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Background: The efficacy of IMRT depends on the patient’s set up during each fraction, ideal
treatment set up results in better tumor volume coverage and minimal toxicities to
surrounding normal structures. random set up errors are the prevalent ones. Cone beam CT is
a method of developing a volumetric image guiding system allowing better assessment of
treatment set up errors.

Purpose: The aim is to evaluate and quantify inter-fraction set up errors in the IMRT
treatment and to decide adequate margins for the target volumes in head and neck cancer
patients Method: A total of 300 CBCTs were performed and analysed in 50 patients of head
and neck carcinoma. Set up verifications were done using KV-CBCT, taken on first 3
consecutive days of treatment; followed by weekly CBCTs for 3 weeks. Systemic corrections
were done on day 3 after treatment initiation. The mean and range for random and systemic
errors, as well as safety margins were calculated.

Results: The shifts were reduced after systemic correction to 1.46mm, 1.46mm and 1.70mm
respectively. Transitional shifts more than 2.5 mm were seen in 46%, 42% and 34% of cases
in ML, AP and SI directions, whereas it was seen in 12%, 14% and 8% of cases after systemic
corrections. After systemic correction, the adequate PTV margin was found to be 3 mm, to
compensate for set up errors.

Conclusion: This study suggested that CBCT for initial 3 consecutive days is sufficient to
overcome set up errors, provided that systemic corrections are done if mean set up errors are
>2.5 mm.

Introduction

Head and neck carcinoma are one of common causes of morbidity [1] and mortality. Squamous cell
carcinoma being the most common histological variant, mostly arises from the mucosa of upper
aero-digestive tract [2]. Radiation therapy plays a vital role in its management, not only in the
terms of the dose delivery system with the particle therapy, but also in the patient immobilisation
accuracy and precise tumour targeting. With the development and preference of IMRT [3, 4], SBRT,
and RAPID Arc, the efficacy of dose delivery in terms of homogeneity, conformity and monitor units
has improved over the years, but it also comes at the cost of increased chances of targets being
missed [5, 6]. The tumour localisation at the time of simulation is the most basic and crucial step in
the entire process of radiation therapy. The tumour target localisation is done prior to each fraction
assuring the accurate dose delivery. It helps in deciding margins around target volumes and OARs,
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tells about efficacy of the immobilisation devices, probability and quantity of set up errors and
assures targeted delivery of radiation. With increase in use of simultaneous integrated boost (SIB)
and high-dose hypo-fractionation schedules, the cushion of set up error and margins around
volumes have decreased and thus the need of guided delivery is much more needed. Addition of the
imaging techniques along with the standard dose delivery system results in image guided radiation
therapy [7] (IGRT).

With advent in technology, the demand of IGRT is escalating more than ever, as to overcome the
errors occurring during radiation beam delivery or in between treatment fractions. The intra-
fraction error are mostly because of physiological organ motions, breathing movements, and the
inability to maintain treatment position everyday [8]. The inter-fraction errors are the set up errors
or the issue in reproducing treatment position on couch by the patient. The set up errors, which
include both systemic and random errors along with organ motion results into target miss, iso-
centre miss or treatment related uncertainties. Organ motion have major role in thorax, abdominal
and pelvic tumours and the set up errors are important in head and neck, cranium and limb
situated tumours [9].

In order to reduce these errors, motion control and tracking devices, tumour location guiding
devices are taken into use. Another method of reducing set up errors is by creating a margin
around the target volume. Addition of margin to counteract set up errors and verifying it with the
help of appropriate imaging system results in quantification and assessments of error margins.

Conventionally, this set up verification has been done with Kilo-voltage or megavoltage portal
images. In recent times with the development of volumetric arc, it is done with cone beam
computed tomography [10-12].

In most of the institutions, the protocol is localisation of the iso-centre on the thermoplastic mould
and it causes a high probability of set up errors. The systemic errors can also be reduced by 3-5
[13-16] consecutive day verifications of matching the target volume with the help of portal images
[17-19].The inter-fraction random errors are the ones that costs us the most and decides the
margin. In our study, we analysed inter-fractional set-up verification for initial 3 consecutive days
and then weekly for 3 weeks in the treatment of 50 head and neck cancer patients. The aim of this
study was to quantify the set-up accuracy, assess the efficacy of the CBCT portal imaging and to
confirm the sufficiency of standard 5 mm PTV margin to counteract the set up errors in head and
neck cancer patients treated with IMRT.

Materials and Methods

A total of 50 histologically confirmed head and neck cancer patients were taken into the study and
analysed (Table 1).

Frequency Percentage
Age 58 (35-73)
Gender
Female 21 42
Male 29 58
Stage
II 13 26
11 18 36
IVA 19 38
Site
Oral cavity 20 40
Nasopharynx 9 18
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Oropharynx 6 12
Hypo-pharynx 7 14
Parotid gland 2 4
Nasal cavity 1 2
Larynx 5 10
Histology (differentiation)- Squamous

cell carcinoma

Well 22 44
Moderate 13 26
Poorly 15 30
Radiotherapy

Adjuvant RT 38 76
Definitive RT 12 24
Concurrent chemotherapy (Cisplatin)

Yes 42 84
No 8 16

Table 1. Patient and Tumour Characteristics.

After complete work up of the patient, including, physical, pathological and radiological studies,
patients were planned and taken up for radiotherapy. All the patients in the study received
concurrent weekly cisplatin 40 mg/m?, along with ongoing radiotherapy as per NCCN guidelines.

Radiotherapy was delivered by intensity modulated radiation therapy technique. Patients were
positioned in supine and immobilised with the help of head support pad using thermoplastic mask
and shoulder retractors. They were scanned from mid chest to vertex in “G HIGH SPEED” CT
simulator. Laser marks were marked on thermoplastic mould to define reference points according
to the target volume to be treated. Contrast (IOHEXOL) was given intravenously to delineate
cervical nodes. CT images were taken with slice thickness of 2.5 mm and were transferred to TPS
“ECLIPSE”.

Contouring was done in accordance with ICRU 62 [20].

GTV: macroscopic disease including all positive lymph nodes.

CTV: subclinical disease present around gross tumour.

CTVgross: GTV +10 mm margin, removed from nearby critical structures.

PTV: 5mm expansion of CTV to account for potential setup error and motion [21].
Three PTVs were generated with different dose. PTV 70: High risk PTV

PTV 59.4: Intermediate risk PTV PTV 54: Low risk PTV

The prescribed doses were delivered in 33 fractions, five fractions per week from Monday to
Friday, using IMRT-SIB technique [22].

IMRT treatment plans were created using 6 MV photons commissioned on a ‘True Beam’ with
MLCs of 5 mm width, maximum speed of 2.5 cm/sec with variable dose rate of 600 MU/min and
maximum field size of 40x40 cm?. Once the plan was prepared, the coordinates were sent to system
software and the patient was shifted on the treatment couch. The final target coordinates were
documented and confirmation of the target matching was done with KV CBCT. Isocentres were
marked on thermoplastic mould after confirmation. The treatment fraction was delivered along with
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a check on systemic set up error by analysing KV CBCT. It was repeated in the similar manner for
the next 3 consecutive days. The displacements were observed in all 3 axes; medio-lateral, antero-
posterior and superior-inferior, which were recorded and corrected. If the average values of
correction were more than 2.5 mm, systemic set up corrections were performed.

Subsequently, weekly KV CBCT were done to look for any random error during the treatment. The
values were recorded, and if there were any discrepancies found in the alignment, they were
corrected, and portal image matching were done on the subsequent days as well. Weekly quality
assurance (QA) were performed regarding planning, immobilisation, and positioning and monthly
quality assurance of mechanical system and image quality. Geometrical accuracy tests that verifies
the CBCT reconstruction centres if they coincide with the isocentre of the linear accelerator, were
performed on a weekly basis. The mean, range, and standard deviation were statistically assessed.
Upon calculations of mean and standard deviation, systemic errors and random errors were
calculated. The data were entered into an excel spreadsheet and were analysed using SPSS
(version 25.0). Based on Van Herk formula, margins were added to CTVs to obtain PTVs and were
calculated ensuring adequate CTV coverage (V95%>90%).

Van Herk formula (2.53, + 0.7r) where “>” is systemic error and “r” is random error [23].

Results

A total of 300 CBCT scans were analysed from the first day of treatment to the completion of
treatment. At the initiation of treatment, CBCTs were analysed for 3 consecutive days, after which
weekly assessments were done. Further imaging were done, if required.

The mean set up error on Day 1 prior to treatment were 0.26 cm, 0.27 cm, 0.27 in mediolateral,
antero-posterior and superior-inferior directions respectively. The range of errors were 0-7 mm in
ML direction, 0-7 mm in AP and 0-8 mm in SI directions. A total of 11, 12 and 10 CBCTs out of 50
had translational shift of more than 2.5 mm in ML, AP and SI direction respectively, whereas
amongst them 3, 4 and 4 had shift of more than 5mm. The translational shifts were corrected
whenever they were greater than 2.5 mm (Table 2) (Figure 1).

Day 1 Day 2 Day 3

Medio- Antero- Super- Medio- Antero- Super- Medio- Antero- Super-

lateral posterior |inferior lateral posterior |inferior lateral posterior |inferior
Mean (cm) (0.26 0.27 0.27 0.21 0.19 0.19 0.17 0.12 0.13
Range 0-7 0-7 0-8 0-5 0-4 0-6 0-4 0-4 0-3
(mm)
Translation (11 12 10 8 7 5 4 2 2
al shift
>2.5 mm
Translation |3 4 4 1 0 1 0 0 0
al shift
>5mm

Table 2. Mean Set up Error, Range, Frequency of Translational Shifts more than 2.5 mm and 5 mm on Initial 3
ConSecutive Days CBCTs.

Figure 1. Comparison of Translational Shifts in Medio-lateral (ML), Antero-posterior (AP), Superior-inferior (SI)
directions on initial three consecutive days CBCTs.
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On 2" day, mean translational shifts were 0.21cm, 0.19 cm and 0.19 cm, ranges were 0-5 mm, 0-4
mm and 0-6 mm respectively. Out of 50 CBCTs taken on that day, 8, 7 and 5 had translational shifts
of more than 2.5mm and 1, 0 and 1 had shifts of more than 5mm in ML, AP and SI direction
respectively. Similarly, as the previous day, shifts of more than 2.5 mm were corrected.

On 3" day, mean translational shifts were 0.17 cm, 0.12 cm and 0.13 cm respectively in ML, AP and
SI direction. The translational shifts ranged from 0-4 mm, 0-4 mm and 0-3 mm. 4, 2 and 3 patients
had translational shift of more than 2.5 mm while none of them were greater than 5 mm in ML, AP,
and SI direction.

On third day as well, corrections were done only when translational shifts were more than 2.5 mm.
If mean errors of the three days combined together had value more than 2.5mm, systemic set up
error corrections were performed. On completion on 1st week, mean translational shifts were 1.8
mm, 1.6 mm, and 1.9 mm with shifts ranging from 0-5, 0-5, and 0-3 in ML, AP and SI directions.
There was a significant decrease in translational shifts as compared to CBCTs done prior to
systemic correction. It was evident in the form of frequency of shifts which were reduced to 3, 4
and 2 (shifts >2.5 mm) and 1, 1, O (shifts >5 mm). Translational shifts on week 2 and 3 are given in
Table 3. (Figure 2).

Week 1 Week 2 Week 3

Medio- Antero- Super- Medio- Antero- Super- Medio- Antero- Super-

lateral posterior [inferior lateral posterior [inferior latera posterior [inferior
Mean (cm) [0.18 0.16 0.19 0.14 0.15 17 0.12 0.13 0.15
Range 0-5 0-5 0-3 0-3 0-3 0-4 0-3 0-3 0-3
(mm)
Translation |3 4 2 2 1 1 1 1 1
al shift >
2.5 mm
Translation |1 1 0 0 0 0 0 0 0
al shift >5
mm

Table 3. Mean Set up Error, Range, Frequency of Translational Shifts more than 2.5 mm and 5 mm on Weekly
CBCTs.

Figure 2. Comparison of Translational Shifts in Medio-lateral (ML), Antero-posterior (AP), Superior-inferior (SI)
directions on weekly CBCTs.

A total of 150 CBCTs were acquired prior and after systemic corrections. The mean translational
shifts prior to systemic correction were 2.13, 1.93 and 1.96 in medio- lateral, antero-posterior and
superior-inferior directions. These shifts were reduced after systemic correction to 1.46, 1.46 and
1.70 respectively. The frequency of shifts of >2.5 mm were also reduced after systemic correction
which were a total of 61 out of 150 CBCTs (40.6%) prior to systemic correction and 17 out of 150
(11.3%) after corrections. Similarly, the shifts of >5 mm were 14/150 (9.33%) prior and 2/150
(1.33%) after systemic corrections (Table 4) (Figure 3).

Prior systemic
correction

After systemic
correction

Medio-lateral

Antero-posterior

Super-inferior

Medio-lateral

Antero-posterior

Super-inferior

Total CBCTs

150

150

150

150

150

150

shift > 2.5 mm

Mean (cm) 2.13 1.93 1.96 1.46 1.46 1.7
Range (mm) 0-7 0-7 0-8 0-5 0-5 0-3
Translational 23 21 17 6 7 4
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Translational 5 4 5 1 1 0
shift >5mm

Systemic error (1.4 1.2 1.2 0.8 0.7 0.8
Random error 1.2 1.6 1.8 1.1 1.3 1.3
PTV margin 4.41 4.12 4.26 2.77 2.66 2.91
(mm)

Table 4. Comparison Prior to and after Systemic Corrections; Mean (M), Range, Frequency of Translational
Shifts, Systematic (£) and Random Setup Errors (o).

Figure 3. Comparison of Translational Shifts in Mediolateral ( ML), Antero-posterior (AP), Supero-inferior (SI)
directions prior to after systemic corrections.

As shown in table 4, according to Van Herk formula, a margin of 5 mm is essential to be added to
the CTVs in order to obtain PTV for compensating the set up errors. However, if systemic
corrections are applied, the margins can be reduced to 3 mm.

Discussion

Various studies were performed in different tumour locations and they all suggested that CBCT is
an effective application in evaluating set-up accuracy [24-28].

Dzierma et. al [24] concluded that set up corrections done in both Head and Neck and Prostate
cancers were similar in planar and CBCT techniques. The set up margins calculated were 4.0 mm
(AP), 3.8 mm (ML, SI) for head and neck cancer patients and 6.6 mm, 6.7 mm, 7.9 mm in SI, AP and
ML directions respectively for Prostate cancer patients. This study suggested that set up margins
added to CTV in the order to obtain 4 mm margin for HNCC and 6-8 mm for Prostate cancer.

Dionisi et al [25] analysed set up errors in 44 patients of HNCC with CBCT and they found that PTV
margins were 3.48 mm, 4.33 mm and 4.08 mm in ML, AP and SI directions respectively before
correction. However after correction, PTV margins were <2.5 m in all directions. They concluded
that a margin of 5 mm to CTV to obtain PTV was safe in their treatment centre.

Wang et al [26] assessed set up errors in 22 patients of Nasopharyngeal carcinoma undergoing
IMRT by using CBCT and found that pre-correction systemic errors ranged from 1.1-1.3 mm, and
the random errors were also ranged from 1.1-1.3 mm. After online correction systemic errors
reduced to 0.4-0.5 mm and random errors reduced to 0.7-0.8 mm in the three direction. The PTV
margins were 3.5-4.2 mm in pre-correction position, 1.06-1.8 mm in pre-treatment position and
2.5-3.2 mm in post treatment position. They concluded that CBCT based online correction increased
the accuracy of IMRT. Vidhi Jain et al [27] concluded in their prospective study of 100 patients (630
CBCTs) that set up errors >3mm and >5 mm were seen in 11.4% and 0.31%. The systemic errors
and random errors prior to systemic correction were 1.0 mm, 1.1 mm, 1.2 mm and 2.4 mm, 2.0 mm
and 2.1 mm in ML, SI and AP directions respectively. Systemic and random errors after correction
were 0.6 mm, 0.7 mm, 0.7 mm and 1.3 mm, 1.0 mm, 1.2 mm in ML, SI and AP directions
respectively. Study also concluded that CBCT at the first 3 fractions followed by weekly CBCT is an
effective way to detect set up errors and a margin of 5 mm over CTV is safe to account for set up
errors, however in special circumstances like close OAR, or with IGRT treatment modality, a PTV
margin of 3 mm can be considered.

Similar to these studies, in our study of 50 patients with 300 CBCT acquired on first 3 treatment
fractions followed by weekly CBCT for 3 weeks resulted that mean translational shifts prior to
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systemic correction were 2.13, 1.93 and 1.96 in mediolateral, anteroposterior and superior-inferior
directions. These shifts were reduced after systemic correction to 1.46, 1.46 and 1.70 respectively.
Systemic errors and random errors pre-correction were 1.4 mm, 1.2 mm, 1.2 mm and 1.2 mm, 1.6
mm, 1.8mm in ML, AP and SI directions respectively. These errors were 0.8mm, 0.7 mm, 0.8 mm
and 1.1mm, 1.3 mm, 1.3 mm in ML, AP and SI directions respectively after systemic correction. The
result of our study concluded that a margin of 5 mm over CTV can be given to account for set up
errors and to obtain a safe PTV. In special circumstances, margins can be reduced to 3 mm,
provided proper systemic corrections are applied after 3 initial consecutive CBCTs and if
translational shifts are more than 2.5 mm.

The limitation of this study is that it does not account for different regions of interest and the
number of patients were limited as this was an institutional study. Another fall out being that the
CBCT verifications were acquired after systemic correction and not after every positioning. In
conclusion, as we conclude from the study that

CBCTs are an efficient technique for quantification of systemic and random set up errors. It
accounts for the efficiency of immobilisation devices and allows calculations of set up error margins
from CTVs to PTVs. The margins added to CTVs to obtain PTVs were 5 mm in our treatment centre
and research institute, which is safe for beam delivery for tumor treatment. Though it can be
reduced in special circumstances, as in close proximity of OAR and systemic corrections, as and
when needed. It was also summarized that acquiring CBCTs in the initial three consecutive days
are sufficient to consider the interaction variability over the course of treatment.
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