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Introduction

Oral cancer is best understood as a group of site-specific malignancies rather than as one uniform
disease of the entire mouth and throat. The oral cavity includes the lips, anterior two-thirds of the
tongue, gingiva, buccal mucosa, floor of the mouth, hard palate, and retromolar trigone, whereas
cancers of the tonsils and base of the tongue are classified as oropharyngeal cancers and can differ in
causation, staging, prognosis, and treatment. Most cancers in both regions are squamous cell
carcinomas, but precise anatomical classification is essential because a tobacco-associated floor-of-
mouth carcinoma is not biologically identical to an HPV-associated tonsillar carcinoma. Oral
carcinogenesis develops through the interaction of environmental exposure, inherited susceptibility,
genomic and epigenetic alteration, changes in cell-cycle control, angiogenesis, invasion, and immune
escape. Diagnosis and treatment therefore require more than identifying a visible lesion. Site, stage,
histopathology, nodal involvement, molecular findings with proven clinical relevance, functional
consequences, general health, and patient preferences all influence the final management plan
(National Cancer Institute, n.d.-a; National Cancer Institute, n.d.-b).

Risk Factors, Prevention, and Early Recognition

Tobacco remains one of the most important preventable causes of oral and head-and-neck cancer.
Cigarettes, cigars, pipes, smokeless tobacco, and products containing areca or betel quid expose the
oral mucosa to carcinogens that produce DNA damage and chronic inflammatory signaling. Alcohol
independently increases risk and has a strong synergistic effect when combined with tobacco. Other
relevant factors include increasing age, ultraviolet radiation for lip cancer, previous head-and-neck
malignancy, immunosuppression, nutritional patterns, and some occupational or environmental
exposures. Human papillomavirus requires careful anatomical distinction. Persistent HPV-16 infection
is strongly associated with oropharyngeal cancers, particularly those arising in the tonsils and base of
the tongue, but HPV is a much less dominant cause of cancers in the anterior oral cavity (National
Cancer Institute, n.d.-b). HPV vaccination prevents infection with oncogenic HPV types and is an
important cancer-prevention measure, although it does not replace tobacco cessation, alcohol-risk
reduction, routine dental care, or prompt investigation of a persistent oral lesion.
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Early oral cancer may cause little or no pain, which makes awareness of persistent changes
particularly important. Warning signs include a sore that does not heal, a red or white patch, a firm
lump, unexplained bleeding, persistent numbness, loosening of teeth without another explanation,
reduced tongue movement, difficulty chewing or swallowing, altered speech, or a neck mass.
Symptoms persisting for approximately two weeks warrant professional assessment, while rapid
growth, airway difficulty, major bleeding, sudden neurologic change, or severe swallowing problems
can require more urgent evaluation. Population-wide screening of every asymptomatic adult has not
been shown conclusively to reduce mortality in all settings, so prevention and early recognition
depend heavily on risk assessment and opportunistic examination by dental and medical
professionals. Social conditions influence these outcomes as well. Limited dental coverage,
transportation problems, specialist shortages, stigma, and fear of disfigurement can delay diagnosis.
Effective prevention therefore combines individual behavior change with accessible oral healthcare
and rapid referral pathways rather than placing responsibility solely on the patient.

Diagnosis, Site, and Stage

Diagnosis begins with a careful history and examination of the oral cavity, oropharynx, and cervical
lymph nodes. A suspicious lesion requires biopsy because imaging alone cannot establish histologic
malignancy. The pathology report confirms tumor type and can describe differentiation, depth of
invasion, margin status, perineural invasion, lymphovascular invasion, and other characteristics that
affect prognosis and treatment. Computed tomography or magnetic resonance imaging helps define
local extension and cervical-node involvement, while PET-CT can be useful in selected advanced
cases, metastatic evaluation, or the search for an occult primary. For appropriate oropharyngeal
tumors, HPV-related assessment—often using p16 immunohistochemistry interpreted in the proper
anatomical context—has staging and prognostic importance. The same marker should not be applied
indiscriminately across all oral sites because p16 expression can have different biological meanings
depending on tumor location and mechanism. Accurate staging therefore integrates anatomy,
pathology, nodal disease, distant spread, and selected biomarkers rather than relying on a single
laboratory result (National Cancer Institute, n.d.-a; National Cancer Institute, n.d.-c).

Regional lymph-node involvement is particularly important in oral squamous cell carcinoma. Tumors
can invade adjacent tongue, jaw, skin, nerves, and swallowing structures and commonly spread
through lymphatic channels to cervical nodes before distant metastasis occurs. Depth of invasion
helps estimate nodal risk in oral-cavity cancers, while extranodal extension—tumor extending beyond
the capsule of an involved lymph node—has major prognostic and treatment implications. Distant
metastases are less common at presentation than local or regional disease but can develop in lungs,
bone, liver, and other organs in advanced cancer. Site-specific staging matters because oral-cavity
and HPV-associated oropharyngeal cancers are not classified identically. A patient should therefore
not be told that all “mouth cancers” follow the same course. Prognosis depends on stage, location,
nodal status, margin status, general health, ability to complete therapy, and other pathological
factors. Precise diagnosis is the foundation for both cancer control and realistic discussion of
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functional outcomes.

Molecular Pathways and Tumor Progression

Oral squamous cell carcinoma develops through accumulated molecular changes rather than through
one universal mutation. TP53is among the most important tumor-suppressor genes because normal
p53 signaling can pause the cell cycle, promote repair, induce senescence, or trigger apoptosis after
DNA damage. Tobacco-associated head-and-neck cancers frequently contain disruptive TP53
alterations, allowing damaged cells to survive and continue dividing. CDKNZA also contributes to cell-
cycle control through proteins including p16; deletion, mutation, or promoter methylation can remove
an important brake on progression from G1 to S phase. In HPV-positive oropharyngeal cancer, viral
proteins can disrupt p53 and retinoblastoma pathways through a different mechanism, explaining
why strong p16 expression can serve as a surrogate of HPV-associated biology in the appropriate
setting. Additional alterations may involve NOTCHI, FAT1, PIK3CA, CASP8, HRAS, EGFR, PI3K-AKT-
mTOR signaling, and cell-adhesion pathways (Knopf et al., 2015). No single alteration, however,
defines every oral tumor or automatically provides an approved therapeutic target.

Tumor growth also depends on interaction with surrounding stroma, blood vessels, immune cells, and
extracellular matrix. As a lesion enlarges, hypoxia can stimulate pro-angiogenic signaling such as
vascular endothelial growth factor, promoting irregular new vessels that provide nutrients while
contributing to a permissive tumor microenvironment. Malignant cells can alter adhesion, degrade
extracellular matrix, become more motile, and enter lymphatic or vascular channels. Sakata et al.
(2019) demonstrated a relationship between HMGA2 expression, angiogenesis, distant metastasis,
and poor prognosis in oral squamous cell carcinoma, illustrating how molecular changes can influence
clinically important behavior. These findings are valuable for understanding disease biology, but
molecular personalization has limits. Tumors are heterogeneous, and a sample from one region may
not represent every resistant clone. A mutation that is biologically interesting in research is not
automatically actionable in routine care. Molecular testing is most useful when it answers a defined
clinical question and connects the patient to a validated therapy or appropriately designed clinical
trial.

Treatment and Functional Rehabilitation

For many resectable cancers of the oral cavity, surgery remains the primary treatment. Depending on
tumor location and stage, surgery may involve local excision, partial removal of the tongue or jaw,
neck dissection, and reconstructive procedures intended to preserve speech, swallowing, appearance,
and function. Postoperative radiation may be recommended when pathology shows higher-risk
features, while selected very high-risk findings such as positive margins or extranodal extension can
lead to concurrent chemoradiation. Definitive radiation-based approaches are more common for some
oropharyngeal tumors where organ preservation is feasible. Favorable HPV-associated biology does
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not mean that treatment should automatically be reduced outside evidence-based protocols.
Recurrent or metastatic head-and-neck squamous cell carcinoma may require systemic therapy,
including immune-checkpoint inhibitors such as pembrolizumab or nivolumab in appropriate clinical
contexts; NCI lists immunotherapy among treatment options for recurrent and metastatic lip and oral-
cavity disease (National Cancer Institute, n.d.-a). These therapies can produce meaningful responses
for some patients but are not universally curative and can cause significant adverse effects.

Successful treatment also depends on supportive and rehabilitative care. Dental assessment before
radiation can reduce later oral complications, while smoking and alcohol support can improve general
health and lower the risk of second primary tumors. Nutrition, pain management, speech and
swallowing therapy, management of dry mouth, reconstruction, psychosocial support, and
rehabilitation after surgery are essential because survival alone does not describe the burden of
treatment. Neck irradiation can affect thyroid function, and radiation can produce chronic dental,
salivary, swallowing, and soft-tissue complications. Surgery can change speech, appearance, chewing,
or employment. Shared decision-making is therefore essential when treatments with similar cancer-
control potential carry different functional consequences. The patient should understand the goals,
expected benefits, uncertainties, and long-term effects of each option. Multidisciplinary care involving
surgery, radiation oncology, medical oncology, dentistry, nutrition, speech-language pathology,
nursing, rehabilitation, and psychosocial services provides the best opportunity to integrate cancer
control with quality of life.

Prognosis, Precision Oncology, and Equity

Prognosis is shaped most strongly by disease stage, primary site, depth of invasion, cervical-node
involvement, extranodal extension, margins, comorbid illness, and whether effective therapy can be
delivered completely. Precision oncology can add useful information in selected advanced cancers,
but it should not displace fundamentals such as timely biopsy, accurate staging, high-quality surgery,
radiation planning, nutrition, rehabilitation, and surveillance. A detected genomic alteration may lack
an approved drug, may occur only in a subset of tumor cells, or may not predict response in oral
cancer even if the same pathway is targetable in another disease. Ethical implementation also
requires attention to the cost of molecular testing, informed consent, privacy, incidental hereditary
findings, and unequal access to trials or specialized treatment. Innovation has greatest value when it
answers clinically meaningful questions rather than when testing is performed simply because
technology is available. In routine practice, the most important “personalization” may still involve
choosing treatment based on site, stage, function, comorbidities, patient preferences, and evidence-
supported biomarkers.

Equity is inseparable from outcomes because diagnosis and treatment depend on access as well as
biology. People without dental insurance, transportation, paid leave, specialist availability, or financial
support may wait longer between the first symptom and biopsy. Rural geography, fear of
disfigurement, language barriers, stigma, and fragmented referral systems can further delay care.
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Treatment itself can be difficult to complete when patients face travel costs, nutrition problems, lost
wages, or caregiving responsibilities. Reducing mortality therefore requires more than new drugs.
Tobacco-cessation services, appropriate alcohol counseling, HPV vaccination, accessible oral and
dental care, rapid evaluation of suspicious lesions, navigation support, culturally appropriate
communication, and rehabilitation all contribute to better outcomes. Survivorship should include
monitoring for recurrence, second primary cancers, treatment complications, thyroid dysfunction after
neck irradiation, dental disease, and long-term functional effects. Improving oral-cancer care means
integrating molecular innovation with systems that allow patients to reach diagnosis and treatment
early enough to benefit from it.

Conclusion

Oral cancer is a site-specific malignancy shaped by carcinogenic exposure, molecular disruption, local
anatomy, tumor microenvironment, and patterns of lymphatic spread. Tobacco and alcohol remain
major preventable risks, while persistent high-risk HPV is particularly important for oropharyngeal
cancers rather than for every tumor described casually as “mouth cancer.” Diagnosis depends on
biopsy and accurate staging, with imaging and appropriate biomarker testing used to define extent
and biology. Changes involving TP53, CDKNZ2A, growth-signaling pathways, adhesion, angiogenesis,
and immune regulation help explain malignant progression but do not replace anatomical and
pathological assessment. Surgery is central for many resectable oral-cavity cancers, with radiation,
chemoradiation, systemic therapy, targeted approaches, and immunotherapy used according to site
and stage. Rehabilitation, nutrition, dental care, pain control, and psychosocial support are equally
important because treatment can profoundly affect speech, swallowing, appearance, and daily life.
Better outcomes require both scientific innovation and earlier, equitable access to diagnosis and
multidisciplinary care.
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