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Background: The increasing patient load in radiotherapy centres demands selection of the
technique that provides plans with optimal dosimetry in terms of target volume coverage, organs at
risk (OAR) sparing and a lesser treatment time. This study was designed to compare the two widely
practised conformal techniques, IMRT and VMAT in head and neck cancer patients in terms of
planning target volume (PTV) coverage, OAR sparing and treatment delivery parameters. Materials
and methods: For ten postoperative head and neck cancer patients who had been treated by IMRT
technique virtual VMAT plans were generated for study purposes. The dose prescribed to PTV was 60
Gy in 30 fractions. The dose-volume parameters of PTV and OARs and the treatment delivery
parameters were compared amongst both the techniques. Statistical significance was calculated
using paired 't’ test. Results: Both the plans were comparable in terms of dosimetry. The only
significant difference being better conformity in the IMRT plans. The dose to OARs was also
comparable in both the techniques except for a significant reduction in the point dose to brainstem
with the IMRT technique. Given the treatment delivery parameters, there was a significant reduction
in the treatment delivery time and monitor units with the VMAT technique compared to the IMRT
technique. Conclusion: VMAT technique gave comparable plans to that of the IMRT technique in
terms of dosimetry but reduced the treatment time. It seems feasible in radiotherapy centres with
increased patient load.
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Background

There has been an immense evolution in radiation
planning of head or neck cancers. Because of the
complex shape of the target volume and vicinity to
a large number of organs at risk (OAR’s) and
minimal organ motion, the conformal radiotherapy
planning techniques have offered significant
dosimetric and clinical advantages. The treatment
planning methods for head and neck cancers using
external beam radiotherapy have evolved from the
traditional three-field technique in the early days to
intensity-modulated radiotherapy (IMRT), and
recently to volumetric modulated arc therapy
(VMAT). IMRT is an advanced form of three-
dimensional conformal radiotherapy (3D-CRT) that
changes the intensity of radiation in different parts
of a single radiation beam while the treatment is
delivered. The inverse optimisation algorithm
automatically determines the appropriate weights of
segments to create a more uniform dose distribution
throughout the target. [1]. VMAT includes a large
number of beams from an arc projector with the
dose being delivered dynamically with gantry
rotation at each angle. [2]. The efficacy of IMRT
over 3DCRT have been established in terms of
better target volume coverage and organ at risk
sparing and better clinical outcomes [3]. But the
advantage of VMAT over IMRT remains
controversial. This retrospective study was designed
to compare these two techniques in post-operative
head and neck cancer patients in terms of target
volume coverage, organs at risk (OAR) sparing and
treatment delivery time.

Materials and Methods

Study Setting: Department of Radiation Oncology,
Shri Ram Murti Institute of Medical Sciences

Study Design: Retrospective study

Study population: Postoperative head and neck
cancer patients treated between 2020-2021

Duration and type of study: A total of ten head
and neck post-operative patients who had been
treated by the IMRT technique were selected for the
retrospective  study. For each patient, a
corresponding VMAT plan was generated for study
purposes.

Inclusion Criteria:
01. Postoperative head and neck cancer patients

02. Conventional fractionation schedule-60 Gy/30

Fractions.

Exclusion Criteria:
01. De novo patients with head and neck cancers

02. Patients with gross residual disease after
surgery

Radiotherapy planning

All the patients underwent simulation in supine
position with neck rest and shoulder traction using
the 5-point thermoplastic cast. Contrast-enhanced
CT scans of 3mm slice thickness were obtained.

The following volumes were delineated:

Clinical Target Volume (CTV) primary- inclusive of
post-operative bed and entire primary site Clinical
Target Volume (CTV) nodal - nodal volumes were
delineated as per the guidelines given by Biau J et
al. [4]. Planning Target Volume (PTV)- 5mm
isotropic margin to the CTV to account for setup
errors. The OAR'S were delineated as per DAHANCA
guidelines. This included the Spinal cord, Mandible,
Parotids, Lips, Left and Right Cochlea, Brainstem,
Left and Right Eye, Left and Right Lens, Left and
Right Optic nerve. An isotropic expansion of 5mm
for the PRV spine was given from the spinal cord
and a 3mm margin from the brainstem was given
for the PRV brainstem.

Dose prescription

A total of 60 Gy in 30 fractions was prescribed to
the PTV. All the patients received treatment using
the IMRT technique. The constraints given for the
OARs were:- PRV spine Dmax <50Gy; Mandible
Dmax <70Gy; Lips =<30Gy; PRV Brainstem Dmax
<54Gy; Left and Right Cochlea Dmean <45Gy; Left
and Right Parotid (combined) Dmean<26Gy; Left
and Right Eye Dmax<50 Gy; Left and Right Lens
Dmax<7Gy; Left and Right Optic nerve Dmax<55Gy

Planning

1)The plans were created in Eclipse Treatment
Planning System for Truebeam which is having the
Millenium MLC.

2)Inverse planning with one or multiple
optimizations and running was done to achieve the
target dose distribution and OAR sparing. AAA
algorithm was used for dose calculation after the
optimization process.

3)The OAR dose constraints and target dose
parameters were followed as per RTOG guidelines
and evaluated as per ICRU 83 recommendations.
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4)In IMRT, 9 fields were wused such as
0°,40°,80°,120°,160°,200°,240°,280°,320° to
achieve the goals whereas in VMAT plan 2 full arcs
were used (ARC-I 181.1° to 179.9° and ARC-II
179.9° to 181.1° clockwise and counter-clockwise
arcs respectively.

Data collection

The following dosimetric parameters were assessed

and compared amongst the two planning

techniques:

01. PTV- D95%, D50%, D2% (Dnear max), D98% (Dnear
min), Conformity Index (CI) (ICRU 62) [5],
Homogeneity Index (HI) (ICRU 83) [6].

02. Organs at risk (OARs)

Dmax was calculated for serial organs (spinal cord,

brainstem, mandible, eyes, lens, optic nerve, optic

chiasma) and Dmean was calculated for parallel

organs (parotid, cochlea, lips).

03. Treatment delivery parameters- Treatment
delivery time, Monitor Units (MUs)

Statistical analysis:Statistical significance was
calculated using paired 't’ test. A p-value of <0.05
was considered as statistically significant.

Results

The dosimetry of PTV showed comparable coverage
in both the techniques in terms of D95%(p=0.773),
D50%(p=0.093). The near Dmax (D2) (p=0.126) and
near Dmin (D98) (p=0.569) were also similar with no
significant difference in both the techniques and
fulfilled the pre specified objective. The prespecified
objective was fulfilled with both the techniques with
more than 95% of the volume receiving 95 % of the
prescribed dose. The dose homogeneity was also
similar but conformity was significantly better
in the IMRT technique (p<0.002) (Table 1)

Table-1: Dosimetric parameters of the PTV in
two techniques (Mean * SD)

Parameters IMRT VMAT p-value
D95% 58.59 £0.68 58.68+0.66 0.773
D50% 60.5+0.44 60.69+0.34 |0.093
D2% (Dnear max) 61.71+0.68 62.02+0.27 0.126
D98% (Dnear min) 57.71+0.85 57.47+0.99 0.569
Conformity Index (CI) 1.14+0.09 1.29+0.13 0.002
Homogeneity Index (HI) 0.06+0.01 0.07+0.01 0.147

Table-2: Dosimetric parameters of the OARs in
two techniques (Mean * SD)
OARs IMRT VMAT p-value

Brainstem 35.59+5.82 39.05+4.32 0.003
Parotid 34.28+7.86 37.15+6.43 0.052
Left cochlea 20.32+12.04 20.3%£9.36 0.994
Right cochlea 12.19+5.53 13.49+5.87 0.652
Lips 31.56+5.77 29.19+1.61 0.155
PRV spine 39.54 = 2.65 40.18+2.35 0.525
Mandible 62.48 =+ 1.05 63.1+0.49 0.076

In terms of dosimetry of OARs, there was a
significant reduction in the maximum dose of the
brainstem with the IMRT technique compared to the
VMAT technique but the absolute doses were far
lesser than the prespecified constraint for the
brainstem (Dmax=54Gy). In terms of dosimetry of
other OARs, a significant difference could not be
found amongst both the techniques (Table 2).

Table-3: Treatment delivery parameters of the
two techniques

Parameters IMRT VMAT p-value‘
3.95£0.85

[Treatment delivery time (in 1.21+0.34 <0.0001]

minutes)

Monitor Units (MUs) 1581.6+341.78|486.9+136.23|<0.0001

VMAT plans showed a significantly reduced
treatment delivery time as well as a reduced
number of monitor units over IMRT plans. (Table 3)

Discussion

In our study, the dose distribution of the target
volume and OAR sparing was comparable amongst
both the techniques. Although statistically
significant improvement in conformity was seen with
the IMRT technique, this did not translate into better
sparing of OARs with IMRT. The reduction in the
maximum dose to the brainstem in the IMRT
technique was possibly due to better conformity of
the IMRT plans. A marked difference was a
reduction in treatment delivery time (3.95+0.85
mins for IMRT vs 1.21+0.34 mins for VMAT; p
<0.0001). This was reduced to nearly one third in
the VMAT technique.

A similar trend was observed in Monitor Units
showing a significant reduction in VMAT technique
(1581.6+341.78 vs 486.9+136.23, p<0.0001). As
per the findings of our study, VMAT largely reduces
the treatment delivery times but did not
compromise the planning quality. The reduction in
monitor units with the VMAT technique will possibly
reduce the total body exposure and the integral
dose. Because of the increasing patient load in the
radiotherapy department over the period, the
waiting time and smooth running become
cumbersome.
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The implementation of the VMAT technique offers an
efficient solution to this problem with optimal
radiotherapy plans. This is particularly because of
the reduction in treatment delivery time by VMAT
technique as fewer MUs are required to deliver the
prescribed dose with arc beam arrangement. Also
chances of intra fraction motion are minimized. The
treatment time saved can be utilized in the
implementation of more online imaging
technologies. But the associated problem is that the
VMAT technique is known to have a learning curve
and requires a much higher planning time.
Studenski M T et al in their study on 20 patients
found no significant difference in the dosimetric
parameters for both IMRT and VMAT techniques. But
there was a significant reduction in treatment
delivery times with VMAT plans with an average
reduction of 9.2+3.9 min over IMRT plans.

Also, there was a significant reduction in monitor
units. [7]. In our study also there was a reduction in
treatment delivery times by 2.74+£0.51 mins in
VMAT plans over IMRT plans. This study validated
the findings of our study with comparable dosimetry
amongst both IMRT and VMAT plans but a
significant reduction in the treatment delivery time
and MU’s. Holt A et al in a multi-institutional study
showed better sparing for almost all OARs with
VMAT. There was no significant difference in the PTV
coverage, dose homogeneity and conformity. There
was a significant reduction in the dose to parotid
glands and oral cavity with VMAT technique
compared to IMRT technique (27.2Gy vs 25Gy for
parotids and 39.4Gy vs 36.7Gy for oral cavity, p
<0.001).

This was contrary to our findings the possible
reason being that in their study the planning time
and methodology of the VMAT technique was more
sophisticated. Similar to our study this study also
showed a significant reduction in treatment delivery
times with VMAT plans (13.15 min for IMRT vs 5.54
min for VMAT). [8]. Kryger M et al in a study on 14
patients comparing the dosimetric parameters
showed that the VMAT and IMRT plans were
comparable in conformity and homogeneity.
However, OAR sparing was better seen with few of
the IMRT plans over VMAT plans in terms of a
significant reduction in the dose to oral cavity and
constrictors while the VMAT technique reduced the
maximum dose delivered to the spinal cord
(1800cGy lower than IMRT plans, p<0.001). There
was a significant reduction in the treatment delivery
time and MUs with VMAT plans. [9].

Although few studies have shown better planning
with VMAT over IMRT technique while others have
shown comparable dosimetric parameters with both
techniques. [10-14] With a growing incidence of
cancer, there is an increase in the patient burden
over centres and to have a smooth and efficient
running we need to optimize the treatment delivery
as well as planning times. Therefore, a validation of
the contemporary conformal technique, IMRT and
VMAT in terms of dosimetric comparison, and
treatment time are needed. In our study, conformity
was significantly inferior in VMAT plans even though
the results will not have a clinical impact or an
impact on the dosimetric parameters of the OAR'’s.
The treatment planning time will play a significant
role in VMAT for one accepted plan will take
approximately 4-5 hours whereas in IMRT, it will
take only half an hour. A few VMAT plans are having
lesser conformity as serial OARs are located close to
the target and we need to consider saving the OAR
thus losing the target dose distribution. In case we
would have used the high definition MLCs, because
of the lesser thickness of the MLC, it might play a
major role in sparing the OARs. Possibilities of
improving the target dose distribution are also
there. Our study has two limitations. Firstly, the
sample size is small and secondly, long term clinical
outcomes are not known. Most of the studies in the
literature have compared dosimetry only and an
emphasis on the clinical outcomes and toxicity has
not been laid. Large scale studies with clinical
outcomes are required to support the widespread
implementation of the VMAT technique.

Conclusion

The study highlights that the VMAT technique can
be safely implemented in post-operative patients
with head and neck cancers and will reduce the
delivery times compared to the IMRT technique.
This technique may be useful for radiotherapy
centres with increasing patient load to decrease the
waiting list.

What does the study add to the
existing knowledge?

The present study demonstrated that the newer
radiotherapy VMAT technique is comparable to the
IMRT technique in terms of dosimetric parameters
and can be safely utilized for treating post-operative
cancer patients of head and neck with the added
advantage of lesser treatment time.
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