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Abstract

Purpose: This study compared the plan dosimetry between the intensity-modulated radiation
therapy (IMRT) and field-in-field (FIF) technique for head-and-neck cancer using the Elekta
Monaco treatment planning system (TPS).

Materials and methods: A total of 20 head-and-neck cancer patients were selected in this study.
IMRT and FIF plans for the patients were created on the Monaco TPS (ver. 5.11.02) using the
6-MV photon beam generated by the Elekta Synergy linear accelerator. The dose-volume histo-
grams, maximum doses, minimum doses, mean doses of the target volumes and organs-at-risk
(OARs), conformity index (CI), homogeneity index (HI) and monitor units (MUs) were deter-
mined for each IMRT and FIF plan. All IMRT plans passed the patient-specific quality assur-
ance tests from the 2D diode array measurements (MatriXX Evolution System, IBA Dosimetry,
Germany).

Results: The results showed that the dose distribution to the target volumes of IMRT plans was
better than FIF plans, while the dose (mean or max dose) to the OAR was significantly lower than
FIF plan, respectively. IMRT and FIF resulted in planning target volume coverage with mean dose of
71-32 + 0-76 and 73-12 + 0-62 Gy, respectively, and HI values of 0-08 + 0-01 (IMRT) and 0-19 + 0-06
(FIF). The CI for IMRT was 0-98 + 0-01 and FIF was 0-97 £ 0-01. For the spinal cord tolerance
(maximum dose < 45 Gy), IMRT resulted in 39-85 + 2-04 Gy compared to 41-37 + 2-42 Gy for
FIF. In addition, the mean doses to the parotid grand were 27-27 + 7-48 and 48-68 + 1-62 Gy for
the IMRT and FIF plans, respectively. Significantly more MUs were required in IMRT plans than
FIF plans (on average, 846 + 100 MU in IMRT and 467 + 41 MU in FIF).

Conclusions: It is concluded that the IMRT technique could provide a better plan dosimetry
than the FIF technique for head-and-neck patients.

Introduction

Over the last 20 years, radiotherapy (RT) has played a significant role in the treatment of head-
and-neck cancers. About 74% of neck-and-neck patients need to undergo either definitive or
postoperative radiation therapy.? The radiation delivery technique is making progress with
transition from two-dimensional conventional radiotherapy (2D-RT) to three-dimensional
conformal radiotherapy (3D-CRT), field-in-field (FIF) and at present intensity-modulated radi-
ation therapy (IMRT).? IMRT is one of the most common delivery techniques that is known for
providing accurate, reliable and more homogenous and conformal dose to the planning target
volume (PTV). IMRT is delivered mostly with multi-leaf collimators, and sometimes with com-
pensators.? Although IMRT is widely implemented in many cancer centres and hospitals, some
other techniques such as 2D, 3D-CRT and FIF are still in use. FIF and IMRT techniques are
mostly used at Vietnam cancer centres so that the photon field can be adjusted to conform
to the irregularly shaped target volume with extremely high precision.>® This can reduce the
radiation delivered to the surrounding organs-at-risk (OARs) such as spinal cord, brainstem,
parotid glands, eyes, optic nerves, optic chiasma and mandible in head-and-neck cancer.”®
The IMRT technique reduces the toxicity level at the OARs. Acute and late toxicity are also
reduced significantly. In fact, the ability of sparing the OARs while maintaining or increasing
the dose coverage at the target volume makes IMRT the better treatment option than the FIF.
The comparison of IMRT and FIF techniques has been published in research works.”!® Hosseini
et al.? performed the dosimetric comparison of conventional and FIF techniques in early-stage
breast cancer RT. They concluded that FIF technique produced significantly lower dose homo-
geneity index (HI), lower maximum doses and higher median doses in PTV than 3D-CRT.
Koksal et al.!® compared the differences of the dosimetric parameters between 3D-CRT and
simultaneous-integrated boost intensity-modulated radiotherapy (SIB-IMRT) techniques in
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the prone and supine positions for breast irradiation. Their results
showed SIB-IMRT allowed a more conformal dose distribution
regardless of position than 3D-CRT. Recently, the FIF and
IMRT techniques have been firstly applied in Baichay Hospital,
Vietnam. While studies related to comparison of the IMRT and
FIF techniques have been published in breast RT,>!! there is no
work undertaking the dosimetric comparison between the IMRT
and FIF technique for head-and neck RT. The objective of this
study is to compare the differences of dosimetric parameters of
IMRT and FIF techniques for head-and neck-cancer using
Elekta Monaco treatment planning system (TPS).

Materials and Methods
Treatment planning

A total of 20 cases of head-and-neck cancer patients with stages
I-IVA including 10 nasopharynx cases, 5 hypopharynx cases and
5 oral cavity cases were treated by prescription of 60-70 Gy at
Baichay Hospital. Patients were scanned by Somatom 16-slice com-
puted tomography (CT) scanner (Siemens Medical System,
Germany). Parameters of CT imaging for all patients were scanned
from head to upper thorax, above orbits, to 5 cm below collarbone
with 2-mm slice thickness and the photon beam voltage was
130 kVp. The head-and-neck immobilisation device for the patients
included iBeam Overlay with shoulder retractors and thermoplastic
mask. After the simulation, the data were transferred to the TPS
through Digital Imaging and Communications in Medicine
(DICOM). The Monaco TPS (Elekta, Stockholm, Sweden) was used
in this study. Each patient was planned using both FIF and dMLC-
IMRT techniques after radiation oncologist defined the target and
OAR'? and dMLC-IMRT techniques were selected for treatment.

dMLC-IMRT technique

A total of 20 plans were created using Monte Carlo algorithm as the
dose calculation engine. The plans used the 6-MV photon beams
with the isocenters at PTVC (PTVC =PTV1 + PTV2 + PTV3), in
which PTV1s were defined as the primary target volume, PTV2s
were defined as the treatment volume of high-risk nodal and
PTV3s were defined as low-risk nodal. dMLC-IMRT plans were
created using seven photon fields with gantry angles equal to 0,
51, 102, 153, 204, 255 and 306°.

FIF technique

A total of 20 plans were created with dose distribution calculated by
the collapsed cone algorithm, based on the 6-MV photon beams.
The isocenter was defined as a marker at the coronal slice of PTV3
(which is after PTV2). FIF plans were created using six photon
fields with five gantry angles 180, 125, 90, 270 and 230° for
PTV2 and PTV3, and one field with a gantry angle at 0° for
PTV1. Smaller fields were created inside a big field as beam seg-
ments. Two to four segmental fields were created in a field to
decrease the dose at OAR and increase the dose at the target.
Patients were prescribed 66—70 Gy for the target and the dose limi-
tation or OAR followed the RTOG-0225 protocol.'?

Treatment planning evaluation

Clinically approved treatment plans were reviewed and restored
from the TPS. Normal tissue avoidance planning was based on
both the OAR hard constraints and individualised OAR planning
objectives specified by the radiation oncologist. Treatment plans
were evaluated on the basis of the dose distribution of target
on each slice and the dose—volume histograms (DVHs). The
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treatment plans were optimised to ensure 95% of the PTVs
(Dose), and 98% of the clinical target volume (Dogo,) received
the prescription doses. Dosimetric data included the volume of
PTV receiving greater than 95-107% of prescribed dose (Vosq,
and V(;4); the dose delivered to 98% (Dpecar-min> Doge) and 2%
(Dhear-maxo D29;) of the PTV; and mean dose of the PTV (Dpean)
from the DVHs [3]. HI and conformity index (CI) were calculated
according to definition proposed by the International Commission
on Radiation Units and Measurements (ICRU) Report 83.!2

CI is defined as the ratio of volume of tissue receiving at least
95% of the prescribed dose divided by the volume of the PTV. The
plan is considered more conformal if CI is near to 1:'24

Cr = Yo (1)
Very

HI is defined as the difference between the near-maximum and
near-minimum dose normalised to the median dose:
Doy, — Dogy
Dp

HI (2)

where D5y, and Doge, are the doses received by 2% (Djear-max) and
98% (Dpear-min) Volume of PTV, respectively, and D, is the pre-
scribed dose. The ideal value of HI is zero; an HI value approaching
zero indicates a more homogenous dose distribution within the
PTV and it increases as homogeneity decreases.

Statistical analysis

Statistical analysis was performed using SPSS Statistics 22 (IBM
SPSS, Chicago, IL, USA) to assess statistical significance between
FIF and IMRT plan. The differences were considered statistically
significant at p-values < 0-05.

Treatment plan verification

Quality assurance (QA) plans before treating

The OmniPro I'mRT+ software, the MatriXX detector and
MULTICube Phantom were used to evaluate the plan accuracy,
ensuring the safe and accurate delivery of a prescribed radiation dose.
A plan specified for QA was created for each IMRT treatment plan
and transferred to the linear accelerator console for re-treatment
delivery.

The MatriXX Evolution consists of 1,020 air-vented ionisation
chambers located on a 32 x 32 grid. Each of the 2D array ionisation
chambers has a sensitive volume, diameter, height and detector
spacing of 0-08 cm?, 4-50, 5-00 and 7-62 mm, respectively. It operates
at a voltage of 500 V and has a sensitive area of 24 X 24 cm® The
MatriXX Evolution functions as pretreatment QA system whereby
it verifies the patient’s treatment plan offline (Figure 1). Our estab-
lished constraint is that IMRT plan will be accepted with a pass rate
of 95% at gamma criterion of 3%/3 mm. Otherwise, IMRT plan will
be considered to be failed and be recreated.

Results
A dosimetric comparison between IMRT and FIF

The dose distributions on the transverse and coronal plane for IMRT
and FIF plan on the same patient are shown in Figure 2. It shows that
the isoline dose coverage of IMRT plan is better than FIF plans.
Furthermore, as shown in Figure 3, the IMRT plans also showed
a stronger capability of controlling the hot spots (Vj¢7¢), and the
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Figure 1. MatriXX Evolution and MULTICube Phantom.

Figure 2. Comparison of dose distribution IMRT (a, c) and FIF plan (b, d) on transverse and coronal plane.

OAR sparings of IMRT plan, such as parotid gland and tongue, are
significantly reduced when compared to FIF plan. It can be seen that
the dose coverage of PTVs, the capability of controlling the hot spots
and the normal tissue sparing of IMRT plan are significantly better
than the FIF plan, in particular, parotid glands in the IMRT plans are
reduced about a half when comparing to FIF plans.

Treatment plan verification

Figure 4 shows an example of the analysis of clinical case as acquired
with the MatriXX. A total of 20 treatment IMRT plans were verified
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with MatriXX Evolution and had the pass rate >95% at gamma cri-
terion of 3%/3 mm. The results are displayed in Figure 5.

Discussion

In Table 1, the total treatment monitor units (MUs) of IMRT plans
were approximately double as compared to FIF plans. The patients
treated by IMRT technique needed to lie longer on the treatment
couch; the patients also had to be immobilised longer and be pro-
vided with a reliable means of reproducing the patient’s position
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Figure 3. Comparison of DVHs of one patient in the group for the IMRT and FIF plan.
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Figure 4. The results of treatment plan verification with MatriXX.

from one treatment to another. Modern RT such as IMRT gener-
ally requires additional immobilisation accessories during the
treatment of patients. IMRT plans were found to provide more
homogenous dose distribution within the PTV than the FIF plan
by an average of HI = 0-08 and 0-19, respectively. The average of CI
values of IMRT plans showed a better PTV coverage by 0-981 com-
paring to 0-975 for the FIF plans. IMRT doses to the surrounding
healthy tissues and critical structures displayed in Table 2 such as
the spinal cord, brainstem, parotid glands, lens, eyes, optic nerves,
optic chiasm and mandible were reduced significantly compared to
FIF plans. When following recommendations for the mean dose of
parotid glands and oral cavity, 50% of parotid gland volume did not
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receive a mean dose greater than 26 Gy. If the parotid gland vol-
umes received a mean dose of more than 50 Gy, they will be seri-
ously damaged. The mean parotid gland doses for patients treated
with IMRT were significantly lower compared with the mean
parotid gland doses of patients treated with conventional RT
(Mann-Whitney, p=0-016). Numerous studies'>?! have also
reported significant correlation between the mean parotid dose
and salivary flow after RT and the rate of patient suffering from
xerostomia. Their results clearly demonstrated the superiority of
IMRT technique in terms of toxicity, mainly due to the parotid
gland sparing. Tham et al?

performed a study of two patient
groups including 26 cases treated by conventional technique and

Thi Lan et al.
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Table 1. Summary of dosimetric comparison of IMRT and FIF
Parameter IMRT (Gy) FIF (Gy) p-Value
PTV 71-32+0-76 73:12+0-62 0-3514
Parotid grand 27-27 £ 7-48 48-68 £ 1-62 0-289
Spinal cord 39-85+2:04 41.37+2:42 6-54145E-05 < 0-01
Brainstem 34-59 +1-95 40-36 +1-91 0-23
Cl 0-98 +0-01 0-97 £0-01 0-4546
HI 0-08 +0-01 0-19 £ 0-06 2-69385E-08 < 0-01
MU 846 + 100 467 £41 5-44975E-10 < 0-01
Table 2. Maximum dose (Dpax) and mean dose (Dpean) for OARs sparing
Dmax (GY) Dmean (GY)
OARs IMRT [HI7 IMRT [HI7
Oral cavity 65-83 +10-82 71-.25+7-85 37-8+1-23 43-24 +23-63
Parotid glands 62:97 £9-1 70-4+7-63 27-27+5:18 4869 +0-72
Optic nerves 8:07+23:33 11.18 +27-01 4.42 +£11.53 6:6 £13-99
Optic chiasma 13-96 + 30-26 17-19+34-24 7-36 + 1843 9-31+14.59
Mandible 66-81 +5-03 72:28+7-4 40-4+5-1 44.-75 + 8-54
Eyes 5-1+20-85 12.66 +21-62 12-43 +3-64 14-8 £4-67
Lens 3-14+3-38 5:13£3:9 1.58+8:16 3-6+8:57
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Patient number

30 cases treated by IMRT technique. Tham et al. found that the
mean doses of the parotid glands were 48-1 Gy for the group using
conventional technique, and 33-7 Gy for the group using IMRT
technique, respectively. After 6 weeks of treatment, the patient
groups were treated by IMRT and conventional technique who
had side effect by 55 and 87%, respectively. Our study showed that
the mean dose of parotid glands for IMRT plan is reduced 1-8 times
compared to the FIF plans (by 27-27 and 48-69 Gy, respectively).

In some Vietnam oncology centres, oral cavity is rarely consid-
ered as a structure to reduce the dose. However, according to
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Figure 5. Gamma pass rate measured with
MatriXX.

published researches, the mean dose of oral cavity sparing was
reduced under 40 Gy that improved the toxicity level. 132324
Our study showed that the mean oral cavity dose of IMRT plans
was reduced significantly compared with FIF plans with 378
and 43-24 Gy, respectively.

The IMRT technique is relatively new but not widely used as
3D-CRT, FIF in our hospital, but it is a valuable tool for clinics to con-
sider adopting in the future. IMRT is limited to the use of a fix number
or radiation beams during the therapy. Also, this technique surged
treatment delivery time that may cause problem in dose accuracy
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due to MLC movement and scattering of small subfields. As a single
field is further divided into subfields, this technique provides a more
homogenous and conformal dose to the target volume, with less dose
to the surrounding healthy tissues. There are many ways to evaluate a
radiation treatment plan using conventional dose indexes in this study
such as CI and HI. However, the radiobiological parameters such as
the Niemierko’s EUD-based tumour control probability and normal
tissue complication probability have not yet applied in this research.

The QA is very important to consider the feasibility of the appli-
cation of this technique before treatment.”> Our measurements
showed that the dose distributions planned using IMRT TPS are
accurate and suitable for treatment delivery. It is interesting to note
that all 20 plans of this study passed the requirements based on our
established pass criteria (y-index criterion of 3%/3 mm and pass
rates of 96-65 + 0-86%).

Conclusion

This study showed that the PTV coverage, homogenous dose dis-
tribution within the PTV, the capability of controlling the hot spots
and normal tissue sparing were better for the IMRT plans com-
pared to FIF in head-and-neck cancer. The average MUs for the
IMRT plans are also larger than FIF plans.
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