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Abstract

Background: In India, oral cancer is among the most prevalent malignancies, yet it is a rare disease worldwide in Western
nations. Owing to its elevated fatality rate, prompt diagnosis is crucial. Treatment approaches for oral squamous cell carcinomas
include surgery, radiotherapy and adjuvant chemotherapy. Each of these modalities is undergoing advancement with time.
Advanced radiotherapy modalities stand out because they precisely target cancer cells with less likely damage to nearby healthy
tissues. This review is an overview of Intensity Modulated Radiotherapy, Brachytherapy and Intensity Modulated Proton
Therapy. Future studies on the effects of various treatment options for patients with cancer should also investigate the impact on
the patient's quality of life and well-being.

Methodology: Aliterature search of peer-reviewed publications was undertaken to identify original peer-reviewed works about
the use of radiation for squamous cell carcinomas in the head and neck region. Search words like intensity-modulated radiation
therapy, brachytherapy, proton therapy and oral squamous cell carcinomas were entered together using nesting and Boolean
operators (e.g. AND, OR, NOT). Reference lists from included articles were cross-checked to identify additional articles.
Articles published from 1995 to 2024 with free full text available on PubMed and Google Scholar, restricted to the English
language and human subjects were included. The full bibliographies of identified articles were reviewed and case reports and
clinical trials were selectively removed. Observational series devoid of disease-specific outcomes as measured by progression-
free survival or overall survival were also excluded. An interpretive synthesis of the available publications was then presented.

Keywords: Intensity Modulated Radiotherapy, Brachytherapy, Intensity Modulated Proton Therapy, Oral squamous cell
carcinoma

Introduction:

One of the top three cancers in the nation and a significant
issue on the Indian subcontinent is oral cancer.”’ The clinical
definition of “oral cancer”, is defined by the American Joint
Committee on Cancer (AJCC) and the Union for
International Cancer Control (UICC) in the tumour node
metastasis (TNM) staging classification. This includes Oral
Squamous Cell Carcinomas (OSCC) originating from the
mucosal lip, anterior two-thirds of the tongue (oral tongue),
buccal mucosa, floor of mouth, hard palate, lower & upper
alveolus and gingiva, and the retromolar trigone. Surgery as a
single modality, radiation therapy [brachytherapy and/or
External Beam Radiation Therapy (EBRT)], or different
combinations of these modalities with or without systemic
therapy (chemotherapy and/or target drugs) are all used to
treat OSCC. The management of the condition and the
intended functional and aesthetic results are taken into
account when choosing a course of treatment.”

3)

Typically, surgery is the primary form of OSCC treatment.
In general, three scenarios call for the use of EBRT, either

with or without chemotherapy: a) as an adjuvant to primary
surgery to improve Loco-Regional Control (LRC) for cases
with unfavourable pathological features; b) as primary
treatment for cases that cannot tolerate or are not fit for
surgery; and ¢) as salvage treatment in the setting of persistent
or recurrent discomfort. When treating patients with early
disease and a well-defined primary tumour, brachytherapy
can be used alone or in conjunction with surgery in cases with

positive resection margins.”

For patients with unfavourable pathological features,
Postoperative Radiotherapy (PORT) or Post-Operative
Concurrent Chemo-Radiotherapy (POCRT) have been
shown to improve locoregional control (LRC) and survival in
several clinical trials.“”. General indications for PORT
include T3 or T4 tumour; compromised surgical resection
margins (<5 mm from the inked surface of the specimen); the
presence of Lymphovascular Invasion (LVI) and/or Peri-
Neural Invasion (PNI); and positive lymph nodes with or
without extracapsular invasion (ECE).“”
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Radiotherapy:

Like surgery, radiotherapy is a loco-regional kind of care.
When deciding on the management of oral cavity tumours,
one must consider both functioning and cosmesis; therefore,
a multidisciplinary team must make the decision. These
malignancies are classified as early-stage, locally progressed,
and metastatic for prognosis and treatment.”

The first stage in designing a radiation treatment is
determining the target precisely. The area to be treated is
defined concerning bony landmarks. This is followed by the
creation of a brick-shaped centre zone with high dosage
distribution using many overlapping beams. Planning and
delivering radiation therapy are undergoing significant
change. The development of advanced three-dimensional
Radiation Treatment Planning (3D-RTP) and Computer-
Controlled Radiation Therapy (CCRT) delivery systems is
largely due to ongoing advancements in computer hardware
and software.” " Therefore, it is now possible to implement
three-Dimensional Conformal Radiation Therapy (3D-CRT)
to minimize radiation exposure to nearby normal structures
while simultaneously conforming the prescribed dosage's
spatial distribution to the 3D target volume, which consists of
malignant cells plus a margin for spatial uncertainty. A
collection of fixed radiation beams that are formed using the
target volume projection is often used to deliver 3D-CRT.
Normally, the radiation beams are the same intensity
throughout the field; but, when necessary, small devices like
wedges or compensating filters can be used to vary the
intensity of the beams. However, a new kind of conformal
planning and delivery technology has been emerging to
replace conventional 3D-CRT. Intensity-Modulated
Radiation Treatment (IMRT), a novel kind of 3D-CRT, is
based on the use of optimized non-uniform radiation beam
intensities incident on the patient.”*" Inverse planning or
automated optimization 3D-RTP systems, which employ
computer optimization techniques to help establish the
distribution of intensities across the target volume, are
frequently used to develop IMRT treatment plans.”

Intensity-modulated radiotherapy

IMRT is a type of 3-dimensional conformal radiotherapy
(3D-CRT) with an advanced delivery of external beam
irradiation. 3D-CRT/IMRT is an addition and a significant
modification to the current radiation oncology procedure in
practice. For instance, 3D-CRT/IMRT necessitates the use of
3D treatment planning tools such as MRI and CT, to define
target volumes and organs at risk in three dimensions by
contouring cross-sectional images slice-by-slice.
Furthermore, IMRT mandates that the doctor specify the
treatment goals in a precise, quantitative manner. As of right
now, most IMRT techniques will require more time and effort

by radiation therapists, medical physicists, doctors, and
dosimetrists because the technologies for IMRT planning
and delivery are not yet reliable enough to offer automated
solutions for every disease site."” Target volumes with
complicated or concave geometries that are close to
radiosensitive normal structures are especially valuable." In
comparison to conformal radiation therapy, it includes two
important features: non-uniform radiation beam intensity and
inverse planning.

Non-uniform radiation beam intensity: Unlike other
radiotherapy procedures, which use uniform radiation
intensity, variable radiation intensity is generated across each
beam. It is possible to create an incredibly intricate pattern
since each beam is divided into hundreds of beamlets, each
with a different intensity level. A highly conformal dose
distribution can be created by using several beams, which
enables accurate contouring to a curved target and further
spares normal tissue."”

Benefits of IMRT include increased normal tissue sparing,
dose painting, dose escalation, improved target conformity,
especially for concave target volumes, and the ability to make
up for missing tissue. The following are some drawbacks of
IMRT: longer target and organ outlining times for clinicians;
a comprehensive quality assurance programme is required;
longer machine treatment times; longer initial planning
times; and higher doses of radiation to the entire body.

Inverse planning: The use of computerised inverse planning
is one of the main characteristics that sets IMRT apart from
other radiation methods. In conformal radiotherapy, the
quantity, form, and orientation of the beams are determined in
advance and depend on the treatment planner's expertise. On
the other hand, inverse planning outlines the intended result
in terms of the dose limitations for normal structures and
cancer. Then, to discover a configuration that best fits the
intended plan, the computer system modifies the beam
intensities. The patient's path is followed by each beamlet to
create the initial dose distribution. Next, a single beamlet's
weighting is slightly adjusted; if this modification improves
the distribution, it is approved. This process is repeated for all
beams for one cycle (iteration) and should result in a better
plan. The iterative process is repeated for several cycles until
no improvement is seen. This results in an optimal intensity in
each beam to produce a defined dose distribution."® The dose
that must be administered to reach the target volume and the
dose limitations for the organs that are at risk must be
specified by the clinician. Tumours located close to
radiosensitive structures frequently need extremely intricate
treatment regimens using conventional and conformal
methods. Reducing the dose to the tumour can be necessary to
avoid unacceptably serious late consequences. The treatment
course must often be divided into multiple phases, with
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distinct field layouts for each phase. By enabling "dose-
painting," or the assignment of various dosage targets for
therapy, IMRT enables the purposeful inhomogeneity of
dose distribution.

IMRT delivery: The two most common methods are
segmental IMRT and dynamic IMRT which use Multi-Leaf
Collimators (MLC). Tomo therapy: IMRT can also be
delivered with a fan beam. As the gantry rotates around the
patient, the beam is collimated to a narrow slit and then
changed with moving leaves. Due to the target volume's
intricacy and concavity as well as the close vicinity of
radiosensitive dose-limiting structures in the head and neck
regions, these tumours are benefiting from IMRT."”

Brachytherapy

Brachytherapy involves the placement of radioactive sources
in or close to the target volume. Technologies like 3D
visualization, and dose optimization with the help of CT and
MRI-compatible systems have added to the ultimate goal of
radiotherapy which is “Maximum dose to tumour and
minimum dose to surrounding normal structures”."” The
direct application of radioactive sources to cancer is known as
Brachytherapy (BT). Steep dose gradients, high-dose
radiation delivered to the target volume centre, and the
preservation of neighbouring healthy tissues are the
distinguishing features of this approach. Treatment outcomes
were equivalent to surgery when using Low-Dose-Rate
(LDR) BT and manual after-loading in the treatment of early-
stage oral cancer. As a result of improved surgical methods,
the transition from low-dose-rate (LDR) to High-Dose-Rate
(HDR) BT (which carries a higher risk of problems), and
developments in EBRT, interest in BT as a primary treatment
for oral cancer has decreased recently. Currently, the
postoperative situation is where BT is most often used since it
offers a higher quality of life and greater dosage conformance
than EBRT. Postoperative BT can be used in tandem with
elective neck dissection or EBRT to treat larger or deeper
tumours, or it can be used alone in cases of early-stage
(TINO) malignancies. When it comes to lip carcinoma in
elderly patients and tumours with unfavourable locations, BT
produces great results. In locations that have already been
exposed to radiation, BT is a useful salvage treatment for
local recurrences. Brachytherapy has many benefits, but it's a
complicated procedure that needs careful execution and close
collaboration between the radiation oncologist, physicist, and
surgeon."” Several significant drawbacks of BT include the
implantation process's invasiveness and the tumours'
maximum size (4 cm) that can be treated with BT. However,
BT is still the most conformal type of radiation; current
research indicates that BT is superior to intensity-modulated

RT in terms of sparing organs atrisk of oral cancer."”*”

Review Article

Pierquen and Dutreix in the 1960s developed the Paris system
of implantation and dosimetry, used to date. This period from
the 1950s to the 1980s is widely considered the “golden age of

95 (21)

brachytherapy”.

Inactive applicators are implanted first, and then radioactive
sources are inserted, in the two-step manual after-loading
procedure. For many years, the mainstay of brachytherapy
was low-dose-rate (LDR) BT (0.3-0.9 Gy/hour). Total
dosages for LDR BT vary from 60 to 70 Gy, given over a
period of around one week. High-dose-rate BT (HDR-BT)
with automated after-loading began to supplant LDR BT in
the 1990s. Compared to LDR BT, HDR-BT offers many
benefits, such as a more accurate dose distribution, a shorter
treatment duration, a better radiation safety profile, and the
ability to treat more patients. When it came to intraluminal
therapy of bronchial and oesophageal stenosis and
intracavitary treatment of gynaecological malignancies,
HDR-BT produced outcomes that were on par with LDR BT.
However, because of the possible increased risk of problems,
there have been reservations regarding the use of HDR-BT
for interstitial applications. The decrease in interest in BT
over the past 20 years can be explained by this worry as well
as the introduction of newer and more potent EBRT
procedures. When used as the only treatment modality,
postoperative technique, and reirradiation approach, BT has
been shown to have excellent local control rates and to have
acceptable side effects. Because LDR BT produces such
excellent results, it is used all over the world. HDR-BT has
made it possible for medical personnel to minimise radiation
exposure since the development of technology. Numerous
cancers, including gynaecological, breast, and prostate
cancers, have been treated with this therapy. HDR BT is still a
valuable therapy option for oral cancer.””

Brachytherapy for Tongue, floor-of Mouth and Lip Cancers:
The head and neck cancer treatment known as LDR BT uses
iridium wires or hairpins inserted through plastic tubes. When
it comes to oral cancer, BT has been recommended as a
monotherapy for squamous cell carcinoma in stages I-I1, and
in conjunction with EBRT for more advanced cases including
oropharyngeal tumours. Several studies have demonstrated
that when BT is used as the primary treatment for early-stage
tongue cancer, either alone or in conjunction with low-dose
EBRT, the Local Control (LC) rates are superior. This is
primarily because BT can provide large radiation doses
quickly. As aresult, definitive BT was advised as the first line
of treatment for tumours in stages TINO and T2NO. Most
patients had elective neck dissection (END) after interstitial
irradiation; EBRT was added in cases where there was nodal
invasion. Research conducted in the 1970s revealed that the
five-year local cancer rates for oral malignancies that were
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surgically treated ranged from 81% to 85% for T1 tumours
and from 77% to 85% for T2 tumours.***"

In the late 1990s, HDR-BT and automatic after-loading
procedures essentially supplanted manual after-loading and
LDR BT in the majority of radiation departments. The lower
therapeutic ratio can be explained by the fact that HDR-BT

(dose rate = 12 Gy/h) has a stronger biological effect than
LDR BT, and that effect is greater in slower-acting normal
tissues than in cancer tissue. That's the reason a fractionated
technique is needed for HDR-BT. For a given amount of
cancer control, moving from LDR to HDR generally
increases the chance of adverse effects, especially in
interstitial applications. To obtain the same effects on the
tumour and normal tissues as obtained with LDR BT, it is
crucial to choose the ideal number of fractions and total dose
of HDR-BT. The goal of the early 1990s was to replicate the
biological effects of continuous LDR-BT using the same
stepping source technology as high-dose radiation therapy
HDR-BT. The entire dosage is administered in the same
amount of time as continuous LDR treatment, but it is
administered in several smaller portions, or pulses, usually
once every hour and sometimes as much as once every four
hours.

The use of LDR BT in oral cancer has been the subject of
numerous published investigations. On the other hand, there
is significantly less material on HDR BT for this indication
now accessible. For HDR BT, fractionation regimens usually
vary from 3 Gy to 6 Gy per fraction. Early HDR-BT findings
in oral cancer were inconclusive; reported rates of
osteoradionecrosis (3—20%) and local control (53-94%)
varied greatly. Treatment results increased dramatically over
time as treatment facilities accumulated more expertise and
guidelines for the best fractionation in HDR-BT were
created.” According to the findings of two randomised
clinical trials (Inoue et al. and Yamazaki et al.) conducted on
patients with oral cancer, the outcomes of both LDR and
HDR-BT were comparable.”** According to a meta-
analysis of studies comparing these two therapy modalities
for oral cancer, HDR-BT and LDR BT were shown to be
similar, suggesting that HDR-BT might be used as a standard
treatment for early-stage oral cancer.”” For the majority of
cases, surgery is currently thought to be superior to BT due to
significant advancements in surgical procedures in recent
years.”” Individuals who receive interstitial BT alone for
tumours larger than 2 cm are especially vulnerable to local
recurrence. Furthermore, as the implant volume grows, so
does the frequency of osteonecrosis and soft tissue
necrosis.”” For the final treatment of SCC of the lip,
brachytherapy offers good local control and acceptable
aesthetic outcomes. Comparable 5-year LC rates (around
95%) and 5-year OS rates (between 70 and 90%) are
produced by LDR BT and HDR-BT.*"*****"

Improvements in BT Techniques: While surgical
advancements have improved the prognosis for early-stage
oral cancer, BT, surgery's historical competitor, is also
continuously improving and standardising treatment
protocols. The use of magnetic resonance imaging (MRI) to
determine the size of the tumour was given priority in the
2017 GEC ESTRO recommendation. This is because MRI
makes it easier to determine the clinical target volume and
lowers the chance of local recurrences following
brachytherapy for squamous cell carcinomas of the head and
neck. An adjuvant BT proposal with dose-volume histogram
limitations was released in 2021 by the GEC ESTRO
Working Group to reduce the danger of soft tissue necrosis
and post-radiation osteoradionecrosis.®”

Proton Therapy

Proton Therapy stands out because of the special physical
characteristics of charged particles, a patient can receive a
steep dose gradient with a lower integral dose in a proportion
that can significantly lessen dose-related toxicity. A particle
accelerator that can be used for medical purposes accelerates
a concentrated beam of protons. Protons' two primary
advantages over photons in terms of dosimetric superiority
are (1) no exit dosage beyond the target and (2) a sharper
lateral dose distribution as a result of their heavier mass.
Because protons are charged, there is a sudden rise in dosage
at the end of the particle range, a phenomenon known as the
Bragg peak phenomenon. Techniques like active scanning or
passive scattering can be used to administer proton therapy.
The passive scattering method, which is similar to 3D photon
treatment, employs scattering foils to spread out the proton
beam and then uses brass apertures to conform it laterally.
Similar to how photon therapy operated before the
development of multi-leaf collimators, range compensators
are employed for depth modulation. This approach is less
flexible than active scanning since it requires the labour-
intensive fabrication of equipment tailored to each patient,
generates secondary neutrons, and limits the potential for
adaptive replanning if cancer spreads or anatomical changes
throughout the treatment course. On the other hand, intensity-
modulated proton treatment, or active scanning, depends on
the magnetic characteristics of protons. To treat the various
layers of the tumour, a tiny proton beam is created, its energy
is adjusted, and magnets are utilised to deflect and shape the
beam to the desired volume. Nowadays, IMPT is the most
popular type of proton treatment, and it is available in all
newly built facilities. A multifield optimisation technique that
permits the simultaneous optimisation of all spots from all
fields is used in the treatment planning process for head and
neck cancers.””

Protons' sensitivity to geometrical and physical errors is a
disadvantage of their dosimetric superiority, which must be
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taken into consideration both before and during
treatment”*”. Before the plan is authorised during the
planning phase, it is important to evaluate how resistant the
optimisation is to changes in patient setup, anatomical
changes brought on by tumour response or weight
fluctuations, beam range variations, and patient mobility
during treatment.”

Because proton beams provide a fast fall-off dose, they are
therefore the best option for treating tumours that have spread
intracranially or that are situated in sensitive regions such as
the cavernous sinus, periorbital region, or skull base. A
delimited three-dimensional (3D) target volume can be
covered by Spread-Out Bragg Peak modulated (SOBP)
fields on CT by using scattering foils, energy modulation
techniques, and brass apertures “ Passively Scattered Proton
Therapy (PSPT), a type of RT technique, has been
extensively researched and utilised for both primary and
recurrent HNCs.**™

IMPT is a more advanced and intricate technical method of
providing RT. It is also frequently referred to as "pencil
beam" or "active scanning." The accelerator produces proton
"pencil" beams that are controlled to treat tumours in layers
of spots at different depths by adjusting the energy (local
penetration), magnetic deflection (off-axis coverage), and
number of protons (local dose deposition).“” In contrast to
IMRT, which uses mechanical multi-leaf collimators and
different beam configurations (or arcs) to create a conformal
dose distribution, IMPT uses electromagnetic control of the
pencil beam to accomplish similar target coverage while
lowering the integral dose amount. For HNC therapies that
aim for dose escalation while protecting organs at risk
(OARs), IMPT appears more promising than IMRT. “”

Due to the superficial location of HNC tumours, range
shifters or patient-specific bolus must be used with IMPT.
Alternatively, multifield optimisation (MFO-IMPT) can be
used to create high-quality plans without the need for range
shifters.”*™* Treatment of HNCs is now usually advised to
use MFO-IMPT plans, which can be created using three to
four fields (usually a left and right anterior oblique beam and
a single posterior beam + a vertex beam) that are optimised
simultaneously for all spots from all fields using multi-
criteria inverse optimisation algorithms.“**” IMPT can also
be used to create patient-specific apertures for a more acute
lateral penumbra and additional OAR dosage reductions.”

When compared to IMRT or PSPT, IMPT plans have been
demonstrated to produce both dosimetric advantages and
clinically acceptable treatment-related toxicities”"*".
However, it is important to recognise that this technology has
significant limitations. First off, uncertainties in particle
range and anatomical changes can greatly affect IMPT.

Review Article

These uncertainties can be caused by intra-fractional organ
motion, inter-fractional variations in patient positioning, or
changes in target volume during treatment (such as tumour
regression or patient weight loss).”” When using IMRT
planning, it is possible to ensure proper target coverage by the
specified dosage by using simple margin expansions to allow
for setup errors and anatomical changes. Through
compensator smearing and aperture widening, PSPT can take
clinical uncertainty into account.“” More work has to be put
into developing strong optimisation techniques and using
frequent imaging to confirm treatment regimens and/or
initiate adaptive planning while a patient is receiving therapy
for IMPT.®***” The precision of IMPT planning may be
impacted by limitations in proton beam energy switching
time, scanning-spot optimisation techniques, and Relative
Biological Effectiveness (RBE).“*** All of these, however,
are now being researched, including the creation of
optimisation led by linear energy transfer and innovative
techniques for smoothly combining beam orientation
optimisation with scanning-spot optimisation.***® For
IMPT to be successfully used in the clinic, effective patient-
specific quality assurance processes must be established and
standardised.***”
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