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Head and neck cancers rank sixth among the most common cancers today, and the survival rate has remained virtually

unchanged over the past 25 years, due to late diagnosis and ineffective treatments. They have two main risk factors,

tobacco and alcohol, and human papillomavirus infection is a secondary risk factor. These cancers affect areas of the

body that are fundamental for the five senses. Therefore, it is necessary to treat them effectively and non-invasively as

early as possible, in order to do not compromise vital functions, which is not always possible with conventional treatments

(chemotherapy or radiotherapy).
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1. Introduction

The words cancer, tumor, and neoplasia are generic terms that define a broad range of diseases characterized by

unchecked division or uncontrolled proliferation of cells in a tissue or organ. Due to their high rate of division, these cells

may invade the adjacent tissues or disseminate at a distance, in a process known as metastasis . This disease can

affect any organ or part of the body, and has many histological types. It has a great impact on the quality of life, not only

for the patient but also for his family, particularly at a psychological and emotional level, and is often associated with

financial hardship . Moreover, it is the largest cause of morbidity and mortality worldwide. It is even the leading cause

of death in developed countries, and the second in developing countries . One of the main factors associated with the

increase in the global cancer burden the level of human development, which includes the factors of population growth and

aging, changes in lifestyle, economic variables, and social changes . Head and neck cancer (HNC) is a complex and

heterogeneous disease that encompasses a large number of cancer cell locations and is considered a leading cause of

cancer death worldwide . The American Cancer Society refers to HNC as one of the leading causes of death, along

with cancers of the digestive system, respiratory system, breast, and reproductive system . Though the various

etiological risk factors are well defined, and advances have been made both in its diagnosis and therapy using different

approaches, its morbidity has not significantly reduced over the last decades .

In this sense, early diagnosis is fundamental to reducing the involvement of other organs and structures, and to improving

the prognosis of the disease once the success of the therapy is promoted by early initiation. Conventional cancer

treatment protocols include local surgery combined with adjuvant systemic therapies—namely, the administration of

cytotoxic drugs and the application of radiation. However, these are invasive methods and are associated with several

serious side effects that compromise the patients’ quality of life, such as severe toxicity, mucositis, dysphagia, xerostomia,

radiation dermatitis, hematologic toxicity, neurotoxicity, and ototoxicity . The fact that these anticancer drugs cannot

discriminate normal healthy cells from tumor cells results not only in side effects, but in, low concentrations reaching the

target zones, compromising the therapeutic effect.

Nanomedicine using nanotechnology-based systems emerged as a new cancer management strategy. It involves a wide

variety of nanostructures with small particle size distributions capable of crossing biological barriers and interacting with

the target molecules of the therapy, among other structures present in the cells, reducing the effects of treatment on

healthy cells .

Thus, nanotechnology-based systems for HNC management have the potential to emerge as alternatives to conventional

treatments, as these systems can offer solutions to the problems encountered in conventional treatments: they not only

minimize non-specific delivery failures and cell death, and reduce multidrug resistance, but also maximize the efficacy of

therapeutic agents. Since they are nanometer-sized systems, they easily penetrate and permeate through the cell

membrane, blood capillaries, and biological barriers . These capabilities are very important in the case of HNC,

because in some cases, to reach the therapeutic target it is necessary cross biological barriers such as the blood–brain

barrier, which researchers know reduces drug delivery to the brain . This technology also can help clinicians in the

monitoring of the disease, because they allow less invasive, more sensitive, and more specific analysis of the affected
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structures, and facilitate the diagnosis of the disease at an earlier stage, providing greater chances of total remission and

therapeutic success. Moreover, nanocarriers are not only biocompatible, but can deliver various diagnostic probes with

the ability to target specific biomolecules. Therefore, they can help to provide important structural and metabolic

information about a tumor more successfully than other imaging techniques, and identify hidden metastases. Moreover,

they can also function as optical contrast agents during image-guided surgery .

2. Anatomophysiology of the Head and Neck

The head is the upper part of the body that is attached to the rest of the body through the neck. It is the structure that

contains the encephalon, which is responsible for their entire state of consciousness (creativity, ideas, imagination,

responses, decisions, and memory), along with its protective coatings, the ears, and the face that ensures their identity

.

In the head (Figure 1), there are also the sensitive receptors (eyes, mouth, ears, and nose); the structures for

transmission of voice and expression; and the entrances for nutrients, water, and oxygen and the exit of carbon dioxide.

The skull, the bony part of the head, supports the face and protects the brain, and it is composed of two parts, the

neurocranium (bone box of the encephalon and cranial meninges) and the viscerocranium (bones of the face). The

neurocranium is covered with subcutaneous tissue and skin (part of this skin forms the scalp) . For the face there is a

set of bones, the facial bones, which form the nasal cavity, surround the eyeballs, and support the teeth of both jaws. The

skull of an adult has 22 individual bones, of which only one is a moving bone, which is the mandible (lower jaw). The

remaining 22 bones are immobile and are united in a single unit .

Figure 1. Anatomical structures of head and neck.

The neck is the transition zone between the base of the cranium above, and the clavicles and cervical spine below. It

connects the head to the torso and limbs, being an important structure between them. It contains numerous vital

structures with essential functions for normal physiology, such as breathing, speaking, swallowing, and the regulation of

metabolism. In it are several important organs and tissues, such as the larynx, trachea, thyroid, parathyroid, esophagus,

and vertebrae . There are also the structures for circulatory and lymphatic inflow and outflow from the head. The main

arterial blood flow to the head and neck comes through the carotid arteries, and the main venous drainage occurs via the

jugular veins. Lymph from those structures drains into the cervical lymph nodes. The neck has important muscles, such as

the platysma, a thin muscle spanning the upper chest to the cheek and lower lip, drawing the lower central lip. It is also

the center of a multitude of nervous system structures, transmitting nervous signals from the brain to the body. On the

front side of the neck is the thyroid cartilage, the largest cartilage around the larynx and trachea. The neck is slim to allow

for the flexibility needed to position the head and maximize the efficiency of its sensitive organs (eyes, ears, mouth, and

noise). It is therefore a region that is characterized by fragility and vulnerability. In addition, some vital structures, such as

the trachea, esophagus, and glandule of the thyroid, have no bone protection .

The upper aerodigestive tract is located throughout the head and neck region. It includes the oral cavity, oropharynx,

laryngopharynx, larynx, nasopharynx, salivary glands, and nasal cavity (Figure 2). The production and articulation of

speech, swallowing, and respiration are functions controlled by the oral cavity, pharynx, and larynx. In addition, these

structures also protect the airways . Damage to one of these structures may affect the functioning of the others. For

example, during swallowing it is essential to protect the airways; otherwise, aspiration may result. The oral cavity, besides

being involved in phonation, also controls the voluntary phase of swallowing, namely, chewing, preparing the cake, and

delivering it to the oropharynx .
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Figure 2. Structures and organs of the upper aerodigestive tract.

3. Head and Neck Cancer

HNC covers the set of diseases involving abnormal soft tissue growth located in these anatomical areas: deeper than the

skull and above the clavicles, except those located in the eye, brain, and esophagus. In addition, it must be malignant,

showing invasion of neighboring tissues and dissemination into the bloodstream. These cancers start in the epithelial

layer of the mucosa of the upper aerodigestive tract, and consequently include malignant neoplasms originating in the oral

cavity, nasopharynx, oropharynx, laryngopharynx, larynx, paranasal sinuses, and salivary glands —for instance,

sarcoma, lymphoma, and salivary gland carcinomas . The pharyngeal area is one of the most common sites affected

among the different parts of the oral cavity .

3.1. Epidemiology, Etiology, and Risk Factors

According to data from 2021, every year, about 932,000 new HNC cases are registered and there are about 467,000 HNC

deaths . Neoplasms originating in this anatomical area are some of the most common cancers worldwide, as HNC

cases represent about 6% of all cases of cancer . The incidence of HNC varies depending on geographic

region, population, gender (more common in men), and exposure to diverse risk factors. The major risk factors include

tobacco, alcohol consumption, and human papillomavirus (HPV) infection, these being recognized as the main causes of

upper aerodigestive cancers in industrialized regions . However, HNC results from several factors,

including genetic predisposition, environmental exposure, and behavioral/lifestyle factors. The use of tobacco and alcohol

is responsible for about 72% of all HNCs, 4% being due to the use of alcohol alone, 33% to tobacco alone, and 35% to

the combined use of these. Thus, the cooccurrence of smoking and alcohol consumption increases the chance of

developing HNC, though smoking is considered to be a more major risk factor than alcohol for this type of cancer .

That said, alcohol is a trigger for the tobacco promoter effect in neoplasm formation . After smoking cessation, there is

a reduction in relative risk; however, an individual who was a heavy smoker has triple the risk of a non-smoker, even after

10 years of cessation .

Some occupational and environmental contexts have been related to increased incidence of HNC, such as agricultural

activities and working a as a cook, waiter, firefighter, butcher or meat preparer, knitter, or roofer. These associations exist

because these work environments and occupations are more conducive to smoking and/or alcohol consumption . HPV

infection, particularly subtype 16, and to a slighter extent, subtype 18, is believed to be a risk factor for oropharyngeal

cancer, based on results in a young non-smoking population . Patients with oropharyngeal cancer initiated by the

virus typically showed better therapeutic results, and consequently a higher overall survival rate; thus, it is possible to note

that age may function as a protective factor, being the reason for the increased survival of this group. Additionally, the

augmented expression of p16 protein in HPV-related tumors has significantly better disease-specific survival when

compared with non-virus-related tumors that do not exhibit increased p16 protein expression . Infection with this virus

promotes an uncontrolled cell cycle which results in genetic instability which, over time, promotes the transformation of

premalignant lesions into invasive squamous cell carcinomas. In the case of oropharyngeal squamous cell carcinoma, the
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stage of development of the virus is an independent prognostic factor for overall survival and progression-free survival 

.

Epidemiological studies show that, although the previously-mentioned risk factors are the main ones for most HNCs,

nasopharyngeal cancers usually present a set of common etiological factors that include, in addition to those described

above, Epstein–Barr virus (EBV) infection and processed food . EBV is a DNA lymphotropic herpesvirus that is

responsible for the presence of infectious mononucleosis and is highly prevalent in healthy individuals, affecting more

than 90% of individuals worldwide . This virus is not found in tumor cells exclusively; however, it is not present in

normal cells of the nasopharyngeal epithelium, which implies a direct relationship between EBV activation and the

pathogenesis of the tumor . Regarding the co-presence of the above-mentioned viral infections and HNC, a study

performed by Al-Thawadi et al. showed that HPV and EBV oncoviruses are co-present in squamous cell carcinomas,

especially when they occur in the oral cavity, which may promote their initiation and/or progression; however, the

mechanisms of this relationship need to be better elucidated .

3.2. Pathophysiology

Understanding the origin and pathophysiology of the HCN is fundamental to predicting and managing the course of the

disease, and its impact on the patient’s quality of life. This process facilitates the choice of the most appropriate treatment

or combination (surgery, radiation therapy, and chemotherapy) while also minimizing possible sequels, such as significant

acute and chronic damage to the oral cavity, which is not limited to the hard tissue (teeth and alveolar bone) and the oral

mucous membrane, but also affects the soft tissues of the head and neck . Generally, all these malignancies are

epithelial because they develop on the upper layers of the epidermis (mucosa) of the upper aerodigestive tract, squamous

cell carcinoma being the most common histological type of head and neck tumor. These tumors can range from poorly to

well differentiated, and in fact, about 90% of all HNC are squamous cell carcinomas and variants .

In the presence of premature lesions, leucoplakia and erythroplakia with histologic features of hyperplasia or dysplasia are

evident. Both cases may deform into invasive tumors, but erythroplakia presents a higher risk of transformation . As in

other types of cancer, malignant cells also escape recognition and destruction by immune agents and inhibit or manipulate

antitumor immune defenses. It is therefore common for patients with these types of cancer to have low concentrations of

CD3+, CD4+, and CD8+ T cells, which may persist even several years after curative surgery. The main mechanisms of

immune escape used by tumors to grow and target immune cells are immune destruction escape, tumor suppressor

escape and cell regulation, reduction of T lymphocyte activity, immunosuppressive cells, and cytokines that control local

and systemic effects .

Since the affected areas in these types of cancers are adjacent to the respiratory and digestive systems, the same agents

that promote the development of cancer cells in HNCs also affect other organs throughout the body, including the lungs.

Thus, these tumors may not appear in isolation, but rather in association with other secondary tumors . As in other

types of cancer, angiogenesis is also a determining factor in the development of neoplasm and progression of tumors and

is regulated by several endogenous proangiogenic and antiangiogenic factors. Fundamental factors for the growth of

cancer and metastasis are the vascular endothelial growth factor (VEGF) and its receptors. This receptor can be

upregulated and has significant importance in the prognosis of several HNCs . Another important marker that has

high expression in HNC is the epidermal growth factor receptor (EGFR), which is expressed in more than 90% of tumors.

EGFR is highly expressed in normal epithelial cells, so alterations in its pathways can promote a malignant transformation

of HNC . Their expression levels correlate with worsened disease-free survival and overall survival .

HNC can also result from mutations in various genes and pathways, including both tumor-suppressor genes and

oncogenes. Some biomarkers aid in the screening, diagnosis, and management of the disease. TP53 and CDKN2A/P16

are mutated tumor-suppressor genes frequently observed in HNC that may confer growth advantages to cells and

encourage the development of carcinoma. FAT1 is one of the latest genes implicated in HNC that participates in cell cycle

regulation and proliferation, and it is described as a tumor suppressor gene. NOTCH1 is the most recent cancer gene

associated with HNC development. Functionally, the gene signaling has both oncogenic and tumor-suppressive roles

depending on the cellular context; however, its exact role in pathogenesis needs to be better elucidated. The RAS gene

family involves three oncogenes whose mutations in their cell cascades are included in approximately one-quarter of all

human cancers. The PIK3CA pathway is another critical pathway in HNC carcinogenesis . Another marker that is

sometimes overexpressed in HNC is programmed death-ligand 1 (PD-L1), a transmembrane protein that acts as a co-

inhibitory factor of the immune response, reducing the patient’s immune response to tumor cells. Its presence is thus

associated with a negative prognosis . Advancements in the knowledge of these molecular structures (receptors)
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and genetic changes which are biomarkers for HNC are important, as they can be potential targets for therapy and help to

define new diagnostic and therapeutic strategies, namely, those concerning personalized therapeutics.

3.3. Signs and Symptoms

The first symptoms that may indicate the presence or prognosis of HNC are complaints about the aerodigestive tract that

are not resolved the conventional treatments. Usually, the tumors in the oral cavity initially start with lesions in the

gingivobuccal sulcus tongue, buccal mucosa, or floor of the mouth. Some patients also present with a nonhealing ulcer,

an area of irritation between adjacent teeth, pain, or bleeding that does not cease within a normal timeframe. Some other

HNCs may be asymptomatic until they are advanced or have developed metastases.

In the presence of the suspicious signs and symptoms above, it is essential to perform a biopsy for a definitive diagnosis.

Another sign that the development of tumor tissue can trigger is the presence of paranesthesia in the oral or nasal cavity

because of nerve compression, one of the most common presentations being numbness of the lips and tongue. Lesions in

the alveolar ridge can cause loss of malocclusion teeth, or poorly fitting dentures, and tongue lesions can make it difficult

to chew. If these symptoms are found in patients with a history of tobacco or alcohol use, the tumor may already be

advanced .

The lesions in the oropharynx have more insidious symptoms, which can be confused with other diseases or problems,

since they can cause pain during swallowing or otalgia. Tumors in the pharynx or supraglottis can cause neck masses

because of metastatic lymphadenopathy, though these can be too small to cause other symptoms and be easily detected

by a physical examination. Another symptom of this type of cancer is weight loss, not only because of one’s difficulty in

swallowing or dysphagia, but also because of the effects on the metabolism. Tumors in the laryngopharynx in advanced

stages can reach the larynx, resulting in hoarseness or vocal cord paralysis. The tumors in the glottis are usually the ones

that are easiest to access, thereby allowing diagnosis in earlier phases. Early diagnosis is also helped by the vocal cord

infections and hoarseness which can occur. In advanced stages, these tumors can compromise breathing . Thus,

identifying recurrent symptoms at an early stage is essential for successful treatment.

3.4. Diagnosis and Treatment

For the diagnosis of a patient with upper aerodigestive tract complaints, it is essential to understand which areas of the

head and neck may cause the symptoms. This procedure is fundamental because the extent of the tumor influences the

prognosis and treatment . An accurate and early diagnosis is one of the main strategies for successful management

of HNC; however, most head and neck tumors are locally advanced at the time of diagnosis, even though they can be

easily detected by simple physical examinations . An evaluation by a multidisciplinary team of the patients

medical history, lifelong tobacco and alcohol consumption habits, and the past existence of other cancers and their

treatments, including radiotherapy should be questioned .

The discovery and control of HNC is not always an easy task, since often the affected structures are not accessible to

objective clinical examination, resulting in late presentation of the disease. Thus, if any symptom is suspected, an

objective inspection of all the structures that may be involved should be performed, including examination of the oral

cavity and oropharynx, palpation of the neck, and examination of suspect areas in the mouth. These patients should also

undergo transnasal fiber optic endoscopy to examine the pharynx, larynx, and vocal cord structure . Diagnosis will

allow evaluating the prognosis of the patient, since it helps to establish the TNM (tumor, node, metastasis) profile of the

tumor. TNM staging is commonly used to assess the stages of tumors of the head and neck (although variations are

depending on the site of the primary tumor) (Table 1). The “T” classifies the extent of the primary tumor, the “N” refers to

the infected regional lymph nodes (it is important to note that the lymphatic drainage of each head and neck subsite is

different, so this must be assessed according to the location of the primary lesion), and the “M” refers to distant

metastases. With this analysis, it is also possible to establish the stage of the disease, which can vary from 0 to IV, the

latter being the stage with the worst prognosis .

Table 1. Tumor classification according to TNM profile . T—extent of the primary tumor, N—infected regional lymph

nodes, M—distant metastases.

Stage T N M

0 Defined shape No invasion No distant metastasis

I Defined shape, less than 2 cm
Does not invade the submucosa No invasion No distant metastasis
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Stage T N M

II Between 2 and 4 cm
Initial invasion of the submucosa No invasion No distant metastasis

III Cancer cells rapidly divide
Tumors with more than 4 cm Invasion No distant metastasis

IV Cancer cells enter the bloodstream Invasion Distant metastasis

In recent years there has been great progress in defining the staging of head and neck tumors and therapeutic strategies.

However, despite all the advances made in the various treatment modalities, the survival rate has remained almost

unchanged in the last 25 years. Additionally, since head and neck anatomy are extremely complex, both being composed

of several interconnected and interdependent structures, and since typically HNC occurs near structures that are

important both at functional and cosmetic levels, early diagnosis is imperative .

Despite recent advances in diagnosis, approximately 70% of patients with head and neck squamous cell carcinoma

(HNSCC) present with advanced-stage disease, frequently involving regional lymph nodes at the time of diagnosis,

leading to high associated mortality. The 5-year survival rate is about 60% . Late diagnosis usually implies that the

cancer has infiltrated surrounding tissues and spread to the regional nodes, this sometimes being the only clinical

manifestation. Furthermore, the invasion of surrounding structures allows the entrance of cancer cells into the

bloodstream, which may enable the appearance of distant metastasis and secondary sites; however, distant metastases

are not usually present (only in about 10% of patients) . One of the biggest problems associated with this

disease is its rate of recurrence. Approximately 50% to 60% of patients with localized HNSCC have their disease progress

within two years after diagnosis, which drastically decreases the survival rate (from 80% to 50–35%—depending on the

degree of disease progression). Patients with recurrent or metastatic disease have an estimated survival of less than one

year .

Late diagnosis requires aggressive treatments with high morbidity. Most of the time, the treatment will compromise the

organs necessary to perform simple functions, such as eating, breathing, and speaking . Given the vital importance

of the structures involved in these tumors, the therapeutic strategies adopted should not only aim to improve the survival

rate, but also preserve the functions of the organs, indicating the need for a multidisciplinary approach . The

standard treatment for HNC involves surgical resection and radiotherapy (in combination or as isolated treatments) in

early stages, and chemotherapy is used in advanced stages of the disease . Concurrent chemo-radiation allows

preservation of organ function, and it is the main treatment for tumors arising in the oropharynx, nasopharynx,

laryngopharynx, and larynx. For oral cavity cancers, the highest cure rates are achieved by using surgical techniques with

adjuvant or post-operative radiotherapy (associated or not with chemotherapy) . Radiation therapy is also important in

the control and palliation of symptoms in patients with advanced/incurable HNC, allowing tumor reduction, prevention of

ulceration and bleeding, and pain control . However, due to the complex anatomy of this region, the conventional

approach is always limited, as the treatments can result in severe functional impairment. Surgical resection is usually

inadequate due to anatomical limitations, so despite various attempts to improve the existing treatments, they still have

severe side effects. The traditional surgical approach is always the preferred treatment, as it removes all macroscopic

tumors, yet there is always the concern of having a microscopic disease. With this approach, it is common that malignant

cells persist in the tissue margins adjacent to the surgery, meaning that microscopic disease is normally present in the

margins of the surgical area, which is often associated with local recurrence and a poor prognosis. Thus, in most cases,

radiotherapy is used as well. In addition, surgery can cause severe side effects, resulting in the loss of basic functions and

the need for tracheostomy and/or gastrostomy. If a tumor invades the carotid artery or pre-vertebral tissues, it cannot be

removed . Therefore, if possible, radiation therapy is ideal, due to the reduction in the associated morbidity . This

type of treatment can be applied both to the primary tumor and to the lymphatic nodes, and can be referred to as organ-

preserving therapy, with or without chemotherapy. However, although radiotherapy is a non-invasive treatment, it is not

innocuous, as it can lead to both acute and chronic toxicity in normal tissues. For example, radiotherapy to the head and

neck region may cause undesirable radiotherapy-induced changes in the surrounding tissues; and side effects such as

oral mucositis, hyposalivation, loss of taste, dental caries, dysphagia, dermatitis (acute) osteoradionecrosis, vessels

stenosis, hypothyroidism, hearing loss (late), and trismus, thereby negatively impacting the patient’s quality of life .

Regarding chemotherapy, this treatment modality is not usually employed as an isolated treatment for HNC, but it can still

be used in some scenarios and for different purposes :

Radiation enhancement/synchronous chemotherapy, used in conjunction with radiation therapy—reduces the risk of

lymph node metastasis;
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Neo-adjuvant/induction chemotherapy—to reduce the tumor’s size before the main treatment;

Adjuvant—acts on the small lesions that cannot be removed by surgery, reduces the recurrence rate, and improves the

survival rate;

Palliation—for distant metastases.

Currently, the main chemotherapy drugs used in the treatment of HNC are antimetabolites, platinum compounds, taxanes

like fluorouracil (5-FU), methotrexate (MTX), cisplatin, carboplatin, docetaxel, and paclitaxel; and various therapeutic

protocols can be used, depending on the evolution and stage of the disease . One of the standard combinations

used to treat recurrent/metastatic HNC non-expressing PD-L1 is cisplatin/5-FU/cetuximab, which allows an increase in the

speed of response to therapy, although toxicity may also be higher than the alternatives . In the case of

chemotherapy induction, the standard regime is cisplatin (100 mg/m ) on days 1, 22, and 43 of concomitant radiotherapy

. The combination of docetaxel (75 mg/m ) and low doses of cisplatin (75 mg/m ) and 5-fluorouracil (750 mg/m ) each

day, for five consecutive days, is also used. This strategy has been shown to reduce the progression of distant

metastases, particularly in high-risk patients . In addition to these classes of compounds, EGFR inhibitors have also

emerged as a new treatment strategy for HNC. Another method is using certain antibodies that can recognize receptors in

cancer cell membranes, leading targeted cell death. Cetuximab (2006) was the first monoclonal antibody to be approved,

and demonstrated considerably improved overall survival in patients with locally advanced and recurrent or metastatic

HNC tumors. It also showed the role EGFR signaling pathways play in the treatment of HNC . Nivolumab (2016)

was the second antibody approved by the Food and Drug Administration (FDA) for cases of metastatic or recurrent

HNSCC. More recently, in 2019, came the approval of pembrolizumab as a first-line treatment for patients with

unresectable metastatic or recurrent HNSCC .

When used in combination with radiotherapy, drugs have more severe and longer lasting side effects than when used

alone. This strategy is used for advanced tumors and is reported to be superior to surgery or radiotherapy alone by 6–8%

in terms of 5 year survival . Despite the advances made recently, focused on advanced treatments to preserve

organ function and improve quality of life, most of these treatments for HNC have low efficacy, detrimental side effects,

and associated morbidities, such as systemic toxicity and cosmetic damage due to lack of selectivity of the therapeutic

agents and the invasiveness of the surgical procedures . Most of the chemotherapy drugs lack specificity to tumor

cells. Thus, they have negative effects on healthy cells as well, resulting in severe side effects, and usually, the

concentration of drug achievable at the target is limited, resulting in suboptimal treatment . In this sense, the patients

subjected to these therapies require significant support from a multidisciplinary team for psychological and physical

rehabilitation, including a speech and language therapist, a dietician, a restorative dentist, and a hygienist. However, after

treatment, some side effects can persist, despite intensive rehabilitation. A small number of patients never return to a

normal oral diet . For that reason, research has been focusing on targeted cancer therapies to prevent these effects.

The progress in immune checkpoint inhibitors (ICIs) for HNC came to change the therapeutic landscape of the disease,

and led to a remarkable benefit for some patients. These are a class of drugs that bind to proteins present in cell

membranes that are produced by immune cells such as T cells and some cancer cells, having the ability to block them.

These proteins function as checkpoints, allowing the differentiation of self from non-self antigens, and when blocked, can

facilitate signaling and mobilization for cell death by circulating T-lymphocytes. The main checkpoint proteins found in

cancer cells involved in this type of response in HNC are PD-L1 and CTLA-4 . This therapeutic strategy in combination

with other conventional ones, can generate long-lasting immune responses and may lead to a significant improvement in

therapeutic efficacy and survival in patients with advanced HNC. An example of this therapeutic approach is

pembrolizumab, an anti-PD-L1 antibody that has been approved as a first-line treatment for patients with recurrent or

metastatic HNC. It was beneficial in some cases; however, only 20% of patients with advanced HNC who received it

showed effective responses . Additionally, the efficacy of these monoclonal antibody therapies is higher when the

patients have PD-L1-expressing tumors, making this therapeutic quite specific . Additionally, the majority of patients

present primary resistance to ICIs, have several immune-related adverse events, and do not benefit from the use of these

agents, emphasizing the need for developing predictive biomarkers to better determine who will benefit from treatment

with ICIs and to reduce severe systemic toxicity .

Moreover, like conventional cytotoxic therapy, immunotherapy is hampered by transport problems. Additionally, this

difficulty of membrane permeation into solid tumor tissue by an ICI compromises the efficacy of such therapy. Therefore, it

is urgently necessary to optimize the transport strategy of these therapeutic agents, namely, by using nanotechnology, as

it can allow the transport of drugs selectively into tumor tissue, minimize toxicity in healthy tissues, and reduce immune-

related side events.
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Overall, given the drawbacks of these conventional treatments, the need has arisen to develop strategies and innovative

technologies that improve the efficacy and safety of HNC therapies while reducing adverse effects and resistances.

4. Nanomedicine as a Therapeutic Approach for HNC

Nanotechnology is a multifaceted science that combines research fields (Figure 3). Its uses in healthcare come under

nanomedicine, which uses molecular tools for diagnostic procedures, treatment, and prevention of diseases (e.g., cancer)

. Like nanotechnology, the definition of nanomedicine is not agreed on. It concerns a range of particles, which

should be at the nanoscale, between 1 and 1000 nm . The goals of nanomedicine are common to those of

traditional medicine, being earlier diagnosis, the development of non-invasive and effective treatments, and the

minimization of side effects .

Figure 3. Scientific areas contributing to the use of nanotechnology to nanomedicine.

Nanomedicine offers not only improvements for existing techniques, but also the possibility of developing new techniques

with superior efficacy, by manipulating drugs at the molecular level and altering their physicochemical properties, such as

their solubility and permeability; or facilitating their sustained or controlled delivery . Nanotechnology can be applied

in numerous fields of medicine, such as imaging , drug delivery , DNA sequencing , and tissue engineering .

The arising of applications of nanotechnology in medicine offers new chances for dealing with the problems associated

with commonly used therapies. Regardless of its varied applications in medicine, nanotechnology has played a

particularly key role in the delivery of drugs using nanocarriers. With cancer being one of the most common diseases

worldwide, the treatment of cancer has been the purpose of several studies in the field of nanomedicine. Most have aimed

to improve of the existing treatments and at the same time reduce the associated side effects. This type of

nanotechnology-based approach improves the overall efficacy and safety of drugs and increases the effectiveness of

therapy, as it will condition their variable factors, such as pharmacokinetics, toxicity, targeted delivery, and stability .

The Nanomedicine Strategic Research and Innovation Agenda (2016–2030) from the European Nanomedicine

Community points out the current needs for cancer treatment :

The improvement of diagnosis and the development of novel strategies for early detection of tumors, circulating tumor

cells, and metastases;

The improvement of treatment of solid tumors and chemo-resistant tumors;

The improved precision and efficacy of radiotherapy, immunotherapy, photodynamic, individualized, and hyperthermia

therapies

Lower side effects through more targeted chemotherapy.

Therefore, nanomedicine enables us to address these challenges and improve cancer treatment. One of the main

reasons for conventional HNC treatments’ failures is the inefficiency of the doses of therapeutic agents, as little of most

drugs effectively reaches the tumor, partly caused by the dose-limiting profile of healthy tissues. The controlled delivery of

drugs has become increasingly important because of the advantages that this can bring to the pharmaceutical industry

and cancer treatment: it allows a higher drug concentration to reach the tumor cells, while reducing the dose of the drug

being administered . Drug delivery to a specific location has emerged as an approach to overcome the

disadvantages of conventional treatments of HNC, including the absence of specificity of conventional cytotoxic agents 

. The development of nanocarriers should consider several particulars—namely, influence the properties of the

drug, such as its solubility, release profile, bioavailability, and immunogenicity. In addition, it allows overcoming barriers,

such as phagocytic mononuclear opsonization. Additionally, four factors are taken into account for the effective design of
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nanocarriers, namely, the retention of drug-loaded nanoparticles inside of the human body, the escape from the immune

system, the ability to reach the target site, and the effective release of the drug at the target site .

In addition, with drug delivery, resistance to drugs is avoided . Nanocarriers are a class of versatile materials that can

function as drug carriers, diagnostic agents, or targeting ligands for HNC. These carriers can improve the properties of

drugs and their pharmacokinetics, depending on the intended use . In addition, the use of nanocarriers for controlled

delivery allows, due to their reduced size, overcoming certain biological barriers, such as the blood–brain barrier;

however, they must fulfill some requirements to be used in HNC .

Firstly, the size and size distribution are among the most important characteristics of nanocarriers, as they are

determinant factors for distribution, toxicity, circulation time, in vivo behavior, and targeting to the HNC . The

nanocarrier’s size is important because most of the properties of nanomaterials are owed to their small size, which gives

them proportionally large surface areas, which is critical for drug delivery purposes . Moreover, larger particles are

recognized and cleared by the liver and the reticuloendothelial system , though this rapid clearance can be avoided

through the use of polyethylene glycol (PEG) . The small size can also facilitate cellular uptake; and small particles

have large surface areas, exposing the bioactive molecules, leading to faster drug release .

Dosage is also an extremely important feature when addressing the targeting of drugs. Drugs used in HNC therapy are

administered systemically, which requires high dosages and causes side effects in healthy tissues. Thus, it is necessary to

decrease the drug concentration in healthy tissues without compromising the therapeutic dose at the site of interest. This

reduction can be achieved by localized release of the drug in the target using controlled drug delivery systems .

With the progress made by studies on tumor biology, genetics, and nanotechnology, medicine has become more

personalized. Great variability in therapeutic responses has been shown between patients and between head and neck

tumors. In this sense, to personalize the therapeutic approach to be taken with each user, it is essential to understand the

biological mechanisms related to the distribution and retention of nanocarriers in tumors .

Nanocarriers can be led to the site of interest by passive or active targeting strategies. These strategies aim at increasing

the drug concentration in the target cells of HNC, retention, and reducing the toxicity to healthy/systemic tissues .

While passive targeting takes advantage of the unique characteristics of tumor pathophysiology to drive the nanocarriers

to the site of interest without any stimulus or ligand, active targeting makes use of molecules or ligands specific to the site

of interest (Figure 4).

4.1. Passive Targeting

Passive targeting consists of the systemic injection of the nanocarriers that will accumulate preferentially at the site of

interest due to the enhanced permeability and retention (EPR) effect (Figure 4) . It depends on the size of the

nanocarriers, and if they are small enough, usually less than 100 nm, their circulation is extravagated through vascular

defects typically present at the tumor sites due to accelerated angiogenesis. They should reach hepatic and spleen

macrophages . This passive targeting effect is also dependent on the degree of vascularization of the tumor, the

porosity of the vessels, and the sizes of the pores on the vessels (which vary with the type and stage of the tumor). Solid

tumors frequently have leaky vasculature in relation to normal tissues. There is also abnormal lymphatic drainage around

these tumors. All these factors promote increased EPR by passive nanocarriers . Thus, passive targeting depends

on the anatomophysiological conditions of the target. The high production of blood vessels that occurs in tumoral tissues

to promote their rapid growth allows carriers such as nanoparticles to be easily retained and accumulated in the tumor

tissues .

The EPR effect can be influenced by a complex set of tumor microenvironment (TME) factors, including tumor

characteristics, stage, vasculature, stroma, macrophages, lymphatics, and interstitial fluid pressure, and is therefore

difficult to predict . Concerning the EPR effect, there are still often some discrepancies between the experiences in

animal models used for in vivo assays and human clinical treatments. There are significant size differences between mice

and humans, and consequently, the pharmacokinetic profiles and the pharmacodynamic properties of the drugs in the

tumors also differ. In this respect, larger animal models may be better benchmarks for estimating the EPR effects of

targeted delivery of anti-cancer drugs in humans. Furthermore, in animal models, namely, xenograft mouse models, the

effect of EPR may vary between formed and spontaneously implanted tumors. In the case of implanted tumors, the

vessels are highly leaky and exaggerate the preferential leakage on nanodrugs. Thus, sometimes good results on solid

tumors from animal models can result in disappointing effects when applied to humans, so it is important to take this effect

into account when applying a candidate drug to humans .
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Figure 4. Drug delivery systems’ strategies for anticancer therapy: passive targeting and active targeting. Adapted with

permission from .

4.2. Active Targeting

Active targeting consists of the use of a mechanism to increase the specificity of the nanocarrier to the action site . One

of the most effective ways to improve the specificity of a nanocarrier is by increasing its affinity for the target by using a

molecule with the ability to recognize and bind to the target tissue . Nanoparticles can be given an extra degree of

tumor specificity by combining them with targeting ligands. These ligands bind to the nanoparticles’ target during tumor

diagnosis/treatment once they interact with the right receptors on the surfaces of the target cells (are tumor-specific

markers), and as a result of this interaction, cell internalization occurs . All nanoparticles are capable of conjugation

with target ligands, such as antibodies/antibody fragments, nucleic acids, sugars, vitamins, peptides, aptamers, and

others small molecules. For example, to ensure that adequate contrast is provided during surgery in HNC, the target of

interest must be highly expressed while expression is minimal in surrounding healthy tissues. The functionalization of

nanoparticles has the advantage of leaving the fluorophore chemically unchanged, thereby limiting the possibility of

optical performance .

The major challenge of active targeting is the choice of targeting agent to avoid toxicity to healthy cells. Another type of

active targeting is the so-called physical/triggered targeting, which consists of the use of internal (pH, redox potential,

enzymes) or external stimuli (UV light, temperature, ultrasound) to drive the nanocarrier to the site of interest before

triggering the release of the drug . This targeting is especially notable in the form of magnetic nanocarriers, which

can be guided to the site of interest through an external magnetic field.
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