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The current investigation aimed to compare the treatment plans of simultaneous integrated boost (SIB)
fixed intensity modulated radiation therapy (IMRT) and SIB RapidArc (RA) using a number of dosimetric
indices. In this study, 29 patients of nasopharyngeal carcinoma (NPC) were considered for treatment plan
evaluation of SIB RA and SIB IMRT. The plans were evaluated using conformity index (CI), target coverage
(TC), gradient index (GI), external volume Index (EI), homogeneity index (HI), dose heterogeneity index
(DHI), standard deviation (SD), and unified dosimetric index (UDI). The dose of each planned target vol-

{(l&)gords: ume (PTV) and organs at risk (OARs) was determined using their respective mean and median doses. In
Rapid arc accordance with the results, there is no noticeable difference in the values of CI, TC, GI, EI, and UDI for SIB

RA and SIB IMRT. DHI of PTV 54 is better for SIB IMRT as compared to SIB RA and DHI of PTV 60, PTV 70 is
same for both techniques. HI, SD and sparing of OARs results in better values for SIB RA as compared to
SIB IMRT. However, PTV 54 and PTV 60’s doses indicate over dosage. The dose of PTV 70 is found to be
within the limits of prescribed dose for both SIB RA and SIB IMRT. SIB RA homogeneity, sparing of
OAR, and SD are observed to be superior to SIB IMRT. In the case of RA, less time and a monitor unit
are used. In conclusion, SIB RA is thought to be better than SIB IMRT for the treatment of NPC.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Dosimetric parameters

1. Introduction Intensity-modulated radiotherapy (IMRT) plays a crucial role in

treating the HNC (Han et al., 2021). Intensity-modulated radiother-

Head and neck cancer (HNC) treatment highly depend on radio-
therapy. The purpose of radiotherapy is to control cancer and
reduce the side effects. Additionally, deliver the maximum dose
to the target while reducing the exposure to organs at risk (OAR)
(Silky T et al., 2020). Head and neck cancer radiotherapy is quite
complicated due to its complex structures, and many OARs are
very near to the irradiation part of the organ (Ouyang et al., 2019).
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apy is useful in saving normal tissues and organs together and pro-
vides a high dose to the target. The major disadvantage of IMRT is
that it consumes longer treatment time; also, it uses large number
of fixed beam angles and monitor units (MU) (Cho, 2018;
Mashhour et al., 2018).

Rapid Arc (RA) reduces the number of MU and shortens treat-
ment time compared to IMRT. RA dosage rate, multileaf collimator
location, and gantry speed are continually changing. Rapid Arc
gives maximal dosage to target from all angles while preserving
normal tissues. Rapid Arc distributes radiation by employing one
or more arcs (Hyunsoo et al., 2021).

According to the previous study of HNC (Osborn, 2017), VMAT
gives good homogeneity as well as sparing of OAR. Moreover,
VMAT takes a shorter time and use less number of monitor units
as compared to IMRT. However, the previous study found that
IMRT is preferable to VMAT for treating HNC (Mashhour et al.,
2018).
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The goal of this study is to determine which treatment modality
is the most successful and feasible option for HNC patients, by ana-
lyzing and comparing the plan quality of IMRT and VMAT proce-
dures with the use of a variety of dosimetric indices.

2. Material and methods

In this study, those 29 patients that are register in Shaukat Kha-
num Memorial Cancer Hospital and Research Centre (SKMCH) for
the treatment of Nasopharynx carcinoma (NPC) were taken for
evaluation of the plan. The approval number of institutional review
board is 8273 (25 June 2021). All patients were treated with SIB RA.
For comparison, original plans of SIB RA optimized using SIB IMRT.
CT scan of every NPC patient was performed in the supine position
with 3 mm slice thickness. Immobilization devices face mask and
headrest C used during the scan. The gross target volume (GTV),
clinical target volume (CTV) and three planning target volumes
(PTV54, PTV60, PTV70) contoured on CT scan image. The pre-
scribed dose (PD) of PTV54, PTV60, and PTV 70 are 54 Gy, 60 Gy,
and 70 Gy respectively. The total PD is 69.96 Gy delivers in 33 frac-
tionations. The OAR that receives the PD is the spinal cord, brain
stem, left and right parotids, left and right eyes, optic nerves, optic
charisma, left and right cochlea, lens. All SIB RA plans and SIB IMRT
plans were designed in Eclipse treatment planning system version
8.6 for 6 MV photon beam. SIB RA plan used two arcs. 181-179
were set in the clockwise direction, and 179-181 were set in the
counterclockwise direction. In SIB IMRT plan, seven fixed angles
(51,102,151, 202,251,302,351) were used. The plan was evaluated
by using are target coverage (TC), conformity index (CI), homogen-
ity index (HI), dose heterogeneity index (DHI), gradient index (GI),
unified dosimetric index (UDI), external volume index (EI), and
standard deviation (SD).

TC is the percentage of the volume of PTV that receives the pre-
scribed isodose (PTV,;) over the PTV (Akpati et al., 2008)

_PIVy
- PTV
100 % TC shows that the plan accurately covers the PTV. Only
90 % to 95 % TC is acceptable. If TC is greater or equal to 80 % mean
that there is a minor error in the plan to cover the PTV. TC less than
80 % shows that the plan has a major error in covering the PTV
(Atiq et al., 2018).

CI evaluates dose plans. It assesses the shape and volume of
neighboring tissue impacted by the reference dose (Salman et al.,
2022). Cl is designed to examine section-by-section dose distribu-
tion. CI readings outside the permissible range demand more
appropriate treatment.

TC x 100
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CI is the ratio of target volume receiving 95 % of the total PD
(PTVR[) and PTV

_ PTVg

~ PTV

The value of CI is acceptable only within the range of 1 to 2. A
small amount of dose goes outside the PTV if the value of CI is
between 0.9 and 1 or 2 and 2.5. A significant volume is irradiated
outside the PTV if the CI value is less than 0.9 or greater than 2.5
(Atiq et al., 2018).

The TC variation in the isodose surface (IDS) that is used to mea-
sure dose has a big effect on the CI value variation in a certain way.
Different dose distribution plans indicates that specific TC can min-
imize the CI value inconsistency.

HI is the ratio of the maximum volume receives how much dose
(Dmax) and PD.

PD
The value of HI is only acceptable when HI is less than or equal
to 2. There is a minor error if the value of HI is between 2 and 2.5
and a major error at greater than 2.5 (Mashhour et al., 2018).
DHI is the percentage of 20 % volume of target receives how
much dose (Do) and 80 % target volume receives how much dose
(Dso%) over the PD (D).

Cl

HI =

DHI = (DZO% - DSO%

) x 100

Value of Doy is always greater than the value of Dggy. (Ding
et al., 2010).

The GI is the ratio of the volume that receives the total PD of
PTV (PTVyp) and the volume that receives half of the total PD of
the PTV (PTVHPD).

 PTVpp
P TVHPD

The lowest ratio of PTVp, and PTVpp indicates that GI is good
(Atiq et al., 2018).

The El is the percentage of the volume of healthy tissues, which
gets a higher dose (Vp.pp) than the PD over the PTV (Scorsetti et al.,
2010)

GI

VD>PD
El = TV = 100
SD shows that how much dose goes outside the target. Diean
and Dneqin Of each PTV is used to evaluate the PTV dose. The dose
of PTV is overdosed if receiving dose is greater than PD and the
dose is under dosed if receiving dose is less than PD.
UDI is defined as

Table 1

Dosimetric Indices (DI) of PTV 54, and PTV 60 for Rapid Arc and IMRT.
DI PTV54 PTV60

RA IMRT p RA IMRT p

Dimean 62.50 + 1.5 61.55 + 2.1 0.01 63.49 + 1.6 62.68 + 2.1 0.01
Dedian 62.36 + 2.1 60.59 + 2.1 0.01 62.83 + 1.4 6131+ 14 0.01
HI 137 1.42 0.01 1.23 1.27 0.01
DHI 14 % 13 % 0.05 1% 12 % 0.18
TC 98.2 % 98.3 % 0.78 94.8 % 94.7 % 0.97
Cl 0.98 0.98 0.78 0.95 0.95 0.97
GI 0.98 0.98 0.78 0.95 0.95 0.97
El 22% 1.7 % 0.28 3% 2% 0.28
SD 6% 7% 0.03 6% 7% 0.01
uDI 1.31 1.35 0.09 1.06 1.09 0.17

Dmean is the mean dose, Dyeqi0n is the median dose, HI is the homogenity index, DHI is the dose heterogeneity index, TC is the target coverage, Cl is the conformity index, GI is
the gradient index, El is the external volume index, SD is the standard deviation, and UDI is the unified dosimetric index. Statistical test was performed by using Wilcoxon

signed rank test.
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Table 2

Dosimetric Indices (DI) of PTV 70 for Rapid Arc and IMRT.
DI PTV70

RA IMRT p

Dmean 69.86 + 1.6 69.94 + 0.1 0.82
Dnedian 69.47 + 4.2 70.07 £ 0.2 0.45
HI 1.06 1.08 0.01
DHI 28% 31% 0.24
TC 97.6 % 97.5% 0.65
Cl 0.97 0.97 0.65
Gl 0.97 0.97 0.65
El 35% 4.5 % 0.43
SD 2% 23% 0.11
UDI 0.98 1.01 0.07

Dinean is the mean dose, Dyeqiqn is the median dose, HI is the homogenity index, DHI
is the dose heterogeneity index, TC is the target coverage, Cl is the conformity index,
Gl is the gradient index, El is the external volume index, SD is the standard devi-
ation, and UDI is the unified dosimetric index. Statistical test was performed by
using Wilcoxon signed rank test.

UDI =TC x CI x HI x GI

The quality of the plan is ideal if the value of UDI is equal to 1.
The value of UDI less than mean- SD shows that the plan is consid-
ered as excellent, value between mean - SD and mean then plan is
considered as good, a value between mean and mean + SD then
plan is regarded as average and value greater than mean + SD then
plan is to find as worse (Akpati et al., 2008).

Dinax and Dyeqn are used to evaluate the dose of OAR. Compar-
ison of two techniques is made by using Wilcoxon signed rank test.
If p < 0.05 then the results is statistically significant.
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3. Results

This study evaluates 29 NPC patients’ RA and IMRT plans using
8 dosimetric indices. Tables 1 and 2 demonstrate the mean values
of 8 dosimetric indices, mean dosage, and median dose of PTV 54,
60, and 70 for RA and IMRT. All PTVs are homogeneous enough for
RA and IMRT. PTV 54, 60, and 70 have better RA HI than IMRT. All
are statistically significant, according to p value.

Fig. 1a,b,c show DHI for RA and IMRT PTVs. Some RA and IMRT
patients have higher dose heterogeneity. Patient disease and con-
dition affect dose heterogeneity. If the patient’s disease is pro-
gressed, a larger dose than PTV PD is better. Some OARs require
fewer doses than PD. PTV 54 has a better DHI for IMRT than RA,
whilst PTV 60 and PTV 70 have a better DHI for RA than IMRT.
PTV 54’s DHI is statistically significant; however, PTV 60 and 70's
are not.

The TC of PTV 54 is better for RA than IMRT. The TC of PTV60,
and PTV 70, is better for IMRT than rapid arc. All are statistically
not significant.

The CI of PTV 54 is better for RA than IMRT. The CI of PTV 60 and
PTV 70, is better for IMRT than RA. All are statistically not
significant.

The GI of PTV 54 and PTV 60 are better for RA than IMRT where
for PTV 70, it is better for IMRT than RA. All are statistically not
significant.

Fig. 2a, b, c shows EI results for RA and IMRT PTVs. Hotspots
outside PTV70 are more relevant since PTV70 is near the goal
and includes the dose of PTV54 and PTV60. PTV 54 and 60 have
greater EI for IMRT than RA, but PTV 70 does. All are insignificant.

Fig. 2d, e,f shows SD of RA and IMRT PTVs. PTV 70 dosage is
minimal.. PTV 54 and 60 have average dose spread. SD is better

30
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0,
=IMRTDHI % || & = RA DHI%
5 ® IMRT DHI%
0 \ 0 h
15 91317212529 15 91317212529
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e
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5
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1
1 4 710131619222528
c No. of patients

Fig. 1. (a) shows the DHI of PTV 54, (b) shows the HI of PTV 60,(c) shows the DHI of PTV 70. Red color shows the DHI of IMRT and blue color shows the DHI of rapid arc.
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Fig. 2. (a) shows the EI of PTV 54, (b) shows the EI of PTV 60,(c) shows the EI of PTV 70, (d) shows the SD of PTV 54, (e) shows the SD of PTV 60,(f) shows the SD of PTV 70. Red

color shows the EI and SD of IMRT and blue color shows the EI and SD of rapid arc.

for RA than IMRT on PTV 54 and 60. It is significant statistically.
PTV 70 SD is statistically better for RA than IMRT.

D mean aNd D edian Of PTV54 and PTV 60 are overdosed, but PTV
70 is within PD for RA and IMRT. D jean and D edian Of PTV 54 and
PTV 60 are better for IMRT than RA. It’s significant. The D e, and
D median Of PTV 70 is better for RA than IMRT, but not statistically
significantly.

The data on UDI of all PTV'’s for both RA and IMRT are shown in
Fig. 3a,b,c. The plan quality of PTV 54, PTV 60 and PTV 70 is better

for RA than IMRT. UDI is statistically not significant for PTV 54, PTV
60 and PTV 70.

Table 3 demonstrates that IMRT reduces D ,,.x of left cochlea,
right and left optic nerve, left eye and D i, Of left and right
parotid, left cochlea. RA reduces D ,,x of optic charisma, brain
stem, right eye, left and right lens, and right cochlea. All are
insignificant. RA has a significantly lower D ..« of the spinal
cord than IMRT.
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Fig. 3. (a) shows the UDI of PTV 54, (b) shows the UDI of PTV 60, (c) shows the UDI of PTV 70. Red color shows the UDI of IMRT and blue color shows the UDI of rapid arc.

Table 3

OAR maximum and mean dose of Rapid arc and IMRT.
Organ at Risk Rapid Arc IMRT p
RT cochlea mean 9.39 + 18.92 9.53 + 19.24 0.91
Lt cochlea mean 8.14 + 18.05 7.76 + 17.38 0.15
RT optic Nerve max 39.14 £ 22.55 38.86 + 22.04 0.54
LT optic Nerve max 38.42 + 22.65 36.44 + 22.26 0.83
Optic Chisma max 38.18 +21.32 38.99 + 20.48 0.73
RT Parotid mean 36.15 + 13.15 31.70 + 12.26 0.09
Spinal Cord max 40.89 + 3.99 43.47 + 3.57 0.01
LT Parotid mean 3238 +11.54 29.39 + 11.31 0.23
Brain Stem max 48.48 + 13.82 49.79 + 11.03 0.23
LT Eye max 8.82 £+ 18.32 8.81 + 18.82 0.88
RT Eye max 9.11 + 18.27 1039 + 18.78 0.42
Lens LT max 1.15 £ 6.17 133 £ 7.17 0.33
Lens RT max 1.15 £ 6.17 1.37 £ 7.39 0.33

max is the maximum dose of oar, mean is the mean dose of OAR, LT is the left, RT is
the right. Statistical test was performed by using Wilcoxon signed rank test.

4. Discussion

The previous study evaluates the plan of IMRT and RA by using
maximum five dosimetric indices (Mashhour et al., 2018; Nguyen
TL et al., 2022; Nikolett et al., 2021). In our study, the quality of
the plan of both IMRT and the RA is precisely evaluated by using
the eight dosimetric parameters. The results are compared to find
out the effective treatment plan for the treatment of NPC patients.
Dinean and Deqian Of PTVs are used to evaluate the dose of PTVSs. Dyax
and D;,.q, of OAR is used to evaluate the dose of OAR.

Our study evaluates PTV dose homogeneity using HI. RA dose
homogeneity is better than IMRT. Our study assesses PTV DHI.
Specifically for high PTV, dosage heterogeneity is larger . PTV 54

and 60 have more dose variability than PTV 70. PTVs receive
almost the PD due to high-dose homogeneity and low-dose hetero-
geneity. Low dosage homogeneity and high dose heterogeneity, on
the other hand, suggest that the PTV receives more or less dose
than the PD (Akpati et al., 2008). All previous studies have assessed
the dosage homogeneity of PTVs using only the HI. They did not
assess PTV dosage heterogeneity (Nguyen TL et al., 2022; Nikolett
et al,, 2021; Ning et al., 2013). Both dose homogeneity and hetero-
geneity of PTVs are investigated in this study. Our study deter-
mined that RA provides high dose homogeneity and minimal
dose heterogeneity of the PTV, making RA homogeneity superior
to that of IMRT.

Our study utilizes TC and CI to assess PTV coverage and confor-
mity, respectively. When RA is compared to IMRT, there is no
change in TC and CI (Vanetti et al., 2009). The earlier NPC study
did not examine the dosage fall-off in the PTVs (Nguyen TL et al.,
2022; Nikolett et al., 2021). Gl is used in this study to assess dosage
fall-off in PTVs. Gl is found to be identical for both RA and IMRT. CI
simply indicates that the PD is within PTV limits. CI permits deter-
mining the depth to which PD penetrates the PTV (Akpati et al.,
2008). Consequently, GI must be identified during plan evaluation.

The CI and GI only give information about the dose inside the
PTV. In order to check the percentage of dose goes outside the
PTV, SD is used. This study found SD to be better for RA than IMRT.
Small percentage of SD indicates that PTV receives almost the PD.
On the other hand, large value of SD indicates that minor amount
of dose go inside the PTV.

The results of our investigation also evaluate the hotspots out-
side the PTV with the help of EL Our study observed that RA and
IMRT has same amount of hotspots outside the PTV. The absence
of hotspots outside PTV indicates that OAR outside the PTV
receives no dose.
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Our analysis found that the dose of PTV 54 and PTV 60 exceeds
the specified limits, however the dose of PTV 70 is below the pre-
scribed limits for both RA and IMRT. PTV 54 has a greater number
of overdoses per dosage than PTV 60. The dose of PTV 70 is about
equivalent in PD. This is because the PTV closest to the high PD PTV
receives more radiation than the PD PTV (Ding et al., 2010).

Our study demonstrates that sparing of OAR is better for RA as
compared to IMRT (Liu et al., 2012). If any OAR receives more dose
than the tolerance dose of OAR, then there is a chance that some
side effect may occur (Lee et al., 2012).

Using UDI, our investigation evaluates the plan’s overall quality.
Our investigation revealed that the plan quality for IMRT and RA is
identical. The good plan has a high CI and GI value and a low HI
value. Some situations indicate ideal conformity and coverage,
but the quality of the plans is inferior. In this situation, the sparing
of OAR is inappropriate, resulting in a decline in the quality of the
plan (Akpati et al., 2008). A Low UDI score reveals the plan’s slight
flaw. A high UDI score indicates the plan’s most significant flaw
(Atiq et al., 2018).

Consequently, IMRT distributes the dose at different fixed
angles; it takes longer and increases the MU (Cho, 2018). RA rotates
continuously around the patient, hence it requires less time than
IMRT. Due to less time consumption, the MU decreases, which
decreases the risk of a second cancer. RA requires less time and
minimizes MU in comparison to IMRT (Hyunsoo et al., 2021).

The SIB technique is a good way to treat a patient with NPC
because it spares the OAR very well. The problem with using the
SIB technique to treat patients is that PTV 54 and PTV 60 get a
higher dose than PD. This means that dose homogeneity and SD
are bigger for these two PTVs.

5. Conclusion:

To treat NPC patients, RA is preferable to IMRT because of its
better homogeneity and its excellence in OAR sparing. In radiology,
verifying the treatment plan with dosimetric indices is crucial for
the treatment of cancer. In cancer patients, it helps lessen the
severity of side effects. This method ensures the protection of can-
cer patients undergoing treatment.
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