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ABSTRACT
Introduction Radiotherapy has become one of the main 
methods used for the treatment of malignant tumours 
of the head and neck. Spiral tomographic intensity- 
modulated radiotherapy has the many advantages 
of precision radiotherapy, which puts forward high 
requirements for postural reproducibility and accuracy. 
We will aim to ensure that the accurate positioning of the 
tumour will reduce the side effects of radiotherapy caused 
by positioning errors. We will design and implement 
this clinical trial using the patent of ‘a radiotherapy oral 
fixation and parameter acquisition device (patent number: 
ZL201921877986.5)’.
Methods and analysis This will be a randomised, 
controlled, prospective study with 120 patients with 
head and neck tumours. Using the random number table 
method, a random number sequence will be generated, 
and the patients will be enrolled in the experimental group 
(oral fixation device) and the control group (conventional 
fixation) in a 2:1 ratio. The primary outcome will be 
the progression- free survival time after the treatment. 
Secondary outcomes will include the oral mucosal 
reaction and the quality of life. Follow- ups will be carried 
out according to the plan. This is V.1.0 of protocol on 1 
April 2021. The recruitment process for this clinical trial 
commenced on 1 May 2021, and will end on 1 October 
2022.
Ethics and dissemination The trial received ethical 
approval from Medical Ethics Committee of Liaoning 
Provincial Cancer Hospital (number 20210131X). The final 
results will be presented at a scientific conference and 
published in a peer- reviewed journal in accordance with 
the journal’s guidelines.
Trial registration number ChiCTR2100045096.

INTRODUCTION
The incidence of head and neck tumours is 
increasing annually, accounting for about 
10% of all malignant tumours.1 Malignant 
tumours of the head and neck are moder-
ately sensitive to radiation and radiotherapy 
has become one of the main treatment 

methods. After treatment, the 5- year survival 
rate of patients with malignant tumours of 
the head and neck can reach approximately 
50%.2 Precision radiotherapy includes tradi-
tional three- dimensional (3D) conformal 
radiotherapy and intensity- modulated 
radiotherapy (IMRT).3 Spiral tomographic 
intensity- modulated radiation therapy (tomo-
therapy system, TOMO) is a novel method 
in the field of IMRT technology, which uses 
a 360°spiral radiation delivery system similar 
to a spiral CT scan.4 Compared with the 
traditional fixed- field IMRT, TOMO has the 
advantage of using more independent direc-
tions of rays, which can better adapt to the 
target dose.5 By quickly turning on and off the 
blades in the rotating collimator, TOMO can 
maintain the radiation dose in the complex- 
shaped tumour area while reducing the radi-
ation exposure to the at risk surrounding 
organs and tissues.6 For the protection of 
radiotherapy efficacy, reproducibility and the 
accuracy of radiotherapy and body position 
are becoming increasingly important.7 If the 

Strengths and limitations of this study

 ► This patient- based randomised controlled study will 
involve a sufficient number of patients using an oral 
fixation and parameter acquisition device for 2 years.

 ► This study may put forth a treatment standard based 
on oral fixation and parameter acquisition device 
and tomotherapy system technology.

 ► The comparison of the efficacy of the treatments 
for head and neck tumours may bridge the gap be-
tween mouthpiece- tomotherapy and conventional 
tomotherapy.

 ► This study may be limited by patient heterogeneity 
and the loss of follow- up data that may compromise 
the availability of the data.
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reproducibility of the posture is poor, the isocentre of 
the actual treatment shifts from the planned isocentre, 
making the actual dose distribution and the treatment 
plan inconsistent, resulting in an insufficient tumour 
dose and the use of an excessive organ- endangering dose. 
Compared with conventional radiotherapy, this situation 
results in greater side damage.8 9

Poor postural reproducibility, one of the reasons for oral 
mucositis, is a common adverse reaction in radiotherapy, 
with an incidence of more than 40%.10–12 Clinical symp-
toms such as dry mouth, dry throat, dysphagia, dysgeusia, 
oral ulcers, decreased appetite, mucosal erythema, 
congestion, oedema, erosion and pain will appear in 
the patient’s mouth,13 inducing bacterial and viral infec-
tions, oral bleeding, aggravated mucosal damage, local 
pain, difficulty in eating, severe oral pain, refusal to eat,14 
weight loss, decreased immune function, decreased treat-
ment tolerance, hindered progress of radiotherapy and 
a prolonged course of treatment, leading to a decrease 
in the rate of local tumour control.3 Therefore, it is 
important to ensure the consistency of each radiotherapy 
position when performing radiotherapy for head and 
neck tumours based on TOMO technology.15 In order 
to ensure the accurate positioning of the tumour, the 
patient’s jaw bone should be fixed before radiotherapy 
to ensure the implementation of precise and efficacious 
treatment.16 Therefore, to ensure the repeatability and 
accuracy of the radiotherapy position during TOMO treat-
ment, and to ensure the timeous monitoring of the oral 
mucosa and glandular secretion status of patients with 
the head and neck tumour, the applicant designed a clin-
ical trial based on the patent of ‘a radiotherapy oral fixa-
tion and parameter collection device’ (Patent Number: 
ZL201921877986.5). In future, we will formulate interven-
tion methods and improve the corresponding diagnosis 
and treatment plans based on the results of this clinical 
trial. This clinical trial is expected to further improve the 
efficacy of radiotherapy and improve the quality of life 
(QoL) and survival of patients.

METHODS AND ANALYSIS
Design
This clinical trial will be conducted at the Medical Centre 
of Liaoning Cancer Hospital (Tertiary Medical Centre) in 
China. This trial is a prospective study, using the TOMO 
treatment device to study the safety and effectiveness 

of radiotherapy in patients with cancer of the head and 
neck tumours,17 involving 120 enrolled patients. Using 
the random number table method, a random number 
sequence will be generated, and the patients will be 
enrolled in the experimental group and the control 
group in a 2:1 ratio. The experimental group will use 
the radiotherapy oral fixation and parameter collection 
device (Patent Number: ZL201921877986.5) while the 
control group will not. This study will not use a blinding 
process for the trial participants, because the treatment 
process enable a clear differentiation between the exper-
imental group and the control group.

The trial sponsors are the Cancer Research Programme 
of National Cancer Center (NCC2017A08) and Shenyang 
Major Scientific Research Projects (No. 191124090). This 
is V.1.0 of protocol on 1 April 2021. The recruitment 
process for this clinical trial commenced on 1 May 2021, 
and will end on 1 October 2022.

Patient and public involvement
The public is not involved in the design of this study. The 
results of the study will be presented at a conference or 
academic journal, and the public will not be involved in 
the dissemination plan of the study findings during this 
process.

Study participants
The patient’s treating physician obtains the patient’s 
consent and explains the trial to the patient who meet 
the enrolment criteria. The computer will automatically 
generate the allocation sequence using the random 
number table method. The team’s researchers will 
recruit participants and assign interventions to them. 
Implementing the sequence of allocation is the order of 
sequential numbers, opaque, sealed and researchers who 
are in contact with participants before dispensing inter-
ventions will not know in advance.

This study will include 120 adult patients meet the 
inclusion criteria and who use radiotherapy. The inclu-
sion and exclusion criteria are listed in table 1.

Sample size
It will be necessary to evaluate whether there is a differ-
ence between the two groups.18 The sample size of the 
experimental group will be set as n1 and the sample size of 
the control group as n2, n1:n2=1：k, k=2. The two groups 
will have different sample sizes, therefore, a two- sided test 

Table 1 Subject inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

 ► Patients with malignant tumours of the head and neck.
 ► No brainstem/medulla oblongata invasion.
 ► KPS ≥70 points.
 ► No vital organ failure.

 ► Patients with liver and kidney dysfunction.
 ► Bone marrow suppression above grade three.
 ► Moderate to severe cardiac insufficiency.
 ► Other serious diseases.
 ► History of mental illness that is difficult to control.

KPS, Karnofsky Performance Status.
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will be used used.19 20 The sample size calculation formula 
will be:

 n1 = k+1
k

[
(zα/2+zβ) σ

δ

]2

  

Where σ will be the overall SD, estimated to be 1.84, δ 
will be the difference between the two sets of numerical 
variables, estimated to be 1, Zα will be the standard normal 
value corresponding to the inspection level α, Zβ will be 
the standard normal value corresponding to β, If σ=1.84 
months, δ=1 month, α=0.05, β=0.20, Zα/2=Z0.05/2=1.96, and 
Zβ=Z0.20=0.842, then by substituting the above formula will 
give:

 n1 = 2+1
2

[
(1.96+0.842)×1.84

1

]2
= 39.9 ≈ 40  

 n2 = 2n1 = 80  

That is, 40 cases will be in the control group and 80 
cases in the experimental group, with the total sample 
size being 120 cases.

Primary study outcome
Progression-free survival time
The primary outcome will be the progression- free survival 
time (PFS) time after radiotherapy, which refers to the 
number of months between the initiation of radiotherapy 
and the first evidence of progressive disease, as defined 
by the Response Evaluation Criteria In Solid Tumours.21

Secondary study outcomes
Oral mucosal reaction
Oral mucosal reactions will be assessed once a week and 
will include both objective and subjective assessments. The 
objective assessment will include the objective grading of 
the radiation oral mucositis using the Common Termi-
nology Criteria for Adverse Events (CTCAE) V4.0 and 
the Oral Mucosal Assessment Scale ulcer score.22 The 
subjective assessment will include the WHO Oral Muco-
sitis Score, as well as the Mouth and Throat Pain (MTS) 
Problem Score.

Quality of life
QoL is counted by The QoL Questionnaire, which is 
statistically evaluated every 2 weeks. The QoL question-
naire consist of three parts: The European Organiza-
tion for Reasearch and Treatment of Cancer (EORTC) 
Quality of Life Questionnaire- Core 30 (QLQ- C30) V3.0,23 
oral and throat pain questions, and WHO oral mucositis 
score questions, for a total of 32 questions. The details 
can be viewed in online supplemental material.

Study outline
Equipment and technical support
A 3D treatment planning system (3D- TPS), TPS, 3D 
water tank, linear electron accelerators, image fusion 
software, TOMO, medical linear accelerators and CT will 
be provided in the radiotherapy department. Equipment 
and technical support details are presented in table 2.

CT localisation scanning method
The patient will lie supine on a special positioning 
neck and shoulder stand for radiotherapy, the polymer 
low- temperature hydrolyzed plastic neck and shoulder 
membrane will be fixed in position, and the laser light 
will be positioned on the midline and both sides of the 
head (for a dedicated external positioning system), on 
the neck and shoulder membrane and body surface. The 
corresponding reference point will be marked with the 
placements of lead pellets as a mark.24 A spiral CT will 
scan the whole brain continuously with a pitch of 2 mm 
under calm breathing. The data will be transmitted to the 
ADAC Pinnacle3 Treatment Plan System (TPS) worksta-
tion via the network, and then MRI will be collected in 
2D. An attenuation correction of the MRI image will be 
performed with the CT data, and the image will be recon-
structed using the iterative method.25

Formulation and implementation of radiotherapy plans
An attending physician in the radiotherapy department 
and an experienced diagnostic imaging physician will 
delineate the radiotherapy target area on the MRI and CT 
fusion images. Tumour area GTV (gross tumour volume), 

Table 2 Summary of the new technology project equipment

Device Device model Manufacturer Factory no

3D- TPS Pinnade Philips 20 050 628

TPS Pinnacle Smart Enterprise Philips 20 030 126

3D water tank RFA- 300 IBA 20 021 210

Linear electron accelerator IX6117 Varian 20 151 217

Image fusion software MIM MIM Software 20 151 125

Linear electron accelerator UNIQUE Varian 20 140 122

TOMO Tomotherapy HD Accuracy 20 151 125

Medical linear accelerators Clinac IX Varian 20 151 203

CT SOMATOM Siemens 20 140 731

3D water tank, three- dimensional (3D) scanner water tank system; TOMO, tomotherapy system; TPS, treatment planning system.

https://dx.doi.org/10.1136/bmjopen-2021-052542
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clinical target area CTV (clinical tumour volume), CTV 
will be placed 0.3 cm outside as the planning target area 
PTV (planning tumour volume), delineating the patient’s 
brain stem, spinal cord, mandible, inner ear of the 
temporomandibular joint. For important functional areas 
such as crystals, TOMO radiotherapy plans are developed 
on the Pinnacle3 treatment planning system; VARIAN’ s 
high- energy electron beam accelerator 6- MV X rays are 
used for TOMO irradiation.26

Treatment plan
Patients who meet the enrolment criteria will be treated 
with radiotherapy on the basis of protecting important 
functional areas such as the brain stem, spinal cord, 
parotid gland, mandible, temporomandibular joint, inner 
ear and lens. The dose of radiotherapy in the tumour 
area will be 6996–7392 cGy/33F, in high- risk areas, the 
dose will be 6006 cGy/33F, and in low- risk areas the dose 
will be 5096cGy/28F, five times a week. The experimental 
group will use radiotherapy oral fixation and parameter 
collection devices, while the control group will not.

Post-IMRT-TOMO follow-up
After radiotherapy, patients will be reviewed every 3 months 
for 6 months to evaluate whether they have recurrence 
and oral function. After 6 months to 2 years after treat-
ment, a recheck will be performed every 6 months.27 The 
examination will include: oral enhanced magnetic reso-
nance, cervical lymph node colour Doppler ultrasound, 
routine blood tests and liver and kidney function tests, 
to evaluate the effectiveness of the TOMO radiotherapy 
(with or without oral fixation and parameter acquisition 
devices) according to the standards set by the committee. 
The follow- up period for PFS is 2 years. In addition, We 
make assessment of Oral mucosal reaction and QoL at 
immediate post- radiotherapy (post- RT), 2 weeks post- RT, 
1 month, 3 months, 6 months and 2 year post- RT of QoL. 
The research outline is shown in figure 1.

Data analysis
After the final patient completes the follow- up study, 
the committee will assess the occurrence of the primary 
and secondary endpoints. SPSS V.25.0 software will be 
used for the data collation and analysis, and in all the 
statistical tests p<0.05 will be considered as a statistically 
significant difference. Survival time will be defined from 
the date of diagnosis of head and neck tumours to the 
date of death or the date of the most recent follow- up. 
The overall survival and PFS will be calculated using 
the Kaplan- Meier method; the Cox regression method 
will be used to calculate the HR and its 95% CI, and the 
χ2 test will be used to analyse death and the difference 
between the different variables in surviving patients.28 
The QoL at 6 months will be scored by Functional Assess-
ment of Cancer Therapy: General (FACT- G). The χ2 test, 
combined with the propensity matching analysis method 
will be used to eliminate to the greatest extent, the differ-
ences caused by factors such as smoking, gender, weight 

loss, geographical factors, economic status, education 
level and other factors, and to avoid to the greatest extent, 
the baseline influence.

ETHICS AND DISSEMINATION
Ethical considerations
This code of ethics has been approved by the Medical 
Ethics Committee of Liaoning Provincial Cancer Hospital, 
number 20210131X.

Adverse event report
The main investigators will be notified as soon as possible 
of any adverse events during the study. Researchers and 
doctors will work together to determine their treatment 
plan as soon as possible. Serious adverse events will be 
reported to the main responsible person, the Ethics 
Committee and the relevant administrative departments 
will attend to them within a day.

Suspension of clinical trials standards
The clinical trial will be suspended if the patient fails 
to complete the relevant examination, or evaluation at 
follow- up within the agreed time. Alternatively, if the study 

Figure 1 Flow chart representing the study procedures. 
PFS, progression- free survival time; QOL, quality of life.
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cannot be suspended, that specific part of the patient’s 
clinical trial will be suspended.

Data monitoring
The data monitoring committee (DMC) is composed 
of staff from the Data and Information Department of 
Liaoning Cancer Hospital. The DMC is responsible for 
independently reviewing and evaluating ongoing clinical 
trials to assess evolving risks to subject safety.

Quality assurance of data quality and protocol adherence
The fixed staff is responsible for data entry, coding groups 
1 and 2 according to the treatment plan, and setting pass-
words for the database to protect the privacy of patient 
data. Data quality is controlled by the data quality Super-
vision Committee. The truthfulness and accuracy of the 
data are ensured to the maximum extent, and obviously 
wrong data can be eliminated. In addition, the compli-
ance with the trial protocol is evaluated every 2 weeks 
by YS’s team. Irregular protocol implementation can be 
corrected in a timely manner.

Patient confidentiality
We will do our best to maintain privacy and are deter-
mined to avoid the exposure of patients’ personal infor-
mation. In collecting, sharing and using participants’ 
personal information and related data, all staff members 
follow the principle of confidentiality and do not disclose 
or disseminate patients’ personal information.

Dissemination
The clinical trial data will be analysed and released as 
soon as possible. Before our team publishes the report, 
individual participants will not be able to publish patient 
data directly related to the trial. Our team will obtain the 
final data set, form a writing committee, and publish the 
test results at regional and national conferences. The 
final results will be presented at a scientific conference 
and published in a peer- reviewed journal in accordance 
with the journal’s guidelines.

DISCUSSION
As far as we know, no project has been established to 
implement this type of research before. Its value will lie 
in its exploration of the efficacy of specific types of fixed 
and parameter collection devices during radiotherapy, 
and in providing data to support the development of key 
treatment norms and guidelines.29 30 It will also provide 
a reference on which to base the choice of oral fixation 
devices for patients with other types of head and neck 
tumours. The design of this study will be based on the 
patented products of this project group: oral fixation and 
parameter acquisition device and TOMO technology, and 
the clinical application and transformation of scientific 
research results to provide new ideas for improving the 
prognosis of patients with head and neck tumours.31 It 
is expected to produce high- quality research results and 
greatly benefit patients. During the implementation of 

the study, individual differences in the actual conditions 
of the patients, the cooperation of the patients or other 
factors may affect the baseline level. In this case, our 
use of the χ2 test, combined with A propensity matching 
analysis, will eliminate to the greatest extent, individual 
differences and avoid baseline influence. We will collect 
enough statistical data to ensure the smooth progress 
of the experiment. During the research process, we will 
continue to consider additional details to ensure the 
smooth implementation of the study.
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