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Abstract. Head and neck cancers are still one of the most 
common types of cancer in the world. They rank in the leading 
sixth place in terms of incidence globally, and the incidence 
continues to rise. The mortality rates remain at high levels. 
Pathological subclassification places squamous cell carcinoma 
of the head and neck (HNSCC) in the first place concerning 
the histological forms of head and neck cancers; a tumor with 
extremely aggressive behavior and high mortality rates. The 
tumor microenvironment is a very complex ecosystem of 
cellular and non‑cellular components, characterized by unique 
features, that contribute to the appearance of immunosuppres‑
sion and diminished anticancer immunity, impacting patient 
prognosis and treatment outcome. Despite many important 
advances in therapy, resistance to therapy represents a difficult 
challenge in HNSCC patients. Tumor progression, metastasis, 
and response to therapy are all influenced by the complex 
ecosystem represented by the tumor microenvironment and by 

the interactions between cellular and non‑cellular components 
of this system. Therefore, the tumor microenvironment, in the 
light of recent data, is not an innocent bystander. In the last few 
years, there has been a sustained effort to characterize the tumor 
microenvironment, to identify targets of response and identify 
other mechanisms of tumor‑specific immune responses, or 
to discover other biomarkers of response. There is an urgent 
need to understand how to properly select patients, the therapy 
sequence, and how to use feasible biomarkers that can help 
to identify the patient who may obtain the most benefit from 
available therapies.
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1. Introduction

Head and neck cancer is one of the most common types of 
cancer in the world, ranking in the sixth place in terms of 
global incidence. The incidence continues to rise, and the 
mortality rates remain at high levels (1,2). Epidemiological 
data show that starting from 1997, the incidence is decreasing 
for nasopharyngeal and larynx cancers, but remains increased 
for hypopharyngeal, oropharyngeal, and oral cavity cancers. 
The highest incidence is found in Asia, followed by Europe 
and North America. Pathological subclassification places 
squamous cell carcinoma of the head and neck (HNSCC) 
at the top of the histological forms (90%) of head and neck 
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cancers; a tumor with extremely aggressive behavior and a 
high mortality rate of 50% at 5 years (3,4).

HNSCC is a very heterogeneous group of cancers that 
have high variability in terms of tumor location, histological 
subtype, molecular characteristics, and prognosis (5‑7).

Well‑known risk factors for HNSCC are smoking and 
alcohol consumption; 75% of HNSCC cases are caused by 
smoking and alcohol, the effect of those two major factors being 
difficult to separate. The role of alcohol in the risk of head and 
neck cancer is dose‑related, and the risk is increased by the 
association of smoking. Human papillomavirus (HPV) infec‑
tion is associated with oropharyngeal cancer; the incidence rate 
of oropharyngeal cancer depends on the geographical area, but 
is increasing worldwide, and is expected to exceed the inci‑
dence rates of cervical cancers (8,9). The main risk factor in 
the Asian continent, and especially in the south of Asia is the 
use of smokeless tobacco products, for example, gutkha, pan 
masala, as well as chewing betel or areca nuts (10‑12). Other 
factors involved in the increasing risk of HNSCC are exposure 
to asbestos, wood dust or prior irradiation, use of salty foods, 
deficient oral hygiene, and viral infections (Epstein‑Barr virus 
for nasopharyngeal cancer, and human immunodeficiency 
virus)  (13‑17). Essential measures to reduce the incidence 
of head and neck cancers include health policies to reduce 
smoking habits and alcohol intake, protection of workers from 
exposure to carcinogens, and education of the population for a 
healthy lifestyle and diet. 

HNSCC is mostly diagnosed at a locally advanced stage 
or with distant metastases. HNSCC treatment involves 
a multidisciplinary team approach, composed mainly of 
surgeons, radiotherapists, and oncologists. Available systemic 
therapeutic options include chemotherapy, targeted therapy, 
and immunotherapy. However, despite multidisciplinary thera‑
peutic interventions, up to 60% of locally advanced tumors 
eventually show local recurrence or progression, and the 
prognosis of metastatic HNSCC remains extremely poor (5‑7).

Following approval of cetuximab and its addition to the 
chemotherapy regimen, patient outcome has improved. Still, the 
mean overall survival remains approximately 10 months (18). 
The addition of immune checkpoint inhibitors (ICIs) in the 
therapeutic panel of these patients, has led to further improve‑
ments in the outcomes of patients with metastatic HNSCC, but 
the results remain at lower levels compared to renal cancer, 
melanoma, or lung cancer (19,20).

A complete understanding of the tumor biology of HNSCC 
could help in defeating the treatment resistance of these 
tumors and could also help in the development of new thera‑
peutic strategies. Therefore, it is imperative to understand the 
biology of HNSCC and to identify new therapeutic targets for 
the effective management of this malignancy (5,21).

Most of the previous therapeutic trials have targeted 
cancer cells, but recent studies have shown that the tumor 
microenvironment (TME) formed by nearby cancer cells and 
extracellular proteins play a significant role in cancer forma‑
tion, in the progression of the disease, and also in the pathways 
of resistance to treatment (22). In light of the recent data, the 
tumor microenvironment is not ‘an innocent observer’, but 
an important player representing a suitable environment for 
the formation and progression of cancer and metastasis, and 
plays also a role in the development of treatment resistance. 

This conclusion is sustained by multiple clinical trials, 
not only for head and neck cancers but for a plethora of 
malignancies (23‑27).

Many of the cellular components (T‑regulatory cells, 
cancer‑associated fibroblasts, and macrophages), together with 
other non‑cellular constituents of the tumor microenviron‑
ment (for example extracellular matrix), are associated with a 
compromised immune status and immune cell dysfunction of 
cytotoxic T cells or dendritic cells (25).

HPV infection and smoking are responsible for a distinct 
type of immune tumor microenvironment, with a different 
behavior (28,29).

In the era of immunotherapy, to obtain better responses 
to treatment, it is mandatory to understand the complexity of 
this ecosystem represented by the tumor microenvironment of 
head and neck cancers.

In this review, we take a journey into the complexity of the 
tumor microenvironment of the patients with HNSCC cancer, 
HPV‑positive or ‑negative, and its involvement in the devel‑
opment of treatment resistance. We also review the potential 
therapeutic strategies under investigation that can overcome 
the resistance induced by the tumor microenvironment.

2. Tumor microenvironment in head and neck cancer

Historically, cancer has been categorized as an accumulation 
of undifferentiated tumor cells forming a tumor mass, without 
taking into consideration any of the cells that are present in 
the environment surrounding these cancer cells. Currently, 
the tumor microenvironment is defined as a very complex 
ecosystem of cellular and non‑cellular components, that are 
continuously evolving, characterized by unique features, 
that lead to immunosuppression and diminished anticancer 
immunity. The cellular components are represented by modi‑
fied stromal cells (cancer‑associated fibroblasts, endothelial 
cells, adipocytes, neuroendocrine cells, blood cells), and 
infiltrating immune cells (T cells, B cells, natural killer cells, 
dendritic cells, macrophages, and myeloid‑derived suppressor 
cells) (25,30,31). The non‑cellular components of the tumor 
microenvironment are proteins of the extracellular matrix 
(collagen, fibronectin, elastin, laminin, tenascin) that influence 
proliferation, invasion, metastases, and survival of the cancer 
cells. All these components also help the cancer cells to escape 
immune recognition, providing a friendly environment for 
tumor progression, metastases, and the development of resis‑
tance to therapy (32‑34).

The tumor microenvironment of HNSCC is infiltrated 
with lymphocytes called tumor infiltrated lymphocytes 
(TILs). TILs are represented by subsets of cells, that include 
T‑helper cells (CD4+), cytotoxic T cells (CD8+), T‑regulatory 
cells (T‑regs), macrophages (CD68+ and CD163+), natural 
killer cells (NKCD57+), and myeloid‑derived suppressor 
cells (MDSCs)  (35). All cellular elements of the tumor 
microenvironment assign prognostic importance to TILs. 
Despite important infiltration with pro‑inflammatory cells, 
the tumor microenvironment of HNSCC is immunosup‑
pressive. This is because TILs have functional defects 
represented by decreased secretion of cytokines and decreased 
expression of CD3 zeta chain, losing the skill to kill cancer 
cells (32,36,37). T‑regs represent the majority of T cells in the 
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tumor microenvironment. Regulatory T cells are capable to 
build an immune‑suppressive wall by blocking the activity 
of the effector T cells (38). In addition, there is a decreased 
number of NK cells and dendritic cells in the tumor micro‑
environment of HNSCC patients that is responsible for the 
immunodeficiency induced by the tumor (39,40). Expression 
of mediators with pro‑inflammatory activity has a definitive 
impact on tumor progression and metastasis [interleukins, E2 
prostaglandin, granulocyte‑macrophage colony‑stimulating 
factor (GM‑CSF), tumor necrosis factor (TNF)‑α, trans‑
forming growth factor (TGF)‑β, monocyte chemo‑attractant 
protein 1 (MCP‑1), and vascular endothelial growth factor 
(VEGF)] (41,42).

Depending on HPV status, there are many differences 
between HPV‑negative and HPV‑positive populations (43). 
The HPV‑negative HNSCC frequently occurs in the lip, 
tongue, hard palate, and buccal mucosa. HPV‑positive HNSCC 
is frequently observed in the palatine and lingual tonsillar 
regions (44). 

HPV‑negative patients are older comparing to HPV‑positive 
patients  (45‑47). The mutations found in HPV‑negative 
HNSCC patients are represented by TP53, NOTCH, 
CCND1, CDKN2A, CUL3, FGFR1, MLL2, NSD1, while in 
HPV‑positive HNSCC patients there is a higher mutational 
incidence of PIK3CA, DDX3X, FGFR2, FGFR3, KRAS, 
MLL3, and NOTCH‑1 (48). An increased number of cancer 
stem cells with a high expression of BIM1, KLF4, OCT4, or 
SOX2 was observed in HPV‑negative patients (49), and the 
expression of these markers on the cancer stem cell is associ‑
ated with a low response to chemo‑radiotherapy and a negative 
impact on the patient's overall survival (OS) (50,51). 

Some studies have shown that compared with HPV‑negative 
HNSCC patients, HPV‑positive HNSCC tumors have in the 
intraepithelial and stromal compartments a significantly high 
number of T‑regs that are FOXP3+, and this was associated 
in some studies with better disease‑free survival (DFS) and 
overall survival (OS), while other studies reported inferior 
data (5,51‑53).

A higher infiltration of T cells (CD3+ and CD8+) and higher 
CD4+ TILs was reported in HPV‑positive oropharyngeal 
cancers, compared with HPV‑negative tumors, and this feature 
was strongly associated with better local control of the disease, 
better prognosis, and improved OS (5,54,55). 

Tumor‑associated macrophages have an important role in 
the genesis of tumors, angiogenesis and invasion, and local 
immunosuppression. Increased infiltration of CD68+ macro‑
phages has been observed in HNSCC patients, and this feature 
is related to lymph node metastasis, and has a negative impact 
on DFS and OS (56,57).

Regarding CD56+ NK cells, an increased expression was 
reported in HPV‑positive patients and it was correlated with 
an improvement in OS (5,58,59). 

Langerhans cells are the antigen‑presenting cells of the 
immune system and a decreased number of these cells is 
associated with compromised immune surveillance. A higher 
infiltration of Langerhans cells was observed in HPV‑negative 
tumors comparing with HPV‑positive tumors, and this char‑
acteristic was correlated with improved DFS and OS. The 
mechanism by which the recruitment of Langerhans cells 
is affected is not fully understood but it seems to be related 

to a decrease in E‑cadherin and macrophage inflammatory 
protein 3 (60‑62).

The role of TP53 in the promotion of immune infiltration 
in HPV‑positive patients with HNSCC is well known, but 
the underlying mechanisms are not yet fully established (63). 
Several studies suggest that the tumor microenvironment of 
HPV‑positive tumors, rich in E6 and E7 proteins evade the 
immune response, which results in persistent HPV infection, 
and that the increased secretion of IL‑10 and TGF‑β from 
T‑regs prevents clearance of HPV infection. More than that, 
HPV  E5 protein prevents NK cells to recognize infected 
cells (63‑65). 

HPV‑positive and HPV‑negative tumors are also different 
in terms of metabolic activity, as shown by recent data. These 
metabolic differences are represented by increased oxidative 
phosphorylation and higher rates of aerobic glycolysis found 
in HPV‑positive tumors compared with HPV‑negative tumors, 
consequently influencing the tumor microenvironment (5). 

The role of the tumor microenvironment in the progres‑
sion and metastasis of HNSCC is related to the secretion of 
many different cytokines, chemokines, growth factors, and 
hormones. These factors are released by stromal cells, as well 
as by cancer cells. This secretion activates different pathways, 
such as the epidermal growth factor receptor (EGFR), Janus 
kinase (JAK), mammalian target of rapamycin (mTOR), 
mitogen‑activated protein kinases (MAPKs), phosphoinositide 
3‑kinase (PI3K) or protein kinase C (PKC) pathways (66). All 
these pathways are known to be involved in regulation of the 
cell cycle, tumor growth, differentiation, invasion, metastasis, 
angiogenesis, apoptosis, immune surveillance, or therapeutic 
response.

Smoking, a common risk factor for HNSCC, is respon‑
sible for pro‑inflammatory and immunosuppressive states, 
impacting the tumor microenvironment and facilitating tumor 
development. The accumulation of immunogenic neoantigens 
is a phenomenon highly evident in smoking‑related cancers. 
These neoantigens have at the same time a pro‑immunogenic 
and an anti‑immunogenic effect (67,68). 

3. Tumor microenvironment‑related resistance to treatment 
in head and neck cancers

Resistance to therapy represents an ongoing and difficult chal‑
lenge in HNSCC patients, despite major advances in therapy.

The pathways of resistance to conventional therapies such 
as chemotherapy, radiotherapy, and EGFR inhibitors, are well 
known and complex. But the resistance mechanisms to the 
latest treatment options, immunotherapy, have recently come 
into attention. These mechanisms of resistance are related 
to impaired intra‑tumoral immune infiltration, insufficient 
production and presentation of neo‑antigens, upregulation of 
alternative immune checkpoints, T‑cell exhaustion, epigenetic 
changes, impaired signaling of interferon‑γ (IFN‑γ) or immune 
factors within the tumor microenvironment, all interfering 
with the response to immunotherapy (6,68‑70).

The possible mechanisms responsible for the resistance of 
HNSCC to immune checkpoint inhibitors (ICIs) described in 
studies are: i) loss of the PTEN which blocks T‑cell infiltration 
secondary to the expression of VEGF and CCL2; ii) decrease 
in CCL4 production due to the alterations in β‑catenin/WNT 
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signaling pathway which prevent dendritic cell infiltration; 
iii)  the presence of high levels of alternative co‑inhibitory 
receptors on T cells, such as CTLA‑4 or lymphocyte‑activation 
gene 3 (LAG3) responsible for T cell exhaustion; iv) the impli‑
cation of tumor‑associated macrophages and T‑regs (71,72).

As the resistance to ICIs develops, an increased number of 
effector memory T cells CD8+, a lower CD4+/CD8+ ratio, and 
a supra‑expression of TIM‑3 on CD4+ and CD8+ T cells are 
found within the tumor microenvironment (6,73,74).

Depletion of T‑regulatory tumor‑infiltrating cells and the 
increase in the T‑effector cell/T‑regulatory cell ratio using 
an anti‑CD25 antibody appears to improve the response to 
ICIs (70,75).

Recent studies have demonstrated high programmed death 
ligand 1 (PD‑L1) expression on tumor‑related macrophages 
CD68+, on CD8+ TILs, and also on tumor cells from the crypts 
of the tonsils. Crypts of the tonsils are found to be the primary 
site of HPV infection. Literature data suggest that crypts of 
tonsils are responsible for the immune‑evasion and escape of 
the HPV‑infected cells (76). 

Hypoxia represents an important element of the tumor 
microenvironment in HNSCC, with a defining role in the 
development of drug resistance, including chemo‑radiotherapy 
and immunotherapy, due to the increased expression of 
hypoxia‑inducible factor (HIF)1α and 2α. Both factors are 
known to have an impact on innate, as well as on adaptive 
immune systems, by controlling the infiltration of T lympho‑
cytes and macrophages in the tumors (73).

Other factors implicated in resistance to treatment, 
including chemotherapy and radiotherapy, are the microRNAs 
secreted by the tumor and the stromal cells. microRNAs control 
growth, proliferation, angiogenesis, and immune surveillance. 
Recent studies have also shown that HPV‑positive patients 
have different miRNA profiles compared to HPV‑negative, 
and therefore different responses to treatment (77,78). 

4. Strategies to fight TME: Treatment resistance in head 
and neck cancers

Tumor progression, metastasis, and response to therapy are all 
processes influenced by the complex ecosystem that the tumor 
microenvironment represents and by the interactions between 
cellular and non‑cellular components of this system. 

HPV‑positive tumors are known to be immune‑enriched 
and therefore more responsive to chemo‑radiotherapy, 
compared with HPV‑negative tumors (79,80).

Recent data have shown that high expression of PD‑L1 
and PD‑L2 are found on fibroblasts and cancer cells, and 
this is implicated in the immunosuppressive state of these 
tumors (81).

Different immunotherapies, directed to immune check‑
points such as programmed cell death‑1 (PD‑1), PD‑L1, 
and cytotoxic T‑lymphocyte‑associated protein 4 (CTLA‑4) 
are currently evaluated in clinical trials trying to increase 
cancer‑specific immunity in HNSCC. Because of the differ‑
ences found in HPV‑positive and HPV‑negative HNSCC 
patients in terms of tumor mutational burden (TMB) or immu‑
nologic landscape, the results are disparate. 

PD‑L1, which is supra‑expressed in more than 65% of 
HNSCC patients, represents the ligand for PD‑1 and PD‑2 

and decreases T‑cell activation during inflammation. PD‑L1 
is found to be overexpressed more frequently in HPV‑positive 
HNSCC. 

Durvalumab has been evaluated on platinum‑refractory 
recurrent and metastatic HNSCC patients (HAWK trial), with 
the results showing a better overall response rate (ORR) of 
30% in HPV‑positive patients, compared with an ORR of 10% 
in HPV‑negative patients (82). 

In the same manner, anti‑PD‑1 pembrolizumab and 
nivolumab, approved by the FDA, have also shown an improve‑
ment in the OS of HPV‑positive recurrent and metastatic 
HNSCC compared to HPV‑negative patients (83,84). 

Combination therapies have synergistically enhanced 
the immunological antitumor effects. The double blockade 
therapy, targeting both co‑stimulatory and inhibitory receptors 
(PD‑L1, CTLA‑4), brings together for example durvalumab 
(MEDI4736) and tremelimumab, a combination trying to 
potentiate antitumor activity, without negatively impacting 
the safety in patients. Yet, to date, this combination has not 
meet primary objectives (OS, ORR) in 2 phase 3 clinical trials 
(NCT02551159, NCT02369874) in patients with recurrent and 
metastatic HNSCC (85). 

The combination of nivolumab and ipilimumab compared 
to standard therapy (cetuximab + platinum + 5 fluorouracil) is 
under investigation in first‑line recurrent or metastatic HNSCC 
(NCT02741570).

Triple combination using nivolumab, ipilimumab, and 
relatlimab (anti‑LAG3 monoclonal antibody, also called 
BMS‑986016) is also being evaluated in head and neck cancer 
patients (NCT02488759). 

Another research direction in clinical trials, based on 
the knowledge that anti‑OX40 and anti‑CD27 agents acti‑
vate OX40 and CD27 and promote T‑cell proliferation, is 
the assessment of the safety and tolerability of durvalumab 
combined with agonistic anti‑OX40 Ab (MEDI6383) in solid 
tumors including head and neck cancers (NCT02221960). 
In addition, varlilumab, an agonistic anti‑CD27 monoclonal 
antibody has been evaluated in combination with nivolumab 
for clinical benefit, safety, and tolerability in solid tumors 
including HNSCC patients (NCT02335918).

Standard chemo‑radiotherapy is responsible for the 
induction of cancer cell death and promotes antitumoral 
immune responses by depleting cytotoxic lymphocytes, 
increasing myeloid‑derived suppressor cells, and enhancing 
the expression of MHC I in tumors (86). Recent data show 
that using lower doses of chemo‑radiotherapy also triggers 
both adaptative and innate immune responses and improves 
the immune recognition of dying cancer cells, by mobilizing 
hematopoietic lymphoid and myeloid cells from the bone 
marrow. The result is an increased infiltration by T cells 
(CD4+ and CD8+) and dendritic cells, secretion of INF‑γ 
and IL‑2, and elimination of myeloid‑derived suppressor 
cells (87,88).

Administration of cetuximab was found to result 
in decreased cancer cell proliferation and inhibition of 
neo‑angiogenesis which lowered the risk of progression to 
metastatic disease. Cetuximab also has a role in the improve‑
ment of the immune response by promoting T‑cell priming 
and NK cell activation, the result being increased survival of 
HNSCC patients (89). 
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Clinical trial KEYNOTE‑048 evaluated pembrolizumab 
(MK‑3475) alone or with chemotherapy vs. cetuximab with 
chemotherapy in recurrent or metastatic HNSCC patients. The 
results of the trial showed that pembrolizumab in combina‑
tion with chemotherapy improved OS compared to cetuximab 
with chemotherapy in the total population (13 months vs. 10.7 
months), and pembrolizumab as monotherapy is an appropriate 
first‑line treatment for PD‑L1‑positive recurrent or metastatic 
HNSCC (90). 

Radiotherapy increases PD‑L1 expression and based on 
the immunomodulatory effects of radiotherapy, the combina‑
tion of radiotherapy with ICIs is under evaluation in clinical 
trials. In the light of this informations, the NCT02684253 
clinical trial is evaluating the combination of nivolumab 
with stereotactic radiotherapy. Other clinical trials were 
designed to evaluate the combination of intensity‑modulated 
radiation therapy (IMRT) with chemotherapeutic agents 
such as cisplatin (NCT02764593), the combination of 
ipilimumab, and cetuximab with IMRT (NCT01860430 
and NCT01935921), or the combination of pembrolizumab, 
cisplatin, and IMRT (NCT02777385) in HNSCC patients. 
Another combination under investigation is atezolizumab 
and bevacizumab in patients with HPV or EBV‑associated 
HNSCC (NCT03074513). 

The combination of cell cycle regulators, CDK4/6 inhibi‑
tors (abemaciclib or palbociclib), a PD‑L1 inhibitor (avelumab), 
and cetuximab is under evaluation in HNSCC patients 
(NCT03498378). 

Epidermal growth factor receptor (EGFR) is overexpressed 
in approximately 90% of HNSCC patients and is associated 
with the aggressive behavior of the cancer, resistance to radio‑
therapy, and a negative prognosis (91,92). The relationship 
between EGFR expression and HPV status of HNSCC tumors 
is not yet fully understood. Some studies reported increased 
EGFR amplification in p16‑negative oropharyngeal cancers 
and reported better outcomes for HPV‑positive HNSCC 
patients with low EGFR expression (93,94). Many clinical 
trials are evaluating the role of other EGFR inhibitors such as 
panitumumab or nimotuzumab. In addition, small‑molecule 
inhibitors such as, afatinib, erlotinib, gefitinib, or lapatinib 
are under investigation either alone or in combination with 
chemotherapy (95).

Even if many diagnostic or prognostic biomarkers have 
been identified, only a few are validated and can be used 
in current practice. HPV detection and p16 overexpression 
(a surrogate biomarker for HPV infection) are commonly used 
in practice. Positivity of p16 was included in the WHO TNM 
classification for oropharyngeal cancers (6,96). 

Immune gene expression and tumor mutational burden 
(TMB) characterize the functional state of immune cells within 
the tumor microenvironment and they can be used as predic‑
tive biomarkers for immunotherapy. Analysis of immune gene 
expression profile is based on extracted RNA and represents 
the T cell activation status within the tumor microenviron‑
ment. It seems that high immune gene expression can predict 
anti‑PD1 efficacy in multiple tumor types. The TMB repre‑
sents the number of somatic mutations per DNA megabase 
and is a promising predictive biomarker for immunotherapy. 
A higher mutation number is correlated with a better response 
to immunotherapy; information collected from patients with 

non‑small cell lung cancer (NSCLC) who received treatment 
with nivolumab suggests a better progression‑free survival, 
regardless of the PD‑L1 expression status. In HNSCC clinical 
trials in patients receiving pembrolizumab, data showed that 
TMB was one of the most important parameters associated 
with the best overall response. 

TMB is different in HPV‑positive patients compared 
with HPV‑negative patients; a higher TMB was observed 
in HPV‑negative HNSCC cancers (5,47,48), but the clinical 
significance of this data requires further validation in clinical 
trials. Longer median survival was observed in HNSCC 
patients with TMB >10 mutations/Mb than in patients with 
TMB >5  mutations/Mb (20  vs.  6  months). Virus‑positive 
patients (HPV positive/Epstein Barr positive) had a lower 
TMB than virus‑negative patients and improved OS. Among 
virus‑negative patients, TMB >10 mutations/Mb had higher 
survival. In HPV‑positive patients, TMB status did not influ‑
ence survival. Although smokers have higher TMB levels 
compared with non‑smokers, the response to immunotherapy 
could not be predicted by smoking status (97‑99). 

5. Tumor immune infiltration

Multiple immune cells coexist within the tumoral microen‑
vironment: NK cells, APC, TILs (CD8 T cells and T‑regs), 
macrophages, and myeloid‑derived suppressor cells. Although 
HNSCC tumors are highly immune‑infiltrated, they are 
characterized by an immunosuppressive TME. Patients with 
HPV‑positive tumors have a higher density of CD20+ B cells 
and CD8+ T cells. Despite many attempts to assess the predic‑
tive and prognostic role of tumor immune cell infiltration, only 
increased infiltration by CD8+ was proven to correlate with 
better survival. A retrospective evaluation of 126 patients with 
recurrent and metastatic HNSCC treated with anti‑PD‑1/PD‑L1 
agents revealed an increased expression of CD8+ T cells/T‑regs 
and this feature was correlated with treatment response. The 
immuno‑score (IS) quantifies the density of CD8+ T cells 
within the tumor center vs. the invasive margin. In HNSCC, a 
high IS is associated with increased MHC type I and PD‑L1, 
lower levels of T‑regs, but the predictive role has not yet been 
explored (100). 

In melanoma and NSCLC, the co‑expression of 
inhibitory immune‑checkpoint molecules as T‑cell immuno‑
globulin and mucin domain‑containing protein 3 (TIM‑3), 
T‑cell immunoreceptor with Ig and ITIM domains (TIGIT), 
lymphocyte‑activating gene 3 (LAG‑3) has a role in immune T 
cell‑mediated responses, and these patients have resistance to 
anti‑PD‑1/PD‑L1. In HNSCC, data collected by a recent study 
demonstrated that TIM‑3 and LAG‑3 expression was higher 
among patients with a poor response to anti‑PD‑1 therapy. 

Immunophenotyping of circulating T‑cell subset compared 
with TILs demonstrated a predictive role in response to 
immunotherapy in melanoma and NSCLC, but without certain 
data in HNSCC. In the CHECKMATE‑141 trial (Trial of 
Nivolumab vs. Therapy of Investigator's Choice in Recurrent 
or Metastatic Head and Neck Carcinoma), the responders 
had lower levels of circulating PD‑1, CD8+ T cells at baseline 
and lower levels of PD‑1, T‑regs at day 43. These data show 
that lower levels of circulating T cells are negative predictive 
biomarkers (101,102). 
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6. T cell‑inflamed gene expression profile

In light of the previous studies, the gene expression profile 
of tumors shows valuable information for predicting patient 
prognosis and treatment response. Tumors with an inflamed 
phenotype are more sensitive to anti‑PD‑1/PD‑L1 agents. 
HPV‑positive patients have higher cytolytic activity than 
HPV‑negative patients. Ιnterferon‑γ related gene signatures 
are closely related to HPV‑positive status; immunosup‑
pressive IL‑6/TGF‑β related gene signatures are related to 
HPV‑negative status. 

Tumors with a T‑cell inf lamed phenotype, deter‑
mined by gene‑expression profiling, appear to have better 
responses to anti‑PD‑1/PD‑l therapy. KEYNOTE‑012 
and KEYNOTE‑055 trials, which included patients with 
HNSCC treated with pembrolizumab, showed an 18‑gene 
T‑cell‑inflamed signatures (including genes that reflect an 
ongoing adaptive Th1 and cytotoxic CD8+ T‑cell response) 
that positively correlated with response and survival. The 
predictive value of gene expression panel (GEP) and TMB 
were each independently associated with response, but 
responses were higher in patients that had both high TMB 
and GEP (103,104). 

7. Microsatellite instability (MSI)

Microsatellite instability (MSI) is the condition of genetic 
hypermutability that results from impaired DNA mismatch 
repair. The incidence of tumors with high MSI (MSI‑H) has 
been estimated at 8% in patients with HNSCC tumors. Tumors 
with MSI or mismatch repair deficiency (dMMR), have the 
highest mutation load and are sensitive to immunotherapy. 
Based on these data obtained from clinical trials, pembro‑
lizumab was approved for patients with dMMR or MSI‑H 
tumors, regardless of histology. A retrospective analysis 
showed that in HNSCC, patients with high MSI have a durable 
response after immunotherapy (105‑107). 

8. Microbiota

Although the mechanism is unknown, the composition 
of the microbiota and the compositional and functional 
changes in the microbiota can be associated with immune 
dysregulation, initiation, and progression of many types 
cancers. In addition, the intestinal microbiota can regu‑
late the anticancer response of the host and the response 
to treatment. HNSCC arises from the epithelium that is 
constantly exposed to environmental factors that can affect 
oral microbiota. Studies have shown differences in saliva 
composition in patients with HNSCC and healthy patients. 
Differences between microbiota composition in the saliva 
have been observed in HPV‑positive patients compared 
to HPV‑negatives patients. A study analyzing saliva 
composition in normal, primary tumor, and metastatic 
HNSCC demonstrated an abundance of Fusobacterium 
and Lactobacillus, downregulation of immune signaling 
pathways, and upregulation of the oncogenic Wnt/β‑catenin 
pathways, in primary and metastatic cancer issues, 
whereas the abundance of Streptococcus was significantly 
decreased (108‑110). CHECKMATE‑141 is the only study 

that has explored the role of oral microbiota as a predictive 
biomarker in patients with recurrent and metastatic HNSCC 
treated with nivolumab. No significant correlation with 
treatment efficacy or survival was found (83). 

9. Smoking status 

Tabaco use is one of the major risk factors involved in the 
development of HNSCC through its pro‑inflammatory and 
immune‑suppressive effects. Smoking causes enriched 
immunogenic neoantigens and higher overall mutational 
loads. Smoker patients with HNSCC have lower levels of 
immune infiltration, cytolytic activity, and IFN‑γ pathway 
activation comparing to non‑smokers counterparts. In 
CHECKMATE‑141 smokers had an inferior response to 
nivolumab comparing with non‑smokers (66,83). 

10. Conclusions

In the early stages, after local treatment, many of the patients 
with HNSCC have satisfying outcomes. Some patients with 
locally advanced disease will be cured by a combination 
of surgery, chemotherapy, and radiation, while others will 
develop recurrent or metastatic disease within the first three 
years after treatment. The poor outcomes, the high frequency 
of relapse after conventional treatment methods, and resistance 
to treatment have led to a call for research to understand the 
tumor biology of HNSCC and overcome the poor prognosis of 
these patients.

In the last few years, there have been growing efforts to 
characterize the tumor microenvironment, to identify targets 
of response and identify other mechanisms of tumor‑specific 
immune responses, or to discover biomarkers of response. 
There is an urgent need to understand how to properly select 
patients, sequence therapy, and how to use feasible biomarkers 
that can help identify patients who may obtain the most benefit 
from available therapies. Many studies have demonstrated that 
the tumor microenvironment of HNSCC is heterogeneous and 
very immunosuppressive.

As the tumor microenvironment, in light of the recent data, 
is not an ‘innocent observer’, but an important player repre‑
senting a suitable environment for formation, progression of 
cancer, and treatment resistance, many clinical trials are trying 
to discover a better solution for HNSCC patients, and this 
includes the evaluation of different signaling pathways within 
the tumor microenvironment and understand it's biology. The 
tumor microenvironment can offer a wide spectrum of novel 
anticancer therapies, not only for HNSCC patients but also for 
other cancers. 

Future studies are necessary to establish the complex role 
of the tumor microenvironment to defeat treatment resistance 
and to help develop new therapeutic strategies.
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