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Oral cavity squamous cell carcinoma (OCSCC) is a form of oral cancer with prevalence rates that are rapidly increasing,
representing approximately 54,000 annual cases in the US. Current treatment includes chemotherapy, radiotherapy, and surgery,
techniques that are invasive procedures with limited efficacy. This review examines recent advancements in OCSCC therapy,
comparing conventional treatments with emerging approaches such as monoclonal antibodies, cell-based therapy, tumor-treating
fields TTFields, and nanotechnology. Relevant studies were identified through a systematic literature search of PubMed
and Google Scholar. Reported survival data suggest that patients receiving immunotherapy reported survival outcomes in
immunotherapy studies are in fact encouraging, although differences in study design and follow-up limit direct comparison
with conventional therapies. Surgical effectiveness also varies by margin status, with higher mortality observed in patients with
positive margins. This review will address current treatments for oral cancer as well as their limitations in terms of survival and
recurrence rates, then evaluate novel therapies and their role in OCSCC. By exploring these developments, this paper shows
the potential in these new therapies to overcome the limitations of traditional treatment. Although evidence for novel therapies
in OCSCC remains limited, early results suggest immunotherapy and nanotechnology-based strategies having the potential to
improve survival outcomes and reduce recurrence. Continued research, larger clinical trials, and development of predictive
biomarkers will be essential to validate their role in advancing the standard of care for OCSCC.

Keywords: Oral Cavity Squamous Cell Carcinoma (OCSCC), Immunotherapy, Overall Survival Rate, Treatment

Introduction

Oral cavity squamous cell carcinoma (OCSCC) arises in the
oral cavity from squamous cells. Squamous cells are flat,
scale-like cells that appear under the surface of skin, making
them highly vulnerable to external factors. They are found in
the floor of the mouth, hard palate, soft palate, tonsil (impor-
tant for immune defense)1, lip, alveolar, buccal, and gum2.
The floor of the mouth consists of mylohyoid muscles which
elevate the hyoid-laryngeal complex when swallowing3. The
roof is formed by the hard palate and posteriorly by the soft
palate, which serve vital functions of digestion, speech artic-
ulation, and respiration3. The alveolar, gum and buccal work
to anchor and protect the roots of the teeth.

In the US, oral cancer represents almost 3% of cancers with
approximately 54,000 annual cases4. Mainly, oral cancer af-
fects adults over the age of 40, with age groups over 70 being
the most at risk5. In a study consisting of 603 patients diag-
nosed with oral cancer, 97.7% were older than 40 years6. De-
spite this, there has been a rise in oral cancer cases in younger
demographics7, which can potentially be due to certain car-
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cinogens such as environmental factors such as tobacco8, UV
radiation9, and HPV10.

Historically, African American males are at a higher risk
of death to oral cancer compared to white American males,
yet white American males having higher overall incidence
rates11. Recent studies have illustrated further shifts in racial
disparity trends, with total incidence rates substantially de-
clining in African American males and total incidence rates
increasing for White males12. Additionally, there are no sta-
tistically significant differences in mortality for Hispanics vs
whites or Asians vs whites13. To explore the racial disparities
within cancer development, further studies should examine a
wide range of socio-demographic variables in order to deter-
mine factors in racial and gender oral cancer incidence.

Meanwhile, there are prevalent gender disparities, with men
holding a significantly higher incidence rate than women14.
Still, oral cancer remains one of the most common tumors,
with incidence rates expected to rise 65% in 2025 as estimated
by GLOBOCAN15.

Current treatment for oral cancer patients such as
chemotherapy, radiotherapy, and surgical therapy is consid-
ered invasive and often ineffective. Recurrence rates are at
about 20% in oral cancer patients16 highlighting the need for
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more effective treatment to reduce recurrence rates.
A paper published by Douglas Hanahan and Robert A.

Weinberg explores the hallmarks of cancers, to which there
are six — these hallmarks represent the defining character-
istics of cancer, specifically how malignant cells can grow at
such a rapid pace. Cancer cells can sustain proliferative signal-
ing without growth signals, evade growth suppressors, evade
apoptosis, enable replicative immortality, induce angiogene-
sis, and activate invasion and metastasis17. This is applicable
to the development of cancer treatment as it provides a frame-
work in what treatments need to address. These hallmarks are
the characteristics that distinguish cancer cells from healthy
cells, allowing researchers to advance personalized therapies.

This review aims to evaluate current standard-of-care treat-
ments for oral cavity squamous cell carcinoma and criti-
cally examine emerging therapeutic approaches, including
immunotherapy, tumor-treating fields, and nanotechnology-
based strategies. Despite advances in oncology, survival out-
comes for OCSCC remain poor, and many novel therapies lack
clear clinical integration. A key gap in the literature is the lim-
ited synthesis of how these emerging treatments compare con-
ceptually to conventional modalities, particularly in terms of
invasiveness, toxicity, and potential impact on recurrence. By
consolidating existing evidence and highlighting translational
limitations, this review seeks to clarify the potential clinical
role of emerging therapies and identify priorities for future re-
search.

Developments of Oral Cancer

The incidence of cancer is influenced by multiple factors that
contribute to disease development. Factors such as smoking,
sex differences, and demographic factors increase the risk of
developing cancer18.

Cancer develops when a change, or mutation, occurs in a
person’s DNA. This change or mutation can deregulate the
cell cycle, causing uncontrolled cell division, leading to the
formation of a tumor. In mitosis, there are key cell check-
points that regulate the cell cycle to ensure safe cell division.
TP53, which encodes the p53 protein, is a significant tumor
suppressor gene that aids DNA repair and apoptosis. When
the gene TP53 is mutated, p53 can no longer perform these
functions, thereby damaged cells will continue dividing, lead-
ing to cancer growth19.

Oral cancer develops through mutations in tumor suppres-
sor genes such as TP53, which drive genomic damage and
malignant transformation. TP53 is the most common muta-
tion in oral cancer patients, occurring in 60% of patient sam-
ples20. Furthermore, upregulation of immune checkpoint pro-
teins p53, CK17, and PD-L1 further facilitate immune evasion
within the tumor microenvironment21.

Studies have shown tobacco to be a key cause in the over-

expression of mutated p53 protein in the oral cavity, which is
linked to the presence of oral cavity squamous cell carcinoma
(OCSCC), in which overexpression leads to dysfunction of vi-
tal cell regulators8. The damage to the DNA ultimately results
in uncontrolled cell growth in the oral cavity, leading to tumor
development. Exposure of the lip to the sun also increases the
risk of oral cancer4. The mouth has higher susceptibility to
cancer when exposed to UV radiation as opposed to bodily
skin. This hypothesis was further explored in a study showing
a decreased rate of repair and apoptosis in oral cells to skin
cells when exposed to the same UV conditions9.

About 50% of those diagnosed with oral cancer will only
survive more than five years22. The reason this cancer had
such high mortality rates is its ability to metastasize and high
rates of tumor infiltration. Over time, the cancer cell will break
away from the original tumor and spread to distant tissues and
other parts of the body. In distinct steps, this new tumor cell
will travel to surrounding areas and establish new, secondary
tumors. The epithelial–mesenchymal transition plays a key
role in metastasis. During this pathway, transcriptional regula-
tors aid the cell in invasion, dissociation, and cell migration23.
As a result of high rates of metastasis, a study of 216 patients
have shown recurrence to affect 89% of patients in the 5th year
of follow up16.

Stages

Cancer is developed through several stages which determine
the size and pervasiveness of the cancer. Identifying the stage
of cancer is vital to the type of treatment a patient requires
and how severe the cancer may be. The first stage is the least
severe and the easiest to treat. This is because the cancer is
usually small and localized, meaning it’s contained to only the
organ it first developed in. In stage two, the cancer is still
localized however larger and more developed. Depending on
the type of cancer, it’s possible for the cancer to have spread
to nearby lymph nodes. Stage three indicates that the cancer
has spread outside of the original organ and into the surround-
ing tissues. The cancer has not spread to other distant parts of
the body yet may consist of multiple tumors. Stage three can-
cer has multiple subcategories, that are determined by the tu-
mor’s size, relative location, and the number of tumors. Stage
four of cancer, also known as metastatic cancer, is the last and
most advanced stage of cancer. This occurs when the cancer
is spread to other distant parts of the body. By this point, the
survival rate has significantly decreased, and doctors can only
attempt to manage the symptoms and control the cancer rather
than cure the patient24.

Early diagnosis is of the utmost importance for cancer pa-
tients, as when cancer develops and spreads in a patient, it
becomes harder to treat. Specifically, oral cancer is harder to
detect and diagnose, with 50% of OCSCCs being diagnosed

2 | © The National High School Journal of Science 2026



at an advanced tumor stage25.

Tumor Microenvironment

The tumor microenvironment (TME) plays a crucial role
in oral cancer development by stimulating cancer cells.
The TME consists of surrounding immune cells, signaling
molecules, fibroblasts, bone marrow-derived inflammatory
cells, the extracellular matrix, and blood vessels26. With
rapidly evolving research, scientists have discovered the sig-
nificant role the TME plays with the goal of advancing treat-
ment to become more effective. Hypoxia is closely linked
to tumorigenesis and a significant contributor in the TME of
oral cavity. Hypoxic conditions are caused by significantly
dropped oxygen levels, due to the high concentration of can-
cer cells27. Once these oxygen levels fall, the tissue site
is more prone to increased tumor aggression, invasion, en-
hanced metastatic potential, resistance to therapy (chemo and
radio), and overall reduced survival rates28. Hypoxic con-
ditions in the tumor tissue recruits and activates immuno-
suppressive cells — myeloid-derived suppressor cells29 and
tumor-associated macrophages30 — which suppress immune
responses (immune suppression)31. Additionally, hypoxic
conditions lead to the activation of hypoxia-inducible factors
(HIF), specifically HIF-1α , which positively upregulates PD-
L1 levels, constituting as a mechanism for tumor cell immune
escape, ultimately supporting the development of tumor sur-
vival and proliferation32. Specifically, in the oral cavity, the
hypoxia-inducible factor will cause the direct upregulation of
the antigenic factors such as vascular endothelial growth factor
(VEGF). In fact, VEGF mRNA expression levels increased by
10–50 times in reduced oxygen level environments33. VEGF
will bind to vascular endothelial growth factor receptors, fur-
ther advancing tumor angiogenesis by activating downstream
signaling pathways and changing vascular permeability34.

The tumor microenvironment in the oral cavity includes im-
munosuppressive cells, tumor-associated macrophages, reg-
ulator T cells, and cancer-associated fibroblasts, which pro-
mote tumor growth through resistance to immune treatment
and proliferating cell cycles. Once these cancer cells es-
tablish, they secrete exosomes to drive immunosuppressive
macrophages, and in turn drive cell proliferation through
metabolic reprogramming35. In fact, exosomes are highly
abundant in human saliva36, supporting the theory of oral cav-
ity being especially prone to tumor growth. These exosomes
contain vital micro RNAs such as miR-24-3p, miR-512-3p,
miR-412-3p, and miR-31 that are associated with patients di-
agnosed with OCSCC37. Involved with gene expression, miR-
NAs are non-coding RNAs that bind to mRNAs and block
translation. Depending on location and abundance, miRNAs
may act as signaling molecules to mediate cell-cell communi-
cation38. This upregulated expression of immunosuppressive

cells in the tumor microenvironment promotes cell prolifera-
tion and tube formation on tumors, and adding additional bar-
riers to non-specific cancer therapy.

The tumor microenvironment plays a critical role in cancer
progression, and the inability of current treatments to effec-
tively target it contributes to high recurrence rates and poor
survival outcomes. However, novel therapies such as immune
checkpoint inhibitors are able to modify the TME, altering its
physical state to promote immune infiltration38. Future re-
search should continue to explore how cancer therapies could
bypass the physical barrier that is the tumor microenviron-
ment, whilst working to shrink/eliminate tumor cells.

Methods

This review was conducted as a systematic literature search
to explore recent advancements in oral cancer treatments, in-
cluding T-cell therapy, tumor-infiltrating lymphocytes (TILs),
immune checkpoint inhibitors, proton radiation, and tumor-
treating fields (TTFields). The selection process was carried
out using PubMed and Google Scholar from dates no ear-
lier than 2000. Only peer-reviewed original research articles
and systematic reviews published in English were considered
while non peer reviewed articles with limited generalizability
were excluded.

Survival data was extracted from published clinical studies
of chemotherapy, radiotherapy, and immunotherapy in OC-
SCC or head and neck cancers. Reported survival percent-
ages at defined follow-up points were compiled and presented
in a table (Table 1). Data extraction was targeted for results
of clinical trials such as overall survival rates and recurrence
rates. The screening process included only papers containing
clinically accurate and relevant information, while duplicate
articles retrieved from independent searches were removed.

The following keywords and Boolean combinations were
applied: “oral cancer” AND (“T-cell therapy” OR “tumor-
infiltrating lymphocytes” OR “immune checkpoint inhibitors”
OR “proton therapy” OR “tumor-treating fields”). Only peer-
reviewed publications written in English were considered.

Treatment Options

Cancer treatment is constantly developing as researchers are
finding new ways to apply advanced technology to therapy.
A recent study has demonstrated 89% of oral cancer patients
experiencing disease recurrence16. The need for developing
effective treatment for oral cancer is urgent, so this section
explores new technologies that aim to improve outcomes.
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Fig. 1 Flow chart of study selection adapted from PRISMA
(Preferred Reporting Items for Systematic Reviews and
meta-Analysis)

Current Treatment

This section explores the common and current treatment di-
rected towards cancer patients. It will discuss chemotherapy,
the most common cancer therapy, radiotherapy, and then sur-
gical treatment. Addressing the challenges will encourage a
new outlook on cancer treatment, searching for less invasive,
yet more effective procedures.

Cancer treatment is rapidly evolving, constantly becoming
more advanced to successfully treat patients. Specifically, sci-
entists are researching more targeted therapies that would be
more effective in treating cancer. Current treatment, surgical,
chemotherapy, and radiotherapy, have the inability to target
the tumor microenvironment (TME), which plays crucial roles
in tumorigenesis. The TME contains cancer associated fibrob-
lasts and stromal tissues; key components that progress can-
cer development in patients39. To address this, scientists have
been developing immunotherapy techniques including small
molecule inhibitors and monoclonal antibodies. Not only does
this type of therapy offer higher survival rates, but due to its
personalization, patients experience less side effects than they
would in generalized treatment.

Chemotherapy

Chemotherapy is the most common oral cancer therapy,
with overall usage increasing by 54.7% from 2008–202040.
Chemotherapy works by targeting rapidly dividing cells, ef-
fectively killing cancer cells but also damaging other rapidly

dividing cells in the body, including immune cells. Immuno-
suppression has become a serious side effect, increasing a pa-
tient’s risk of infection41. Depending on the stage of cancer,
chemotherapy is often utilized to either treat the patient’s can-
cer, prevent recurrence, or relieve symptoms. Doctors will
prescribe treatment, which could be in the form of pills, in-
jections, or intravenous therapy. The purpose of chemother-
apy is to stop the growth of these cancer cells by disrupting
their cell cycle. However, current chemotherapy leaves pa-
tients vulnerable to a multitude of risks, one of them being
organ dysfunction. A patient’s organs such as their liver or
lungs react negatively to many chemotherapy drugs.

Chemotherapy agents are categorized by their mechanism
of action in which they target different phases of cancer de-
velopment. Antimetabolites, a type of immune suppressant,
reduces the growth of cancer cells by interfering with cell di-
vision42. Common antimetabolites used to treat carcinoma
include Methotrexate, 5-Fluorouracil43, and Capecitabine44.
Platinum-based agents target and damage cancer cell DNA
during replication, with agents including Cisplatin45 and Car-
boplatin46. Finally, plant alkaloids are naturally occurring
compounds that interfere with microtubules and cell division.
Paclitaxel and Docetaxel are common plant alkaloid agents
that are used in treatment for head and neck cancers47.

Radiotherapy

Radiation therapy is another highly developed cancer treat-
ment, using high energy beams to target and kill cancer cells.
These beams are designed to destroy the cancer’s genetic ma-
terial and prevent it from growing. Patients are placed under
a linear accelerator and despite its precision, it is possible for
healthy cells to be damaged under the radiation. However,
non-cancerous cells can more effectively repair themselves.
Radiation therapy may place patients under the risk of side
effects due to damaged surrounding cells, including neuro-
logic symptoms48. In a review paper exploring the relation-
ship between cancer stem cells (CSCs) and tumor relapse, re-
searchers have discovered a positive correlation in how CSCs
respond to radiotherapy. CSCs in the oral cavity are signif-
icantly more likely to survive radiotherapy than that of non-
stem cells. In fact, radiotherapy activates cell proliferation in
said CSCs, heavily contributing to tumor relapse and metas-
tasis. Post-radiotherapy, these “awakened” CSCs have radi-
ation tolerance, DNA repair ability, and self-renewal prop-
erties49. Therefore, OCSCC patients treated with radiother-
apy have possibly worse survival outcomes because of the re-
sponse of CSC’s to radiotherapy. Further research is required
to fully comprehend this phenomenon and prepare strategies
of defense against this.

Interstitial Radiotherapy (Brachytherapy) is a traditional ap-
proach to OCSCC patients, and an alternative to external beam
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radiotherapy (EBRT)50.
Brachytherapy administers radiotherapy to patients through

the placement of radioactive sources adjacent to the tumor. It’s
highly used in the oral cavity as it’s able to precisely deliver
a concentrated dose to the tumor area51. In some cases of
treating patients with oral cancer, post operative brachyther-
apy is applied as an adjuvant to radiotherapy, for cases unable
to tolerate surgery, or to address recurrent cases50. EBRT ad-
ministers radiotherapy from outside the body, positioned and
shaped to target regions of tumor and lymph nodes52.

Due to EBRT’s lack of precision, recurrence rates and toxic-
ity become associated problems, which is why researchers em-
phasize the use of intensity-modulated radiotherapy (IMRT).
IMRT allows for concave dose distributions and shows sub-
stantial reduction of osteoradionecrosis in post-radiotreated
patients53,54.

Surgical therapy

Surgical therapy is most effective with a solid tumor, if the
cancer is localized. Often, chemotherapy is administered be-
fore surgical procedures to cause shrinkage of the tumor. Dur-
ing this procedure, surgeons will make a large cut inside the
oral cavity, or smaller cuts and use a laparoscope. Either way,
the purpose is to remove the tumor inside the body, as well as
any surrounding tissue and lymph nodes55. However, there are
many known risks associated with surgical therapies. Depend-
ing on the location of the cancer, doctors can have difficulty re-
secting the cancer. During stages 3 and 4 of cancer, the tumor
is spread beyond the location of origin, complicating surgical
decision making regarding accurate resection margins, lead-
ing to a high risk of ineffective removal and therefore higher
recurrence rates.

Within resecting the primary oral tumor, doctors aim to re-
move an adequate margin of healthy tissue while still preserv-
ing functions of the oral cavity. Peroral resection removes the
tumor without external incisions and is most used for small
tumors that occur on the tongue, floor of mouth, or buccal
mucosa56. For larger, deeper tumors, doctors perform exter-
nal incisions to expose deeper parts of the oral cavity, such as
the lower cheek, visor flap, mandibulotomy, and upper cheek
flap56.

Immunotherapy

Cancer treatment research is being rapidly developed as sci-
entists make breakthroughs in treatment and diagnosis. Many
new promising therapies, such as targeted therapies, have great
potential to minimize side effects, and reduce the invasiveness
of cancer treatment.

Immunotherapy is a rapidly developing, novel therapy that
has shown immense potential in improving cancer treatments

in clinical trials. Immunotherapy utilizes the body’s own im-
mune system in containing tumorigenesis and tumor progres-
sion57. Researchers are exploring the connection between
tumor-infiltration lymphocytes in cancer tissues to further en-
hance one’s defensive mechanism against cancer. This sec-
tion will cover advancements in monotherapies such as tumor-
infiltration B-lymphocytes, immune checkpoint inhibitors,
and cell-based therapy, and their role in treating OCSCC pa-
tients.

Importantly, different types of immunotherapy have differ-
ent types of toxicity that is induced by the same immuno-
logic mechanisms responsible for the treatment’s therapeu-
tic effects58. Clinical trials of patients with breast cancer
have revealed immune checkpoint inhibitors to directly in-
crease pathological response rate as they are of immune-based
origin59. Immunotherapy toxicity most commonly involves
the skin, endocrine glands, gastrointestinal system, and liver,
along with most organ systems58. These toxicities require
highly specific treatment management due to prolonged du-
ration and fatal, yet rare, severity59.

Acquired resistance to immunotherapy is an additional clin-
ical challenge that limits cancer remission. During the tumor
immune cycle, tumor cells and the TME are modified follow-
ing immune cell interaction, developing new characteristics
that later prevent the tumor from effectively responding to im-
munotherapy60. Patients may experience temporary, partial,
or even complete clinical response after immunotherapy treat-
ment, however will ultimately experience clinical progression
of the disease61.

Monotherapy

Tumor-infiltration lymphocytes (TILs) are immune cells
that enter tumors and act as a natural defense against cancer.
These cells recognize tumor antigens and can activate both T
and B cell memory responses, helping the body identify and
interact with, to destroy cancerous cells62.

TIL therapy is a type of adoptive cell therapy that builds on
this natural immune response. After the resection of a tumor,
surgeons extract the TILs from the tumor lesion where these
immune cells are grown in a lab setting. They are expanded
ex vivo then reinfused into the patient’s immune system63,64.

This approach has shown promising results in clinical tri-
als, particularly in metastatic melanoma, and researchers are
now exploring its potential use in other cancers, including oral
cavity squamous cell carcinoma (OCSCC)65.

In the OCSCC, there are significant levels of tumor-
infiltrating B-lymphocytes (TIL-Bs) that contain high expres-
sion of CD45. In a study exploring the prospective of TIL-Bs
acting as biomarkers, researchers took samples of 222 OCSCC
patients and classified each as TIL-rich or TIL poor. Individ-
uals who were classified as TIL-rich were diagnosed at earlier
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stages and had improved survival66. Thus, these TIL-Bs cells
help with early diagnosis, but they also correlate with less ag-
gressive tumor development. Similarly, a retrospective analy-
sis of 278 patients showed that increased CD4+ and CD8+ TIL
levels correlated with reduced recurrence and higher survival
rates. These findings suggest that TILs could serve not only
as potential therapeutic agents, but also as valuable prognostic
biomarkers for OCSCC67.

Immune checkpoint inhibitors

Immune checkpoint inhibition is a novel, yet extensively
studied area of immunotherapy, representing a major advance-
ment in cancer treatment. They work by targeting specific
proteins that normally act as brakes on the immune system,
allowing cancer cells to avoid detection and destruction. Two
key checkpoint proteins are CTLA-4 and PD-168, which are
mainly found on T cells, but are also expressed by other
immune cells, such as B lymphocytes and fibroblasts66,69.
Under normal conditions, these checkpoints help maintain
self-tolerance and prevent the immune system from attacking
healthy tissue. However, many cancers, including oral cav-
ity squamous cell carcinoma (OCSCC), upregulate checkpoint
proteins to suppress immune responses70. Exploring immune
checkpoint inhibitors in oral cancer is of importance as it ad-
dresses the limitations of current treatment.

Checkpoint inhibitor drugs block PD-1 or PD-L1, restor-
ing the ability of T cells to recognize and kill tumor cells by
promoting apoptosis71. This approach has shown strong re-
sults in several cancers and is now being explored in head and
neck malignancies, including OCSCC. Currently, the Food
and Drug Administration has approved pembrolizumab, a PD-
1 inhibitor as treatment for head and neck cancers72. For
cancers generally, the US FDA has approved three different
categories of immune checkpoint inhibitors. PD-1 inhibitors,
PDL-1 inhibitors, and CTLA-4 inhibitor73. Especially, hy-
poxic conditions, PD-L1 is upregulated due to overexpres-
sion of HIF-α 32. For immune checkpoint inhibitors, patients
would only benefit if they express PD-L1 in their tumor as
these therapies work by blocking PD-L1 activity that sup-
presses T-cell activity.

By reactivating the immune response, checkpoint in-
hibitors offer a less invasive and more targeted alternative to
chemotherapy and surgery, potentially improving survival and
reducing recurrence rates.

Cell-Based Therapy

T-cell therapy represents a treatment for cancer patients
that utilizes one’s own immune system against tumorigene-
sis. The T cell receptor (TCR) acts as an antigen sensor that
detects proteins expressed by cancer — neoantigens, cancer-
germline antigens, and viral oncoproteins — by binding to

epitopes74, leading to the elimination of tumor cells. In a re-
cent study exploring the effects of bispecific T-cell engagers
(BiTEs), which are engineered antibodies that link T cells di-
rectly to tumor cells, the researchers took samples from pa-
tients diagnosed with melanoma, gastric, lung, pancreatic, and
liver carcinomas. The findings indicate that BiTEs are espe-
cially effective for tumors exhibiting high PD-L1 expression,
linking their targeted activity to the enhancement of T-cell
function and subsequent anti-tumor effects75. Moreover, this
study showed the effectiveness of BiTEs elevating oncolytic
response both in vitro and in vivo. T-cell therapy has risen to
become an effective cancer treatment as it can detect intracel-
lular antigens derived from the full proteome of cancer cells.
In contrast, antibodies are limited to identifying only surface-
level epitopes76. Meaning, T-cell therapy offers a broader and
more comprehensive immune response, allowing it to target
cancer cells that would otherwise evade traditional antibody-
based treatments.

Still, researchers face limitations with T-cell therapy, in-
cluding low efficacy in solid tumors, which contain immune
suppressors that block T-cell activity77 and are present in ep-
ithelial cancers such as OCSCC. The tumor-associated extra-
cellular matrix that is a part of the microenvironment cre-
ates an obstinate barrier for T cells targeting cancer cells.
Not only does the dense extracellular matrix physically im-
pede T-cell movement into tumor parenchyma, but also cre-
ates high pressure that restricts cell migration78,79. For these
reasons, the tumor builds immune resistance rather than being
destroyed74,80. To improve T-cell infiltration, researchers have
remolded matrix-degrading enzymes that are able to cleave
the extracellular matrix, facilitating T-cell entry81. Addition-
ally, studies have discovered that modifying CAR-T cells to
secrete heparinase enzyme would destroy the tumor matrix82.
To maximize the advantages of cell-based therapy, more re-
search on enzymatic remodeling as well as a comprehensive
understanding of the tumor environment needs to be pursued.
Although clinical data in oral cancer is limited, findings sug-
gest overall efficacy in patients with high expression of PD-
L1.

Emerging Therapies

A prominent concern in cancer treatment today is the inva-
siveness of therapies. Research has found therapies such as
chemotherapy and surgical therapy to be unnecessarily inva-
sive through the introduction of foreign drugs and/or tools
into the patient’s body. Invasive treatment induces anoxia,
bleeding, exudate, offensive odors, and dyspnea which sig-
nificantly compromise a patient’s quality of life, delay heal-
ing, and increase the risk of infection. Especially in OCSCC
patients, mastication (chewing), oral mucositis, deglutition
(swallowing)83,84, maintenance of oral competency (keeping
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mouth closed), and articulation of speech85 are seen in most
cases when treated with therapies such as surgical therapy,
chemotherapy, and radiotherapy86.

Tumor Treating Fields

Recent studies have proposed tumor treating fields
(TTFields), a type of electrotherapy as a non-invasive can-
cer treatment alternative. Intermittent electric fields are de-
livered to the tumor site from transducer arrays that are placed
on the patient’s skin. The transducer arrays are connected to
a portable device which allows the treatment to be delivered
from home and during possible daily activities86. The electric
currents exerted by TTFields employ physical force onto the
cancer cell, disrupting its cell cycle, forcing it to cause can-
cer cell death. TTFields are commonly addressed to glioblas-
toma patients86 due to the complex spinal system of the en-
cephalon. However, research has demonstrated the versatile
nature of TTFields, allowing it to be applied as a monother-
apy, or adjuvant with existing therapies. While TTFields have
demonstrated clinical benefit in glioblastoma and are under in-
vestigation in other solid tumors, their application in OCSCC
remains exploratory and has not yet been validated in clinical
trials. TTFields send electric currents through skin, meaning,
can be placed on the neck, face, or jaw. This novel approach
represents a promising innovation in oncology, offering a tar-
geted and noninvasive method to minimize unnecessary dam-
age as well as improve overall prognosis87. If clinical trials
expand, TTFields hold potential to revolutionize cancer care.

Nanotechnology

Nanotechnology serves as a rapidly revolutionizing cancer
treatment technology that shows positive trends in oral can-
cer patients. Researchers define nanotechnology as the ma-
nipulation of matter on the molecular and atomic levels us-
ing nanorobotics, nanomaterials and biotechnology. Nano
dentistry has emerged as a form of medicine that maintains
near-perfect oral health88. In nanomedicine, nanoscale mate-
rials are applied to diagnostic techniques, targeted drug ther-
apies, genomics, proteomics, artificial biotics, intermediate
microbial diagnosis, and enhancement of physiological func-
tions89–91. These techniques are applied through dentistry in
a multitude of ways due to their versatile nature.

In general cancer therapy, nanotherapy has shown efficient
results in drug delivery, due to their ability of deep tissue pen-
etration, increasing drug permeability and retention92. Types
of nanoparticles include Doxil, Eligard, Abraxane, Genexol-
PM, and Onivyde. Doxil is a liposome coated with polyethy-
lene glycol that administers the drug Doxorubicin, designed
to target drug release to primary tumors while decreasing drug
exposure to healthy tissue93. In preclinical models, Doxil has
demonstrated less systemic toxicity than free doxorubicin, as

well as versatility in multiple cancer types94. Next, Eligard
carries the drug Leuprolide acetate and functions to sustain
hormone suppression of testosterone, mainly for prostate can-
cer patients95. Genexol-PM is another nanoparticle designed
to carry Paciltaxel, designed to improve drug solubility and
reduce toxic sensitivity while facilitating high doses96. Col-
lectively, these nanoparticle techniques demonstrate how en-
gineered drug carriers can facilitate cancer treatment. By en-
hancing tumor-specific accumulation and reducing systemic
toxicity, nanotechnology-based approaches offer significant
potential for a wider range of malignancies, including OC-
SCC.

In OCSCC therapy, doctors apply nanoanaesthesia, brachy
therapy, and nanovectors therapy, valued for their preciseness
and high efficacy.

Nanotechnology in active treatment includes brachy ther-
apy, nano vectors for gene therapy, and nonviral gene delivery
services.

Traditional brachy therapy via nanotechnology enhances
targeted radiation therapy through immaculate precision and
controlled release, minimizing invasiveness and disturbance
to surrounding tissue97. Nano vectors, engineered to carry ge-
netic material, deliver corrective genes to silence oncogenes or
insert tumor-suppressor genes directly into the cancer cell94.

As previously mentioned, invasiveness is a vital component
of conventional therapies such as chemotherapy, significantly
worsening the patient’s quality of life as they suffer additional
attacks on their immune systems. Targeted therapies via nan-
otechnology acknowledges these limitations and provides tan-
gible solutions.

Outcome of Treatment Regimes

Table 1: Overall survival of patients stratified by type of therapy
received. Survival was assessed over a follow-up period of 1 to
3 years and compiled from published clinical studies (see Methods
for details). Concurrent cisplatin + RT 3 years survival of 181 pa-
tients98, Reirradiation therapy of 2 years survival of 32 patients 99,
Immune checkpoint inhibitors 12 months overall survival status of
40 patients100, Camrelizumab therapy 32 months survival of 34 pa-
tients101. Leukocyte interleukin injection is administered as a neoad-
juvant immunotherapy, shown to alter the composition of tumor-
infiltrating mononuclear cells, increase CD4+:CD8+ ratio and tumor
stroma to epithelial ratio102. Patients treated with nivolumab, PD-1
checkpoint inhibitor classified under immunotherapy drugs, experi-
enced higher overall survival, response rate, and regulation of PD-
1103. Patients treated with Cemiplimab, and neoadjuvant PD-1 inhi-
bition immunotherapy drug, had 12 month disease-free survival104.
Impact of surgical margins status on survival outcomes. HR = 1,
meaning no difference in risk. HR > 1, meaning higher risk of death
in the study group compared to those with clear margins. HR < 1,
meaning lower risk of death in the study group compared to those
with clear margin. Surgical margins being defined as the edges of the
tissue removed during surgery105.
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Table 1 Description of outcome of oral cancer patients after administration of given therapeutic regime

S no Studied by Therapy Type of Cancer/lesion Outcome/Status

1 Babar et al.98 Concurrent cisplatin
+ RT

181 patients with oral
cavity cell carcinoma

51% overall survival over 3
year period

2 Yamazaki et al.99 Reirradiation therapy 32 patients with oral
cavity cell carcinoma

34.6% overall survival over
2 year period

3 Falco et al.100 Immunotherapy 40 Patients with Head
and Neck cell carcinoma

76% overall survival of 12
months

4 Liu et al.101 Carmelizmub 34 patients with locally
advanced oral cavity cell
carcinoma

88.2% overall survival over
32 months

5 Timar et al.102 Leukocyte
Interleukin Injection

39 patients diagnosed
with moderately
advanced oral cavity cell
carcinoma

Overall response rate, 42%

6 Saba et al.103 Nivolumab 361 patients diagnosed
with recurrent/metastatic
squamous cell
carcinoma of the head
and neck of the oral
cavity, oropharynx,
hypo-pharynx, or larynx

Higher median overall
survival in nivolumab
patients and overall
Response Rate versus
control group ie. 12.8% Vs
6.6%

7 Gross et al.104 Cemiplimab
(neoadjuvant PD-1
inhibition)

20 locoregionally
advanced squamous cell
carcinoma of the head
and neck

12-month disease-free
survival and overall survival
rates were 89.5% and 95%
respectively

Table 2 Impact of surgical margins status on survival outcomes

Margin Status N of patients Hazard Ratio for OS (95%
Confidence Interval)

Positive Margin 3237 2.27 (1.43–3.58)
Close Margin 2627 1.41 (1.06–1.87)

Hazard Ratio equaling 1 means there is no difference in risk
between patients in the control group and patients in the study
group. HR > 1, meaning higher risk of death in the study
group compared to those with clear margins. HR < 1, mean-
ing lower risk of death in the study group compared to those
with clear margin. Surgical margins being defined as the edges
of the tissue removed during surgery105. Patients with positive
margins, defined as margins being less than 1mm, have about
2.3 times higher risk of death compared to those with clear
margins, margins of greater than 5mm. Patients with close
margins, margins of 1–5mm, have about 1.4 times higher risk
of death compared to clear margins. This illustrates the as-

sociated risks of surgical treatment, as full removal of cancer
cells may be challenging, especially after metastasis and inva-
sion. Even with a close margin patients are 41% more at risk
of death compared to patients with completely clear margins.

Discussion

There are approximately 54,000 annual cases of OCSCC
patients, representing about 4.6% of global cancer-related
deaths. These statistics demonstrate serious challenges in the
field of cancer therapy, invoking the need for advancements in
treatment, such as developing targeted therapies such as im-
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munotherapy, nano therapy, and electrotherapy. As shown in
clinical data, overall survival rate is higher in patients treated
with immunotherapy techniques, including immune check-
point inhibitors, compared to that of chemotherapy and con-
ventional radiotherapy.

Oral cancer has become a critical disease today, however,
advancements in therapies are constantly being developed to
address current limitations, reduce recurrence rates, and in-
crease overall survival. The nature of the OCSCC invokes life-
threatening conditions to the patients, including the inability to
speak, eat, or breathe properly. To solve the widespread con-
cern of invasive and ineffective treatment for OCSCC patients,
this paper systematically reviews advancements in treatment
that offer new approaches. Advancements in immunotherapy
have been rapidly developing, with promising OCSCC tech-
niques in T-cell, TIL, and checkpoint therapy. These thera-
pies show strong defenses against tumorigenesis, resulting in
less aggressive cancer stages and lower recurrence rates. Ta-
ble 1 summarizes various studies focusing on different meth-
ods of therapy, with immunotherapy administration showing
improved overall status.

These conventional therapies have associated risks, along
with lower survival rates and higher recurrence rates. In sur-
gical treatment, a clear margin represents full removal of the
tumor and patients without clear margins have a significantly
increased risk of death. This illustrates the need for alter-
native treatments, even neoadjuvant techniques. Moreover,
chemotherapy and radiotherapy pose higher risks of inva-
siveness, systemic toxicity, and immunosuppression, as these
types of drugs lack the ability to specifically target and de-
stroy only cancer cells. More recently, immunotherapy has
shown promising results in monotherapy and cell-based ther-
apy. By utilizing a patient’s own immune system and ma-
nipulating it to enhance the body’s defense mechanisms, im-
munotherapy acknowledges the invasive nature of cancer ther-
apies. TTFields in radiotherapy and the versatile techniques of
nanotechnology offer therapeutic strategies that can enhance
treatment efficacy through targeted drug delivery and local-
ized tumor disruption, ultimately improving quality of life for
OCSCC patients while addressing the limitations of conven-
tional therapy.

However, patient access to these novel therapies are lim-
ited due to cost barriers. CAR T-cell administration aver-
ages around $454,000 in an academic hospital setting106, sim-
ilar to administering nanotechnology, TTFields, and other
types of immunotherapy. Disproportionately, access to health-
care is limited in low-income communities, or even minority-
concentrated areas. Factors such as discrimination, hospital
closures, or distance, influence treatment options for an in-
dividual. Despite high success rates, advanced treatment re-
mains inaccessible, responding to socioeconomic and even ge-
ographic gaps.

In terms of clinical application, patients of different sit-
uations benefit most from distinct therapies. Early-stage
OCSCC patients would most benefit from surgery with
nanotechnology-enhanced diagnostics, considering the effec-
tive nanoanesthesia and incredibly high preciseness. Those
with advanced-stage OCSCC, or recurrence, immunotherapy
would be applied, as the enhancement of the body’s own im-
mune system is most effective in full removal of the tumor,
minimizing recurrence rates and toxicity. For most therapies,
especially immune checkpoint inhibitors, patients with high
PD-L1 or CTLA-4 expression should be addressed, consider-
ing the specific target of these therapies to these proteins. In
all, these novel therapies provide targeted, non-invasive tech-
niques to improve overall survival.

It’s important to acknowledge the oral cavity’s tumor mi-
croenvironment, and its vital role in the development of tu-
morigenesis. Emerging therapies must target the TME to cre-
ate the most effective treatment for patients. Especially in
hypoxic environments, the oral cavity is more susceptible to
tumor development as lower oxygen levels facilitate the acti-
vation of downstream signaling pathways in the TME.

To acknowledge the limitations of this literature review,
new clinical data on oral cancer patients treated with emerg-
ing therapies aren’t as prevalent. As a result, there was het-
erogeneity among the studies, and reliance on head and neck
cancer data was not always specific to OCSCC. Table 1 high-
lights the overall survival rate of four therapies under different
confounding conditions.

Future research should focus on the development and in-
tegration of novel adjuvant therapies to further improve sur-
vival outcomes, as well as working on making cancer treat-
ment available to wider demographics. The application of
nanotechnology-based therapies has shown potential in re-
moving OCSCC and should be further explored in how it can
be used in conjunction with immunotherapy, where destruc-
tion of cancer cells can become even more targeted. Tumor-
infiltration lymphocytes is an additional therapy that is ex-
tremely novel in oral cancer, representing effectiveness in
high mutational burdens that would offer durable and person-
alized alternatives in cases where surgical margins are sub-
optimal. Even adjuvant therapies of conventional treatment
have promising effects on survival outcomes. Research on
immunotherapy and radiotherapy, or radiotherapy in combina-
tion with surgical therapy should be further explored to con-
firm effectiveness of such adjuvant therapies. Taken together,
this literature review underscores the urgent call for advance-
ments in oral cavity squamous cell carcinoma therapies to pro-
vide effective treatments to the hundreds of thousands that
suffer from this disease. The use of emerging therapies, im-
munotherapy, electrotherapy, nanotechnology, have the poten-
tial to reduce recurrence and improve survival rates, as contin-
ued research will be essential in establishing these as standard
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care in OCSCC.
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