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Head and neck cancers are the 6th most common cancers in the United States and responsible for nearly 2% of all

deaths related to cancer. Approximately 95% of all head and neck cancers are squamous cell carcinoma (SCC); of which,

oral cavity SCC is the most common (excluding non-melanoma cutaneous cancers). The incidence of oral cavity cancer

has gradually increased over the past 20 years. Globally, there were more than 375,000 new cases of oral cavity cancers

(including cancers of the lip) and more than 175,000 deaths in 2020.
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1. Anatomy and Innervation of the Oral Cavity

For oncologic purposes, the oral cavity is divided into distinct subsites: upper and lower mucosal lip, oral tongue (anterior

two-thirds), floor of mouth (FOM), buccal mucosa, hard palate, maxillary and mandibular alveolar ridge, and retromolar

trigone. Consistent with its importance in taste, swallowing, and speech, the oral cavity has abundant motor, sensory, and

special sensory innervation (Figure 1)  . The oral tongue receives sensory innervation from the lingual nerve (cranial

nerve V3) and special sensory gustatory innervation from the chorda tympani (cranial nerve VII). Motor innervation of the

intrinsic and extrinsic musculature of the oral tongue – responsible for tongue mobility - is predominantly provided by the

hypoglossal nerve (cranial nerve XII), except for the palatoglossus which is innervated by the vagus nerve (cranial nerve

X). Sensory innervation to the rest of the oral cavity is supplied by branches of the trigeminal nerve (cranial nerve V). The

hard palate, upper teeth, upper gingiva, and upper lip are supplied by several nerves that originate from the maxillary

nerve (cranial nerve V2), while the mandibular nerve (cranial nerve V3) provides sensory innervation to the retromolar

trigone and buccal mucosa via the buccal nerves, the lower teeth via the inferior alveolar nerves, and the lower gingiva

and mucosal lip via the mental nerves . Given this rich innervation, it is unsurprising that perineural invasion (PNI) in

oral cavity SCC can manifest with a variety of sensory and/or motor deficits. These include oral pain or paresthesia, taste

disturbances, tongue weakness or atrophy, changes in speech, dysphagia, and facial palsy.

Figure 1. Anatomy and Innervation of the Oral Cavity. The oral cavity cancer site consists of several subsites: oral

tongue (anterior two-thirds), floor of mouth, hard palate, retromolar trigone, buccal mucosa, upper and lower mucosal lip,

and gingiva. The oral tongue (anterior two-thirds) receives taste innervation from the chorda tympani (CN VII). The

posterior 1/3 of the tongue belongs to the oropharynx cancer site and receives taste and sensory innervations by the

glossopharyngeal nerve (CN IX). Motor innervation of the tongue is primarily supplied by the hypoglossal nerves (CN XII).
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Sensory innervation of the oral cavity is supplied by the maxillary (CN V2) and mandibular (CN V3) nerves. Reprinted

from Misztal CI, Green C, Mei C, et al. Molecular and Cellular Mechanisms of Perineural Invasion in Oral Squamous Cell

Carcinoma: Potential Targets for Therapeutic Intervention. Cancers (Basel). 2021;13(23) .

2. Epidemiology

Other than cutaneous cancers, oral cavity SCC is the most common malignancy of the head and neck . Within the oral

cavity, incidence of SCC by subsite differs worldwide in part due to the impact of varying cultural practices resulting in

different environmental exposures. In Western society, the tongue is the most common site, with a majority of SCC

occurring along the lateral and ventrolateral aspects. The next most common site is the floor of the mouth, with the buccal

mucosa, gingiva, and hard palate being less common . However, in areas where betel quid chewing (a practice similar

to chewing tobacco) is customary such as Southeast Asia, oral cavity SCC of the buccal mucosa is most common .

The incidence of oral cavity cancer has unfortunately increased over the past 20 years. In the United States alone, the

estimated number of new cases of oral cavity and pharyngeal cancer in 2021 was 54,010 people, with approximately

10,850 deaths, making them the 8  leading source of new cancer cases and deaths in the United States . Worldwide,

there were more than 375,000 new cases of oral cavity cancers in 2020, with more than 175,000 deaths .

3. Risk Factors

Tobacco consumption is the most significant risk factor for oral cavity squamous cell carcinoma. Tobacco intake via

smoking, as well as smokeless tobacco, can cause a plethora of intracellular changes leading to unregulated cell

proliferation and ultimately SCC . A pooled analysis from the International Head and Neck Cancer Epidemiology

Consortium in 2013 reported increased head and neck cancer risk among exclusive cigarette, exclusive cigar, and

exclusive pipe use, with odds ratios (OR) of 3.93 (95% Confidence Interval [CI]: 3.47, 4.22), 3.49 (95%CI: 2.58, 4.73), and

3.71 (95%CI: 2.59, 5.33), respectively . Although cigarette consumption decreased 38.7% over the past two decades,

cigarettes remain the most common combustible tobacco product used . In contrast, there has been a 117% increase in

large cigar and pipe tobacco use and a 23.1% increase in smokeless tobacco in the United States .

Alcohol consumption is also strongly associated with an increased risk of oral and pharyngeal cancer. In a systematic

review, the relative risk of developing oral and pharyngeal cancer with alcohol consumption (> 4 drinks per day) ranged

from 3.2 to 9.2, when adjusted for potential confounders, including tobacco smoking. There is also a strong dose-

response relationship between intensity of alcohol use and risk of oral cavity and pharyngeal SCC . It is important to

note that the combination of tobacco and alcohol consumption exhibits a strong synergistic effect, meaning that the risk of

oral cavity SCC for individuals who smoke tobacco and drink alcohol is more than the sum of their risks alone. Mello et al.

conducted a systematic review of 33 published manuscripts and a meta-analysis consisting of 15 of those publications to

determine the risk of developing oral SCC by alcohol and tobacco consumption. The odds of developing oral SCC were

greatly increased with synergistic consumption of alcohol, smoked tobacco, and smokeless tobacco (OR=16.17, 95%CI:

7.97, 32.79; p<0.01), when compared to alcohol alone (OR=1.58, 95%CI: 0.77, 3.25; p=0.22), smoked tobacco alone

(OR=2.68, 95%CI: 1.90, 3.78; p<0.01), or smokeless tobacco alone (OR=7.00, 95%CI: 4.18, 11.74; p<0.01) .

Outside of the United States, another significant risk factor to consider is betel quid (paan), which is frequently chewed in

parts of India and southeast Asia. Betel quid is often mixed with other carcinogens such as tobacco and crushed areca nut

(also known as betel nut). When combined with smoking tobacco and alcohol, betel quid has a synergistic effect on the

risk of oral cancer occurrence . A meta-analysis of observational studies in Southeast Asia by Petti et al. reported the

ORs to be 2.20 (95%CI: 1.62, 2.98) for alcohol consumption, 3.63 (95%CI: 1.94, 7.04) for tobacco smoking, and 7.90

(95%CI: 6.71, 9.30) for betel quid chewing. Combined alcohol-tobacco-betel quid use had a significant synergistic effect

on oral cancer risk (OR=40.09, 95%CI: 35.06, 45.83) . Thus, it is important to determine regional risk factors when

evaluating patients with oral cavity masses. Figure 2 demonstrates the major risk factors for oral cavity SCC.
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Figure 2. Major Risk Factors for Oral SCC. Tobacco (smoking and smokeless), alcohol consumption, and betel quid are

the most significant risks factors associated with the development of oral cavity SCC. Synergistic effects have been

demonstrated for combined alcohol-tobacco-betel quid use and alcohol-smokeless tobacco-smoking tobacco use.

Human Papilloma Virus (HPV) infection is another factor worth mentioning as the incidence of oral cavity HPV infection

has risen with time . Although HPV is an established cause of oropharyngeal SCC (currently classified as HPV related

or non HPV related), its role in oral cavity SCC is less clear . Risk factors for oropharyngeal HPV+ SCC include earlier

age of sexual behaviors, increased number of sexual partners, and increased lifetime exposures to these behavior  .

Although vaccination against HPV has not yet been shown to prevent oropharyngeal SCC, HPV vaccination can protect

against oral transmission of HPV infection that causes oropharyngeal SCC . In a large systematic review and meta-

analysis evaluating the prevalence of HPV in head and neck SCC, Ndiaye et al. showed that 6.8% of oral cavity SCCs

express both p16 (surrogate marker for HPV) and HPV DNA (deoxyribonucleic acid), compared to 39.7% in

oropharyngeal SCC . HPV+ and HPV- oropharyngeal SCCs are two distinct entities, and the overall and disease-free

survival outcomes for advanced stage HPV+ oropharyngeal SCC are higher than HPV- oropharyngeal SCC .

However, survival in oral cavity SCC is not dependent on HPV status, and staging and treatment of oral cavity SCC is not

tailored to HPV status like oropharyngeal cancer .

Although tobacco and alcohol are the major risks factors for oral cavity SCC, other potential risk factors are: (1) diet low in

fruits and vegetables and high in animal products, (2) vitamin D deficiency, (3) immunosuppressed individuals, such as

those with HIV (human deficiency virus) or organ transplantation, (4) exposures to carcinogenic heavy metals, and (5)

rare genetic disorders, such as Fanconi anemia  and Li Fraumeni . Chronic trauma due to local irritation from poorly

fitted dentures, poor dental hygiene, or trauma has been proposed to play a role in oral carcinogenesis, however there is

a lack of high quality evidence to support this association .

4. Clinical Presentation

Oral cavity SCC can present as a variety of distinctive lesions. White or red mucosal changes - referred to as leukoplakia

or erythroplakia respectively – are commonly seen. Although often premalignant in nature, these lesions require biopsy

due to their potential for malignant transformation. These lesions can be found throughout the oral cavity, involving the

tongue, floor of mouth, gums, hard palate, or buccal mucosa . Other presentations include lumps, mucosal thickening,

or persistent sores or ulcers that fail to resolve or grow over time . Patients with oral cavity cancer can also present with

a variety of symptomatic complaints resulting from tumor mass effect, local tissue invasion, nerve involvement, and tumor

associated metabolic changes. These include severe oral pain, loosening of the teeth, dysgeusia, tongue fixation, trismus,

changes in speech, otalgia, weight loss, oral bleeding, neck masses, and sensory or motor deficits in the distributions of

cranial nerves V, VII, X, and XII including muscular weakness and atrophy, numbness, and paresthesia .

5. Diagnosis

Diagnosing oral cavity SCC begins with obtaining a thorough history. The history should elicit information about lesion

onset, evolution with time, associated symptoms, patient risk factors, and prior oncologic history. Next, a methodical head

and neck physical exam should be performed. Critical elements include (1) direct visual inspection and palpation of the

lesion of interest to gauge its extent and involvement of surrounding structures, (2) a cranial nerve exam to assess for

nerve involvement, and (3) palpation of the neck to assess for cervical lymphadenopathy suspicious for regional

metastasis. Depending on the location of the lesion, flexible fiberoptic laryngoscopy is also utilized to better assess the full
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extent of the lesion and its proximity to other structures and the airway for surgical planning, as well as to rule out

additional primary lesions in the upper aerodigestive tract. This latter role is especially important in patients who use

alcohol and tobacco because they have higher rates of synchronous malignancies due to field cancerization .

There are a variety of benign oral cavity lesions that may appear similar to SCC, including aphthous ulcers, oral lichen

planus, hairy leukoplakia, pyogenic granulomas and necrotizing sialometaplasia . However, persistent lesions that fail

to resolve spontaneously, progressively worsen over a period of weeks, or are accompanied by concerning symptoms

such as sensory or motor deficits should be biopsied to rule out malignancy. In patients with palpable neck masses, fine

needle aspiration with cytologic analysis may be diagnostic and can help distinguish between neoplastic and inflammatory

processes.

After biopsy, oral SCC is classified microscopically by assessment of the degree of keratinization (i.e., keratin pearls),

cellular and nuclear pleomorphism and mitotic activity, characterizing tumor grade as follows: grade 1 (well differentiated,

75% keratinization), grade 2 (moderately differentiated, 25% - 75% keratinization), or grade 3 (poorly differentiated, less

than 25% keratinization) . Well- and moderately-differentiated tumors are grouped together as low grade neoplasms

while poorly differentiated and undifferentiated tumors are considered high grade neoplasms . A variety of histological

subtypes of SCC exist based on morphology such as basaloid, verrucous, spindle cell, papillary, adenosquamous,

acantholytic, and cuniculatum . On fine needle aspiration, a cervical lymph node positive for oral SCC may show

squamous cells with pyknotic hyperchromatic nuclei, small amounts of keratinized cytoplasm, nuclear atypia, and

pleomorphism in low-grade disease. Giant cells, keratin plaques, and necrosis can be observed in high-grade disease .

Figure 3 shows a histologic section of oral cavity squamous cell carcinoma stained with hematoxylin and eosin.

Figure 3. Histological Section of Oral Cavity Squamous Cell Carcinoma with Hematoxylin and Eosin Staining. [A]

Moderately differentiated squamous cell carcinoma shows islands of malignant epithelial cells with keratin pearl formation.

A lymphocytic infiltrate is noted associated with small tumor nests (60x). [B] Moderately differentiated squamous cell

carcinoma associated with stromal desmoplasia and a lymphocytic infiltrate is noted associated with small tumor nests

surrounding a nerve (20x).

Molecular hallmarks of oral SCC include deleterious changes in tumor biomarkers cyclin D1, p53, retinoblastoma,

epidermal growth factor receptor, signal transducer and activator of transcription 3, and vascular endothelial growth factor

. Increased tumor proliferation marker Ki-67 expression is strongly associated with increased rate of recurrence and
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decreased survival . The histological presence or absence of perineural, bone, or lympho-vascular invasion must be

reported as they are associated with poorer outcomes and influence choice of adjuvant therapy . Positive p16

staining, which is routinely performed for oropharyngeal SCC due to significant differences in clinical outcomes between

p16- and HPV associated p16+ subtypes, is less relevant for oral cavity SCC due to low rates of p16 and HPV positivity

and unclear clinical significance .

To better evaluate the extent of the primary lesion, its proximity to critical structures such as major vessels, and to assess

for lymphadenopathy not appreciable on physical exam, computed tomography (CT) scan of the head and neck with

contrast is commonly ordered as part of the initial workup. Compared to other imaging modalities, CT is especially

sensitive for detecting osseous involvement, particularly cortical erosions of the mandible and maxilla . Significant bone

involvement in oral cancer affects staging and surgical planning. Figure 4 shows CT images of a FOM SCC with tumor

enhancement and cortical erosion of the mandible.

Figure 4. Computed Tomography (CT) of Oral Cavity Squamous Cell Carcinoma (SCC). [A] Axial CT head with

contrast demonstrates an ill-defined enhancing mass involving the anterior floor of mouth. [B] Axial CT head windowed for

bone shows osseous erosion through the cortex of the mandible from alveolar SCC.

Compared to CT, Magnetic resonance (MR) imaging is better at characterizing soft tissue involvement. As such MRI is the

imaging modality of choice for evaluating nerve involvement – with findings such as nerve enlargement and enhancement

suggesting PNI – and for better delineating extent of soft tissue invasion . CT of the chest with or without contrast or

positron emission tomography with 2-deoxy-2-[fluorine-18]fluoro-D-glucose integrated with CT ( F-FDG PET/CT) are

tests utilized for detecting distant metastases in patients with advanced nodal disease or identifying primary lung cancers

in smokers, both of which have implications for treatment planning . Figure 5 demonstrates radiographic evidence of

PNI on MR imaging in a patient with left buccal SCC .
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Figure 5. Radiographic Signs of Perineural Spread. T1-weighted magnetic resonance (MR) images with gadolinium

from a patient with left buccal squamous cell carcinoma and perineural invasion. [A] Axial image showing enlargement

and enhancement of the left inferior alveolar canal (yellow arrow). [B] Axial image showing enhancement of the

intracanalicular and tympanic segments of the facial nerve (yellow arrows) as well as the greater superficial petrosal nerve

(red arrow). [C] Coronal image showing enlargement and tumor involvement of the mandibular branch of the left

trigeminal nerve at the foramen ovale (yellow arrow). Reprinted from Misztal CI, Green C, Mei C, et al. Molecular and

Cellular Mechanisms of Perineural Invasion in Oral Squamous Cell Carcinoma: Potential Targets for Therapeutic

Intervention. Cancers (Basel). 2021;13(23) .

Finally, examination under general anesthesia - involving direct laryngoscopy, bronchoscopy, and esophagoscopy - can

be useful for some patients. It provides further clarity regarding the boundaries of the tumor and its extension into

neighboring subsites, improves assessment of the upper aerodigestive tract in patients at high risk for synchronous

malignancy, and enables biopsy in patients for whom in office biopsies were non-diagnostic or unable to be obtained .

6. Staging

Consensus staging criteria for oral cavity SCC comes from The American Joint Committee on Cancer (AJCC) Staging of

Oral Cavity Cancers, the 8  and most recent edition of which was published in 2018 (Table 1) . Compared to the 7

edition, a number of new criteria have been added to the staging guidelines in order to reflect the latest research on

factors which effect disease specific survival. For primary tumor (T) staging, depth of invasion (DOI) is now included as an

equally important factor along with maximum tumor dimension . For nodal (N) staging, the presence or absence of

extracapsular nodal extension (ENE) is now included because of its association with worse disease-specific survival .

Notably, N staging categories are now also separated for patients treated without cervical lymph node dissection (clinical,

cN) and those treated with cervical lymph node dissection (pathological, pN) . Based on T, N, and M stages, oral cavity

SCC can be further categorized into prognostic staging groups.

Table 1. American Joint Committee on Cancer (AJCC) 8  Edition Staging Criteria for Oral Cavity Cancer

Primary tumor (T)

TX Primary tumor cannot be assessed

Tis Carcinoma in situ

T1 Tumor ≤2 cm and DOI ≤5 mm
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T2

Tumor ≤2 cm, DOI >5 mm and ≤10 mm

or

Tumor > 2 cm but ≤ 4 cm and DOI ≤ 10 mm

T3

Tumor > 4 cm

or

Any tumor with DOI > 10 mm but ≤ 20 mm

T4a

Moderately Advanced Local Disease:

Tumor invades adjacent structures only (e.g., through cortical bone of the mandible or maxilla, or involves

the maxillary sinus or skin of the face)

or

Extensive tumor with bilateral tongue involvement

or

DOI > 20 mm

T4b
Very advanced local disease:

Tumor invades masticator space, pterygoid plates, or skull base and/or encases the internal carotid artery

Regional Lymph Nodes - Clinical (cN)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node, ≤3 cm and ENE–

N2a Metastasis in a single ipsilateral node, >3 cm and ≤6 cm and ENE–

N2b Metastases in multiple ipsilateral nodes, ≤6 cm and ENE–

N2c Metastases in bilateral or contralateral lymph nodes, ≤6 cm and ENE–

N3a Metastasis in a lymph node >6 cm and ENE–

N3b

Metastasis in any lymph node(s) with ENE+ clinically

or

Metastasis in a single ipsilateral node, >3 cm and ENE+

or

Metastasis to multiple ipsilateral, contralateral, or bilateral nodes and ENE+

Regional Lymph Nodes - Pathologic (pN)



NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node, ≤3 cm and ENE–

N2a

Metastasis in a single ipsilateral node, <3 cm and ENE+

or

Metastasis in a single ipsilateral node >3 cm and ≤6 cm and ENE–

N2b Metastases in multiple ipsilateral nodes, <6 cm and ENE–

N2c Metastases in bilateral or contralateral lymph nodes, <6 cm and ENE–

N3a Metastasis in a lymph node >6 cm and ENE–

N3b

Metastasis in a single ipsilateral node >3 cm with ENE+

or

Metastasis to multiple ipsilateral, contralateral, or bilateral nodes, any with ENE+

or

Metastasis to a single contralateral node of any size and ENE+

Distant Metastasis (M)

M0 No distant metastases

M1 Distant metastases

 

Prognostic Stage Groups

Stage 0 Tis N0 M0

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage III

T3 N0 M0

T1-T3 N1 M0



Stage IVa

T4a N0 M0

T4a N1 M0

T1-T4a N2 M0

Stage IVb

Any T N3 M0

T4b Any N M0

Stage IVc Any T Any N M1

Abbreviations: DOI, depth of invasion; ENE, extranodal extension. Adapted from Amin MB, Edge S, Greene F, et al.

AJCC Cancer Staging Manual. 8th ed. Chicago, IL: American College of Surgeons; 2017 .

7. Treatment Overview

The main treatment options utilized for patients with oral cavity SCC are surgery, radiation therapy, chemotherapy, and

combinations thereof. Based on the National Comprehensive Cancer Center Guidelines, appropriate primary and adjuvant

treatment depends largely on the clinical stage of the cancer and presence of adverse pathological features . Adverse

features include ENE, positive margins, close margins (less than 5mm), pT3 or pT4 primary tumors, pN2 or pN3 nodal

disease, nodal disease in levels IV or V, vascular invasion, lymphatic invasion, and PNI.

Early stage, localized tumors (T1-2, N0) can be treated with either surgical resection or definitive radiotherapy. However,

surgery is generally preferred because of the high rate of osteoradionecrosis of the mandible with definitive radiotherapy

that in turn may require surgical management. As such radiotherapy is generally reserved for patients who are poor

surgical candidates (with significant medical co-morbidities) or when surgical resection would lead to unacceptably severe

functional impairment . In patients with clinically N0 necks, management depends in part on T staging. In early

stage tumors (T1-T2), elective neck dissection involving levels I-III or I-IV (ipsilateral or bilateral depending on the location

of the primary tumor), sentinel lymph node biopsy, or close observation may be considered, with the final decision being

influenced by tumor location, depth of invasion, imaging and biopsy findings, and patient preference .

More advanced tumors (T3-T4a) are usually treated with definitive surgical resection of the primary lesion with ipsilateral

and/or bilateral neck dissections for levels I-IV, as are any tumors with clinically apparent nodal disease . For

advanced tumors with no adverse features, adjuvant therapy with radiotherapy alone may be considered versus surgical

management alone. In the case of ENE and/or positive margins after surgical resection, adjuvant therapy generally

consists of concurrent chemoradiation. For other adverse features such as PNI or advanced nodal disease, adjuvant

therapy may consist of either radiotherapy alone or concurrent chemoradiation . The decision for adjuvant therapy

should be made using a multidisciplinary team approach that includes specialists in head and neck surgical, medical, and

radiation oncology.

There are multiple options for the treatment of very advanced tumors without distant metastasis (T4b, any N; unresectable

nodal disease). These include concurrent chemoradiation, induction chemotherapy followed by radiation alone or

chemoradiation, definitive radiotherapy, or palliative radiation or chemotherapy, with the choice of therapy in part

dependent on patient performance status . Other systemic therapies including immunotherapy may also be utilized both

within and outside clinical trials.

8. Treatment Considerations

Appropriate surgical resection depends in part on the location of the primary tumor. In general, an oncologically sound

resection consists of 1 cm clinical margins around the tumor where possible. Surgical resection may also require marginal

mandibulectomy if the tumor abuts the mandible periosteum, or segmental mandibulectomy if it invades through

periosteum into bone. Similarly, maxillectomy may be necessary for tumors that invade the upper gums or hard palate .

Furthermore, clearing nerve margins with PNI may require more extensive resection at the skull base even if the primary

tumor itself is clear, often with neurosurgery on standby if such involvement is suspected preoperatively.
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It is also critical to have a reconstructive plan prior to surgery to ensure maximal restoration of function and tissue

coverage of critical structures after the anticipated oncologic resection. Reconstruction is approached as a ladder of

escalating interventions, beginning with primary closure, healing by secondary intention, or skin grafts / skin substitute

grafts for smaller defects, and moving up to local tissue transfers and/or free tissue transfer with or without vascularized

bone in order to restore function and cosmesis in the case of larger defects .

The need for and choice of adjuvant therapy for the primary tumor and neck is determined largely on the final pathological

evaluation of surgical specimens, with the decision made by a multidisciplinary team that includes head and neck surgical,

medical, and radiation oncology specialists. Adjuvant radiotherapy or chemoradiation is utilized postoperatively to treat

possible microscopic disease and decrease risk of locoregional recurrence. Dosing for post-operative radiation – delivered

either via intensity-modulated radiation therapy (IMRT) or three-dimensional conformal radiation therapy – can vary, with

dose at each region decided based on a risk assessment. High risk areas with adverse features such as positive margins

receive 60-66 Gy in 2 Gy fractions, while low-to-intermediate risk areas of suspected subclinical spread may receive

between 44-50 Gy in 2 Gy fractions up to 54-63 Gy in 1.6-1.8 Gy fractions . High-dose cisplatin is the preferred

chemotherapeutic agent for post-operative chemoradiation for oral cavity SCC . Other chemotherapeutic agents,

including other platinum-based (carboplatin), taxane-based (docetaxel, paclitaxel), and pyrimidine-based treatments (5-

fluorouracil), are also utilized, though less commonly as adjuvant therapy .

For locally advanced disease not amenable to surgical resection, concurrent chemoradiation with high dose cisplatin is

the most common treatment modality. Compared to adjuvant therapy total radiation dose is generally higher – ranging

from 66 Gy in 2.2 Gy fractions to 70 Gy in 2 Gy fractions. Hyperfractionation or accelerated fractionation protocols may

also be utilized. Induction chemotherapy with docetaxel, cisplatin, and 5-fluorouracil is sometimes used, though the

benefits over conventional chemoradiation have not been established .

In addition to chemotherapy and radiation, the last several decades have brought significant developments in targeted

therapies for head and neck SCC, with the goal of improving overall survival while having fewer side effects than

conventional therapies. Cetuximab is an anti-EGFR immunoglobulin G1 monoclonal antibody approved for the treatment

of head and neck SCC. EGFR are cell surface receptors that are overexpressed in up to 90% of head and neck SCC, with

over expression of EGFR associated with poorer disease-free and cause-specific survival outcomes . Cetuximab is

utilized both as a radiosensitizer for the treatment of locoregionally advanced head and neck SCC, and as a monotherapy

for patients with recurrent or metastatic cancer who have failed cisplatin chemotherapy . However, several studies

have found inferior overall survival in patients with locally advanced head and neck SCC treated with cetuximab and

radiotherapy compared to those treated with conventional concurrent chemoradiation .

Another class of targeted therapy utilized in the treatment of oral SCC are called checkpoint inhibitors, which target

immune checkpoints and play key roles in regulating the immune system . Oral SCC can express the checkpoint

molecule PD-1 and its ligand PD-L1, with higher expression associated with increased disease progression and

decreased survival . As such, the PD-1 inhibitor nivolumab and the PD-L1 inhibitor pembrolizumab have begun to be

used in the treatment of oral SCC. Currently, pembrolizumab and nivolumab are approved for the treatment of cisplatin-

refractory recurrent or metastatic head and neck SCC, and pembrolizumab is also approved as a first-line therapy for PD-

L1+ recurrent or metastatic SCC . Work is ongoing on the use of checkpoint inhibitors as neoadjuvant therapy prior to

surgical treatment of oral SCC .

Given variable response among patients treated with targeted therapies, there is significant interest in identifying

biomarkers that may predict expected efficacy in order to better guide treatment decision making. To date, no molecular

marker including level of EGFR expression has been validated as a predictor for clinical response to cetuximab, though a

metanalysis of 13 clinical trials found that development of cetuximab-induced skin rash is associated with improved overall

and progression free survival . Level of PD-L1 expression has been clinically validated as a biomarker for efficacy of

treatment with pembrolizumab, with use of pembrolizumab as first-line monotherapy in recurrent or metastatic head and

neck SCC approved only in patients with a PD-L1 combined positive score >1 . However, studies have found

significant heterogeneity in measured PD-L1 expression both intratumorally within different tumor cores, and between

different testing protocols, underscoring the difficulties in implementing biomarkers clinically .

9. Prognosis

The relative 5-year survival rate for oral cavity and oropharyngeal cancers in the United States has improved significantly

over time as documented by the Surveillance, Epidemiology and End Results (SEER) database, from 53% in 1975-1977

to 67% in 2011-2017 . This likely reflects the substantial changes in management of oral cavity and pharyngeal SCC in
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the past few decades, with advances in imaging, the introduction of 18F-FDG-PET imaging, the widespread use of

microvascular free flap reconstruction, and significant progress in adjuvant therapy protocols . However, prognosis for

oral cavity SCC varies widely based on geographic, demographic, socioeconomic, tumor, and treatment related factors .

Globally, the number of oral cavity (including lip) cancers in 2020 was more than twice as high for men than women with

approximately 264,000 and 114,000 new cases, respectively; however, the age-standardized mortality rate in 2020 was

lower in men than women (0.3 versus 0.5, respectively) . When countries were grouped by the 4-tier human

development index (HDI) – a statistical tool that measures a countries overall level of social and economic development –

there was unsurprisingly an inverse correlation between development level and mortality rate . The age-standardized

mortality rate in 2020 was 2-3 times higher in countries with a low/medium HDI compared to countries with a high/very

high HDI, reflecting the impact of socioeconomics on oral cavity cancer survival. In a retrospective, population-based

national study in the United States, Yu et al. analyzed the relationship between race and 5-year mortality in 7630 patients

with primary oral cavity SCC treated from 2010 to 2014. When compared to whites, black and Hispanic patients were

more likely to present at later stages; however, black patients had a greater 5-year cause specific mortality than white

patients, which was attributable to later stage of presentation and higher rate of uninsured patients among blacks . This

is consistent with SEER data, which from 2011-2017 found that relative 5-year survival for oral cavity and oropharyngeal

cancers by race and ethnicity ranged from 50% in black patients to 69% in non-Hispanic white patients . The effect of

age is controversial, with some studies showing no relationship to prognosis while others demonstrate worse overall and

disease specific survival in older patients . Other demographic factors associated with worse

prognosis include alcohol, tobacco, and betel nut use .

Tumor location within the oral cavity has a large effect on prognosis, with SEER data showing a relative 5-year survival for

all stages of 72% for lip SCC compared to 49% for oral tongue, 41% for FOM, and 57% for gum and other oral cavity sites

. Presence and number of positive lymph nodes have a strong impact on survival . In a study of 14,554 patients

from the National Cancer Data base, number of positive lymph nodes was a continuous predictor of overall survival on

multivariate analysis, with estimated 5-year overall survival of 65.3% for patients with no nodal disease compared to

49.9% with one positive node and as low as 9.7% for ten or more nodes . A large metanalysis found similar results, with

the highest hazard ratio for overall survival and disease specific survival at a cutoff of three positive nodes . Depth of

tumor invasion is another independent prognostic indicator. In a multicenter retrospective study of 3781 patients, greater

depth of invasion was associated with decreased disease specific survival and was found to have predictive value

independent from and complementary to tumor size . Other negative tumor-related prognostic factors include adverse

pathologic features such as ENE, PNI, and vascular or lymphatic invasion, as well as molecular features such as

expression of Ki-67, homeobox gene B7 (HOXB7), collagen type IV (ColIV), RACK1, glucose transporter 1 (GLUT1) and

cyclooxygenase-2 (COX-2) .

Treatment-related prognostic factors include time to diagnosis and initiation of treatment . In a retrospective study of

18672 patients from the national cancer data base with primary oral cavity SCC, time to surgery was an independent

predictor of overall survival, with longer delays associated with worse outcomes . Positive or close surgical margins

on final pathology are also associated with increased disease recurrence and decreased survival, and as such National

Comprehensive Cancer Network guidelines recommend re-resection to negative margins if feasible . In oral

cavity SCC patients undergoing neck dissection, greater lymph node yield is associated with increased overall survival,

with two large studies identifying 18 nodes removed as the minimum threshold . In patients with locally

advanced but resectable oral SCC, a meta-analysis of 7 studies with 714 patients found increased overall and disease

specific survival at three and five years in patients treated with surgery and adjuvant radiotherapy compared to definitive

radiotherapy or chemoradiation . In patients with locally advanced disease receiving adjuvant therapy after definitive

surgery, a meta-analysis of 6 studies (5 randomized controlled trials) with 1155 patients found improved overall survival

and disease free survival with adjuvant chemoradiation compared to adjuvant radiotherapy alone .
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