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INTRODUCTION

Head and neck cancer is a general term encompassing multiple cancers that can develop in the head and
neck region. These include cancers of the mouth, tongue, gums and lips (oral cancer), voice box
(laryngeal), throat (nasopharyngeal, oropharyngeal, hypopharyngeal),salivary glands, nose and sinuses."!
Head and neck cancer can present a wide range of symptoms depending on where the cancer developed.
These can include an ulcer in the mouth that does not heal, changes in the voice, difficulty swallowing,
red or white patches in the mouth, and a neck lump."”®'The majority of head and neck cancer is caused
by the use of alcohol or tobacco (including smokeless tobacco). An increasing number of cases are caused
by the human papillomavirus (HPV).[¥ Other risk factors include the Epstein—Barr virus, chewing betel
quid (paan), radiation exposure, poor nutrition and workplace exposure to certain toxic substances.'"
About 90% are pathologically classified as squamous cell cancers.”™ The diagnosis is confirmed by a tissue
biopsy.!*! The degree of surrounding tissue invasion and distant spread may be determined by medical
imaging and blood tests.Not using tobacco or alcohol can reduce the risk of head and neck cancer.'®
Regular dental examinations may help to identify signs before the cancer develops.!”? The HPV vaccine
helps to prevent HPV-related oropharyngeal cancer.®! Treatment may include a combination of surgery,
radiation therapy, chemotherapy, and targeted therapy. In the early stage head and neck cancers are often
curable but 50% of people see their doctor when they already have an advanced disease."

Overview of HNC & its Global Impact

Globally, head and neck cancer accounts for 650,000 new cases of cancer and 330,000 deaths annually
on average. In 2018, it was the seventh most common cancer worldwide, with 890,000 new cases
documented and 450,000 people dying from the disease.!'” The usual age at diagnosis is between 55 and
65 years old.!""! The average 5-year survival following diagnosis in the developed world is 42-64%.Head
and neck cancer was the seventh most common cancer worldwide in 2018 (890,000 new cases and
450,000 deaths),1 accounting for 3% of all cancers (51,540 new cases) and just over 1.5% of all cancer
deaths (10,030 deaths) in the United States.2 Cancers that are known collectively as head and neck
cancers usually begin in the squamous cells that line the mucosal surfaces of the head and neck (for
example, those inside the mouth, throat, and voice box). These cancers are referred to as squamous cell
carcinomas of the head and neck. Head and neck cancers can also begin in the salivary glands, sinuses,
or muscles or nerves in the head and neck, but these types of cancer are much less common than
squamous cell carcinomas!'® '

Classification of Head and Neck Cancers by Anatomical Site

The anatomical sites of head and neck cancer were presented in Table 1 .
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Oral cavity: Includes the lips, the front two-thirds of the tongue, the gums, the lining inside the cheeks
and lips, the floor (bottom) of the mouth under the tongue, the hard palate (bony top of the mouth), and
the small area of the gum behind the wisdom teeth.

Throat (pharynx): The pharynx is a hollow tube about 5 inches long that starts behind the nose and leads
to the esophagus. It has three parts: the nasopharynx (the upper part of the pharynx, behind the nose);
the oropharynx (the middle part of the pharynx, including the soft palate [the back of the mouth], the
base of the tongue, and the tonsils); the hypopharynx (the lower part of the pharynx).

Voice box (larynx): The voice box is a short passageway formed by cartilage just below the pharynx in the
neck. The voice box contains the vocal cords. It also has a small piece of tissue, called the epiglottis, which
moves to cover the voice box to prevent food from entering the air passages.

Paranasal sinuses and nasal cavity: The paranasal sinuses are small hollow spaces in the bones of the
head surrounding the nose. The nasal cavity is the hollow space inside the nose.

Salivary glands: The major salivary glands are in the floor of the mouth and near the jawbone. The salivary
glands produce saliva. Minor salivary glands are located throughout the mucous membranes of the mouth
and throat.Cancers of the brain, the eye, the esophagus, the thyroid gland, and the skin of the head and
neck are not usually classified as head and neck cancers.If a squamous cell carcinoma of the head and
neck is going to spread, it almost always does so locally and/or to the lymph nodes in the neck. Sometimes,
cancerous squamous cells can be found in the lymph nodes of the upper neck when there is no evidence
of cancer in other parts of the head and neck, possibly because the original primary tumor is too small.

Table 1: Classification of Head and Neck Cancers by Anatomical Site

Site ICD-10 Description Common Symptoms
Code
Oral Cavity C00—CO06 | Lips, tongue, gums, cheeks, | Ulcer, bleeding, pain,
palate, floor swelling
Oropharynx C09—C10 | Base of tongue, tonsils, soft | Sore throat, pain, earache
palate
Nasopharynx C11 Upper part of throat behind the | Nasal obstruction, hearing
nose loss
Hypopharynx C12-C13 | Lower pharynx (throat) Difficulty swallowing,
hoarseness
Larynx C32 Voice box Hoarseness, breathing
trouble
Paranasal C30-C31 Sinus & nasal cavity Headache, bleeding, sinus
Sinuses/Nasal congestion
Salivary Glands C07—C08 | Major and minor glands Swelling, facial weakness,
pain

Major Risk Factors for Head and Neck Cancer

Alcohol and tobacco use (including second hand smoke and smokeless tobacco, sometimes called
“chewing tobacco” or “snuff”) are the two most important risk factors for head and neck cancers,
especially cancers of the oral cavity, hypopharynx, and voice box '*'®. People who use both tobacco and
alcohol are at greater risk of developing these cancers than people who use either tobacco or alcohol alone
[19.20] 'Most head and neck squamous cell carcinomas of the mouth and voice box are caused by tobacco
and alcohol use !"*!.Infection with cancer-causing types of human papillomavirus (HPV), especially HPV
type 16, is a risk factor for oropharyngeal cancers that involve the tonsils or the base of the tongue '/,
In the United States, the incidence of oropharyngeal cancers caused by HPV infection is increasing, while
the incidence of oropharyngeal cancers related to other causes is falling [*!!. About three-quarters of all
oropharyngeal cancers are caused by chronic HPV infection ***°1, Although HPV can be detected in other
head and neck cancers, it appears to be the cause of cancer formation only in the oropharynx. The reasons
for this are poorly understood. Other known risk factors for specific cancers of the head and neck were
presented in Table 2 and include the following-Paan (betel quid): The use of paan (betel quid) in the
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mouth, a common custom in Southeast Asia, is strongly associated with an increased risk of mouth
cancers ** ", Occupational exposure: Occupational exposure to wood dust is a risk factor for
nasopharyngeal cancer ** *1, Certain industrial exposures, including exposures to asbestos and synthetic
fibers, have been associated with cancer of the voice box, but the increase in risk remains controversial
Bl people working in certain jobs in the construction, metal, textile, ceramic, logging, and food industries
may have an increased risk of cancer of the voice box P!, Industrial exposure to wood dust, nickel dust,
or formaldehyde is a risk factor for cancers of the paranasal sinuses and nasal cavity **~* Radiation
exposure: Radiation to the head and neck, for noncancerous conditions or cancer, is a risk factor for
cancer of the salivary glands °~*"). Epstein-Barr virus infection: Infection with the Epstein-Barr virus is a
risk factor for nasopharyngeal cancer **! and cancer of the salivary glands ** *’). Ancestry: Asian ancestry,

particularly Chinese ancestry, is a risk factor for nasopharyngeal cancer %2,

Table 2: Major Risk Factors for Head and Neck Cancer

Risk Factor Affected Site(s) | Mechanism of Action Regionally Prevalent
(India)
Tobacco Smoking | Oral cavity, | DNA damage, chronic inflammation | High
larynx
Alcohol Pharynx,  oral | Synergistic with tobacco, | Moderate
Consumption cavity acetaldehyde toxicity
HPYV Infection Oropharynx Oncoproteins  E6/E7  inactivate | Increasing
tumor suppressors
Betel Quid (Paan) | Oral cavity Mechanical trauma, carcinogens in | Very High
areca nut
EBV Infection Nasopharynx Viral latency and transformation Low to Moderate
Occupational Dust | Nasal cavity, | Inhaled carcinogens (wood, asbestos, | Region-dependent
sinuses formaldehyde)

UNDERLYING GENETIC DISORDERS

Some genetic disorders, such as Fanconi anemia, can increase the risk of developing precancerous lesions
and cancers early in life ). Head and neck cancer symptoms may include a lump in the neck or a sore in
the mouth or the throat that does not heal and may be painful, a sore throat that does not go away,
difficulty in swallowing, and a change or hoarseness in the voice. These symptoms may also be caused by
other, less serious conditions. It is important to check with a doctor or dentist about any of these

symptoms.

POTENTIAL IMPACT OF DIETARY IRON ON CANCER RISK & PROGRESSION

Oral cavity: A white or red patch on the gums, the tongue, or the lining of the mouth; a growth or swelling
of the jaw that causes dentures to fit poorly or become uncomfortable; and unusual bleeding or pain in
the mouth.

Throat (pharynx): Pain when swallowing; pain in the neck or the throat that does not go away; pain or
ringing in the ears; or trouble hearing.

Voice box (larynx): Trouble breathing or speaking, pain when swallowing or ear pain.

Paranasal sinuses and nasal cavity: Sinuses that are blocked and do not clear; chronic sinus infections
that do not respond to treatment with antibiotics; bleeding through the nose; frequent headaches,
swelling or other trouble with the eyes; pain in the upper teeth; or problems with dentures.

Salivary glands: Swelling under the chin or around the jawbone, numbness or paralysis of the muscles in
the face, or pain in the face, the chin, or the neck that does not go away. Head and neck cancers account
for nearly 4% of all cancers in the United States [**, These cancers are more than twice as common among
men as they are among women !, Head and neck cancers are also diagnosed more often among people
over age 50 than they are among younger people. Researchers estimated that more than 68,000 men and
women in the United States would be diagnosed with head and neck cancers in 2021 *2, Most will be
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diagnosed with mouth, throat, or voice box cancer. Para-nasal sinus and nasal cavity cancer and salivary
gland cancer are much less common.

HEAD and NECK CANCER DIAGNOSIS

If a patient has symptoms suggestive of a head and neck cancer then the doctor will first of all take a
detailed history, and ask other relevant questions. After this the patient will undergo a detailed physical
examination. In addition to this the following tests may be required to diagnose head and neck cancer:
Endoscopy

Biopsy

Molecular testing of the tumour

X-ray/barium swallows

Panoramic radiograph

Ultrasound

Computed Tomography Scan (CT scan)

Magnetic Resonance Imaging Scan (MRI Scan)

Positron Emission Tomography—Computed Tomography Scan (PET-CT scan)

IRON SUPPLEMENTATION IN CLINICAL PRACTICE

Common indications for iron supplementation in cancer patients

Surgery - Surgery is the typical treatment for head and neck cancer. Minimally invasive procedures, such
as laser microsurgery, robotic approaches, and Mohs surgery, are enough to remove some tumors. But
others need complex head and neck cancer operations. Careful preparation and planning are a must, and
MSK's surgeons use specialized techniques to preserve the key functions (speech and swallowing) and
appearance. This is the benefit of getting head and neck surgery done by surgeons who are board-certified
in head and neck surgery and have years of experience treating such types of cancer.

Radiation Therapy - Radiation therapy for head and neck cancer can cure many patients. Radiation
oncologists at MSK use advanced technologies to treat these cancers. Intensity-modulated radiation
therapy and proton therapy are the most effective treatments for head and neck cancer. These techniques
do not affect the patient's ability to eat or swallow and other such side effects.

Immunotherapy - It is the most promising cancer therapy available today for people with advanced head
and neck cancer. Immunotherapy uses the patient's immune system to fight off cancer. MSK scientists
and doctors work closely to help develop new treatment modalities for patients who come to MSK for
immunotherapy treatment.Not everyone can benefit from immunotherapy, especially if cancer has
recurred after standard treatment. Such patients can get more options with clinical trials. Such trials give
you the opportunity to try a new treatment option that is not available elsewhere.

Genomic Testing for Head and Neck Cancer - In personalized medicine, the cells from a biopsy are
screened for any genetic mutations. These gene mutations are linked to the type of cancer the patient has.
Specific cancer drugs are more effective than others against cancer with specific gene mutations. This
genomic testing can help determine the most effective therapy for a particular patient. Patients with
advanced cancers (stage I1I or stage [V) and recurrent head and neck cancer have new treatment options
with such advancements.Memorial Sloan Kettering also offers a genomic-sequencing test called MSK-
IMPACT™, This test identifies genetic mutations and other abnormalities associated with specific cancer.
MSK-IMPACT can help the doctors rule out treatments that might not work and also recommend clinical
trials designed to target those mutations.

HPV-Associated Head and Neck Cancer - The majority of cases of head or neck cancers are linked to
alcohol and tobacco use, but infection with the human papillomavirus (HPV) is becoming a leading cause.
HPV-associated head and neck cancers usually affect the tonsils and other areas of the throat. The only
positive to this is patients with HPV-positive tumors typically respond well to treatment and have a better
prognosis. They might also require a less-intensive course of treatment, reducing side effects. (Table 3)
In case diagnosed with head and neck cancer related to HPV, it is best to find out the benefit from a less-
intensive treatment plan at MSK.
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Table 3: Role of Iron in Head and Neck Cancer Progression

Aspect Role of Iron Implications
Iron Deficiency May impair immune surveillance | Increased infection risk
Iron Overload Generates ROS and DNA | Promotes tumorigenesis
damage
Ferritin and Transferrin | Elevated in malignancy Possible prognostic biomarkers
Levels
Supplementation Corrects  anemia,  supports | Requires careful monitoring due to
(Oral/IV) therapy tolerance cancer risks

MECHANISMS LINKING IRON TO CANCER PROGRESSION

Oxidative stress happens when there is too much reactive oxygen species (ROS) and not enough
antioxidants in the body. lonizing and UV radiation, particulate matter (PM), xenobiotics, smoking, and
pollution are all environmental variables that might cause too much ROS to be made. Intracellular
sources, like the mitochondria, electron transport chain, cytochrome P450 enzymes, and NADPH
oxidase, make ROS production even worse. Superoxide anion (O;7), hydrogen peroxide (H,0O;), and
hydroxyl radicals (*OH) are the main ROS that cause oxidative stress in cells. This higher ROS
environment causes oxidative damage to DNA, proteins, and lipids, which shows up as mutagenesis,
enzyme inactivation, and membrane rupture, respectively. ROS also increase the activity of
ribonucleotide reductase, which makes cells grow faster. ROS also stabilize hypoxia-inducible factor 1-
alpha (HIF-1a), which helps blood vessels grow. At the same time, oxidative stress can lower
immunological responses by changing the polarization of macrophages to an anti-inflammatory M2
phenotype. This helps tumors grow and avoid the immune system. Cells use antioxidant defenses to fight
these effects. These include intracellular antioxidant molecules including vitamins C and E, glutathione,
ubiquinone, and bilirubin, as well as enzymatic antioxidants like glutathione (GSH), catalase (CAT),
superoxide dismutase (SOD), and catalase. But if these defenses fail, long-term oxidative stress can cause
cells to die by apoptosis, autophagy, or necrosis The diagram below (Figure 1) illustrates about the
mechanism of iron linking to cancer progression. ]
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Figure 1: Mechanisms Linking Iron to Cancer Progression
HEAD AND NECK CANCER RISK FACTOR IN THE INDIA
Risks & benefits associated with supplementation
The systematic review will generate up-to-date information on the role of different risk factors of head
and neck cancer (HNC) incidence in India. This study will provide the city-specific prevalence of HNC
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risk factors which may have implications on health policies for management of HNC and for establishing
cancer care in profoundly affected areas.The worldwide HNC trends for risk factor patterns have
drastically changed in the past 15 years [**], It is considered as a lethal disease for approximately half of all
diagnosed cases, owing to low awareness and late detection at advanced stages of cancer 4, HNC is the
third most common in India with 52 067 deaths and 77 003 cases diagnosed in 2012 !, The real
incidence is much more than the actual estimates as many cases of HNC go undiagnosed or unreported.
Numerous reports highlight that risk factors are not only etiological determinants of HNC but are also
connected with increased risk of HNC prevalence [****), Previously published studies have demonstrated
that alcohol consumption and tobacco use are the most significant risk factors of HNC in addition to
HPV [49—51].

Guidelines & recommendations specific to HNC patients

The significant risk factors for HNC have already been elucidated °*!. However, the likelihood chances of
an individual developing HNC have not been studied thoroughly. This is due to the scarcity of published
review papers in this context. This study will provide guidelines to help clinicians and scientists better
understand the link between HNC and its risk factors, mainly smoking, alcohol consumption, HPV and
betel-quid chewing in Indian patients with HNC.The most significant risk factors are strongly associated
with the sociocultural diversity and customs of India, **! and this obstacle leads to poor clinical
outcomes. The connections between diverse risk factors including alcohol, HPV, tobacco smoking and

tobacco chewing, significantly vary due to diverse demographic and lifestyle habits of people in India °>
56]

CURRENT EVIDENCE & RESEARCH GAPS

Summary of existing studies on dietary iron & supplementation in HNC

In India, the number of cancer cases is rising. According to GLOBOCAN 2020, there will be 2.1 million
new cancer cases in India by 2040, an increase of 57.5% from the year 2020 7%, Moreover, one in nine
Indians has a lifetime risk of developing cancer °*!. Head and neck cancer (HNC), in particular, accounts
for 30% of the all-cancer cases [°!. Furthermore, a significant rise in the incidence of HNC was noted in
the Indian population-based cancer registries (PBCRs) of Aurangabad, Delhi, Chennai, and Bhopal for
males, and Nagpur for females [°"). HNC includes the cancers of the oral cavity, pharynx, and larynx —
primarily originating from the mucosal epithelium, but also from less common sites like salivary glands,
and nose, sinuses, muscles and nerves [*!. Squamous cell carcinoma makes up most cases of HNC (%],
Identification of gaps in Knowledge & Areas requiring further Research

In India, more than 65% of patients with HNC attend the hospital with locally advanced disease [**%,
Late-stage presentation, lack of access to cancer care and failure to complete treatment led to poor survival
in HNC patients 1" ®*!. High-quality data from PBCRs are required to address this public health issue as
well as to make better infrastructure and policy-related decisions about disease prevention. However, in
India, PBCRs cover less than 15% of the population [ 7!, Several challenges have been reported in
establishing PBCRs in resource-constrained countries like India "7,

Clinical Evidence for Iron Supplementation in HNC

This paper aims to summaries the region-wise incidence of HNC based on the published data of the
registries of that region. The study utilized the published and publicly available Indian PBCRs data. Data
from 28 PBCRs available in public domain of the National Cancer Registry Programme (NCRP),
Bengaluru [ and 9 PBCRs established by the Tata Memorial Centre (TMC), Mumbai (for the states of
Maharashtra, Punjab, Uttar Pradesh, Bihar, and Andhra Pradesh as well as the Chandigarh-Union
Territory) were included "*®!. The Barshi registry was the country’s first rural cancer registry, established
by TMC, Mumbai in 1987 and regularly submitted data to |NCRP‘[T1] (77,

Risks of Iron Overload in Oncology

There is a variation in the definition of HNC by the National Cancer Institute and the International
Agency for Research on Cancer (IARC) ®2), Therefore, there is a need to specify the anatomical subsites
covered in this study. Here, we have defined HNC based on the International Classification of Diseases
(ICD-10) topography codes which include lip (C00), tongue (C01-02), mouth (C03-06), tonsil (C09),
another oropharynx (C10), nasopharynx (C11), hypopharynx (C12-13), pharynx unspecified (C14) and
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larynx (C32) "*#1, The cancers of salivary gland, maxillary sinus and nasal cavity are not included in the
present data due to the different etiology of the disease.

RECOMMENDATIONS FOR FUTURE STUDIES & CLINICAL TRIALS

Current role of artificial intelligence in head & neck cancer surgery

Artificial intelligence (Al) is a new field of science in which computers will provide decision-supporting
tools to help doctors make difficult clinical choices **1. The achievement of a large number of health data
and the desire to be able to make predictions about such data has generated considerable interest in
machine learning (ML). ML represents a subset of Al that enables computers to learn from data and
experiences and to act without being specifically programmed [*,

CONCLUSION

Iron works in two different ways when it comes to cancer. Cell division and oxygen transport depend on
iron, yet an overload causes reactive oxygen species (ROS), damaged DNA and more tumor blood vessels
and it is often present in HNC patients due to chronic redness, ongoing bleeding and nutrition issues.
This frequently leads to anemia caused by cancer which interferes with how well patients react to
treatment and their general wellbeing. High doses of iron without proper monitoring might help cancer
cells grow, so watching iron levels is important for people with HNC.

Emphasis on the need for Comprehensive research in this area

Iron-related biomarkers and judicious iron supplementation can help boost the energy level and make
surgeries or cancer treatments less stressful for Individualized testing is important to prevent too much
iron, mainly in people with chronic illnesses or inflammation. Emerging researchers are analyzing possible
uses of iron chelators to attack cancer metabolic processes, but they need more testing in people.
Future Perspectives

Only well-organized studies can determine if iron supplementation (given orally or by injection) is both
safe and effective for HNC patients based on their anemia and cancer stage. It is necessary to determine
if iron metabolism biomarkers influence treatment outcome and survival in HNC. Guidelines for HNC
patients should recommend the right amount of iron by taking into account what patients in each region
typically eat and any other medical problems they have. Additional studies ought to explain how the
dysregulation of iron in the body is linked to HNC tumors, weaker immune defense, and difficulty
overcoming treatment. In personalized medicine for cancer, it’s important to check iron metabolism genes
to identify and use specific medications for iron-related issues.
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