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ABSTRACT

Background: This article aimed to compile and summarize clinically relevant literature in radiation therapy, and to discuss 
the potential in radioresistant and radiosensitive head and neck cancer.

Study Design: Narrative review.

Materials and methods: Google Scholar, PubMed and the Cochrane Library were retrieved using combined key words such 
as “radiotherapy” and “head and neck cancer”. Search strings additionally queried were “radioresistant”, “radiosensitive”, “head 
and neck region”, “squamous cell carcinoma”, in combination with Boolean Operators ‘AND’ and ‘OR’. Subsequently, the result-
ing publications were included for review of the full text.

Results: Radiotherapeutic response currently in clinical observation referred to HNSCC scoping were selected into this review. 
The compiled mechanisms were then detailed concerning on the clinical significance, biological characteristics, and molec-
ular function.

Conclusions: Brachytherapy or/and external-beam radiotherapy are crucial for treating HNSCC, especially the early stage 
patients, but in patients with locally advanced tumors, their outcome with radiation therapy is poor due to obvious radiore-
sistance. The curative effects mainly depend on the response of radiation therapy, so an updated review is needed to optimize 
further applications in HNSCC radiotherapy.
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Introduction

Head and neck cancer is a major public health is-
sue, ranking the seventh most common in the world 
[1]. Among the 890,000 new cases of head and neck 
cancer worldwide in 2020, squamous cell carcino-
ma (HNSCC) encompasses around 90% of the tu-
mors [2]. It is difficult to make an accurate census 
of the remaining 10% cases since they are not col-
lected systematically at present. HNSCCs are di-
vided into cancers of the oral cavity, oropharynx, 
hypopharynx, larynx and rhinopharynx (Fig. 1). 
Around 40% of these cancers are diagnosed when 
they are locally advanced. The incidence of HN-
SCC has fallen slightly in men but has increased in 
women over the last several years [1, 2]. The ethio-
pathogenesis is associated, on the one hand, with 
alcohol consumption and tobacco smoking; as 
well as, on the other hand, with viral superinfec-
tion by human papillomavirus (HPV) in cancers of 
the oropharynx and larynx [1, 3]. 

The management of HNSCC is multidisci-
plinary, and knowledge of the natural history is 
vital if patients are to be offered the best possible 
treatment. Radiation therapy is a cornerstone of 
HNSCC management both as an adjuvant and cu-
rative modality that may be given to an existing 

tumor or postoperatively, with or without chemo-
therapy or targeted therapy such as cetuximab, 
nivolumab and pembrolizumab. In recent years, 
the radiotherapy modality that has emerged as 
the new standard for the irradiation of HNSCC 
is intensity-modulated technique, which allows 
better sparing of healthy tissue, particularly 
the salivary glands [3, 4]. However, treatment of 
HNSCC patients is still burdened by a not yet sat-
isfactory clinical outcome with a relatively high 
rate of severe radiotherapy-related toxicity (e.g., 
radiodermatitis, mucositis, xerostomia, jaws os-
teoradionecrosis, dysphagia) and approximately 
50% local recurrence at 3 years or metastatic re-
currence [3, 5]. Given a poor prognosis and treat-
ment regimen that is not very effective in this 
situation, radiobiology is therefore essential to 
enhance cancer radiosensitivity without increas-
ing radioresistant profile.

Tumors of the same size and stage may re-
spond differently to radiotherapy. Understanding 
the factors that influence the HNSCC radioresis-
tance means that patients can be better cured. Ra-
dioresistance is a broad concept that includes nu-
merous parameters. Previous studies have proved 
that these parameters that affect tumor response 
to radiation therapy in HNSCC cases are linked 

Figure 1. Major anatomical sites of head and neck squamous cell carcinoma (HNSCC)
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to the tumor clinical practice, patients themselves, 
and tumor biology (Fig. 2) [6, 7]. The purpose of 
this article is to review and summarize the poten-
tial avenues for overcoming HNSCC-related radio-
resistance and to describe the main mechanisms 
of radiosensitization involved in the HNSCC 
treatment by radiation therapy. Considering their 
gradually growing impact regarding surveillance 
and management of patients with HNSCC, peri-
odic investigation is necessary for junior radiol-
ogist/oncologist education and to guide further 
progress of HNSCC radiotherapy.

Materials and methods

The databanks of Google Scholar, PubMed 
and the Cochrane Library were retrieved using 
combined key words such as “radiation therapy” 
and “head and neck cancer”. Search strings addition-
ally queried were “radioresistant”, “radiosensitive”, 
“head and neck region”, “squamous cell carcinoma”, 
“radiotherapy”, “radiosensitivity/radiosensitization”, 
“radioresistance” in combination with Boolean Op-
erators ‘AND’ and ‘OR’ to maximize yield of rele-
vant topics. Subsequently, the resulting publications 
were included for review of the full text.

The authors did not perform a systematic litera-
ture search for this review. Most papers were select-
ed manually at the discretion of the authors from 
a review of the contents of high-impact radiation 
oncology and cancer journals that had been pub-
lished in past 20 years. Only publications released 
in English were considered.

Accordingly, a total of 269 research papers were 
identified in this scholarly review. Their titles 
were reviewed and selected for abstract screen-
ing. Applicable abstracts were then chosen for re-
view of the full text. Eligible articles with respect 
to the topic were selected for subsequent analysis 
and discussion.

Tumor size and location

Tumors that are larger and/or more locally inva-
sive have a poorer prognosis [8]. This is partly due 
to worse sensitivity to treatment such as radiother-
apy. Since radiation-induced cell death is a random 
event, as tumor volume increases, the probabili-
ty of damaging all tumor cells decreases, despite 
a high total dose [9]. The dose-effect relationship 
is well established in HNSCCs; the higher the total 
dose, the higher the local control rate. However, 

Figure 2. Graphic abstract of radioresistance parameters for head and neck squamous cell carcinoma (HNSCC). HPV — human 
papilloma virus
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the total dose is limited by acute and late toxicity. 
Larger tumours are also more hypoxic, which may 
also partly explain their poorer radiosensitivi-
ty (Section Hypoxia in tumors). The location of 
the tumor also plays a role, for example, cancers 
of the oral cavity respond less well to radiother-
apy than laryngeal cancers [10, 11]. Highly infil-
trative tumors, which certainly have a greater po-
tential for malignancy, are also less radiosensitive 
than general tumors. This may mean that surgery 
is preferred to radiotherapy in this type of tumor 
whenever possible. 

Intrinsic radiosensitivity, 
and the alpha/beta importance 

of fractionation

Description focuses here on the radiobiological 
parameters of squamous cell carcinomas, which 
represent the majority of anatomopathology in 
this location. The literature is abundant with data 
on the alpha/beta ratio of the linear-quadrat-
ic model, differences in radiation-dose fraction-
ation and changes in therapeutic sequences [12-14]. 

The “intrinsic” radiobiology of each tumor is cor-
related with therapeutic response in a study using 
the survival fraction after 2-Gy irradiation [15]. 

The major parameter is tumor repopulation 
which is extremely rapid in HNSCCs. It has now 
been proven that interrupting treatment or un-
planned re-treatment is deleterious for patients, 
and it is vital to maintain the fractionated thera-
peutic sequence. An interruption in treatment has 
now been shown to be a cause of therapeutic fail-
ure, particularly in terms of overall survival, with 
this effect being most marked in laryngeal cancers 
[16]. These parameters are also closely linked to 
tumor grade, and accelerated tumor repopulation 
can be also seen in well-differentiated tumors [17]. 

The alpha and beta parameters are difficult to 
assess in HNSCCs, hence their values vary from 
one study to another. The alpha/beta ratio is most 
frequently found to be 10 for tumor tissue [18]. For 
adjacent healthy tissue, it is most often about 3, 
which determines the importance of fractionation 
to maintain therapeutic efficacy, taking into ac-
count the therapeutic index between tumor control 
and limiting early toxicity. At the moment, inten-
sity-modulated radiotherapy, a recommended irra-
diation technique for HNSCCs by the International 

Agency for Research on Cancer/National Compre-
hensive Cancer Network/American Academy of 
Otolaryngology–Head and Neck Surgery Founda-
tion (IARC/NCCN/AAO–HNSF), allows organs at 
risk to be spared while maintaining satisfied ther-
apeutic efficacy, similar to three-dimensional con-
formal techniques.

Biological factors related to HNSCC 
patients

Human papillomavirus (HPV)
Infection with human papillomavirus (HPV), 

particularly type 16, has been identified to be 
a risk factor for the development of HNSCC, par-
ticularly in the oropharynx [1, 19]. When HPV+ 
HNSCC exists, its response to ionizing radiation 
is totally different from HPV– tumors. Roman 
and Aragones investigated the prognostic im-
pact of this infection in a study of patients with 
squamous cell carcinoma of the oropharynx treat-
ed with irradiation, and the HPV infection was 
found in 60% of patients with an even distribu-
tion between men and women [20]. But in anoth-
er study that performed rigorous testing for HPV, 
the proportion attributable to HPV by subsite 
of HNSCC was 3% for oral cavity cancers, 18% 
for oropharyngeal cancers, and 1% for laryngeal 
cancers [21]. In a retrospective study, Ang et al. 
discovered that the patients with HPV+ oropha-
ryngeal cancer had a better 3-year rate of overall 
survival (82.4%) compared with 57.1% in HPV– 
patients (p < 0.001) [22]. They found the proba-
bility of progression-free survival at 3 years was 
better in patients with HPV infection (73.7% vs. 
43.4%, p < 0.001) [22]. These results were used to 
establish a recursive partitioning analysis (RPA) 
classification taking into account this infection, 
smoking and tumor and lymph node stage. Some 
scholar concluded that a substantial increase in 
radiation responsiveness in HPV(–) HNSCC in 
an autophagic adaptor p62-dependent manner; 
in contrast, the same treatment had a minimal ef-
fect on HPV(+) cells [23]. The degree of radiore-
sistance and tumor progression of HPV-negative 
HNSCC, respectively correlated with autophagic 
activity and cytosolic levels of p62. The self-po-
lymerizing activity of p62 was identified as 
the essential mechanism by which ubiquitinated 
caspase-8 was sequestered into aggresome-like 
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structures, without which irradiation fails to in-
duce apoptosis in HNSCC [24].

Cigarette smoking
While tobacco smoking as a major risk factor 

that is strongly associated with HNSCC initiation 
and progression, its role during radiotherapy also 
conditions the therapeutic response. Studies into 
the influence of smoking during radiotherapy in-
dicated that local control of disease and overall 
survival rate were reduced in patients who smoked 
compared with non-smokers during treatment of 
HNSCC [25]. The biological explanation is relat-
ed to the greater quantity of carboxyhemoglobin 
and the relevant tumor hypoxia [26]. In a prospec-
tive study of 178 patients with HNSCC tumors of 
current and former smokers showed perineural in-
vasion significantly more often than tumors of never 
smokers [27]. This study warranted further research 
on perineural invasion in HNSCC with special em-
phasis on the impact of tobacco consumption to 
identify suitable candidates for therapeutic inter-
ventions. Moreover, perineural invasion as a marker 
for aggressive tumor growth, strongly linked with 
local recurrence and metastatic occurrence in ad-
vanced HNSCC because of attenuated responsive-
ness in radiotherapy. There is growing evidence 
of an association between neurotrophic factors 
and smoking. Current smoking and higher number 
of smoking years were associated with higher serum 
levels of brain-derived neurotrophic factor (BDNF), 
suggesting BDNF influences nicotine dependence 
[28]. Few existent radiobiological research studies 
concentrate on smoker affected by HNSCC with 
a radioresistant profile, therefore the mechanisms 
involved in the radiobiological response to smok-
ing history are still poorly understood.

Hemoglobin
Hemoglobin concentration in cancer pa-

tients have always been at the center of debate, 
especially in HNSCC, following the studies on 
erythropoietin and its association with the risk of 
thromboembolic events [29, 30]. Some studies have 
viewed the response to radiotherapy as a function 
of hemoglobin level, despite the thromboembolic 
risk established in 2003 for patients undergoing ra-
diochemotherapy being in fact linked to an exces-
sively high hemoglobin level [31–33]. Anemia was 
thus a recognized factor in worse response to ra-

diotherapy in terms of lower local-regional control 
and overall survival reported by Maahs et al. [34] 
The interpretation is related to hypoxia, the mech-
anisms which are described in the dedicated 
paragraph. But a recent publication of long-term 
analysis of a study confirmed that erythropoietin 
treatment caused no improvement on response to 
radiotherapy, even though erythropoietin could 
raise the hemoglobin level in anemic patients with 
HNSCC [35]. In fact, in this phase III randomized 
clinical trial conducted by Radiation Therapy On-
cology Group (RTOG) comparing a radiotherapy 
arm with erythropoietin and a radiotherapy arm 
alone, progression-free survival and overall sur-
vival were equivalent in both groups and the pos-
sibility of a detrimental effect of EPO could not be 
ruled out. However, the relationship between he-
moglobin concentration, tumor oxygenation sta-
tus and radioresistance is complex. Most anemic 
patients have tumors that are hypoxic, but the ab-
sence of anemia does not mean that the tumor is 
well oxygenated.

The epidermal growth factor receptor 
(EGFR)

The epidermal growth factor receptor 
(EGFR/ Erb-B1/HER1) belongs to the human 
epidermal growth factor receptor (HER) family, 
and it is among the first tumor-associated anti-
gens identified [36]. EGFR has been validated as 
a clinical target for several passive, non-immune 
therapeutics presently approved for the treatment 
of epithelial malignancies [37]. From molecular 
biological perspective, EGFR has three homologs: 
HER2 (Erb-B2/NEU), HER3 (Erb-B3), and HER4 
(Erb-B4). These receptors share a high degree 
of homology in terms of primary structure. They 
are transmembrane receptors with an extracellular 
N-terminal domain carrying the ligand binding 
site, a transmembrane domain and an intracellular 
C-terminal domain carrying tyrosine kinase activ-
ity [38]. EGFR plays a major physiological role in 
the development of epithelial tissues and is present 
in a monomeric state on the cell surface. Activation 
of the receptor requires dimerization, either by ho-
modimerization or heterodimerization (with HER2 
in particular). This dimerization leads to phosphor-
ylation of the intracellular kinase domain, activating 
various intracellular signalling pathways, resulting 
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in increased cell proliferation, invasion and migra-
tion, and reduced apoptosis [39]. 

In HNSCCs, the overexpression of EGFR has 
been observed in 80~100% of cases, depending on 
the series [40]. EGFR-mediated signalling path-
ways are a hot spot of cancer research in the field of 
targeted therapies. For treating HNSCC, the mono-
clonal antibody cetuximab has marketing authori-
zation in combination with radiation therapy for 
locoregionally advanced forms [41]. Cetuximab is 
a chimeric monoclonal antibody directed against 
the extracellular domain of EGFR. Cetuximab 
blocks ligand binding, receptor dimerization 
and phosphorylation. The EGFR is then internal-
ized and degraded in the lysosomes [42]. It is ad-
ministered intravenously on a weekly basis, with 
prophylaxis using H1-antagonists and cortico-
steroids due to the risk of allergy (e.g., acneiform 
rash) [41, 43]. More than ever, EGFR is at the heart 
of the radioresistance process. Its overexpression is 
associated with a poor prognosis and, in particu-
lar, with recurrence after treatment, both in vitro 
and in vivo [44]. It should also be noted that EGFR 
can be activated by irradiation in the absence of 
ligand; and this effect has been found not only in 
vitro, but also in vivo in circulating tumor cells [45]. 

Irradiation acts as a phenomenon of cellular stress 
and activates EGFR even in the absence of ligand. 
The survival among cell proliferation-related path-
ways in HNSCC is therefore activated by irradia-
tion, which reinforces the dominant idea of main-
taining an uninterrupted therapeutic rhythm 
and sequence in this type of tumor.

The sub-population of cancer stem 
cells

First described in leukemia in 1994, the pres-
ence of cancer stem cells (CSCs) has been demon-
strated in many solid tumors, including glioblas-
toma, prostate, breast, colorectum, as well as head 
and neck cancer [46]. There are two hypotheses as 
to the origin of these CSCs: derived from healthy 
stem cells or produced by dedifferentiation of tu-
mor cells. The specific characteristics of CSC, espe-
cially in terms of phenotype, vary according to each 
primary tumor site. They are defined as cells with 
the capacity to initiate tumorigenesis and prolif-
erate in an unrestricted manner, the ability to pre-
serve and renew themselves, and the potential to 

give rise to numerous parental progenitor cells [47]. 

A hierarchical model is accordingly established on 
the basis of this theory of CSCs, according to which 
tumors derive from adult stem cells that have ac-
quired genetic and epigenetic variations that 
give them tumorigenic power while maintaining 
their capability for self-renewal [48]. Remarkably, 
this hierarchical model is now opposed to the sto-
chastic model described historically [49]. 

Recently, the studies regarding CSC phenotype, 
plasticity, and oncogenic metabolism under ion-
izing radiation are booming [49]. Indeed, CSCs 
defy the commonly accepted rules of radiobiology. 
CSCs have a radioresistant profile, characterized 
with over-activated repair systems of DNA damage, 
redistribution of the cell cycle that towards a radio-
resistant phase (S to G0 phase), a strong capacity for 
tumor repopulation and cellular oxygenation inde-
pendence [50]. These cells also have the capacity to 
invade and migrate, particularly in HNSCC [51]. 

The quality of the radiation is another crucial ele-
ment. The relative biological effectiveness (RBE) of 
photon-based radiotherapy is low on CSCs [52]. Re-
cent work by Oonishi et al. [53] unraveled that the use 
of carbon ions makes it possible to avoid the oxygen 
effect and thus to recover radiosensitivity.

Invasion-migration 
and epithelial-mesenchymal 

transition

One of the major mechanisms of resistance to 
radiotherapy, and of distant metastatic recurrence, 
can be explained by the phenomenon of cell inva-
sion-migration. Epithelial-mesenchymal transition 
(EMT) as well as its reversed process (i.e. mesen-
chymal-epithelial transition) are fundamental pro-
cesses in embryonic development and tissue re-
pair but confer malignant properties to carcinoma 
cells, being explained as CSC activity which have 
greater resistance to immunotherapy and radio-
chemotherapy [54]. CSCs are capable of adhering 
to the extracellular matrix, degrading it under 
the effect of proteases, and invading and migrating, 
within the organ itself or at a distance, thus cre-
ating metastases [55]. The initial process enabling 
cell migration is described as “a cell with an epi-
thelial phenotype is transformed into a mesenchy-
mal phenotype and acquires the ability to migrate”, 
known in other words as epithelial-to-mesenchy-
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mal transition. The membrane markers most fre-
quently studied to characterize this transition are 
E-cadherin, epithelial phenotype, and the loss of 
its expression when the mesenchymal phenotype is 
acquired, N-cadherin and vimentin. Nuclear tran-
scription factors such as Twist and Snail have also 
been examined using immune assays in the HNSCC 
subpopulation and are found in many malignant 
tumors [56, 57]. Invasion-migration is a process 
that can be activated through photon irradiation. 
There is activation of the EMT behavior, once again 
via the altered EGFR signaling pathway (EGFR ter-
tiary mutations and amplification) [58]. In a study 
investigated by Zuo et al. [59], the loss of E-cadher-
in expression was found after radiotherapy, as was 
the modulation of matrix metalloproteinase secre-
tion induced by irradiation. Carbon ion irradiation 
actually decreases the migration/invasion of CSCs, 
although the conventional radiotherapy promotes 
these processes under normoxia. The uniform dis-
tribution of reactive oxygen species (ROS) after 
X-rays regulates the mechanisms causing inva-
sion/migration, which ROS concentrated in carbon 
ion tracks are unable to trigger [60]. 

Hypoxia in tumors

Tumor oxygenation status appears to be a princi-
pal parameter in the response to ionizing radiation. 
Under hypoxic conditions, the effect of photon 
radiation (indirectly ionizing radiation that pass-
es through the radical cascade) is much less be-
cause of the reduced production of ROS. The rad-
ical cascade can be potentiated or enhanced by 
the presence of oxygen. Hence, generally speaking, 
well-oxygenated tumors are more radiosensitive 
than hypoxic tumors. The high-energy photons 
used in radiotherapy exert their biological effects 
on the DNA molecule either directly or indirect-
ly. The indirect effects, which are predominant, 
involve the formation of highly reactive free radi-
cals which interact with the DNA and damage it. 
The presence of oxygen increases these indirect 
effects by prolonging the life of the free radicals. 
In addition, oxygen reduces the capacity of cells to 
repair sublethal radiation-induced DNA damage 
[61]. Other biological mechanisms also modu-
late the link between hypoxia and radiosensitivity, 
many signalling pathways are affected by hypox-
ia, for example those involved in angiogenesis or 

glucose transport [8, 61]. Tumor hypoxia may be 
chronic, developing as the tumor grows and limit-
ing access to blood vessels, or acute in the event of 
localized interruption of blood flow [62].

The radiotherapy of HNSCC is affected in the ab-
sence of oxygen, or in hypoxic conditions, the pro-
duction of radicals is significantly decreased, lead-
ing to fewer DNA breaks [63, 64]. On the basis of 
this radiobiological observation, a number of tri-
als have focused on the modification of hypoxic 
parameters in HNSCC patients during irradiation 
via hyperbaric chambers, drugs modifying hypox-
ic parameters (e.g., nitromidazoles) [64]. A recent 
clinical study conducted by Hassan Metwally et al. 

[65] suggested that an improvement in loco-re-
gional tumor control and overall survival in pa-
tients with advanced HNSCC who had been giv-
en the hypoxic radiosensitizer (nimorazole) in 
addition to accelerated fractionation radiothera-
py; however, the results were incomplete and this 
study suffered from a small number of patients. 
The change in hypoxic parameters was most appar-
ent in loco-regional control [odd ratio (OR) = 0.71, 
95% CI: 0.63–0.80; p < 0.001]. More important-
ly, HPV infection does not alter the role of hy-
poxia microenvironment, because HPV-positive 
and HPV-positive HNSCC proliferating cells have 
the same response to radiotherapy. In addition, 
a decreasing hypoxic fraction following irradiation 
in the HPV-positive tumors could explain the lack 
of benefit from hypoxic modifiers observed in 
patients [66]. Meanwhile, linear energy transfer 
(LET) is also of major importance. As the LET of 
the particle used increases, the effect of hypoxia 
decreases. So, with high LTE particles such as car-
bon ions, irradiation under hypoxic and normoxic 
conditions is comparable. CSCs clustering in “hy-
poxic niches” with a dedicated microenvironment 
are closely linked to hypoxic conditions. They are 
therefore highly radioresistant tumor zones and, 
finally, the invasion-migration phenomenon may 
also be relevant to hypoxia, which favors EMT 
and therefore promotes invasion-migration.

Hadrontherapy as a major therapeutic 
weapon for head and neck cancer

Hadrontherapy is defined as the application of 
particles of electromagnetic radiation for treat-
ment. It is often referred to as carbon-ion radio-
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therapy, proton radiotherapy or even particle beam 
radiotherapy, depending on the particle accelerated 
and used in the therapy. Hadrontherapy was orig-
inated in 1946 by Dr Robert R. Wilson, who first 
used protons to treat cancer [67]. The advantage 
of this technique is that it uses the specific ballistic 
and biological properties of heavy charged parti-
cles. When they travel through matter, these par-
ticles deposit very little energy at the beginning of 
their track. As they slow down, the energy deposit-
ed becomes maximum (Bragg peak) at the desired 
location, enabling maximum energy to be released 
in the target volume while sparing neighboring 
organs at risk [68]. Many particles have been stud-
ied in therapeutics. Given protons with a colli-
mated heavy-ion microbeam have now been vali-
dated in clinical practice for targeted indications, 
carbon ions are promising and are the subject in 
HNSCC studies [69]. They have the advantage 
of having an RBE two to three times higher than 
photons or protons. This is determined by the ra-
tio of the doses of reference radiation (photons) 
and the radiation under study (hadrons) producing 
the same biological effect. RBE values are plotted as 
a function of LET, and the RBE-LET relationship 
is used to evaluate different types of damage con-
tributing to mammalian cell reproductive death. 
For carbon ion hadrontherapy, with an equivalent 
physical dose, irradiation induces two to three 
times more cell death than photons [70]. Biologi-
cally, carbon ion irradiation can achieve significant 
radiosensitization in HNSCC, based on clonoge-
nicity data that survival fractions at 2 Gy (SF2) in-
creasing from SF2 = 0.45 with photon irradiation to 
SF2 = 0.85 with carbon ion irradiation [71]. The ef-
fect of hadrontherapy is all the more interesting in 
that it enables radiosensitization of CSCs in a mod-
el derived from radioresistant laryngeal carcinoma. 
The work carried out by Oonishi et al. [53] showed 
that this type of irradiation eliminated the oxy-
gen effect and thence maintained therapeutic effi-
cacy in hypoxic areas. Since the charged particles 
are directly ionizing, the radical cascade which is 
normally potentiated by oxygen is no longer nec-
essary. At the same time, hadrontherapy, unlike 
photon radiotherapy, inhibits chemotaxis and cell 
invasion. Furthermore, several series have reported 
the inhibition of the invasion and migration of ra-
dioresistant cancer cells in the larynx after carbon 
ion irradiation [72, 73]. In clinical terms, a study of 

carbon ion radiotherapy in Japan provides us with 
the most reliable data on its practical use. Based 
on a large-scale retrospective series, Kamada et al. 

[74] reported that this procedure is feasible in prac-
tice, with toxicities that remain entirely acceptable. 
The study published by Mizoe et al. [69] demon-
strated good efficacy in local control as the ther-
apeutic effectiveness for adenoid cystic carcinoma 
and malignant melanoma without severe morbidi-
ty of the normal tissues; and it remains for the mo-
ment the only prospective clinical study published 
on the use of hadrontherapy in cancers occurring 
in the head and neck region. Radiosensitization 
strategies for HNSCC are summarized in Tab. 1.

Radiation-sensitizing nanoparticles

Nanoparticles are defined as particles < 100 nm 
in diameter, with chemical, magnetic and structur-
al properties specific to their composition. Their 
utility in the medical field is vast and currently ex-
panding rapidly, with applications in imaging, ther-
apeutics (cardiovascular and degenerative diseases, 
infectious pathologies, cancer) and theranostics. 
This technique looks very promising and is the sub-
ject of both radiobiological and clinical studies in 
the field of head and neck cancer. More than ever, 
it combines physical and biological knowledge, 
which are truly inseparable in the radiosensitiza-
tion strategy for head and neck cancer cells.

In radiation therapy, the use of nanoparticles 
with high electron density makes it possible to ac-
centuate the physical phenomena of the photo-elec-
tric effects and Compton and Rayleigh scattering, 
and thus the consequences on a radiobiological 
scale. Nanoparticles can be guided to the tumor 
using a variety of strategies. Nanoparticles can be 
connected to a pharmacological vector (labelled 
nanoparticles) that recognizes a membranous tar-
get to facilitate their internalization. The “enhanced 
permeability ratio (EPR)” effect also enables them 
to penetrate the tumor more easily due to a dif-
ference in vascular permeability between healthy 
and tumor tissues, conferring much better diffu-
sion of particles in tumor tissues [83]. 

Nowadays, gold and gadolinium nanoparticles 
are the most widely used. Gold particles can be asso-
ciated with carrier molecules because of their high 
affinity. Simultaneously, gadolinium particles have 
the advantage of being able to be chelating agents 
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for molecular imaging in nuclear medicine [84]. In 
addition to DNA breaks, the biological effects dis-
covered are membrane alterations and functions 
on the cell cycle, mitochondria and tumor vascu-
larization. Few toxicities are associated with this 
type of treatment, apart from high concentrations 
of nanoparticles [85]. More often than not, they are 
captured by the phagocytic system.

Direct intratumoral injection of nanoparticles 
is possible, particularly in accessible areas such 
as head and neck. The utility of these nanoparticles 
remains an area of research, but benefits from firm 
preclinical data (vitro, vivo) and phase I trials are 
underway.

Conclusion and also opening remarks

HNSCCs are the cancers where the parameters 
influencing radiosensitivity/radioresistance have 
been studied most extensively. Some parameters 
are linked to the clinic properties of tumor (em-
bracing volume, stage, location, tumor appearance, 
etc.), others to the patient (hemoglobin concentra-
tion, tobacco smoking, HPV-infection status, etc.) 
and others to the tumor biology (stemness, differ-
entiation, hypoxia, repopulation, intrinsic radio-
sensitivity, etc.).

Concomitant chemoradiotherapy is one of 
the reference treatments for improving clini-
cal outcomes in patients with locally advanced 
HNSCC, and this technique has to contend with 
the radioresistance of this population of cancer 
cells. While the technological development of this 
treatment over the last ten years has made it pos-
sible to enhance therapeutic efficacy and improve 
tolerance, this cannot be achieved without detailed 
knowledge of the biological parameters involved. 
The combination of radiotherapy and cetuximab 
(anti-EGFR) is another validated option, but with 
only a few RCTs, it is less robust. Modifications to 
fractionation are another validated approach, nota-
bly hyperfractionation.

From the cell itself, through its microenvi-
ronment extending to the patient and his or her 
biological parameters, many factors participate 
in the response of these cells to radiation. Tak-
en together, these parameters represent a range 
of possible therapeutic approaches for circum-
venting the radioresistance. Hadrontherapy plays 
a central role in these therapeutic approaches. On 

the molecular side, the study of resistance mech-
anisms involving the EGFR pathway is also vital, 
in particular via the pathways of the same HER 
family (HER2 and 3) but also IGF-1R. Eventual-
ly, cancer stem cells are the key element in these 
radioresistance phenomena, at the kernel of mul-
titudinous parameters such as hypoxia and inva-
sion-migration.

Head and neck malignancies are challenging for 
surgical and radiotherapy treatment due to the den-
sity of sensitive tissues. We concluded that apopto-
sis is associated with radiosensitivity in HPV-posi-
tive HNSCC, whereas autophagy is associated with 
radiation resistant HPV-negative HNSCC. Further 
basic studies could pay more attention chiefly to 
the aforementioned two angles in the future.
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