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Abstract

Purpose: In radiotherapy treatment planning, dose homogeneity inside the target volume plays a significant role in
the final treatment outcome. Especially in brachytherapy where there is a steep dose gradient in the dose distribution
inside the target volume, comparing the plans based on the dose homogeneity helps in assessing the high dose volume
inside the final treatment plan. In brachytherapy, the dose inhomogeneity inside the target volume depends on many
factors such as the type of sources, placement of these radioactive sources, distance between the applicators/implant
tubes, dwell time of the source, etc. In this study, a simple index, the dose volume uniformity index (DVUI), has been
proposed to study the dose homogeneity inside the target volume. This index gives the total dose volume inhomo-
geneity inside a given prescription isoline.

Material and methods: To demonstrate the proposed DVUI in this study, a single plane implant (breast: 6 catheters),
a double plane implant (breast: 9 catheters) and a tongue implant (5 catheters) were selected. The catheters were recon-
structed from the CT image datasets in the Plato treatment planning system. The doses for the single, double and tongue
implants were prescribed to the reference dose rate as per the Paris technique. DVUI was computed from the cumula-
tive dose volume histogram.

Results: For a volume receiving a uniform dose inside the prescription isoline, the DVUI is 1. Any value of DVUI
> 1 shows the presence of a relatively high dose volume inside the prescription isoline. In addition to the concept
of DVUI, a simple conformality index, the dose volume conformality index (DVCI), has also been proposed in this study

based on the DVUI.

Conclusion: The DVUI and the proposed DVCI in this study provide an easy way of comparing the rival plans in

brachytherapy.
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Introduction

In radiotherapy treatment planning, dose homogeneity
inside the target volume poses a serious problem both in
external beam as well as in brachytherapy [1, 2]. In
contrast to external beam radiotherapy, brachytherapy
implants provide great dose conformity with significant
dose inhomogeneity inside the treatment volume. The dose
inhomogeneity inside the target volume depends on many
factors such as the type of sources, placement of these
radioactive sources, distance between the applicators/
implant tubes, dwell time of the source, etc. Several me-
thods have been developed to assess the dose inhomo-
geneity inside the target volume and the dose coverage.

Brachytherapy plan evaluation is performed either
qualitatively or quantitatively. The qualitative evaluation

of the brachytherapy plan is usually carried out by visual-
izing the dose distribution in each and every slice of the CT.
For quantitative evaluation several indices and ratios have
been defined by various authors. Some of the indices rou-
tinely used for plan evaluation are coverage index [3],
external volume index [3], overdose volume index (ODI)
[3], dose homogeneity index (DHI) [4], dose non-unifor-
mity ratio (DNR) [5], etc. Besides these indices and ratios,
the rival plans are also analysed with a dose volume
histogram such as the cumulative dose volume histogram
(cDVH)), the differential dose volume histogram (dDVH)
and the natural dose volume histogram (nDVH) [6].

In brachytherapy, besides assessing the hyperdose
sleeve, it is also advisable to assess the total dose inhomo-
geneity inside the target volume. The hyperdose sleeve is
the volume receiving a dose equal to or greater than 200%
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of the reference dose. Most of the current indices which
quantify the inhomogeneity inside the treatment volume
are based on either 1.5 or 2.0 times that of the reference
dose. But there are high dose volumes beyond the hyper-
dose sleeve and in between the hyperdose sleeve and the
reference dose. None of the above indices or the natural
dose volume histograms evaluates the complete inhomo-
geneity inside the treatment volume quantitatively.

For complete plan evaluation, taking into account the
complete inhomogeneity inside the reference isoline will
help in assessing the implant. Hence, this paper describes
simple indices that take into account the complete inhomo-
geneity inside the reference isoline for evaluating the rival
plans.

Material and methods

Three different cases - a single plane implant (breast:
6 catheters), a double plane implant (breast: 9 catheters) and
a tongue implant (double plane: 5 catheters) were selected
to demonstrate the newly proposed indices in this study.
All the patients underwent CT scanning in a Philips wide
bore Brilliance CT scanner and digital radiographic images
were also obtained on a Simulator-CT (Simulix HP,
Nucletron BV). The catheters were reconstructed from the
CT image datasets in the Plato Sunrise™ treatment plan-
ning system (Nucletron BVIM). The doses for the single,
double and tongue implants were prescribed to the
reference dose rate as per the Paris technique. The DHI, ODI
and DNR were computed from the following relations: DHI
= (Vret = Visrer) / Viet: ODL = Voref/ Ve DNR = V1 5106/ Vi
Similarly, for PTV volumes, the DHI, ODI, DNR and cov-
erage index were computed from the following relations:
DHI = (PTV ¢t - PTVl‘Sref)/ PTV e, ODI = PTV e/ PTVypef;
DNR = PTV; 5,0t/ PTV, . coverage index = PTV ¢/ TV.

The dose volume uniformity index (DVUI) proposed in
this study is defined as follows.

Max Dose
> Dose;* Volume (Dose;)
i=PD
DVUI(Implant) = Eq. (1)
Vpresc’e PD

Volume (Dose;) is the volume receiving a given dose i.
Vpresc is the volume of the prescription isoline.

PD is the prescription dose.

This index gives an idea of the total dose volume inho-
mogeneity inside a given prescription isodose. For a vol-
ume receiving a uniform dose inside the prescription iso-
line, DVUI is 1. Any value of DVUI above 1 shows the
presence of a high dose volume inside the prescription iso-
line. If no target volume is defined for plan evaluation, then
equation (1) can be used for assessing the dose volume
homogeneity for the implant.

A generalized equation for comparing two plans with
the DVUI apart from the absolute value of DVUI defined
from Eq. (1) for a plan is to compare with the relative dis-
tribution of DVUI by modifying equation (1) as follows.

j
> Dose;* Volume (Dose;)
i=PD

Vi

}'ESC* PD

where j is the dose.

With no such tools available in the current planning
system, a simple and easy way of analysing the plan with
the DVUTI is to obtain the product of isodose volumes in
between the dose values with the dose range values and
incorporate those values in Eq. (1). For example, the volumes
for the dose ranges greater than the prescription doses in
steps of 50 cGy (dose bins) up to the maximum dose can
be easily obtained from the cumulative dose volume his-
togram generated from the treatment plan. These values
can be incorporated in equation (1) for computation of the
DVUL

The conformity index in radiotherapy is a complemen-
tary tool for scoring a treatment plan over its rival plans
for a given patient. Several indices have been introduced
for the quantitative evaluation of the conformality of the
treatment plan, e.g., conformation number [7], radiation
conformity index [8], conformal index (COIN) [9], and
conformality index [10]. COIN takes into account the
coverage of the planning target volume (PTV) and dose
outside the PTV and it is defined as COIN = c1 * c2, where
¢l =PTV,o/Vpry and 2 =PTV ¢/ V o

One of the drawbacks of the conformality index defined
so far is that it does not take into account the complete
inhomogeneity inside the target volume. Hence, a simple
conformality index, the dose volume conformality index
(DVCI), based on the DVUI, has been defined in this study.
To demonstrate this index, a double plane breast implant
with 9 catheters as shown in Fig. 1 was selected. The tar-
get volume was contoured and two plans employing
geometric optimization and graphical optimization were
generated. A generalized form of conformality index
(Clgeneralized) [11], which is the inverse of the CI introduced
by Lomax et al. [10], can be derived from the ratio of the
volume of the reference isoline (V) to the volume of the
PTV receiving the prescription dose (PTV ). The DVCI is
obtained by multiplying the Clgoperalizeq With the respec-
tive DVUI as shown below.

DVUI(Implant)* Vref
DVUI(Target)* PTV et

DVCI = Eq- )

where:

Vyef = volume receiving a dose greater than or equal to the
reference dose,

PTV ¢~ volume of the PTV receiving a dose greater than
or equal to the reference dose.

the DVUI for the target volume, is defined

DVUI(Target)/
as below.
Max Dose
> Dose; * Target volume (Dose;)
DVUI(Target) = D Eq. (4)
VTurget *PD
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Fig. 1. Isodose distribution of a double plane breast implant.
Thick red line shows the target

DVUL,

Table 1. Comparison of dosimetric parameters
between Paris and geometric optimization based
plans for single plane breast and tongue implant

Single plane breast implant

Paris system Geometric optimization

DvUI 149 155
DHI 0.68 0.67
ODI 0.14 0.14
DNR 0.32 033

Base of tongue implant

Paris system Geometric optimization

DvUI 155 164
DHI 0.58 0.60
ODI 0.17 0.17
DNR 0.42 0.40

Table 2. Comparison of dosimetric parameters
between graphically and geometrically optimized
plans for double plane breast implant

Breast implant (double plane)

Graphical Geometric
optimization optimization
0.9
DVUI (implant) 149 143
0.7 DVUI (target) 155 144
DVvCl 1.81 176
54 § $ " j § | N

300 1300 230 3300 4300 530 e300 Cl(generalized) 188 177

Reference dose i — Max Dose
. Coverage index 0.92 0.77

Graphical

== (Geometrical DHI by oL
Fig. 2. Comparison of DVUI; between the graphically opti- ool 0.12 010
mized and the geometrically optimized plans for a double DNR 0.36 0.26
plane implant COIN 0.49 0.44

i starts with the dose value equal to the prescription dose.
Target volume (Dose;) is the target volume receiving a giv-
en dose i.

VTarget is the volume of the target.

PD is the prescription dose.

Results

Table 1 shows the comparison of dosimetric parameters
between the Paris and the geometric optimization based
plans for the single plane breast and tongue implant. The
DVUI for the single plane breast implant based on Paris
and geometrically optimized plans are 1.49 and 1.55 respec-
tively. Similarly for the tongue implant it is 1.55 and 1.64
for the Paris and geometrically based plans. Figure 1 shows
the isodose distribution of a double plane breast implant.

Figure 2 shows the comparison of DVUI; between the
graphically optimized and the geometrically optimized
plans for a double plane implant. Table 2 shows the com-
parison of dosimetric parameters between graphically and
geometrically optimized plans for a double plane breast
implant. The values of DVCI for the graphically and geo-
metrically optimized plans were 1.81 and 1.76 respective-
ly, which is less than the generalized CI. Another impor-
tant thing that can be observed from the table is that the
DVUI for the target is higher than the implant, which
shows the presence of dose volume closer to the prescrip-
tion isoline lying outside the target. In the situation where
the DVUI for the target is less than the implant, then one
can observe the presence of a high dose volume outside
the target. The ideal DVCI value for an implant is 1.
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Discussion

In brachytherapy, the dose is prescribed to an isodose
encircling the tumour volume where the dose distribution
is very heterogeneous. The inhomogeneity is minimal at
a distance from the radioactive sources, but much higher
doses and dose rates are delivered in their immediate vicin-
ity. The average dose given to the target volume is there-
fore always higher than the prescribed dose, prescribed at
the periphery of the implant. Hence, it is advisable to quan-
tify the total inhomogeneity inside the prescription isoline.
Moderately high-dose regions may enhance the likelihood
of cure in brachytherapy but in the presence of critical
structures the high regions may lead to normal tissue com-
plications and there are studies showing that the reduction
of high dose regions decreases the likelihood of normal tis-
sue toxicity [12-14]. Melzner et al. have shown in their
study of 210 patients treated with PDR brachytherapy for
head and neck tumours that there is a significant influence
of high dose and peak dose on the development of osteo-
radionecrosis [12]. Wallner et al. have demonstrated in their
study that high dose regions do not appear to affect
control rates as long as > 90% of the prostate is covered by
the prescription dose [13]. These studies clearly indicate
the importance of reducing the high dose regions and
stress the need to evaluate the plan based on dose inho-
mogeneity. Wust et al. have shown that high dose regions
in the prostate and large heterogeneities in the post-implan-
tation analysis correlated with the urethral toxicities for
prostate brachytherapy. They concluded that more homo-
geneous dose distribution is required to lower the toxici-
ty [14]. Cormack et al. have shown that non-centred source
dwell positions led to an increase in the volume of high
dose regions, corresponding to the toxicity with partial
breast irradiation [15]. Several studies have shown that
improvement in the dose homogeneity index and reduc-
tion of high dose regions result in optimized local control
and reduction in the risk of complications, especially in
accelerated partial breast brachytherapy [16, 17].

The formalism described in this study gives the relative
amount of inhomogeneity inside the prescription isoline.
DVUI can be used alone for comparing the rival plans
based on the inhomogeneity when no target volume is
defined in cases where radiographs are used for treatment
planning from equation 1. It can be observed from Table 1
that as compared to the DHI, ODI and DNR the concept of
DVUI gives a better estimation of the relative dose inho-
mogeneity inside the reference isoline. We are gradually
moving from a simple radiograph-based brachytherapy
procedure where the tumour volume and critical structure
are not clearly demarcated to sophisticated three-dimen-
sional treatment planning where the treatment delivery is
based on the volume-based dosimetric plan evaluation.
When CT-based or MRI-based planning is performed, in
addition to DVUI, DVCI can be used to evaluate the treat-
ment plans. The conformality index defined in this article
depends on the dose volume uniformity index and it is
a comprehensive index which takes into account the com-
plete inhomogeneity inside the prescription isoline. The
tool provided constitutes an additional tool to the current
available indices for treatment plan evaluation.

Conclusions

The dose volume uniformity index proposed in this
study provides a method for comparing the rival plans
based on the inhomogeneity inside the implant in bra-
chytherapy. Similarly, the conformality index based on the
DVUI concept helps in assessing the relative dose cover-
age of the prescription dose to the target volume.
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