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ABSTRACT

Objective: Dosimetric characteristics and dose falloff variation of Cyberknife
(CK) plans under different isodose lines (IDL) of head tumors were assessed in an
attempt to provide reference for clinical radiotherapy treatment planning.

Methods: Ten head tumor patients planned with stereotactic body radiotherapy
(SBRT) were selected and replanned, uniformly meeting the same objective
with 30Gy covering 95% of the planning target volume (PTV). Four separate
plans normalized to 65%, 70%, 75%, 80% IDL respectively were generated for each
case. Dose distribution outcomes were compared using dosimetric parameters,
including dose-volume histogram (DVH), conformal index (CI), new conformal
index (nCI), homogeneity index (HI) and dose gradient index (GI).

Results: Plans normalized to a higher percentage provide a better dose
conformation of the prescription dose envelop and PTV homogeneity. As the
normalized percentage changes from 80% to 65%, CI changes from 1.16 to 1.24, nCI
changes from 1.18 to 1.28, HI changes from 0.25 to 0.54. In addition, GI is defined
as the difference between the effective radius of the package volumes of 50% and
100% IDL. For the plans normalized to 65%, 70%, 75%, and 80% IDL, GI values are 6.89
+2.60,7.17 +2.72,7.33 £ 2.84, and 7.57 + 2.95 respectively. Moreover, it increases as
the tumor volume increases.

Conclusion: For SBRT treatment planning, a lower normalized percentage can
achieve a better protection of normal tissue, while a higher normalized percentage
will result in a greater conformity and homogeneity of dose distribution. Moreover,
for different volumes of head tumor, comprehensive consideration should be given
to the radiotherapy treatment planning, in order to improve the therapeutic ratio.

Keywords: Cyberknife Treatment Plan; Normalized Isodose Line; Dose Gradient.

INTRODUCTION

Stereotactic body radiotherapy (SBRT) is a newly-developing tumor radiotherapy
method which applies stereotactic technique to radiation therapy [1,2].
Characterized by high dose and few fractions, it achieves the effect of local radical
cure of tumors [3]. In theory, the faster delivery modality on the one hand can
do devastating damage to the tumors’ DNA in one fraction, on the other hand, it

reduces the intrafraction motion during radiation to the max [4,5]. In addition,
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SBRT technology offers the potential to more closely conform
dose distributions to the target so that improves the tumor
control probability (TCP) greatly in clinical radiotherapy [6,7],
which attracts the attention of many clinical researchers.

Conceivably, more accurate patient positioning and target
tracking are requirement because of the single high dose
output during SBRT process [5]. Technological advances
provide opportunities for precision radiotherapy. Among them,
CK is an accelerator that specifically designed for SBRT, which
is also known as the stereotactic cyberKnife platform [4]. It is
equipped with a six-dimensional robotic arm that enables it
to move accurately over a wide range. Moreover, two ceiling-
mounted X-ray imaging equipment are equipped as well
for position monitoring and tumor tracking [8,9]. These two
sensitive devices form a system that achieves the precise dose
delivery [10,11]. At present, CK has solved most of the technical
problems and enable to perform non-invasive high-precision
SBRT on lung, liver, pancreas and brain tumors, bringing new
hope to patients [3].

With increasing clinical application of SBRT, the dose
distribution of different SBRT plans has become the focus of
attention of physicists [8,12]. In addition, it is often difficult
to assess the pros and cons of different dose distributions
between targets of different sizes and shapes [13]. Therefore,
10 head tumors with various volume and treated by CK were
selected in this article. Under the premise of ensuring uniform
prescription dose and target area coverage, plans normalized
to different IDL were made to study the impact of different
IDL and target volume on dose distribution, hoping to provide
reference for the design of clinical head tumor SBRT planning.

MATERIALS AND METHODS
Patient selection

10 patients with metastatic head tumor treated by CK in
Shanghai Cyberknife research center were chosen randomly
for this study. Using GE Discovery CT750HD16 CT scanner
to obtain the CT images, with a thickness of 1.5 mm. PTV
contouring and organs at risk (OAR) was completed by
physicians with 5 years’ experience. The PTV volume is range
from 6 cc to 90 cc, while the OAR20 was defined as the site of

the tumor extension 20 mm.

Generate treatment plans

For each patients, four separate plans normalized to 65%, 70%,

75%, 80% IDL were generated using MultiPlan4.0.2 planning
system. The prescription dose was uniformed to 6Gy*5 with
the coverage rate no less than 95%.

Treatment plan evaluation

Dose distributions: The statistical function of the treatment
planning software was used to obtain the dose-volume
histogram (DVH) of tumor and OAR20. In addition, the mean
)and OAR20 (OAR ) of different
plans were also calculated to qualitatively analyze the dose

dose of tumor (Tumor,

mean mean

distribution in target and surrounding normal tissues.

Dosimetric parameters: Conformal index (CI), new conformal
index (nCI), homogeneity index (HI) and dose gradient index
(GI) were calculated to evaluate the quality of the treatment
plans under different IDL. Among them, CI and nCI are defined
as follows [3,9]:

Cr=v=/yr, (1)
Rx Rx
EE)
VPTV VPTV

V" is the total volume enclosed by the prescription dose
contours, VPR;V is the volume of PTV area enclosed by the
prescription dose contours, VPTV is the volume of PTV. The
ideal value for CI (or nCI) is 1. In other word, the closer the CI (or
nCI) get to 1, the greater the dose conform to PTV.

Moreover, HI is calculated using following formula [11]:
HI = (Dz% — Dygy, )/Dp ®)

D,,, and Dy, represent the doses encompassed 2% and 98%
of the PTV respectively. D , corresponds to prescription dose.
Therefore, lower HI means better homogeneity of dose within
PTV.

GI is defined as the difference between the effective radius
of 50% and 100% isodose package volume, which definition

equation is as follows:
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Vip, and V., represent the volume of 50% and 100% IDL

of7 50 and Reff,lO

equivalent spherical radius of V50% and VIOO% respectively. It

packaged respectively, R o0, Tepresent the

is a dosimetric parameter that has been developed in recent
years to evaluate the dose falloff characteristic of different
treatment planning [12,14]. As can be seen, lower GI value

means faster dose falloff.
Statistical analysis

The SPSS statistical software was utilized for the statistical
analysis. Each parameter was repeated three times and the
parameter comparison was carried out using a matching t-test
analysis. P <0.05 were considered as statistically significant.

RESULTS
Dose distributions under different IDL

Figure 1 shows the two-dimensional dose distributions in

transverse, sagittal and coronal planes of plans normalized
to 65%, 70%, 75%, 80% IDL respectively, all exhibit acceptable
PTV coverage. The coverage rates are 97.5% + 0.56%, 97.32% +
0.64%, 97.31% + 0.62%, 97.38% + 0.59% respectively, performing
no statistically significance.

Figure 1: The 2D-dose distribution of cybreknife plans normalized to 65%,
70%, 75%, 80% isodose line respectively.

Moreover, Figure 2 shows the DVH of PTV and OAR20 towards
different IDL. As it illustrates, under different IDL, the
prescription dose contours cover roughly the same percentage
of PTV. Moreover, the high dose areas appear as the normalized
IDL decrease. With regard to OAR20, the dose distribution
displays little difference except the decreased maximum dose
with the higher normalized percentage.

Besides, the mean dose of PTV and OAR20 were also calculated
and depicted in Figure 3.

00
! —I50=65%

— ls0=70%
—lso=75%
Iso=80%

—Is0=65%
—Iso=T0%%
—ls0=75%

Is0=80%

Volume (%)
N

&

3
—F

S T NP S T I -
L] 20 40 60 80 100 120
Dose (%)

140 160 20 a0 e s 100 20
Dose (%)
Figure 2: The dose-volume histogram of tumor (left) and OAR20 (right) at

different normalized percentage, in which OAR20 was the volume outside
the tumor in 20mm in all directions.
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Figure 3: The mean dose for tumor (left) and OAR (right) at different
normalized percentage.

For the plans normalized to 65%, 70%, 75%, 80% IDL, it is
39.08 + 0.74, 37.53 + 0 .56, 36.16 + 0.35, 34.80 + 0.25 Gy in PTV
respectively, while it just increases slightly in OAR20.

Dosimetric parameters evaluation

As shown in Figure 4, CI, nCI and HI all decrease with the
increase of normalized IDL. Among them, as the normalization
percentage increases from 65% to 80%, the CI value changes
from 1.24 +0.01to 1.16 £ 0.09. Likewise, the value of nCI changes
from 1.28 + 0.10 to 1.18 + 0.09, HI changes form 0.54 + 0.01 to 0.25
+0.01.
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Figure 4: The figures of the CI, CI, HI values varying against different
normalized percentage.

In addition, Figure 5 shows the GI variation versus tumor
volume and normalized percentage. As it illustrates, for the
tumor volume less than 30 cc, GI value is basically the same
under different IDL, and it increases rapidly with the increase
of tumor size. However, as the volume continues to increase,
the value of GI is greatly affected by the change of IDL rather
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than volume. Furthermore, for the plans normalized to 65%,
70%, 75%, and 80% IDL, GI values are 6.89 + 2.60, 7.17 + 2.72, 7.33
+2.84, and 7.57 + 2.95 respectively.
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Figure 5: The figures of the dose gradient varying against target volume
(left) and different normalized percentage (right).

DISCUSSION

With the

radiotherapy, more and more attention has been paid to its

increasing application of SBRT in clinical
dosimetric characteristics. Increasing studies have shown
that the design of the treatment plan differs significantly [8,12].
Generally, with regard to CK treatment, the prescription dose
always practices to an IDL ranges from 50-80% of the maximum
dose inside the target [15]. As reported, it would affect the
conformity, homogeneity and the dose falloff gradient of
the dose distribution inside and outside of the target [13].
Currently, there are few studies refer to the normalized IDL
selection in the SBRT plans of head tumor. Therefore, in this
study, we examined the dosimetric difference and dose falloff
characteristics of ten cases of head tumor treated by CK under
different IDL selection, hoping to make a reference for clinic
treatment planning.

Primarily, as depicted in Figures 1 and 2, the 2D dose
distribution and the mean dose of OAR20 both reveal a fact
that lower radiation energy is delivered to normal tissue in
plans normalized to a lower IDL. Moreover, it also shows that
lower normalized IDL results in smaller GI value, which means
a steeper dose falloff between the target and adjacent healthy
tissue. It is well known that the dose deposited in normal
tissue isrelevant to most late complications, adverse effect and
secondary malignancies [12,16]. Therefore, the sharp decrease
of the dose at the edge of target has gradually become a sign of
the clinical optimal treatment [14,17]. The plans normalized to
lower IDL just meet the requirement of clinical normal tissue
protection [11,18], which can produce a steeper dose falloff
outside the target and better spare OAR. However, as our study
shows, the undesirable high dose area is also created in the

plans with lower normalization percentage. What's worse, the
dose conformity and homogeneity in target area are inferior
to the plans with higher normalized percentage as well.
Hence, in clinical treatment planning, for cases that aim to
relieve pain or protect important normal organs [1,17], a lower
normalized percentage can be considered to achieve better
clinical treatment effect.

Besides, as assessed by DVH, CI, nCI and HI [6,7], the plans
normalized to a higher IDL provide better dose conformation
of the prescription and greater homogeneity of dose in PTV,
which avoid high dose area as well. Therefore, for cases that
should confirm the dose distribution to PTV in 3D strictly, a

higher normalized percentage is preferred.

Furthermore, itis comprehensible that there existed an inverse
correlation between dose gradient and homogeneity [16,19]. To
be specific, a sharp drop in dose means a rapid change in dose
inagiven area. Thus, it means inhomogeneity of dose in PTV. In
our study, the prescription dose contour covered PTV uniformly
in plans under different normalized percentage. Therefore, a
steep dose falloff will result in a high dose area in PTV for the
plans normalized to lower IDL. Therefore, the contradiction
between dose gradient and homogeneity should be cautiously
balanced when making treatment plans, especially for tumors
with complex anatomical and physiological environments.

Ultimately, it is important to note the relationship between
GI and tumor size. As shown in Figure 5, the value of GI is
sensitive to the tumor volume. The correlation may be due
to the fact that smaller target are more susceptible to the
same dose gradient distance [16] That is to say, at the same
dose gradient, the dose attenuation is proportional to the
distance or volume, that is, small tumors produce small
dose attenuation, while large tumors produce the opposite.
However, the logic in plan making is reversed; it is to produce
the same dose falloff in different tumor volumes under the
same normalized percentage. So, GI increases with tumor size.
Thus, the little difference made by prescription practice on
small tumor can be comprehended in a similar way. Therefore,
tumor volume is also an important factor to be considered in
the treatment planning. Specifically, for small tumors, there
is little difference in IDL selection, so the treatment plan is
mainly to ensure dose coverage and homogeneity in the target
area. As for large tumors, the treatment plan design needs to
consider the aforementioned conditions.
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To concluded, this study compare the dose distribution of
different IDL normalized CK treatment plans and found the
variance of dose conformity, homogeneity and dose falloff
gradient against different IDL, providing reference for clinical
treatment planning. In detail, the lower normalized percentage
can provide better OAR protection and reduce the probability
of later complications. Moreover, a higher normalized
percentage can shape the dose distribution to PTV and
improve PTV homogeneity. Furthermore, tumor volume is also
an important factor affecting the treatment plans design that
should pay more attention to. However, the study only focused
on the dose differences of head tumor treatment plans under
different IDL, further studies on other influencing factors and
tumor sites are needed to conduct a complete comparison of

the dose characteristics of SBRT treatment plans.
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