Chapter 6

Computer-Assisted Treatment Planning
Approaches for SBRT

Taiki Magome

Abstract This chapter describes computer-assisted treatment planning approaches
for stereotactic body radiation therapy (SBRT), focusing especially on beam angle
optimization and similar-case-based treatment planning. The determination of
appropriate treatment plans for SBRT is a substantial and demanding task for
inexperienced treatment planners. A computer-aided treatment planning system
for SBRT could help treatment planners by capitalizing on the knowledge and
skills that are stored in radiotherapy treatment planning databases. First, the chapter
describes a computer-aided method of determining beam arrangements based on
similar cases in a radiotherapy treatment planning database. Second, the chapter
discusses a similar-case-based optimization method for beam arrangements that
was designed to assist treatment planners. The methods introduced herein could be
employed as computer-aided tools that assist treatment planners. The quality of
radiotherapy could thus be normalized across treatment planners with different
levels of experience in SBRT.

Keywords Treatment planning ¢ Similar case « Knowledge based ¢ Computer
aided » Stereotactic body radiation therapy

6.1 Introduction

Stereotactic body radiation therapy (SBRT) can be used to deliver highly conformal
doses to tumors while minimizing doses to surrounding organs at risk (OARs) and
normal tissues with steep dose gradients (Nagata et al. 2005, Takayama et al. 2005;
Timmerman et al. 2006a, 2007; Glide-Hurst and Chetty 2014). In general, hypo-
fractionated regimens (10-20 Gy in five or fewer fractions) have been used.
Numerous phase I/II studies of early-stage lung and liver cancers have shown
high local control rates and good tolerability (Nagata et al. 2005, 2011; Timmerman
et al. 2006b, 2010; Onishi et al. 2011; Taremi et al. 2012; Shioyama et al. 2013).
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Recently, this technique has made substantial progress with intensity-modulated
radiation therapy (IMRT), volumetric modulated arc therapy (VMAT), and flatten-
ing filter-free (FFF) beams (Videtic et al. 2010; Holt et al. 2011; Zhang et al. 2011;
Takahashi et al. 2013; Hrbacek et al. 2014; Nakagawa et al. 2014; Yamashita et al.
2014a).

Radiotherapy treatment planning (RTP), which is one of the most important
procedures for SBRT, is determined by treatment planners in a time-consuming
iterative manner. In particular, it is essential to determine an appropriate beam
arrangement, which generally consists of a large number of coplanar and
noncoplanar static beams or rotational beams (Takayama et al. 2005; Liu et al.
2006; Lim et al. 2010).

In general, the choice of an appropriate beam arrangement for lung SBRT has
varied across institutions, depending on their individual circumstances. Regarding
the number of beams, Takayama et al. (2005) reported routine use of five to ten
beams with coplanar and noncoplanar directions in order to deliver homogeneous
target dose distributions during lung SBRT, while avoiding high doses to normal
tissues. Liu et al. (2006) found that the optimal number of beams for lung SBRT
was 13-15 with coplanar and noncoplanar directions. A large number of beams
increase the required treatment time, which should be as short as possible to reduce
intra-fractional patient motion. Moreover, the available beam direction space is
restricted by the size of the gantry and the immobilizer. The beam arrangement
plans are not limited to the beam directions; planning also includes nominal beam
energies, collimator angles, beam weights, and other parameters.

One of the most difficult problems in RTP is the patient-specific trade-off
between the benefit of irradiating the tumor and the risk to surrounding normal
tissues. Therefore, treatment planners should select a plan that is most suitable for
the individual patient who is in their care. In the rest of this chapter, several methods
of overcoming the abovementioned problems are discussed.

6.2 Target and Organ Determination in SBRT

The majority of treatment planning procedures for SBRT are the same as those used
for conventional treatment planning: (1) contouring of a target and OARs, (2) deter-
mination of the beam arrangements, and (3) optimization of the dose distribution
(via a trial-and-error approach or inverse planning, such as in IMRT and VMAT).
The four-dimensional motions of the target and OARs should be considered in
SBRT. Report 62 of the International Commission on Radiation Units & Measure-
ments (ICRU 1999) introduced the concept of the internal target volume (ITV), in
which the internal margin due to physiological motion (e.g., respiration) is added to
clinical target volume (CTV). The ITV can be created individually according to the
internal respiratory motion of the patient, which can be measured with an X-ray
simulator or four-dimensional computed tomography (4DCT) (Underberg et al.
2004; Rietzel et al. 2005; Yamashita et al. 2014b). When 4DCT is used for this
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purpose, the motions of the target and organ are visualized in different phases of the
respiratory cycle. CTVs can be delineated on all 4DCT phases, and a union can be
defined as the ITV.

6.3 Beam Angle Optimization

Many researchers have investigated automated methods for beam angle optimiza-
tion (BAO) (Rowbottom et al. 1999; Pugachev and Xing 2002; Djajaputra et al.
2003; Gaede et al. 2004; Wang et al. 2004; Meyer et al. 2005; de Pooter et al. 2006,
2008; Liu et al. 2006; Aleman et al. 2008; Potrebko et al. 2008; Li and Lei 2010;
Vaitheeswaran et al. 2010; Breedveld et al. 2012; Bertsimas et al. 2013).
Rowbottom et al. (1999) suggested a method in which the coplanar beam orienta-
tion was determined using an artificial neural network. Li et al. (Li and Lei 2010)
developed a DNA-based genetic algorithm to solve the BAO problem in coplanar
directions for IMRT planning. De Pooter et al. (2006, 2008) investigated an
optimization method for noncoplanar beams based on the cycle algorithm for
SBRT of liver tumors. Meyer et al. (2005) developed an automated method for
the selection of noncoplanar beams by using a cost function based on radiation
absorption in normal tissue and OARs for three-dimensional conformal radiother-
apy. The majority of the abovementioned methods maximize or minimize a cost
function, which is often defined without information on the dose distribution in
order to reduce computational costs. Treatment planning time could be reduced by
using these BAO algorithms, as compared with trial-and-error approaches.

6.4 Similar-Case-Based Treatment Planning

In the field of diagnostic radiology, the presentation of similar cases as a diagnostic
aid has been suggested when making diagnoses based on chest images (Aisen et al.
2003), lung computed tomography images (Kumazawa et al. 2008), and mammog-
raphy images (Kumazawa et al. 2008, Muramatsu et al. 2005, 2009, 2010). These
studies have indicated that it is feasible to use similar cases as a diagnostic aid. To
date, the usefulness of similar cases in the field of radiation oncology has been
shown in several studies. Commowick and Malandain (2007) used a similar image
in a database for the segmentation of critical structures. Chanyavanich et al. (2011)
developed new prostate IMRT plans based on similar cases. Mishra et al. (2011)
investigated the case-based reasoning approach to determine the most appropriate
dose plans for prostate cancer patients. Schlaefer and Dieterich (2011) showed the
feasibility of case-based beam generation for robotic radiosurgery. Therefore, the
clinically usable beam arrangements for SBRT might also be determinable based on
past similar cases.
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RTP is a time-consuming task, especially for less experienced treatment plan-
ners. Treatment planning skills are developed by repeated planning experiences in
clinical practice, often under the guidance of experienced planners or appropriate
textbooks. As they gain experience, treatment planners should memorize many
planning patterns and construct an evolving “database” in their memory, which can
then be searched for past cases that are similar to the case under consideration.
Therefore, a similar-case-based treatment planning tool (Fig. 6.1) may reduce both
the workload for treatment planners and the inter-planner variability of treatment
plans. Moreover, the similar-case-based approach to RTP could be adjusted to the
specific circumstances and contexts of different institutions by replacing the RTP
database.

6.5 Similar-Case-Based Beam Angle Optimization

The accuracy and efficiency of beam arrangement determinations could potentially
be improved by combining similar-case-based treatment planning and BAO algo-
rithms (Magome et al. 2013a, b). Figure 6.2 shows the overall scheme of the
similar-case-based beam angle optimization method, which consisted of three
main steps. First, cases that were similar to an objective case were automatically
selected from the RTP database based on geometrical features related to structures,
such as the location, size, and shape of the target and OARs. Second, the initial
beam arrangements of the objective case were determined by registering similar
cases to the objective case, using a linear registration technique (Burger and Burge
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Fig. 6.2 Overall scheme of similar-case-based beam angle optimization

2007). Finally, the beam directions of the objective case were locally optimized
based on the cost function, which took the radiation absorption in normal tissues
and OARs into account.

6.5.1 Feature Extraction for Searching Similar Cases

It is very important to consider the exact meaning of “similarity” in the radiation
oncology field. “Similarity” could be defined in many different ways, for example,
based on the similarity of the tumor type (histological type or staging), the patient
(gender, age, height, weight, etc.), or other characteristics. However, similar cases
should be defined from the viewpoint of treatment planning because they are
intended to be useful for the treatment planner. It should be assumed that the
geometrical similarity with respect to tumor and OAR among clinical cases may
be a key in the similar-case-based treatment planning. Therefore, four types of
features (comprising 10 features in total) were defined for lung SBRT: the planning
target volume (PTV) shape, the PTV size, the lung dimensions, and the geometrical
relationship between the PTV and the spinal cord (Fig. 6.3), as assessed using the
DICOM-RT structure set (Magome et al. 2013a).

The ten defined geometrical features were described as follows: PTV centroid in
left-right (LR), anterior-posterior (AP), and superior-inferior (S/) directions; effec-
tive diameter of the PTV; sphericity of the PTV; lung dimension in LR, AP, and SI
directions; distance between the PTV and the spinal cord in the isocenter plane; and
angle from the spinal cord to the PTV in the isocenter plane. The PTV centroid was
determined by registering the lung structure image of each case in the RTP database
with that of a reference case, using a linear registration technique (Burger and
Burge 2007). The effective diameter was defined as the diameter of a sphere with
the same volume as the PTV. The sphericity was defined as the roundness of the
PTV without directional dependence, and given by the ratio of the number of
logical AND voxels between the PTV and its equivalent sphere with the same
centroid and volume as the PTV to the number of PTV voxels. The lung dimensions
were defined as the three side lengths of the circumscribed parallelepiped of the
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Fig. 6.3 Geometrical features, which were used to search for similar cases in a lung SBRT
database (Magome et al. 2013a)

lung regions in the LR, AP, and S/ directions. The distance between the PTV and
spinal cord was measured between the centroid of the PTV and that of the spinal
cord in the isocenter plane. The angle from the spinal cord to the PTV was defined
in the two-dimensional coordinate system with the origin at the centroid of the
spinal cord in the isocenter plane, and ranged from —z (clockwise) to z (counter-
clockwise) for a baseline of the posterior-anterior direction. Although only the PTV
centroid was determined in a fixed reference coordinate system by registering the
lung regions of each case in the RTP database with those of a reference case, the
other features were calculated with respect to each of their original coordinate
systems. The calculations were performed in this way in order to consider both the
relative similarity of the tumor in the lung regions and absolute similarities, such as
of the lung dimensions and spinal cord position.

6.5.2 Selection of Similar Planning Cases Using Geometrical
Features

The RTP database was searched for the cases that resembled the objective case by
considering the weighted Euclidean distances between the geometrical feature
vector of the objective case and the geometrical feature vectors of all other cases
in the RTP database (Fig. 6.4). The weighted Euclidean distance was thus regarded
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Fig. 6.4 Conceptual illustration of an objective case and similar cases in a n-dimensional feature
space. Most similar case was defined as the case that was closest to the objective case in the feature
space, as measured with a weighted Euclidean distance

as a similarity measure. The weighted Euclidean distance diyaee Was calculated
using the following equation:

(6.1)

where G is the number of geometrical features, w; is the weight of the i-th
geometrical feature, A; is the i-th geometrical feature for the objective case, and
B; is the i-th geometrical feature for another case in the RTP database. Note that
each geometrical feature was normalized by subtraction of a mean of the feature
and dividing it by the standard deviation of its value for all cases in the RTP
database.

Weights were needed for the geometrical features in order to incorporate their
relative importance from the viewpoint of treatment planning. Therefore, when
applying the proposed method to their own databases, each institute should deter-
mine the appropriate weights for the geometrical features based on their own
philosophy or policy of treatment planning. In our investigation, the weights for
geometrical features were empirically set as follows: PTV centroid (three-
dimension) = 0.3, effective diameter of PTV = 0.1, sphericity of PTV = 0.1,
lung dimension (three-dimension) = 0.3, distance between PTV and spinal cord =
1.0, and angle from spinal cord to PTV = 1.0.
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6.5.3 Determination of Initial Beam Arrangements Based
on the Linear Registration Technique

In the second step, beam arrangements for the objective case were automatically
determined (Magome et al. 2013a) based on the registration of similar cases with
the objective case in terms of lung regions, using a linear registration technique
(i.e., affine transformation) (Burger and Burge 2007). The beam arrangement of the
similar case was modified to fit the objective case with respect to the lung regions.

First, a beam angle (i.e., a beam direction with a gantry angle € and couch angle
@) was described as a point in a Cartesian coordinate system. As shown in Fig. 6.5,
the beam direction with gantry angle € and couch angle ¢ can be considered as a
line in a spherical polar coordinate system, with the origin as the isocenter. An
arbitrary point (X, Yo, Z6,,) On the line is described in a Cartesian coordinate
system as follows:

Xo,¢ Xiso 1 7 Sin @ cos ¢
Yoo | = Yiso — I'COS 6 . (6.2)
Z0,¢ Ziso + 7 Sin @ sin ¢

where r is distance from the isocenter (Xigo, Yiso, Ziso)- I this study, r has no meaning
(r =1 for simplicity) because the purpose of the analysis is registration of the beam
angle.

Second, each beam point of the similar case in the Cartesian coordinate system
was modified based on a linear registration technique (i.e., an affine transformation)
(Burger and Burge 2007). Please note that the linear registration maps straight lines
to straight lines, and thus the beam directions—which can be considered as
points—are uniquely and automatically determined by the registration. The beam
point (Xg 4, Yo,4 Zo,,) Was modified to the point (X'g ,, Y9, Z',,) by using the affine
transformation matrix to register the lung regions of each similar case with those of
the objective case, as follows:

’
X0, Uiy Up U3 Uiy Xo,¢
!
u u U3 U
ylgy,/) _ 21 U U3 Up4 Yoo i (6.3)
Zg.4 Uz Uz Uz Uz 20,
1 0 0 O 1 1

where u;;. . .uz, are the transformation parameters. The isocenter point (Xjso, Visos
Ziso) Was also modified to the point (X'iso, ¥iso» Z'iso) in the same manner. The affine
transformation can apply a linear combination of translation, scaling, rotation,
and/or shear mapping. Further details can be found in the literature (Burger and
Burge 2007). The vertices of a circumscribed parallelepiped of a lung (including the
left and right lung regions) were automatically obtained as feature points to
calculate the parameters of the affine transformation matrix. In this study, the
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Fig. 6.5 Tllustration of a beam direction with gantry angle 6 and couch angle ¢ in a spherical polar
coordinate system and a Cartesian coordinate system. Here, the origin indicates an isocenter and
couch angle ¢ is defined with respect to the patient-fixed coordinate system

circumscribed parallelepiped was chosen to reduce the calculation time that was
necessary to find the feature points of the lung.

Finally, the resulting direction vector (X9 ,— Xiso, ¥ 0.5~ ¥'isor Z0.o— Ziso) in the
Cartesian coordinate system was converted into the spherical polar coordinate
system as gantry angle & and couch angle ¢/, as follows:

! ! 2 ! ’ 2
| (x9,¢ - xiso) + (Ze,qb - Ziso)

- (ylé),(p - y;so>

6 = tan~

, (0.6~ 7o)
¢ =tan ! A ) (6.5)

/ !
(x0,¢ - xiso)

6.5.4 Local Optimization of Beam Arrangements

The beam directions of the objective case were locally optimized based on the cost
function, which took into account the radiation absorption in normal tissues and
OARs (Magome et al. 2013b). Although Meyer et al. (2005) developed the cost
function for a global optimization of beam arrangements, the cost function was used
for the local optimization of each beam direction in this study. The cost function
Cy,, of a beam with gantry angle 8 and couch angle ¢ was defined as follows:



120 T. Magome

Co.p = Co.p(PTV) + > _wiCy ,(OARy), (6.6)
k

where Cy ,(PTV) represents the dose absorption in normal tissue until the X-ray
beams reach the PTV surface, Cy ,(OARy) is a term for the irradiation of k&-th OAR,
and wy is a weight for the k-th OAR. The first term Cy ,(PTV) was determined by
the following equation:

Co,p(PTV) = 1 — exp(—udy,,(PTV)), (6.7)

where p is a linear attenuation coefficient in water, and dy ,(PTV) is the mean
distance in centimeters from the body surface to the PTV surface. The second term
for the k-th OAR Cy ,(OARy) was defined as follows:

Co,s(OAR;) = vy 4 (OARy) + (1 — A)exp(—pudy,4(OARy)), (6.8)

where vy ,(OARy) is an irradiated fractional volume of the k-th OAR, dy ,,(OAR)) is
the mean depth from the body surface to the k-th OAR surface, and A is a parameter
for controlling the relative significance of the first and second terms. The term exp
(—pdy ,(OAR)) represents the number of incident photons in the k-th OAR.
Figure 6.6 presents a conceptual illustration of the cost function.

Each beam direction was locally optimized in the range of + p degrees at an
interval of ¢ degrees. The lung and spinal cord were incorporated as OARs in the
cost function, and both weights (for the lung and the spinal cord) were set to 5.0.
The parameters for the local optimization of the beam arrangement 4, p, and ¢, were
set to 0.6, 4°, and 2°, respectively. Although the parameters for the local optimiza-
tion of beam arrangements were set empirically based on the preferences of our
institution, each institute could determine the appropriate parameters based on their
own philosophy or policy of treatment planning, in resemblance with the geomet-
rical feature weights. Each optimal beam direction was defined as the direction of
the beam which had the lowest cost value among the beam directions of the local
range.

6.5.5 Evaluation of Beam Arrangements Using Planning
Evaluation Indices

The similar-case-based beam arrangements were evaluated by manually preparing
plans based on both the beam arrangements and other planning parameters (such as
nominal beam energies, collimator angles, and beam weight) derived from the
treatment plans of similar cases in a radiation treatment planning system. The
following 11 planning evaluation indices were used for validation.
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Fig. 6.6 Conceptual
diagram of the cost function
for local optimization of
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The planning evaluation indices for the PTVs calculated in this study were the
D95, homogeneity index (HI), conformity index (CI), and tumor control probability
(TCP). The D95 was defined as the minimum dose in the PTV that encompassed at
least 95 % of the PTV. The HI was calculated as the ratio of the maximum dose to
the minimum dose in the PTV. The CI was the ratio of the treated volume to the
PTV. The treated volume was defined as the tissue volume that was receiving the
minimum PTV dose. The TCP was estimated based on a linear-quadratic
(LQ) model according to a Poisson distribution by considering the radiosensitivity
variation and nonuniform dose distribution (Sanchez-Nieto and Nahum 1999,
2000). The TCP was averaged over a population with variability in radiosensitivity,
which was simulated as a Gaussian distribution of «; values with mean @ and
standard deviation o, in K groups of patients (Webb and Nahum 1993; Kanai et al.
2006). Specifically, TCP was given by
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Mewlren{-ao (1)) oo

where p.. is the number of initial clonogenic cells per volume cm?, L is the number
of dose bins of the differential dose-volume histogram (DVH) in the PTV, v, is the
volume (cm?) irradiated by a dose d; (Gy) per fraction in the PTV, and D; is the total
dose (Gy) at v;. The a; ranged oy %+ yo,, and increased in certain intervals divided by
K. The parameters for the TCP calculation were obtained from Kanai et al.’s (2006)
study of patients with lung cancers.

The planning evaluation indices for normal tissues (i.e., the lung and spinal cord)
were calculated as described below. For the lung volume, which was defined as the
total lung volume minus the PTV, a V5, V10, V20, and mean dose were calculated.
Each Vk was defined as the percentage of the total lung minus PTV receiving > k
Gy. The maximum dose for the spinal cord was also calculated. Moreover, the
normal tissue complication probability (NTCP) values for the lung and spinal cord
were calculated using the Lyman-Kutcher-Burman model (Lyman 1985; Kutcher
and Burman 1989; Burman et al. 1991). For the calculation of the NTCP, the dose
scale of a DVH was rescaled as a linear-quadratic equivalent dose (LQED) for 2 Gy
fractions, as follows:

a/p+d

LQED, = D, ,
QED, =D," 7

(6.10)

where Dy is the total dose (Gy), a/f is a parameter for a linear-quadratic model
(Wheldon et al. 1998; Thames et al. 1990), and d, is the dose per fraction (Gy) at Dy
in the differential DVH. Then, the NTCP was calculated as

mwwi&qug%w%» 1)

_ LQED,,,, — TDs(v)

6.12

mTDs() (V) ( )
Veff

=—, 6.13

Y Vref ( )
S 1/n
LQED,

et Z (LQEDmax) " (614)

TDso(v) = TDso(veer) - v", (6.15)
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where erf(-) is an error function, TDsy(v) and TDsy(v,ef) are the tolerance doses in Gy
that cause 50 % complication rates within 5 years after treatment for uniform
irradiation of the partial volume v according to Egs. (6.13) and (6.15), and reference
volume vy, respectively. The parameters n and m control the volume effect and the
slope of the dose-response curve, respectively. By using an effective volume
method (Kutcher and Burman 1989), a nonuniform dose distribution, which has a
volume bin v, with a dose of LQEDj in the differential DVH, was transformed into a
uniform dose distribution with an effective volume v.¢ at the maximum dose of
LQED,,.x in Eq. (6.14). The fitting parameter values for the NTCP calculation were
obtained from Burman et al. (1991).

6.5.6 Assessment of Usable Beam Arrangements

In practice, treatment planners could manually select the best plan for each patient
from among the treatment plans that are based on similar cases, according to the
planner’s own policies and the patient’s performance. However, some indices that
are representative of the treatment plan’s usefulness could be helpful during
decision making. The usefulness of each treatment plan can be estimated by the
following Euclidean distance, dpjan, Of the plan evaluation vector between an ideal
treatment plan and each treatment plan that has been determined based on a similar
case. This quantity is designated as the RTP evaluation measure:

J

doan = | (E(ideal)j - E(plan)j>2, (6.16)
=

where J is the number of plan evaluation indices, E(ideal); is the j-th plan evaluation
index for the ideal treatment plan, and E(plan); is the j-th plan evaluation index for
the treatment plan based on a similar case. The ideal treatment plan was created
under the assumption that it produces perfect, uniform irradiation with a prescrip-
tion dose in the PTV and no irradiation in the surrounding OARs or normal tissues.
Although equal weights for were set for all of the indices in this study, the weights
for each index could be determined based on each patient’s condition or the
treatment planners’ policies.

6.5.7 Experimental Results

The proposed method was assessed using an RTP database that included 81 cases of
lung cancer (right lung: 46 cases, left lung: 35 cases), as well as 10 test cases (right
lung: 3 cases, left lung: 7 cases) that were chosen at random from all 91 available
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Fig. 6.7 An objective case, the first to fifth most similar cases to the objective case, and similar-
case-based treatment plans

cases. The 10 test cases were not included in the RTP database of 81 cases
(Magome et al. 2013a, b). The five most similar cases were selected from among
the cases of lung cancers that were ipsilateral to the test case. The effectiveness of
the combination method of determining the initial beam arrangement based on
similar cases and the local optimization of the beam arrangement was evaluated by
comparing the planning evaluation indices of 50 plans (5 plans x 10 test cases) with
and without the local optimization of the beam arrangement. The same beam
weights and wedges from the similar case were used for the plan, with the beam
arrangement determined by our method.

Figure 6.7 shows an objective case, the first to fifth most similar cases to this
objective case, and the similar-case-based treatment plans. In practice, a treatment
planner could select one of the suitable plans for the patient from among several
similar-case-based plans.

Figure 6.8 illustrates dose distributions of the original plan and one of the
similar-case-based plan (specifically, the most usable plan). Although the lateral
beam passed the spinal cord in the beam arrangement, the optimized beam arrange-
ment avoided the spinal cord. Figure 6.9 provides DVHs for the case shown in
Fig. 6.8. Regarding the PTV, the similar-case-based plan had a DVH curve that was
almost the same as that of the original plan. However, the similar-case-based plan
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also resulted in better sparing of spinal cord and lung regions, as compared with the
original plan. Magome et al. (2013b) have reported detailed results indicating that
the local BAO algorithm improved the quality of treatment plans with significant
differences (P < 0.05) in the homogeneity index and conformity index for the PTV,
V10, V20, mean dose, and NTCP for the lung. Moreover, the proposed method may
provide usable beam arrangements that are not significantly different from the
original beam arrangements (P > 0.05) in terms of the ten planning evaluation
indices. The mean value of D95 was significantly improved based on the proposed
method, as compared with the D95 of the original beam arrangements (P = 0.029).

6.6 Estimation of Available Beam Direction Space

Because collision of the gantry and the patient must be avoided, the available beam
direction space is limited by the gantry head, immobilizer, and patient’s size.
Magome et al. (2013b) constrained the available beam space, and these constraints
were used in past cases included in the RTP database. Takayama et al. (2005)
determined the applicable areas of beam arrangement at different isocenter heights.
Ideally, however, the space should be determined separately for individual patients.
Recently, several researchers have developed a collision prediction methodology
for the patient and gantry by reconstructing the patient’s surface on a treatment
couch (Padilla et al. 2015; Yu et al. 2015). These studies allow more extensive use
of noncoplanar beam directions, which can provide a better dose distribution.

6.7 Summary and Future Direction

In this chapter, computer-assisted treatment planning approaches for SBRT have
been discussed, especially focusing on beam angle optimization and similar-case-
based treatment planning. In general, the RTP database at each hospital has been
generated by experienced planners after many trials and incorporates substantial
amount of their knowledge and skills. The aim of the discussed studies was to use
these records of knowledge and skill. The similar-case-based RTP was able to
provide several usable beam arrangements based on similar cases in the RTP
database. These methods could be useful for treatment planners, thereby improving
the quality and efficiency of radiotherapy. Although the plan evaluation indices were
calculated to evaluate the treatment plans, they may not cover all aspects of the dose
distribution. Regarding the future direction of research, it will be important to
incorporate clinical outcomes in order to improve the quality of the RTP database.
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