
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Panagiota Economopoulou,
University General Hospital Attikon,
Greece

REVIEWED BY

Andrea Alberti,
University of Brescia, Italy
Myrto K. Moutafi,
Yale University, United States

*CORRESPONDENCE

Jugao Fang

fangjugao@163.com

SPECIALTY SECTION

This article was submitted to
Head and Neck Cancer,
a section of the journal
Frontiers in Oncology

RECEIVED 06 September 2022
ACCEPTED 31 January 2023

PUBLISHED 13 February 2023

CITATION

Chen S, Yang Y, He S, Lian M, Wang R and
Fang J (2023) Review of biomarkers for
response to immunotherapy in HNSCC
microenvironment.
Front. Oncol. 13:1037884.
doi: 10.3389/fonc.2023.1037884

COPYRIGHT

© 2023 Chen, Yang, He, Lian, Wang and
Fang. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Review

PUBLISHED 13 February 2023

DOI 10.3389/fonc.2023.1037884
Review of biomarkers for
response to immunotherapy in
HNSCC microenvironment
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Head and neck squamous cell carcinoma are one of the most common types of

cancer worldwide. Although a variety of treatment methods such as surgery,

radiotherapy, chemotherapy, and targeted therapy are widely used in diagnosing

and treating HNSCC, the survival prognosis of patients has not been significantly

improved in the past decades. As an emerging treatment approach,

immunotherapy has shown exciting therapeutic effects in R/M HNSCC.

However, the current screening methods are still insufficient, and there is a

significant need for reliable predictive biomarkers for personalized clinical

management and new therapeutic strategies. This review summarized the

application of immunotherapy in HNSCC, comprehensively analyzed the existing

bioinformatic studies on immunotherapy in HNSCC, evaluated the current

methods of tumor immune heterogeneity and immunotherapy, and aimed to

screenmolecular markers with potential predictive significance. Among them, PD-

1 has obvious predictive relevance as the target of existing immune drugs. Clonal

TMB is a potential biomarker for HNSCC immunotherapy. The other molecules,

including IFN-g, CXCL, CTLA-4, MTAP, SFR4/CPXM1/COL5A1, TILs, CAFs,

exosomes, and peripheral blood indicators, may have suggestive significance for

tumor immune microenvironment and prognosis of immunotherapy.

KEYWORDS

head and neck squamous cell carcinoma, tumor microenvironment, PD-1,
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1 Introduction

Head and neck cancer has been the sixth most prevalent cancer worldwide, accounting

for 880,000 new cases diagnosed. More than 450,000 deaths each year, according to a global

cancer statistic in 2018 (1), with gender, HPV infection, tobacco, and alcohol as risk factors

for patients (2–4). Over 90% of histological subtypes of head and neck cancer is squamous

cell carcinoma, also known as head and neck squamous carcinoma (HNSCC), while 2% are

sarcomas and the other 7% include melanomas, adenocarcinomas, and not well-specified

tumors (5).
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Unfortunately, the 5-year survival of HNSCC remained at 40-50%

stably even with emerging treatments like immunotherapy in the past

decades (6). Around 30% of patients would suffer from cancer relapse

and treatment failure. Those high rates of relapse and metastasis

remain the central issue of the treatment.

Immunotherapy has shown a powerful therapeutic effect in

multiple cancers, such as non-cell lung cancer and melanoma.

Common strategies include immune checkpoint inhibitors (ICI),

tumor vaccination, dendritic cell immunotherapy (DC), antibody-

drug conjugates (ADC), and adoptive T-cell transfer therapy (ACT).

Those treatments based on cancer immunity have positive effects on

prognosis. PD-1 inhibitor pembrolizumab and nivolumab were the

only allowed ICI for recurrent/metastatic (R/M) HNSCC in the

clinical, and the patients could get more therapeutic benefits from

it, like longer OS compared with standard chemotherapy (7).

Progression-free survival (PFS), defined as the time to disease

progression or death from any cause, is an essential short-term

evaluation index for tumors and their treatment options. For

patients with CPS < 1 and TPS < 50%, PFS was shorter in those

with pembrolizumab than in those with standard care. However,

multiple clinical trials have shown that PD-L1 inhibitors were hard to

prolong PFS compared with standard chemotherapy (7–10).

PD-L1 inhibitors can induce adverse autoimmune reactions,

known as immune-related adverse reactions (irAEs), mainly

characterized by immune T-cell infiltration in various organs. Such

adverse reactions can significantly affect patients’ quality of life and

survival time. Patients who received pembrolizumab monotherapy

had fewer treatment-related adverse events of grade 3 or more than

those who received standard chemotherapy (55% vs. 83%). Moreover,

pembrolizumab plus chemotherapy did not significantly increase the

risk of adverse events (85%) (11). The most common adverse events

of PD-1 inhibitors are hypothyroidism, fatigue, and anemia, among

which hypothyroidism is relatively specific in immunotherapy (8, 9).

Moreover, there was no significant correlation between the incidence

of adverse immunotherapy events and the expression of PD-1 (9). Of

the 246 patients enrolled, only four adverse events occurred in grades

3-5, including one in grade 5. This death was due to a severe

inflammatory skin reaction known as Stevens-Johnson syndrome.

Thus, pembrolizumab therapy has a favorable safety profile, and PD-1

inhibitors do not increase the risk of chemotherapy-related

adverse events.

However, only 18% of patients with R/M HNSCC benefited from

ICI (10). Hence, there must be a complex molecular interaction

controlling the oncogenesis and interrupting it could be the key to

treatment. ICI aims to reactivate the immune reorganization of tumor

cells and reboot the immune pathways inhibited by tumors rather

than generate tumor immunity. Besides, vaccination is another

immunotherapy applicated in cancer, where some tumor-specific

antigens like peptides were made into vaccines to trigger the target

cytotoxicity. In general, this burgeoning treatment has made a

significant improvement in prognosis. Therefore, screening

potential patients before treatment is necessary to balance costs and

benefits, which means the biomarkers for predicting response

are needed.
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2 Tumor microenvironment

2.1 Hypoxia, acidization, and
immunosuppression

The tumor microenvironment (TME) refers to the environment

around the tumor cells. It plays an essential role in tumorigenesis,

which is complicated progress involving multiple interactions

between the tumor cell and TME. The cancer cells could secret

various cytokines and chemokines to shape TME, leading to the

rebuilding of surrounding cells and stroma. For example, TME tended

to be acidic with a pH of 6.5-6.9, while the cancer cells and normal

tissue presented as basic or neutral. The accumulation of lactic acid

due to the Warburg effect was the primary cause of this difference

(12). Acidic TME is strongly associated with immune suppression,

where immunosuppressive Treg cells could metabolize lactate and

thrive in limited glucose concentrations (13). Knockdown of the

lactate transporter MCT1 in Treg cells has shown that lactate

uptake is dispensable for peripheral normal tissue function, but

knockdown in TME can inhibit tumor growth and increase

responsiveness to immunotherapy (13). On the other hand, high

lactate concentration can trigger apoptosis both in vivo and in vitro

and reduce the infiltration of NK cells, and CTL in TME (14). Lactate

receptor GPR81 can be expressed on immune cells and tumor cells,

which can promote the secretion of PD-L1 by tumor cells and then

affect TME (15).

In addition, the immune-related gene expression could also

rebuild the metabolism module of TME. As the PD-L1 signal was

recognized, the Akt-mTOR signal pathway in T cells was suppressed,

and the translation of glycolysis genes decreased, leading to an

inhibition of the glycolytic capacity of T cells (16). Therefore, even

with the reorganization of tumor-specific antigens, T cells lacked

enough energy to produce a cytolytic effect and cannot kill the tumor

cells. Although glycolysis was also inhibited in immunosuppressive

Treg cells and M2 macrophages, these cells preferred fatty acids over

sugars as energy sources (17). Therefore, immunosuppressed TME

was formed by the large consumption of glucose and Warburg effects.

Hypoxia-induced factor (HIF) expression is involved in various

tumorigenesis processes. Hypoxia and acidification of TME are both

associated with adverse events and survival after chemoradiotherapy

(18), and animal models have shown that hypoxia is also an essential

factor for immune checkpoint inhibitor resistance (19). According to

GEO database analysis, hypoxia and glycolysis are the main risk

factors of OS in HNSCC (20). Multiple studies indicated that hypoxia

is one of the drivers of immune suppression (18, 21), which can

suppress anti-tumor immunity and assist tumors in evading

immune surveillance.

Current research showed three main mechanisms of immune

escape in hypoxia: 1. The abnormal signal transduction of NO is

induced to inhibit the tumor-killing mediated by NK cells and

cytotoxic T cells; 2. Regulate the activity of DC, NK, and T cells by

inducing adenosine expression; 3. Promote T cell regulation by TAM

and other factors in the microenvironment (18). HIF-1 and CAIX are

both transcription factors stably expressed in hypoxia TME. They are
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involved in the genetic transcription related to metabolism, tumor

angiogenesis, invasion, and survival. Carbonic anhydrase IX (CAIX)

accounted for acidizing TME via carbonic acid (22), while HIF

promoted the expression of the macrophage cytokines CCL5 and

CCL12, which recruited macrophages in TME and polarized them

into M2 immunosuppressive macrophages (23). At the same time,

hypoxia stimulated tumor cells to secrete IL-10 and TGF-b, leading to
the activation and proliferation of Treg cells (24). The activation of

these cells built and characterized the immune TME.

Several methods can quantify hypoxia levels, such as oxygen

electrodes inserted directly into the tumor, staining with endogenous

or exogenous markers, and TH imaging (25). Although the oxygen

electrode can directly measure TME oxygen, its sensitivity is limited

due to its large size and might also change the oxygen distribution.

Endogenous potential hypoxia biomarkers include HIF,

erythropoietin EPO, CAIX, glucose transporter GLUT-1/3, etc.

Fluoro18 misonidazole positron emission tomography ([18F]

FMISO PET) is a common tool used as a non-invasive imaging

technique to assess tumor hypoxia (26).

In addition, remission of local tumor hypoxia during early

treatment is closely related to high lymphocytic infiltration, in

which patients have better local tumor control than patients with

low levels (27). This suggests that the immune efficacy may be

improved if hypoxia-related gene expression can be alleviated

during immunotherapy.
2.2 HPV

Different risk factors give tumors intrinsic heterogeneity,

especially HPV infection in oropharyngeal cancer. HPV-negative

HNSCC tended to have suppressor gene p53 mutation, decreased

p16 expression, and amplification of Rb, with chromosome 9p

deficiency and 7p duplication, which enhance EGFR expression. In

contrast, HPV-positive HNSCC has PI3KCA mutation and

chromosome 3q duplication (28). However, the overall mutational

burden of HPV-positive and HPV-negative HNSCC was similar, with

somatic exonic mutations average of 14.4 and 15.2 respectively (29).

A transcriptional analysis based on the Gene Expression Omnibus

(GEO) indicated that HPV-positive HNSCC had increased Treg/CD8

and better OS than HPV-negative (30). HPV viral antigens activated

innate immune response and enhanced T and B cell-adaptive

immune responses (31). Moreover, HPV could increase the

infiltration of T follicular helper cells, gd T cells, and eosinophils

while inhibiting monocytes and neutrophils in TME (32). Both T

follicular helper cells and monocytes could secrete multiple cytokines

to regulate B cells and develop drug resistance, leading to enhanced

tumor immune response (33, 34), and eosinophil was related to

improved prognosis (28). HPV-positive patients have a better

response of chemotherapy and radiotherapy and fewer coexisting

conditions compared with HPV-negative patients (35). Besides,

genetic mutations caused by tobacco may impair the treatment

response of HPV-positive tumors (36). Although HPV infection

plays a role in TME, there was no evidence showing the

relationship between HPV status and immunotherapy, especially in

PD-L1 inhibitor (37).
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2.3 Immune tumor microenvironment

Pan-cancer analysis indicated that the immune reaction in the

majority of HNSCC is remarkable, and HNSCC has the highest levels

of Treg/CD8+ T cell ratio and CD56dim NK cell infiltration (38). The

immune tumor environment is an essential factor in immunotherapy,

and the entire tumor immune includes seven steps: 1. Release of

tumor antigen; 2. Tumor antigen presentation; 3. T cell initiation and

activation; 4. T cell migration; 5. Infiltration of T cells into tumor

tissue; 6. Tumor recognition by T cells; 7. Cleaning tumor cells (39).

There are serial TME classifications based on academic disciplines

such as histology and bioinformation analysis (40, 41). But all those

classifications have similar clinical outcome patterns, indicating the

immune oncology’s internal relationship. According to the

inflammation stage of HNSCC, TME could be divided into three

subtypes: inflamed, immune-excluded, and immune-desert (40),

which are associated with tumor and mesenchyme immune

infiltration, mesenchyme inflammation, and non-inflammation

respectively. The promoters of T-cell inflamed tumor immunologic

escape include IFN-g-mediated overexpression of PD-L1 and IDO

and FoxP3+ Treg cells. Although the immune function was

suppressed in this kind of subgroup, restarting it is feasible, where

ICI tried to terminate this inhibition for tumor destruction (42). This

means the immunotherapy might only work on immune-infiltrated

patients (43). On the other hand, non-inflamed cancer has enhanced

WNT-catenin signal pathway and overexpression of BATF3, DCs,

and Myc, leading to immune rejection status (44).

The immune TME classification based on the TCGA database has

similar outcomes in several analyses (41, 45). Via a non-negative

matrix factorization algorithm, the immune TME in HNSCC could be

divided into non-immune and immune. The immune subgroup has

enriched inflammatory response, activated IFN-g signal, and cytolytic

activity. Moreover, the immune group could be divided into active

immune and exhausted immune. Although there was no statistical

difference in immune enrichment score and IFN-g signal between

those two subgroups, the active immune class had abundant tumor-

infiltrating lymphocytes (TILs), M1 macrophage infiltration,

enhanced cytotoxicity, HPV infection, and better prognosis, while

exhausted immune class was characterized by matrix activation, M2

macrophage infiltration, enhanced WNT signal pathway, and poor

prognosis. As confirmed by the melanoma immunotherapy study

cohort , the active immune type may suggest potential

immunotherapy benefits (45).

In conclusion, although different studies performed different

analyses of HNSCC, they all achieved similar results in identifying

immunoreactive, immunosuppressed, and non-immune subtypes.

However, these genotypes lack analysis of immunotherapy samples

for HNSCC and should be further validated to guide immunotherapy.
3 The biomarkers of the
immune microenvironment

The oncogenesis process involves multiple gene expression

mutations. Only one single gene mutation does not cause

tumorigenesis directly, which needs more mutations to escape from
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host defense systems like DNA repair and immune check. In other

words, multiple molecules were expressed in the immune

microenvironment, and their different interaction patterns rebuild

the drug sensibility and resistance (Table 1). Unfortunately, a

significant proportion of them has a double-edged sword effect on

oncogenesis, where they promote this progress in some cancers while

suppressing it in others.
3.1 Programmed death-ligand 1

The most widely applicated molecule of the immune

microenvironment is programmed death ligand 1 (PD-L1), a

cytokine secreted from tumor cells. Physiologically, PD-L1 would be

expressed on the somatic cellular membrane to suppress autoimmune

and avoid overactivation of the immune system. PD-1 acts like a break

for the immune system, inhibiting T cell apoptosis rather than tumor-

specific antigen recognition. Similarly, the tumor cells could also inhibit

immune-induced apoptosis via cell-to-cell contact with PD-1. Hence,

the host immune system could not destroy the tumor.

Moreover, PD-L1 could rebuild the entire metabolic pattern of the

tumor microenvironment, which is an expanded understanding of

tumor glycometabolism among theWarburg effect. After recognition of

PD-L1, Akt/mTOR pathway in the T cells was inhibited, leading to

decreased glycolytic capacity (16). In this situation, the enzymes for

glycolysis were less translated, and T cells were lack of enough energy to

produce a solid cytolytic immune response even if tumor-specific

antigen was recognized. Besides, T-reg cells and M2 macrophages,

which could suppress the immune reaction, prefer to take advantage of

fatty acid as an energy source rather than glucose (17). Therefore, since
Frontiers in Oncology 04
the whole tumor microenvironment was in a low glucose

concentration, the antigen-presenting and cytotoxicity of the immune

system were suppressed while the tumor cells kept proliferating.

Clinically, the use of PD-1 inhibitors is mainly affected by the

expression level of PD-1/PD-L1, TMB, and tumor microsatellite

instability (MSI). However, the 2018 expert consensus does not

recommend testing for MSI before treatment for HNSCC (46). As

one of the immunotherapy targets, PD-L1 was successfully applied for

pre-treatment screening, whose expression level could be detected by

immunohistochemistry (IHC). Tumor proportion score (TPS) and

combined positive score (CPS) were two immune indicators to

evaluate the potential effects of pembrolizumab. The patients with a

higher value of CPS tended to have better prognoses, like more

prolonged overall survival (OS), and CPS had a positive correlation

with OS in HNSCC (7). TPS was defined as the ratio of partially or

entirely stained tumor cells to total tumor cells at any staining

intensity, while CPS was defined as the ratio of partially or entirely

stained tumor cells, lymphocytes, and macrophages to all tumor cells

at any staining intensity. The higher the CPS value, the better the

prognosis of patients, and the longer OS, where CPS and OS were

positively correlated (7).

TPS and CPS are both suitable indicators but not good enough for

predicting the potential therapeutic benefits of ICI entirely because

PD-1 inhibitors could prolong median overall survival compared with

standard of care regardless of CPS (9). Although the FDA has

approved the use of PD-1 inhibitors in patients with CPS≥1, this

does not mean that patients with CPS < 1 cannot benefit from PD-1

inhibitors. Patients did not fare worse without pre-treatment

screening (median OS HR=0.8 95%CI 0.65 to 0.98) (7). This

indicates that the predictive role of CPS as a screening indicator for
TABLE 1 Biomarkers of immune TME in HNSCC and their advantages and disadvantages.

Biomarkers Method Expression Mechanism
Mode
of

action
Advantages Disadvantages

PD-L1/
PDCD1

CPS/TPS
(IHC)

Increased
Suppressed T cell; Escaped

immune killing

Exosome Mature target therapy
with clinical predictive

biomarkers

The prediction efficiency is not
enough, and supplemented
biomarkers are needed

Ligand-
receptor

IFN-g Sequencing Increased Upstream of PD1
Ligand-
receptor

Gene signatures have
95% of negative
predictive value No differentially expression

found in baseline samplesPotential biomarker to
exclude

immunotherapy

CXC family Sequencing Increased in ICI response
Introduced lymphocyte

infiltration into the lesion and
inhibited tumor growth

Ligand-
receptor

Potential predictive
biomarker by pan-
cancer analysis

Need verification in untreated
HNSCC

TILs

Microarray Increased in patients with
longer DFS, OS, and better

locoregional control

Tumor cytolysis and
maintained immune

surveillance

Cell-to-
Cell

Predictive model of
TILs and PD-L1

Need verification in untreated
HNSCCRNA

sequencing

CAFs Sequencing Dependent on subgroup

HNCAF-1 Immunosuppression
Cell-to-
Cell

HNCAF-0/3 predict
PD-1 therapy response

Need verification in larger
number of untreated HNSCCHNCAF-0/3 stimulated Trem

and cytotoxic T cells

Ligand-
receptor

Immunosuppressive
HNCAF-1 specific in

HNSCCExosome
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treatment needs to be improved, and new indicators are urgently

needed to predict the efficacy of immunotherapy.
3.2 Interferon-g

Interferon-g is the only member of the type II class of interferon,

which is also the core molecule of the PD-L1 upstream molecules and

stimulates PD-L1 expression (47). IFN-g has been shown to be

significantly related to the application of PD-L1 inhibiting therapy

and immune TME. IFN-g plays a critical driver role and could predict

the clinical response to PD-1 treatment (48). Current studies of

HNSCC immunotherapy showed IFN-g-related gene difference was

the mainstream change (11, 48), while TME classification did not show

a significant difference in IFN-g expression between the active immune

class and exhausted immune class (45). Based on RNA from the

baseline tumor samples of pembrolizumab-treated patients, eighteen

IFN-g-related genes were identified. Those genes are related to antigen-
presenting, chemokine expression, cytotoxic activity, and adaptive

immunity (48). KEYNOTE-012 trial studying HNSCC applied six-

gene interferon-g signature from those eighteen genes, including IDO1,

CXCL10, CXCL9, HLA-DRA, STAT1, and IFN-g (10). It is shown that

this signature is statistically related to Best Overall Response (BOR) and

PFS, and since its negative predictive value is up to 95%, it is a potential

biomarker to exclude immunotherapy. Meanwhile, interferon-g
showed its independent predicting potential in the metastatic

castration-resistant prostate cancer by prostate-specific antigen

response measurement by IFN-g ELISPOT (49, 50). However, there

was no differentially IFN-g expression found in immune TME of

HNSCC prior to treatment (11). This indicates that the

immunotherapy-related molecules discovered so far are only the tip

of the iceberg, and more potential molecules need to be explored.
3.3 IFN-g related CXC family

CXC chemokine family is one of four cytokine-like molecules,

which takes participate in multiple oncogenesis progress, such as

tumor angiogenesis, immune cell infiltration, and leukocyte

migration. Almost all the subgroups of CXCL increased in HNSCC

based on seven datasets, but they have different expression levels and

variable functions, resulting in different consequences. For example,

CXCL1, 2, 4, 6, 7, 8 were related to short OS, while the patients with

CXCL 9,10, 13, 14, 17 tended to have longer OS (51). CXCL9 and

CXCL10 are both reported to be significantly expressed in HNSCC,

especially in TME and immunotherapy (10, 11). They seemed to be

the positive factors for immunotherapy response group, which means

patients with higher expression got more therapeutic benefits than

who did not have. Besides, the cluster analysis identified CXCL9, 10,

11, and 13 as one cluster (52), all of which are the ligands of CXCR3

receptor and showed considerable predicting effects with AUROC

greater than 0.8. Those molecules suggest an immune-hot TME (53),

and CXCR3 was mainly expressed on activated CD8 T cells and NK

cells (54). But this axis was relevant with proliferation and metastasis

in some kinds of cancers like colon cancer and breast cancer (55).

Moreover, CXCL9, -10, -11/CXCR3 axis played an essential role

in anti-PD-1 treatment, where anti-PD-1failed to inhibit the tumor
Frontiers in Oncology 05
growth with CXCR3 knockdown (54). The pan-cancer study showed

that CXCL9 as the ICI predictor was better than CD 8 effector and the

T cell inflamed signatures (56). There have been many successful

applications of CXCL-related inhibitors for suppressing tumor

growth and metastasis except HNSCC (55). So, the combined use

of PD-1 and CXCL-related inhibitors might be a potential treatment

option. However, there was no study that compared the prediction

effects of CXCL and IFN-g and figured out whether CXCL could

predict OS independently or just another manifestation of IFN-g.
3.4 Tumor-infiltrating lymphocytes

Tumor-infiltrating lymphocytes (TILs) could be evaluated by

microarray or RNA sequencing through deconvolution like

CIBERSOR and associated with better prognosis (57, 58). For

example, HNSCC patients with high level of TILs had longer DFS,

OS, and better locoregional control (59, 60). CD8+ TILs, as potential

targets of PD-L1, played an essential role in directly killing tumor cells

and maintaining immune surveillance and associated with prolonged

OS (61). This lymphocyte subgroup could reflect the TILs, where TILs

was moderately correlated with PD1 and CD8a mRNA levels (62).

Besides, high expression of CD8+ TILs and CTLA-4 enhanced the

response to PD-1 monotherapy and PFS (63). A tumor model based

on TILs and PD-L1 was established to predict the immunotherapy

response. Double positive expression was most likely to respond to

PD-1/PD-L1 inhibitor therapy, while double negative expression

showed resistance of PD-1/PD-L1 inhibitor (64). Nevertheless, the

number of PD-1 inhibitor application in untreated HNSCC was

limited, and those research findings need further verification.
3.5 Cancer-associated fibroblasts

Cancer-associated fibroblasts (CAFs) are the most prominent cell

type in the TME of many cancers, and they cannot undergo apoptosis

due to persisting activation (65). Resent research suggested that CAFs

were associated with resistance of chemotherapy and ICI (66–68).

Unlike other biomarkers above, the number of CAF subtypes varied

in different cancers. For example, there were four CAF subtypes

identified via the expression of six fibroblast markers, while there

were three CAF subtypes in pancreatic cancer according to cytokine

and surface marker expression. Most of them were associated with

immunosuppression and immunotherapy resistance (66). As for

HNSCC, one study, based on samples from baseline and nivolumab

treatment, recognized fourteen gene expression clusters, classifying

four CAF subtypes named HNCAF-0 to HNCAF-4 (69). After

immunotherapy, HNCAF-0 and HNCAF-3 increased while

HNCAF-1 and HNCAF-2 decreased (69). Then, VIPER protein

activity analysis identified subpopulations associated with response

and resistance to ICI. HNCAF-0/3 could stimulate tissue-resident

memory T cells (Trem) and cytotoxic T cells via cell-to-cell contact,

leading to the secretion of perforin, granzyme B, and IFN-gamma.

That may explain why HNCAF-0/3 could predict the response of PD-

1 therapy and enhance the intrinsic immune. On the other hand,

HNCAF-1, which was more specific in HNSCC, could induce

apoptosis of T cells, causing immunosuppressive TME (69).
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Besides, CAFs were also able to secrete exosomes into the cancer

cells, whose cargoes included multidrug-resistant associated proteins,

miRNAs, and lncRNAs. Exosomal miR-196a derived from CAFs

showed the ability to promote G1/S cell cycle change and suppress

apoptosis by inhibiting CDKN1B and ING5 in vitro tests (70).

Meanwhile, the researcher also found that the plasma exosomal

miR-196a, mainly originating from cancer, was corresponded with

OS and drug resistance. Exactly, miR-196a from plasma in the drug-

resistant group was higher than sensitive group, whose prediction

effect was considerable (AUROC=0.828) (70).
4 The signal pathways involved in the
immune microenvironment

4.1 JAK-STAT pathway

Janus kinase-signal transducer and activator of transcription (JAK-

STAT) signal pathway takes part in almost all immune regulatory

processes, especially in the identification of tumor cells and related

immune escape. The role of this pathway in tumors depends on the

dominant expression of the STAT subtype, where different STAT

subtypes produce different effects. For example, STAT1 and STAT2

were related with innate and adaptive antitumor immunity and

promotion of tumor immunogenicity, while STAT3 and STAT5 were

related with cancer cell survival, immunosuppression, and sustained

inflammation in TME, leading to immune signal loss and M2

macrophage polarization (71). STAT3 and STAT5 were activated in

HNSCC and promoted immune system evasion (72). However, the

pan-cancer analysis did not show the predictive effects of JAK in PD-L1

treatment, while the failure of single biomarker prediction did not

exclude its effect in specific cancer (56). Therefore, relevant activation

molecules should be differentiated and stratified in relevant patients in

order to obtain a clinically meaningful effect.
4.2 HGF/Met signal pathway

The hepatocyte growth factor/mesenchymal-epithelial transition

factor (HGF/Met) signal pathway has been wildly studied in TME

and immune modulation. This pathway could introduce M1

macrophages into M2 macrophages, which is a promoter of

tumorigenesis (73). Besides, HGF impressed the antigen-presenting

function of dendritic cells (DC) and proliferation of CD25+Foxp3+

Treg cells. Sun et al. established a dual inhibitor ofMET and PD-1 which

had strong anti-proliferative and anti-metastatic effects (74). However,

this signal pathway and its related immunotherapy need further study

especially in untreated HNSCC.
5 Potential predictive biomarkers of
immunotherapy in microenvironment

As mentioned above, there are multiple biomarkers involved in

the immune TME, and one marker could vary in different cancers.

Tumor heterogeneity refers to multiple neoplastic characteristics like
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phenotype and gene expression differences even in the same kind of

tumor. This diversity may account for why there are variable ICI

therapeutic effects and the reason why predicting biomarkers are not

widely applicable. Besides, the research based on the tumor genome

cannot reflect the gene expression and clinical parameters like OS

directly. For instance, CheckMate-141 showed no statistical

significance between PD-L1 expression and clinical outcomes in the

platinum-refractory R/M HNSCC (8). It might be explained by the

hypothesis that the genome expression had changed after

chemotherapy and the tumor cells survived from chemotherapy

gain intrinsic ICI resistance. Therefore, the exploration of potential

response groups to immunotherapy has yet to be carried out.

In this review, we screened molecular markers with potential

predictive significance (Table 2). The pan-cancer study indicated that

tumor mutational burden (TMB) had the most powerful predictive

effects on ICI treatment, especially clonal TMB (56). Tumor immune

assessment focus on immune TME and tried to figure out a predicting

signature, which could be a supplement to TMB. However, it

evaluated part of the immune mechanism and lacked enough

HNSCC immunotherapy for efficiency validation. Those biomarkers

need clinical validation in tumor samples. Exosomes carried multiple

cytokines and regulating RNA. Meanwhile, it could be extracted from

peripheral blood for the test. Other peripheral blood-related

indicators had shown predicting power in other tumor treatments.

Both of noninvasive detections might help in early treatment.

Although CTLA-4 is not effective biomarker for HNSCC, the

combination of CTLA-4 inhibitors and other agents like PD-L1

inh i b i t o r s cou ld in c r e a s e cu r a t i v e e ff e c t s . B e s i d e s ,

methylthioadenosine phosphorylase was discovered in HNSCC

immunotherapy. Both of two biomarkers need further verification,

especially in untreated HNSCC.
5.1 Tumor mutational burden

TMB, a tool to quantify the tumor heterogeneity, is defined as the

number of non-inherited mutations per million bases of investigated

genomic sequence and detected by “gold standard” Whole-Exon

Sequencing (WES). It was regarded as a potential predictive

biomarker of ICI therapy response in prospective clinical trials of

HNSCC (75). TMB was positive related with OS and could predict the

objective response rate in PD-1 inhibition therapy (75). A study based

on TCGA database identified around 50-100 mutated genes as

candidate cancer driver genes in HNSCC (76), many of which

occurred at low frequency and their functions reminded unclearly.

Besides, a portion of TMB could generate neoantigen during

tumorigenesis, a kind of antigen entirely not present in the human

genome. The more TMB tumor has, the more chance of neoantigen

forms. The neoantigen could trigger T cell antigen recognition and

activation (77), explaining the correlation between TMB and the

immune TME (75). A study based on non-small cell lung cancer

(NSCLC) and melanoma indicated that the high level of neoantigen

clonality leaded to the inflamed TME and strengthened the

immunotherapy effects, which means the multiple tumor subclones

could increase the possibility of host immune invalidation (78).

TMB has shown its predictive power in immunotherapy,

especial ly ICI. Clonal TMB, defined as the number of
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nonsynonymous mutations estimated to be present in cancer cell, was

the most powerful predictor of ICI response by pan-cancer analysis

(56). However, this pan-cancer analysis and most of current clinical

trials involved R/MHNSCC rather than untreated HNSCC, where the

tumor’s genetic expression had changed and tumor gained resistances

to drugs. Hence, the predictive effect of TMB in HNSCC should be

verified in the further study.
5.2 Tumor immune assessment

Bioinformatics analysis is a wildly applied tool targeting the whole

cancer genome to figure out the potential expressed biomarkers.

Multiple studies tried to find the relationship between clinical

outcomes or TMB with certain biomolecules. An immune-related

genetic prognostic index (IRGPI) related to TMB came up as a

biomarker to predict the benefit of immunotherapy in HNSCC

(79). Three immune-related genes, SFRP4, CPXM1, and COL5A1,

were figured out as IRGPI in HNSCC based on TCGA database.

IRGPI-high group presented more proportion of active immune,

characterized as CD8 cell, naïve CD4 cell, activated memory CD4

cell, resting NK, and M1 macrophage, while IRGPI-low group had

exhausted immune with naïve B cell, resting memory CD4 cell, and

M2 macrophage (79). Meanwhile, Yue et al. also analyzed the genome

signature, where IRGPI-high group had more MHC-I and genome

repair expression while IRGPI-low group had more genes related

immunosuppress and metastasis. Moreover, IRGPI-high group had

better prognosis than IRGPI-low group. Tumor immune dysfunction

and exclusion (TIDE) score, a new computational method, was used

to evaluate the immune escape of tumor. It assessed two mechanisms

involved in immune TME: the T cell dysfunction level in cytotoxic T

lymphocyte (CTL) high tumors, and T cell exclusion in CTL low

tumors (80). IRGPI-high group tended to have lower TIDE score and

benefit more from ICI therapy. However, PD-L1 therapeutic
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validation set applied in this research was urothelium carcinoma

rather than HNSCC and TIDE score focus on CTL rather than the

whole immune TME, so the predicting effect was limited since other

potential molecules was not taken into consideration.
5.3 Exosome

Exosomes are one of the three subgroups of extracellular vesicles

produced by mammalian cell, while the other two subgroups are

microvesicles and apoptotic vesicles. During the tumorigenesis,

multiple tumor cells could regulate the gene expression or signal

pathways activation in other cells via exosomes, where different

cargos like miRNA were loaded (81). For example, oral squamous

carcinoma cell could induce polarization of macrophages into M1-

like phenotype via transferring TSP1. While M1 normally suppress

tumor cells by inducing inflammation, the exosome activated M1

macrophages could facilitate the migration of tumor cells (82).

The recipient cells uptake exosomes by endocytosis, receptor-

ligand interaction, or cell membrane fusion. Among them, the

function of receptor-ligand interaction is more than identifying the

cargo in exosome. This interaction could activate the signal pathway

and gene expression. PD-L1 in exosome was expressed on the

membrane of exosomes rather than in the cavity (83). Hence,

exosomes were related to prognosis and used for anti-PDL1

therapeutic effect prediction (84). An experiment in vitro showed

PD-L1 was one of the main immune molecules created from HNSCC

in exosomes, and it was PD-L1 exosome in plasma rather than soluble

PD-L1 that was connected with cancer stage and lymph node

metastasis (85). However, there was a debate of the relationship

between exosomes and distant metastasis in clinical. It was proved

that not only PD-L1, but also PD-1 receptor could influence 3-year

survival, where patients without receptor expression had better

prognosis (86).
TABLE 2 The potential biomarkers in HNSCC immune TME and their advantages and disadvantages.

Potential Biomarker Method Functions Advantages Disadvantages

TMB Sequencing Reflect neoantigen level
Clonal TME was the most powerful

predictor of ICI response by pan-cancer
analysis

Need verification in untreated
HNSCC

IRGPI
SFRP4/
CPXM1/
COL5A1

Sequencing Positive with active immune
IRGPI-high group tended to benefit

more from ICI therapy
Predicting method TIDE was
trained by R/M HNSCC

Exosome

TSP1

Sequencing

Polarization of M1 Responsible for cancer stage and lymph
node metastasis

Relationship between exosomes
and distant metastasis is

controversial
PD-L1 Immune checkpoint inhibitor

miR-196a Corresponded with OS and drug resistance Considerable prediction effect

Peripheral
Blood

NLR

Blood Test

Reflect the degree of specific immunity Increased NLR with shorter OS Its role in HNSCC
immunotherapy needs

verificationEosinophil A role of immune TME
Potential for predicting the tumor

recurrence

CTLA-4 Sequencing Inhibit APC and T cell activation
CTLA-4 inhibitor treatment enhanced

immunotherapy
Need verification in HNSCC

MTAP Sequencing
Break down methylthioadenosine and expression

of Toll-like receptor and JAK-STAT signal
pathway

predict the low response rate of immune
therapy

Limited samples and Need
verification in untreated

HNSCC
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5.4 Peripheral blood related indicators

The systemic tumor immune environment (STIE) is mainly

composed of immunomodulatory molecules and immune cells,

controlled by circulating blood and lymphatic vessels, and can

communicate with the tumor at the primary site and the immune

organs of the host. As mentioned before, hypoxia and acid

acclamation in TME are like twins, whose are both born from leaky

vascular system in TME. The cancer cells could overexpress multiple

angiogenic growth factors (TAF), like VEGF. The vessels grow so fast

that they do not have enough to be mature or vascularized totally,

leading to formation of leaky blood vessels. Therefore, the large

molecules like cytokines from cancer cells are easy to spread

distantly and this characteristic might help the delivery of drugs

and tumor-related antigen presenting, which provides the possibility

for peripheral blood to indicate tumor status and predict immune

efficacy (11).

Neutrophil-to-lymphocyte ratio (NLR) is a well-studied

parameter in peripheral blood which reflects the degree of

specific immunity. A meta-analysis including 6479 patients in

HNSCC showed that increased NLR was related with shorter OS.

In this study, different subgroups of HNSCC, including oral

cavity, nasopharynx, hypopharynx, and larynx, were described.

It is figured out that the overall HR of OS was 1.78 with 95%CI

1.53-2.07, and the patients with elevated NLR had worse

prognosis (87).

Eosinophil as one of the components of peripheral blood was also

infiltrating TME, which had shown the potential benefits for

predicting the tumor recurrence. During intravesical BCG

immunotherapy in non-muscle invasive bladder cancer, increased

eosinophil count and percentage before treatment was related with

tumor recurrence (88). However, the eosinophil role and predictive

effect could change in PD-1 inhibitor immunotherapy of different

cancer. In advanced melanoma patients with PD-1 treatment,

eosinophil was an independent prognostic factor of OS (89), and it

might promote the outcomes of this immunotherapy. This effect

might apply to HNSCC, but it needs to be studied and confirmed,

especially in immunotherapy.
5.5 Cytotoxic T lymphocyte-associated
antigen-4

Cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) is widely

known immune molecule involved in tumorigenesis. Unlike PD-1,

CTLA-4 could inhibit antigen-presenting cells (APC) and the

activation of T cells as the competitive antagonist of CD-28,

expressed on Tregs. The preclinical trials indicated that adding

CTLA-4 inhibitor treatment might enhance the immunotherapy

(90, 91), although a few studies reported significant CTLA-4

expression in HNSCC (92). But the CTLA-4 therapy efficiency was

still in controversy (93), since most of the current analysis were based

on R/M HNSCC. Therefore, further study needs to discover the

application of CTLA-4 in untreated HNSCC.
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5.6 Methylthioadenosine phosphorylase

Methylthioadenosine phosphorylase (MTAP) could catalyze the

breakdown of methylthioadenosine intracellularly and reproduce

adenine and methionine, which build DNA and RNA. The

encoding gene is located on chromosome 9, where the interferon-

alpha gene lies. This co-location may explain how the loss of MTAP

cause dysfunction of STAT1 and suppress IFN-mediated gene

function (94). In the past decades, MTAP has been identified as a

purine metabolic enzyme deficient in multiple cancers (95). During

the oncogenesis, MTAP mutation interferes with the nucleic acid

metabolism, IFN pathway, and immune TME.

Although MTAP was not correlative with immune directly, it

showed a potential relevance with immunotherapy. In a study based

on ipilimumab monotherapy in melanoma patients, the loss of the IFN-

g signal pathway, including MTAP alteration, could predict the low

response rate of immunotherapy. Those patients with dysfunction of

IFN-g showed worse ORR and prognosis (96). Meanwhile, another

study involving twenty-nine patients of R/M HNSCC with afatinib and

pembrolizumab treatment showed that MTAP was identified as a

predicting candidate gene, and MTAP mutation was mainly related

with decreased expression of Toll-like receptor and JAK-STAT signal

pathway. Tumor cells with MTAP mutation had fewer CD8+ T cells in

TME. Moreover, both this dataset and TCGA database indicated that

the patients withMTAPmutation had a worse prognosis (97). However,

the number of patients in co-treatment of afatinib and pembrolizumab

was limited, considering only twenty-nine pre-treatment samples and

nine post-treatment samples, which leads to tumor heterogeneity

somehow. For example, there was no patient’s TMB over 10

mutations/Mb, whereas 10.1% of patients in the TCGA database had

more than 20 mutations/Mb, as described before. Meanwhile, the gene

analysis showed no relationship between MTAP and IFN-g. It is hard to
tell if this heterogeneity comes from the limited patient number or the

application of afatinib. In other words, MTAP showed its potential, but

further study needs to confirm that.

6 Conclusion and further study

All the molecules described above are potential biomarkers as

therapeutic targets or predicting response to immunotherapy. Clonal

TME was the most potential predictor of ICI treatment and most

likely to be validated successfully in HNSCC. IRGPI was a good tool

to investigate immune TME and patients with IRGPI-high tended to

get more benefits from ICI. Exosome with different cargos was

responsible for lymph node metastasis and generated considerable

prediction effect. NLR could reflect the specific immunity and was

associated to OS. Eosinophil as a role of immune TME could predict

the tumor recurrence. CTLA-4 was one of the immunotherapy

targets, and its inhibitors could enhance anti-PD-L1 response.

Although MTAP did not play a direct role in immune TME, it was

discovered in untreated HNSCC and could predict low

immunotherapeutic response. However, all studies have their

limitations. Firstly, almost all studies were based on R/M HNSCC

or other kind of cancer, rather than untreated HNSCC. Secondly, the

number of patients involved in immunotherapy was always limited,
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which increased the latent error. Thirdly, the different standards made

it hard to compare other samples from various studies.

All of those biomarkers were effective and new biomarker would

come up based on initial immunotherapy of HNSCC. Unfortunately,

the clinical applications were still finite. Further studies should

combine those biomarkers with the clinical samples and data to

verify the effectiveness in untreated HNSCC and centralize how to dig

out new biomarkers and the patients with a high likelihood of getting

more benefits from immunotherapy.
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