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Abstract

Treatment of locally advanced head and neck squamous cell carcinomas remains challenging despite technological
advancements in radiation therapy techniques. Tumor hypoxia, accelerated repopulation during treatment and inherent radio
resistance are the main culprits for the suboptimal tumor control. Head and neck cancers represent 3% of all malignant tumor, and
about 40% of patients are diagnosed with locally advanced disease [LAHNC]. Local treatments, including surgery and
radiotherapy, evolved in the recent years with improvement in outcome and pattern of toxicity; however, long-term survival in this
setting still remains poor, with 30% to 35% of patients alive at 5 years, and varies by anatomic site and stage. Radiation treatment
evolved in technique with improvement in target visualization (image-guided radiation therapy) and dose conformity with the use
of intensity-modulated radiation therapy (IMRT), with fixed beams or with rotational delivery (volumetric modulated arc therapy
[VMAT]). Fractionation of dose has been investigated in the last decades in order to identify the best RT schedule in the
management of LAHNC. Radiotherapy schedules are designed to maximize tumor kill and minimize normal tissue damage
(therapeutic ratio). Instead, altered hypofractionation schedules seek to overcome the radiobiological challenges, improve
therapeutic ratio and enhance patient survival compared with the standard (conventional) fractionation approach of (1,8-2) Gray
per fraction, 5 days a week for 6-7weeks. The rationale for this hypo-fractionated technique is that a shortening of overall
treatment time with higher biologically equivalent doses per fraction might result in improved local tumor control rates as it

counteracts tumor repopulation.
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1. Introduction

Head and neck cancer (HNC) represents one of the top
common types with incidence of greater than half a million
cases diagnosed annually. Oral, pharyngeal, and laryngeal
squamous cell carcinoma (SCC) represent almost 90% of
the cases. Surgical resection, radiotherapy or both have been
used over the past few decades [1]. The surveillance,
epidemiology and end results data in the United States stated
that radiotherapy is generally included in primary oncologic
treatments [2]. Radiotherapy improves clinical, form, and
functional outcomes for cancer patients. Currently, almost
75% of patients with head and neck (SCC) will benefit from
radiotherapy, whether primary or adjunct therapy after
surgical resection. In the early stages of cancer, radiotherapy
can replace the need for surgical resection [3]. Cancer
patient  can be  treated concomitantly ~ with
chemoradiotherapy for local advanced cancer or by surgical
resection followed by adjuvant radiotherapy. Radiotherapy
also used in procedure aims at organ preservation, including
avoiding laryngectomy  through  the use  of
chemoradiotherapy [4]. The aim of this review was to
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summarize development of the radiation therapy for head
and neck squamous cell carcinoma.

2. Modern radiation technology

Currently, physical examination and multimodality
imaging relay on 3-dimensional anatomic details such as
computed tomography (CT), magnetic resonance imaging
(MRI) and positron emission tomography-computed
tomography (PET CT) are important to evaluate the
treatment volume and outline of tumor and normal tissues.
Multimodality imaging can be combined for more details.
For example, CT can combine MRI for better soft tissue
details and PET-CT to add functional and metabolic details.
The high dose volume will include the primary site of the
cancer with the lymph node regions, which are considered
the areas of gross disease or gross tumor volume (GTV).
Gross tumor volume extends to involve the spread of the
cancer to involve the microscopic cancer involvement,
which is the clinical tumor volume (CTV1), which is
enlarged by 2.5 to 10 mm to the planning target volume
(PTV1) depending on the microscopic evaluation of the
surgical specimens.
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Microscopic evaluation of the surgical specimens is the
typical treatment dose that is usually 66 to 74 Gy (Gray) in 2
Gy fractions or 81.6 Gy in 1.2 Gy fractions. Therefore,
multiple radiation beams will be directed towards the tumor
from different angles and planes. Each beam is designed to
follow the outline of the target with the aim to converge in
order to deliver the planned dose with only fractions of
radiation to the normal surrounding tissues. Therefore, the
process of tumor wrapping with high radiation dose with
minimum dose delivered to the normal adjacent tissues is
called conformal radiation therapy [5]. Numerous advanced
radiotherapy techniques had been used to reduce the
radiation induced toxicities such as intensity modulated
radiation therapy (IMRT), which is an advent form of 3-
dimensional conformal radiation therapy (3D CRT) with the
ability to change the intensity of radiation across each beam,
whereas 3D CRT delivers radiation to the target with a
minimum dose to the adjacent tissues. Over the past 20
years, IMRT became a common technique for HNC patients
due to its ability to selectively target the primary site and
lymph node regions at risk by decreasing the dose to the
healthy adjacent tissues, thus improving therapeutic index
by decreasing the acute and chronic morbidity, improving
target volume coverage with locoregional control [6].
Intensity modulated radiation therapy permits improved
dose confirmation over irregular-shaped cancer with better
sparing of adjacent normal structures. It is employed usually
for the nasopharynx and oropharynx, avoiding important
structures such as brain, brain stem, optic, optic stem and
parotid salivary gland. Lamberchet et al reported
significantly less xerostomia related to IMRT when
compared to 3D CRT after 6 months of treatment (82%
versus 91%). Additionally, Rathod et al compared the
quality-of-life outcomes for head and neck SCC treated with
2 different radiation therapies, IMRT and 3D CRT, and they
found significantly better dry mouth, mouth opening, sticky
saliva, pain, senses, swallowing, feeling ill and insomnia on
the symptoms scale. Volumetric modulated arc radiotherapy
is the advanced form of IMRT, which delivers an exactly
shaped 3D dose distribution with a 360-degree rotation of
the gantry in a single or multi-arc treatment. Therefore, the
radiotherapy machine can spin over the patient body during
the course of treatment. The machine constantly reshapes
and changes the intensity of the radiation beam as it rotates
around the patient [7].

3. Fractionation of radiotherapy

Fractionation of radiotherapy is defined as radiation
dose over time that is considered one of the essential factors
that controls the outcome of radiotherapy. For standard
radiotherapy, it is generally given in 2 Gray (Gy) fractions
per day, 5 days per week for a total of 60 to 70 Gy. In order
to improve local control and reduce the toxicity effect, it can
be divided in 2 approaches of fractionation:
hyperfractionation and accelerated fractionation.
Hyperfractionation represents small doses of radiation given
to the patient 2 or 3 times per day, usually 1.10-1.25 Gy,
aiming to reduce the toxicity effect on the normal cells,
whereas accelerated fractionation aims to reduce cancer
repopulation between the sessions by reducing the total
treatment time and adding more fractions per week (10 Gy
per week), resulting in improved locoregional control [8].
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Bourhis et al reviewed 15 trials in their meta-analysis
study that compared conventional radiotherapy with
hyperfractioned and accelerated radiotherapy for SCC
patients and concluded that the patients who received altered
fractionated radiotherapy had better tumor control and
survival compared to conventional therapy. Additionally, Fu
et al found that the hyper fractionation and accelerated
fractionation were more efficient than conventional
fractionation for locally advanced cancer Hypofractionation
of radiotherapy also has been used as palliative treatment for
advanced HNC, where a small amount of fractionation is
given with higher radiation doses over a shorter period of
time compared with the other regimens [9].

4. Proton radiotherapy

Proton beam therapy was introduced in radiotherapy to
be used when the cancer is close to critical anatomical
structures because the beam energy can be aimed at an exact
depth, with consequent dose decrease. Therefore, it is
different than external photon (x-ray) radiotherapy in which
it can keep the same radiation dose for the normal adjacent
tissues when the radiation dose is escalating to the tumor
area. Additionally, it can deliver a reduced dose to the
surrounding structure with the same radiation dose delivered
to the tumor [10].

5. Cellular and cancer response to radiation

When high-voltage x-ray penetrates the tissues, it
ionizes the oxygen and produces free oxygen radicals and
cancer death. Therefore, this high-voltage x-ray can damage
the genetic material of the cells (DNA), which blocks
division and proliferation [11].

6. Hypofrationaion

Concomitant chemoradiotherapy (cCRT) improves
locoregional control (LRC) and overall survival (OS) in
locally advanced head and neck cancer (LAHNC) compared
with radiotherapy (RT) alone; consequently, chemoradiation
is the standard of care for these patients. Three-week 100
mg/m2  cisplatin  concomitant  with  conventional
fractionation radiotherapy (CFRT - 35 2-Gy fractions over 7
weeks) are the most studied regimen and is associated with
significant toxicity, which compromises patient compliance
and may not be suitable for all patients. Altered
fractionation is an alternative for patients who are not
suitable for cCRT and can improve OS compared with
CFRT alone [12]. Accelerated RT, in which the total dose is
delivered in a short period of time, has radiobiological
advantages and is also associated with improved clinical
outcomes. Hypofractionation is an attractive method for
accelerating RT and has been used with success with other
tumor sites, showing comparable outcomes and a reduced
cost compared to those of CFRT [13]. A remarkable
moderate hypofractionated RT (HYP-RT) schedule for head
and neck cancer, which delivers 55 Gy in 20 fractions (2.75
Gy per fraction) for 5 days per week, has been described in
Birmingham/Edinburgh [14]. The biologically effective
dose (BED) of the HYP-RT is approximately the same of
CFRT.The United Kingdom Head and Neck (UKHANL1)
trial was one of the largest trials to demonstrate the
superiority of cCRT over RT alone for LAHNC.
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In the UKHANL trial, almost 50% of patients were
submitted to hypofractionated RT, including the HYP-RT
schedule, and hypofractionation did not affect event-free
survival compared with CFRT. The chemotherapy regimen
used in the UKHANL trial was non-platin- based and, to the
best of our knowledge, no data exists regarding HYP-RT
concomitant with CDDP [15]. Patients from low- and
middle-income countries (LMIC) have limited resources for
RT and face long waiting times to be treated. Consequently,
in addition to the radiobiological and clinical benefits of
accelerated RT, hypofractionation regimes can also be an
important strategy to shorten treatment times and thus
improve access to RT. Additionally, a short RT schedule is
associated with better patient compliance [16]. Altered
fractionation is a well-established alternative of RT in the
LAHNC treatment because many studies have demonstrated
its superiority in disease control and survival compared with
CFRT. By reducing the OTT, the accelerated repopulation
effect is minimized, which may explain the improved
outcomes when treatment is accelerated. Hypofractionation
is a remarkable method for accelerating cancer treatment
and is associated with better RT compliance. Additionally,
radiobiological and long-term clinical data have suggested
that the HYP-RT regimen of 55 Gy in 20 fractions is, at
least, equivalent to CFRT for LAHNC. However, despite
recent technological RT advances and successes in other
tumor sites, the use of hypofractionation regimens with
radical intent in LAHNC is modest and restricted to a few
countries, particularly the United Kingdom. The main
reason for this restriction is the toxicity concern regarding
the high dose per fraction, notably with concomitant
chemotherapy [17]. Moreover, whether concomitant CDDP
improve outcomes in the context of hypofractionation for
LAHNC is unknown. The long-term outcomes of the
UKHANT1 trial, which included CFRT and HYP-RT,
demonstrated good compliance, a low rate of late toxicity,
improved disease control, fewer new tumors and reduced
mortality when cCRT was compared to RT alone.
Nevertheless, the chemotherapy used in the UKHANL1 trial
was non-platin based. Although Madhava and colleagues
have already demonstrated the feasibility of carboplatin with
HYP-RT, to the best of our knowledge, our trial is the first
to address the feasibility of concurrent CDDP with
hypofractionation in LAHNC. With a 95% of completion
rate, our early data demonstrate the good compliance and
suggest the feasibility of this protocol for patients from a
middle-income country. The standard concomitant
chemotherapy with CFRT comprises the full dose of CDDP
(3 cycles of 100 mg/m2 every 21 days), and the treatment is
associated some toxicity, poor treatment compliance and
treatment delays.

7. Conclusions

LAHNC tumor burden and treatment toxicity are
associated with significant suffering and disability and are
the primary causes of treatment interruptions. Because this
was a safety trial, we determined that the OTT was as
important as the completion rate, which used the OTT as a
parameter to define treatment feasibility. Indeed, we were
concerned that by increasing acute toxicity, the OTT would
be prolonged due to unplanned treatment breaks. However,
our data suggest the good tolerance profile of the protocol,
whereby no patient needed a treatment break due to toxicity
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and no significant delay was experienced. In addition to
treatment toxicity, many other factors underlie RT
prolongation, including low socioeconomic status, a long
treatment course, an unplanned equipment breakdown and
the travel distance from the patient’s home to the RT site.
An integrated multidisciplinary approach plays an essential
role in improving tolerance and RT compliance in LAHNC.
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