OS and PFS rates for PD-L1+/EMT+ patients were 

significantly worse compared to those for PD-L1- patients from TCGA 

(P = 0.017 and 0.009, respectively; Fig. 11). PFS rates were 

significantly different between PD-L1+/EMT+ and PD-L1+/EMT-

patients (P = 0.040). However, OS rates were not significantly different, 

although the 3-year OS rate differed between PD-L1+/EMT+ (40.2%) 

and PD-L1+/EMT- (61.8%; P = 0.109).
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Figure 10. The epithelial-mesenchymal transition gene 
expression signature correlates with PD-L1 expression in The 
Cancer Genome Atlas and the Cancer Cell Line Encyclopedia. 
Significant 75-gene expression signatures, referred from GSE4824 
and Bayesian probability to predict EMT changes that favor 
mesenchymal features in The Cancer Genome Atlas (TCGA) (A) 
and the Cancer Cell Line Encyclopedia (CCLE) cohorts (C) as well 
as PD-L1 expression, are shown as a heatmap. PD-L1 expression 
was calculated by the log 2 value of its reads per kilobase of 
transcript per million mapped reads (RPKM) and was compared 
according to EMT predictions in TCGA (B) and CCLE cohorts 
(D).
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Figure 11. Survival analysis according to PD-L1 and epithelial-
mesenchymal statuses in The Cancer Genome Atlas cohort. A 
Kaplan-Meier plot of overall survival (OS; A) and progression-free 
survival (PFS; B) according to PD-L1 expression and epithelial-
mesenchymal transition (EMT) status. Abbreviation: Ref, 
reference.
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PD-L1 expression changes in HNSCC patient samples

Of the 35 HNSCC patients included to analyze whether PD-L1 

expression would change by treatment, baseline tumor tissue of 22 

patients (62.9%) had PD-L1-positive tumors, while the other 13 

patients (37.1%) had PD-L1-negative tumors (Table 5). Clinical 

features including tumor location of the oropharynx and p16-status did 

not significantly differ according to baseline PD-L1 status, although 

baseline PD-L1-positive tumors showed a relatively high proportion of 

oropharyngeal tumors (7 of 22, 31.8% in PD-L1-positive vs. 1 of 13, 

7.7% in PD-L1-negative) and p16-positive tumors (6 of 22, 27.3% in 

PD-L1-positive vs. 1 of 13, 7.7% in PD-L1-negative). 

During the treatment course, PD-L1 changes in various ways. 

Of the 13 patients who were PD-L1-negative prior to treatment, 9 cases 

(69.2%) showed up-regulated PD-L1 expression after treatment (P = 

0.003). In contrast, 4 of 22 patients (18.2%) who were initially PD-L1-

positive tumor showed decreased PD-L1 expression (P = 0.072, Fig. 

12a-b). Interestingly, most patients who underwent cisplatin treatment 

as induction chemotherapy or concurrent chemoradiotherapy (CCRT) 

showed up-regulated PD-L1 expression in their post-treatment tumor 

tissue (P = 0.037, Fig. 12c and Table 6).

Interestingly, E-cadherin expression was decreased (P = 0.006) 

and vimentin expression was generally increased (P = 0.393) in post-

treatment tumor tissue compared to in matched baseline tissues (Fig. 
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13). However, we found no association between PD-L1 changes and 

morphological EMT occurrence such as sarcomatoid like change. 

Moreover, intervals of biopsies between baseline and after treatment 

was not associated with PD-L1 changes.
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Table 5. Patient characteristics according to PD-L1 status before and after treatment

PD-L1 Before treatment Negative Negative Positive Positive All P P

After treatment Negative Positive Negative Positive

N = 4 N = 9 N = 4 N = 18 N = 35
Baseline 
PD-L1*

4 
groups

Age Median years (range) 68 (52-78) 63 (51-70) 42 (26-76) 62 (16-75) 63 (16-78) 0.260 0.443

Sex Men, N (%) 3 (75.0) 8 (88.9) 4 (100.0) 16 (88.9) 31 (88.6)

Women, N (%) 1 (25.0) 1 (11.1) 0 (0) 2 (11.1) 4 (11.4) 0.478 0.860

Smoking Non-smoker, N (%) 2 (50.0) 5 (55.6) 3 (75.0) 14 (77.8) 24 (68.6)

Ex/Current-smoker, N (%) 2 (50.0) 4 (44.4) 1 (25.0) 4 (22.2) 11 (31.4) 0.144 0.528

ECOG 0, N (%) 0 (0) 1 (11.1) 1 (25.0) 8 (44.4) 10 (28.6)

1, N (%) 4 (100) 8 (88.9) 3 (75.0) 10 (55.6) 25 (71.4) 0.055 0.078

Location Oropharynx, N (%) 0 (0) 1 (11.1) 2 (50.0) 5 (27.8) 8 (22.9)

Non-oropharynx**, N (%) 4 (100) 8 (88.9) 2 (50.0) 13 (72.2) 27 (77.1) 0.108 0.346
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p16 Positive, N (%) 0 (0) 1 (11.1) 3 (75.0) 3 (16.7) 7 (20.0)

Negative, N (%) 4 (100) 8 (88.9) 1 (25.0) 15 (83.3) 28 (80.0) 0.170 0.058

Pathology SqCC P/D, N (%) 2 (50.0) 3 (33.3) 1 (25.0) 6 (33.3 ) 12 (34.3)

SqCC M/D, N (%) 1 (25.0) 5 (55.6) 2 (50.0) 2 (11.1) 10 (28.6)

SqCC W/D, N (%) 1 (25.0) 1 (11.1) 1 (25.0) 8 (44.4) 11 (31.4)

Non-keratinizing type, N 
(%)

0 (0) 0 (0) 0 (0) 2 (11.1) 2 (5.7) 0.189 0.375

Stage I, N (%) 1 (15.0) 0 (0) 1 (25.0) 3 (16.7) 5 (14.3)

II, N (%) 0 (0) 0 (0) 0 (0) 1 (5.6) 1 (2.9)

III, N (%) 3 (75.0) 2 (22.2) 0 (0) 2 (11.1) 7 (20.0)

IVA, N (%) 0 (0) 7 (77.8) 3 (75.0) 12 (66.7) 22 (62.9) 0.187 0.254

Definitive 
treatment

Concurrent 
chemoradiotherapy, N (%)

3 (75.0) 4 (44.4) 1 (25.0) 6 (33.3) 14 (40.0)

Surgery, N (%) 1 (25.0) 5 (55.6) 3 (75.0) 12 (66.7) 21 (60.0) 0.177 0.507

Cisplatin 
treatment

No (never), N (%) 3 (75.0) 4 (44.4) 3 (75.0) 8 (44.4) 18 (51.4)
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Yes (ever), N (%) 1 (25.0) 5 (55.6) 1 (25.0) 10 (55.6) 17 (48.6) 0.552 0.212

Interval 
between 

harvesting 
tissues

Median months (range)
12.4 (1.0-

44.5)
14.9 (1.5-

33.4)
9.4 (3.3-

11.6)
8.7 (1.8-

39.9)
11.6 (1.0-

44.5)
0.246 0.603

Overall 
survival

Median months (95% CI)
25.0 (15.9-

NR)
50.1 (22.6-

NR)
NR (35.7-

NR)
43.7 (30-

NR)
50.1 (32.6-

NR)
0.451 0.859

3-year survival rate 37.5% 72.9% 66.7% 61.5% 63.0%

5-year survival rate 37.5% 18.2% 0% 49.2% 38.6%

Median 
follow-up

Median months (range)
75.1 (46.3-

88.2)
62.4 (27.4-

119.6)
73.7 (23-

111.7)
45.1 (29-

104.5)
62.4 (23-

119.6)
0.306 0.641

* P value of comparison of PD-L1-negative before treatment (1st and 2nd columns) and PD-L1-positive before treatment (3rd and 

4th columns).

** Non-oropharynx included hypopharynx, larynx, nasal cavity, paranasal sinus, and oral cavity, which were not significant 

according to PD-L1 positivity.

Abbreviation: ECOG, Eastern Cooperative Oncology Group performance status; SqCC, Squamous cell carcinoma; P/D, poorly-
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differentiated squamous cell carcinoma; M/D; moderate-differentiated squamous cell carcinoma; W/D, well-differentiated 

squamous cell carcinoma; CI, confidence interval; NR, not reached.
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Table 6. Summary of PD-L1-negative HNSCC patient treated with cisplatin

HNSCC type Sex/Age p16 status Brief history Baseline tissue
Baseline 
PD-L1

Post-treatment 
tissue

Post  
PD-L1

hypopharynx F/66 (-)
Induction chemotherapy      
à definitive CCRT    
à salvage operation

Before induction 
chemotherapy, 
primary tumor

(-)
On salvage operation, 

recurred tumor
(-)

Hypopharynx M/63 (-)
Induction chemotherapy      
à definitive CCRT    
à salvage operation

Before induction 
chemotherapy. 
primary tumor

(-)
On salvage operation, 

recurred tumor
(1+)

Pyriform sinus M/62 (-)

Induction chemotherapy      
à definitive operation 
à post-RT           
à salvage operation

Before induction 
chemotherapy. 
primary tumor

(-)
On salvage operation, 

recurred tumor
(1+)

Nasal cavity M/60 (-)
Definitive CCRT             
à salvage operation

Before CCRT, 
primary tumor

(-)
On salvage operation, 

recurred tumor
(1+)

Larynx M/66 (-)
Definitive operation   
à post-CCRT             
à salvage operation

On definitive 
operation, primary 

tumor
(-)

On salvage operation, 
recurred tumor

(1+)

Hypopharynx M/69 (-)
Induction chemotherapy      
à definitive CCRT    
à salvage operation

Before induction 
chemotherapy. 
primary tumor

(-)
On salvage operation, 

recurred tumor
(1+)

Abbreviation: HNSCC, head and neck squamous cell carcinoma; CCRT, concurrent chemoradiotherapy; RT, radiotherapy.
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Figure 12. PD-L1 changed after treatment in HNSCC patient 
samples.
A, Representative PD-L1 immunochemical staining (x400). PD-L1 
expression was increased after treatment. B, Changes in PD-L1 
expressions before treatment (baseline) and after treatment in 35 
HNSCC patients are shown. Each dot represents PD-L1 expression 
positivity, and red bar represented indicates PD-L1 expression 
positivity in each group. For the right side graph, each line 
connects the same individual. Red dash lines represent PD-L1 
positivity is increased, while blue solid lines represents PD-L1 
positivity is decreased. C, Among baseline PD-L1-negative 
patients, PD-L1 positivity measured by immunohistochemistry was 
more significantly up-regulated in cisplatin-treated patients (red 
dot) compared to those who were not exposed to cisplatin (grey 
dot). P values were noted for comparison of before treatment 
(baseline) PD-L1 positivity and after treatment PD-L1 positivity in 
each group of cisplatin-treated patients (red) and cisplatin-naïve 
patients (grey).
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Figure 13. Changes of EMT markers before and after 
treatment.
Representative cases of e-cadherin down-regulation (A, x400, top) 
and vimentin up-regulation (B, x400, top) after treatment in 
HNSCC patient samples. Each dot represented E-cadherin (A) or 
vimentin (B) expression positivity, and red bar represented mean e-
cadherin or vimentin expression positivity of each group.
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Increased PD-L1 expression in response to cisplatin treatment in 

vitro

To confirm that PD-L1 expression changes following cisplatin 

treatment in vitro, HNSCC cell lines were treated with cisplatin for 24 h 

and PD-L1 expression after cisplatin treatment was compared with 

baseline expression. In all HNSCC cell lines analyzed by flow 

cytometry, PD-L1 expression was up-regulated after cisplatin treatment 

(Fig. 14). 

Figure 14. Increased PD-L1 expression by cisplatin treatment 
in HNSCC cells.
A, Cisplatin 1 microM (green line) or normal saline (black line) 
was used to treat SNU-1041 cells for 24 h, and then flow cytometry 
analysis was performed using anti-PD-L1 antibody. PD-L1 
expression was measured as the geometrical mean of fluorescence 
in gated cells. B, Bar graph showing mean PD-L1 expressions 
according to cisplatin treatment in HNSCC cells. Each bar 
represents the percent change of PD-L1 expression compared to no 
treatment (NT) in each HNSCC cell line.
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Increased PD-L1 expression accompanied activation of MEK 

pathway

To determine which signaling pathways are related to PD-L1 

up-regulation by cisplatin, western blot analysis of phospho-MEK and 

phospho-STAT3 was performed and PD-L1 expression was determined. 

PD-L1 expression increased in all HNSCC cells according to western 

blot analysis. Interestingly, cisplatin treatment increased the ratio of 

phospho-MEK/total-MEK in a dose-dependent manner in PCI-13 and 

SNU-1066 cells. However, the ratio of phosphor-STAT3/total-STAT3 

did not increase or decrease in all HNSCC cells according to cisplatin 

treatment (Fig. 15). It has been previously reported that EMT is 

associated with PD-L1 upregulation in gefitinib-resistance in NSCLC 

(47); thus, we evaluated the expression of EMT markers such as E-

cadherin and vimentin in cisplatin-treated HNSCC cells. However, 

EMT expression did not change after cisplatin treatment in HNSCC 

cells (Fig 16).
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Figure 16. Association of PD-L1 expression and epithelial-
mesenchymal transitions (EMT) markers in head and neck 
squamous cancer cells.
E-cadherin and vimentin expressions measured by western blot 
were compared according to cisplatin treatment in head and neck
squamous cancer cells.

Figure 15. Increased PD-L1 expression by cisplatin 
accompanied MEK pathway activation in HNSCC cells.
Expression of PD-L1, phosphor-MEK (p-MEK), total MEK, 
phosphor-STAT3 (p-STAT3), and total STAT3 in HNSCC cells was 
measured by western blotting. Cisplatin treatment increased PD-L1 
and p-MEK expression.
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Discussion

Using a large-scale TCGA pan-cancer dataset, we classified all 

types of cancer into one of four TMITs based on their PD-L1 and 

CD8A mRNA expression levels assessed by RNA sequencing. TMIT 

varies across cancer type, and this result is likely accompanied by the 

prevalence of somatic mutations across the cancer types. TMIT I, 

defined by high PD-L1 and high CD8A expression, is associated with a 

high mutational burden/neoantigen, high MSI, PD-L1 amplification, 

and infection with an oncogenic virus such as EBV and HPV. Our 

results suggest that PD-L1 positivity should be comprehensively 

interpreted with TME and that classification into four TMITs may be an 

appropriate model through which to tailor cancer immunotherapeutic 

modules (Fig. 5).

Consistent with previous observations, the proportion of TMIT 

I tumors, which reflects the adaptive immune response (15), was higher 

in lung cancer and melanoma, as well as head and neck cancer, stomach 

cancer, and bladder cancer, which are expected to have a favorable 

clinical outcome in response to anti-PD-1/PD-L1 therapies (5, 50, 51).

The assessment of the tumor mutational burden has indicated 

that the mutational burden varies between studies, and the prediction of 

neoantigens by calculating the interaction between a specific mutation 

and HLA genotype would be theoretically appropriate (10, 12, 52). 
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However, the number of non-synonymous mutations is also clearly 

correlated with the mutational burden as well as the clinical outcome of 

anti-PD-1 antibody treatment (8, 13). In the current study, the number 

of predicted neoantigens, as referenced by Rooney et al. (10), was 

found to be significantly correlated with the total number of somatic 

mutations assessed by whole-exome sequencing. Considering that the 

prediction of neoantigens is only performed in silico (53, 54), 

calculating the number of somatic mutations would be a more 

convenient method for assessing the mutational burden because the 

total number of mutations is also significantly correlated with the 

number of non-synonymous mutations (data not shown).

Consistent with a previous report that showed that oncogenic 

virus infection increases the cytolytic activity of a tumor (10), a high 

proportion of tumors associated with EBV and HPV are TMIT I. Viral 

infection generates various viral antigens inside the tumor, and this 

phenomenon increases the immunogenicity of the tumor by activating 

the interferon-gamma (IFNG) pathway (55), as supported by recent 

findings of the association of PD-L1 with EBV-associated malignancies 

(20, 21). Moreover, PD-L1 amplification is also clearly correlated with 

TMIT I. Previous results have clearly shown that Hodgkin’s lymphoma 

presents variable copy number gains of chromosome 9p24.1, a genomic 

region that includes PD-L1, PDCD1LG2 (encoding PD-L2, another 

ligand of PD-1), and JAK2, which activates the JAK/STAT/IFNG 



55

pathway (18, 56). This finding is consistent with our analysis, which 

showed a frequent co-amplification of PD-L1 and JAK2 in the TCGA 

pan-cancer data (data not shown). These findings are also clearly 

supported by a recent finding of anti-PD-1 antibody in Hodgkin’s 

lymphoma, which is known to be associated with both EBV and PD-L1

amplification (4). 

In this study, the proportion of TMIT I tumors was found to be 

correlated with the number of mutations across cancer type and viral 

infection status, but considerable discrepancies also exist. Kidney clear 

cell carcinoma (KIRC) is known as a highly immunogenic tumor type 

(57), and the results from this study show a high proportion of TMIT I. 

However, this tumor has a relatively low mutational burden. 

Interestingly, VHL and PBRM1 mutations, which are frequently shown 

in KIRC (58), were clearly observed to be correlated with TMIT I. 

Moreover, hepatocellular carcinoma has a low proportion of TMIT I 

tumors, although it has a relatively high mutational burden and an 

association with HBV. These findings are likely the result of the unique 

anatomical characteristics of immune privilege, such as in glioblastoma 

(59, 60).

In the current study, we used RNAseq data from a mixture of 

cancer cells and surrounding tissues, including TILs, although this 

contamination of surrounding stromal tissues was not intentional. 

Interestingly, as interpreted by Rooney et al. (10), this limitation would 
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actually be advantageous to assessing the infiltration of surrounding 

tissues, such as the TIL of CD8+ CTLs. In this regard, the assessment 

of CD8A gene expression in a mixture of cancer and stromal cells 

would be more practical in the clinical setting than the 

immunohistochemical assessment of CD8+ CTL recruitment or activity, 

which would be difficult to judge uniformly across different tumor 

types. Nevertheless, the clinical validation of this approach is definitely 

warranted.

Another interesting finding of the current study is that immune-

suppressive signature such as regulatory T-cells and M2 macrophage 

would be combined with immune-activator such as CD8-positive T-

cells. It has been suggested that precise balance of immune-activator 

and immune-suppressor would result in overall anti-tumor effect of 

immune system, but this hypothesis has not been clearly defined. Using 

large-scale public database, TCGA, and smart algorism to assess the 

proportion of immune cells, Cibersort (36), we clearly proved that 

infiltration of CD8-positive T-cells is positively correlated with that of 

regulatory T-cells or M2 macrophage, and the precise ratio of immune 

activator and immune-suppressor would largely affect tumor biology, 

since their prognosis was clearly different according to the ratio. This 

approach would be far meaningful when we assess which TME would 

be favorable to immune checkpoint inhibitor, since highly-infiltrated 

regulatory T-cells or M2 macrophage would interfere anti-tumor effect 
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of the agent.

In the current study, EMT is clearly associated with TMIT III, 

which had high PD-L1 expression without TIL infiltration. In HNSCC, 

PD-L1 expression significantly correlated with EMT rather than 

HPV/p16 status. In addition to an association between PD-L1 and EMT 

in a rodent model (27) and a strong PD-L1 association with cancers of 

mesenchymal origin (25, 26), this is the first report to show a 

correlation between PD-L1 and EMT in cancers that originate from 

epithelial tissue. This correlation was significant both in clinical 

samples from a cohort of Korean patients and in an independent cohort 

that primarily consisted of Western patients in TCGA (28) and a 

comprehensive cancer cell line database, CCLE (39).

A statistical significance regarding PD-L1 associating with 

HPV/p16 status was not observed in clinical or TCGA samples. 

However, HPV/p16 could also partially contribute to PD-L1 expression 

given that oropharyngeal tumors, with their high prevalence of HPV 

infection, also correlated with PD-L1 positivity. HPV-positive HNSCC 

and other virus-associated cancers, such as HPV-positive uterine 

cervical cancer and EBV-positive gastric cancer, show increased 

immunogenic features such as an abundance of TIL or CD8-positive 

cytotoxic T cell signatures (10, 61). Because the correlation between 

PD-L1 and EMT is increased in HPV/p16-negative patients, HPV/p16-

positivity and EMT features could contribute to PD-L1 expression in a 
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mutually exclusive manner.

Overall prognosis according to PD-L1 status is controversial 

due to various factors. PD-L1 expression is considered a poor 

prognostic factor in cancers such as non-small cell lung cancer, renal 

cell carcinoma, and melanoma (62-64). In contrast, PD-L1 status is a 

good prognostic factor in colorectal cancer (65). However, in regard to 

HNSCC, the lack of information in the literature concerning its 

prognosis according to PD-L1 expression could be due to a bias that 

PD-L1 is not important in this disease. In the current study, PD-L1 

expression did not solely affect significant survival differences. 

However, the inclusion of factors associated with PD-L1 up-regulation, 

such as HPV/p16 positivity and EMT features, clearly defined distinct 

patient groups by survival differences. In PD-L1-positive patients, p16 

positivity conferred a much better prognosis than EMT positivity given 

that viral associations induce immunogenic features in tumors, which 

confer a good prognosis in HNSCC (66, 67). Cancers showing EMT 

are associated with early recurrence and aggressive metastases (68); 

therefore, EMT-associated PD-L1-positive cancers have a poor 

prognosis. This prognostic trend was validated in a TCGA cohort that 

included diverse ethnicities.

Examining the underlying mechanism of PD-L1 up-regulation 

is challenging. Various reported have shown that the MEK pathway is 

activated according to anti-epidermal growth factor receptor treatment 



59

resistance in NSCLC, and inhibition of the MEK pathway attenuated 

PD-L1 up-regulation (47, 69). Therefore, a combination of an MEK 

inhibitor and PD-L1 inhibitor may be synergistic (70), which has been 

evaluated in clinical trials. In the current study, we showed that MEK 

pathway activation was accompanied by PD-L1 up-regulation in 

cisplatin-treated HNSCC cells, indicating that MEK regulation is a 

crucial step in modulating PD-L1 expression in cancer.

Clinically, it is difficult to perform repeated biopsy considering 

bleeding risks. Therefore, assessing the immunologic profile of cancer, 

particularly PD-L1 status, is typically used to analyze tissues that are 

usually harvested by surgery or biopsy at initial diagnosis. However, as 

host-tumor immunologic status continuously changes, PD-L1 

expression is also altered during treatment. We found that PD-L1 

expression was altered in 37.1% of tumor samples after treatment. This 

trend was particularly strong in baseline PD-L1-negative patients 

(69.2%) and cisplatin-treated patients (83.3%). Previous clinical trials 

consistently showed that PD-L1 expression is an important biomarker 

for predicting anti-PD-1/PD-L1 treatment in various cancer types 

including HNSCC (71, 72); thus, PD-L1 assessment should be 

performed in recent biopsy samples in order to precisely determine 

whether anti-PD-1/PD-L1 inhibitors should be used. Well-designed 

proof-of-concept clinical trials to confirm whether recent biopsy 

samples should be used for accurate biomarker analysis are needed.
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Although the current study has some limitations, including that 

the cutoff values of PD-L1 and CD8A need clinical validation, it is 

nevertheless valuable because we systematically assessed the TMIT of 

most cancer types by using data from TCGA project. Future 

investigations and clinical validations regarding the use of this 

approach for the assessment of immuno-genomic features across cancer 

types are warranted. In HNSCC studies, retrospective design and 

relatively small number of samples with a heterogeneous clinical status 

used in the current study could have biased results. However, 

significant statistical results were obtained for the independent 

validation cohort, TCGA and the CCLE databases. Although nearly a 

half of the patients received cisplatin chemotherapy, the sequence of 

treatment modalities and definitive treatment were very heterogeneous.

However, the main finding of the study was that PD-L1 changes 

according to treatment, which is important because it is difficult to 

obtain paired biopsy samples because of technical and ethical issues. 

In-depth in vitro analysis to clearly define the association between the 

MEK pathway and PD-L1 up-regulation is needed.

In conclusion, from the pan-cancer immuno-genomic 

perspective, the classification of tumors into four TMITs based on PD-

L1 status and CD8A+ TIL is an appropriate approach for cancer 

immunotherapy. TMIT I (PD-L1+/CD8A+) was found to be associated 
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with high PD-L1 expression, high mutational burden/neoantigen, high 

MSI, PD-L1 amplification and the presence of an oncogenic virus. 

Next, PD-L1 expression is associated with EMT, an independent up-

stream pathway distinct from HPV/p16 association. EMT-associated 

PD-L1 expression confers a significantly poorer prognosis compared to 

PD-L1 expression not associated with EMT. Moreover, PD-L1 

expression in HNSCC is altered during the treatment phase, particularly

following cisplatin-containing chemotherapy in baseline PD-L1-

negative patients. Clinical investigations using anti-PD-1/PD-L1 

inhibitors focused on TMIT classification, EMT-associated or 

chemotherapy-associated PD-L1 up-regulation are warranted.
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초    록

서론: 대표적인 면역항암제인 PD-1/PD-L1 억제제의 임상적

효과를 예측할 수 있는 인자에 대해서 PD-L1 발현, 

종양침윤림프구 존재, 그리고 암 돌연변이 개수가 알려져

있지만, 이에 대한 통합적 임상적 적용과 의미에 대해서는

연구가 부족하다. 본 연구에서는 The Cancer Genome Atlas 

(TCGA) 데이터베이스를 이용하여, PD-L1 발현과

종양침윤림프구를 동시에 측정하여 면역항암제의 치료 기전과

연관된 유전체의 특성을 이해하고, 이들에 대한 상위

분자생물학적 기전에 대해서 통합적으로 분석하였다.

방법: TCGA 발현체 분석 (N=9,677)을 통해서 PD-L1 과 CD8A 

발현을 분석하였고, 두 유전자의 중앙값에 따라 4개의

환자군으로 분류하였다 (tumor microenvironment immune types, 

TMIT). 서울대학교병원 코호트에서 두 단백질에 대한

면역화학염색을 시행하였고, epithelial-mesenchymal transition 

(EMT)과 연관된 인자도 함께 분석하였으며, 이 현상을 5개의

두경부암 세포주에서 입증하였다.

결과: TCGA 분석결과 TMIT I은 돌연변이 개수, PD-L1 

유전자증폭, 그리고 암 바이러스 감염 여부와 연관성이 있었다. 

CD8양성 T세포가 많이 침윤된 종양미세환경 중에서도,

Regulatory T세포와 M2 macrophage가 많이 침윤되어있는 경우

유의하게 안 좋은 예후를 보였다. PD-L1 발현은 EMT 현상과

연관이 있었으며, PD-L1 발현과 EMT 현상이 같이 있는

경우에는 불량한 예후와 연관이 있었다. 서울대병원 코호트 및
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두경부암 세포주에서 Cisplatin 투약을 한 경우 PD-L1 발현이

증가하는 경향을 확인하였으며, MAPK/ERK 신호전달 기전의

활성화를 동반하였다. 

결론: 본 연구에서는 면역항암제가 각광받는 현 시점에서 PD-

L1 발현과 함께 종양침윤림프구에 대한 분석을 통합적으로

같이 진행하는 것이 중요함을 시사한다.

----------------------------------------------------------------------------------------------

주요어: 종양 미세 환경; 체계적 분석; 차세대염기서열분석; 

발현체분석; 면역회피; 면역관문억제제.

학  번: 2014 - 22036


	1. Introduction
	2. Material and Methods
	3. Results
	4. Discussion
	5. References
	6. Abstract in Korean


<startpage>10
1. Introduction 1
2. Material and Methods 4
3. Results 14
4. Discussion 53
5. References 62
6. Abstract in Korean 70
</body>

