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ABSTRACT

Recent developments in Radiation Oncology treatment planning have led to the develop-
ment of software packages that facilitate automated intensity-modulated radiation therapy
(IMRT) and volumetric-modulated arc therapy (VMAT) planning. Such solutions include site-
specific modules, plan library methods, and algorithm-based methods. In this study, the plan
quality for prostate cancer generated by the Auto-Planning module of the Pinnacle® radiation
therapy treatment planning system (v9.10, Fitchburg, WI) is retrospectively evaluated. The Auto-
Planning module of Pinnacle? uses a progressive optimization algorithm. Twenty-three prostate
cancer cases, which had previously been planned and treated without lymph node irradia-
tion, were replanned using the Auto-Planning module. Dose distributions were statistically
compared with those of manual planning by the paired t-test at 5% significance level. Auto-
Planning was performed without any manual intervention. Planning target volume (PTV) dose
and dose to rectum were comparable between Auto-Planning and manual planning. The former,
however, significantly reduced the dose to the bladder and femurs. Regression analysis was
performed to examine the correlation between volume overlap between bladder and PTV divided
by the total bladder volume and resultant V70. The findings showed that manual planning
typically exhibits a logistic way for dose constraint, whereas Auto-Planning shows a more linear
tendency. By calculating the Akaike information criterion (AIC) to validate the statistical model,
areduction of interoperator variation in Auto-Planning was shown. We showed that, for pros-
tate cancer, the Auto-Planning module provided plans that are better than or comparable with
those of manual planning. By comparing our results with those previously reported for head
and neck cancer treatment, we recommend the homogeneous plan quality generated by the
Auto-Planning module, which exhibits less dependence on anatomic complexity.
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Introduction

Treatment planning is time-consuming, and the quality
of the outcome depends on the method followed by each
planner.'? This has been a long-standing problem in radia-
tion therapy. Plan optimization is performed so as to
minimize the objective function.? The optimization process
can be schematically compared to a kinetic process of a ball
rolling on a curved surface. In general, the objective func-
tion has a complicated structure. Therefore, it is very difficult
to know a priori the location of the minimum of the corre-
sponding curved surface.* In most cases, that minimum tends
to deviate from the planning goal composed by several clin-
ical dose constraints. Redefining the objective function
multiple times for the minimum point to be properly led to
the clinical goal is complex and each additional optimiza-
tion increases the total planning time. Furthermore, even
within the goal, there exists a large variety of dose
distributions.> The criterion of when the optimization should
be stopped depends on each planner’s judgment. In this
sense, severe interoperator variation does exist regarding the
final outcome. The use of automated planning with simple
input as the clinical goal would decrease interoperator vari-
ability in modern radiation therapy.°

In January 2015, the Auto-Planning module was re-
leased with the Pinnacle® treatment planning system (v9.10,
Philips Medical Systems, Fitchburg, WI). Auto-Planning suc-
cessfully automated the consecutive multiple sequence
optimization process using progressive optimization.” Each
optimization sequence is followed by quantitative evalua-
tion and fine-tuning of the objective function. The automated
optimization process reduces the total time required to gen-
erate a treatment plan. Furthermore, the initial outcome
generated by Auto-Planning satisfies most of the clinical goal,
effectively reducing interoperator variation.

The efficiency brought about by Auto-Planning seems
apparent.® Therefore, the quantitative evaluation of its plan
quality in the dose distributions becomes an important
subject. Auto-Planning generates several planning struc-
tures: rings, hot and cold spot regions of interest (ROIs),
residual structures, and other special ROIs to spare organs
at risk (OARs). These automatically generated structures allow
Auto-Planning to better dose control in terms of target cov-
erage and OARs sparing.

In this study, we evaluated the plan quality of Auto-
Planning for prostate cancer cases in comparison with
clinically delivered manual planning. By examining the cor-
relation between volume overlap between OARs and target
and resultant doses, we quantitatively showed a reduction
of interoperator variation in Auto-Planning. The compara-
tive evaluation has already been performed for head and neck
cancer treatment plans.®'° The prostate region and the head
and neck regions have different anatomic complexities. By

comparing our results with those for head and neck, we
report a homogeneous plan quality generated by the Auto-
Planning module, with less dependence on anatomic
complexity.

Methods and Materials

To evaluate the plan quality of Auto-Planning, we re-
planned 23 previously delivered clinical prostate IMRT
treatment plans. The gross tumor volume (GTV) was equal
to the intact prostate. The clinical target volume was equal
to (1) GTV for the low-risk group, (2) GTV and the basal part
of the seminal vesicle for the intermediate-risk group, and
(3) GTV and the whole part of the seminal vesicle for the
high-risk group. The 23 patients were randomly chosen ir-
respective of the risk factors. Accordingly, there were 2
patients in the low-risk group, 11 in the intermediate-risk
group, and 10 in the high-risk group. Patients in the low-
risk group were mainly treated by surgery in the University
of Tokyo Hospital. Therefore, the number in the low-risk
group became less than those in other groups by ran-
domly sampling the patient data from the radiation therapy
department database. The planning target volume (PTV) con-
sisted of the clinical target volume with a setup margin of
4 mm in the posterior direction and 5 mm in all other di-
rections. The prescription dose for PTV was set to 76 Gy in
38 treatment fractions, with a coverage that dose to 95% of
PTV was equal to 76 Gy by following References 11 and 12.
All plans were delivered using single-beam VMAT on a
Synergy system equipped with the Agility multileaf colli-
mator (Elekta AB, Stockholm, Sweden). Each of the manual
plans was created by a planner who was randomly se-
lected from 6 medical physicists. Each plan strictly followed
the University of Tokyo Hospital guidelines imposing the fol-
lowing clinical dose constraints: V40 < 60%, V65 < 30%, and
V70 < 15% for rectum and bladder and Dn.x <55 Gy for
femurs, taking into account the research result on a late tox-
icity after IMRT for prostate cancers.'? These plans were
clinically delivered within 1.5 years before this study.

Regarding the Auto-Planning module, the beam param-
eters and optimization goals formulated by dose constraints
can be prepared as a protocol in the “Treatment Tech-
nique” interface. We compiled an appropriate single protocol
from iterative test runs for 3 pilot patients (1 in intermedi-
ate risk and 2 in high risk), and applied it to the 23 patients
of our study (see Appendix A for the adopted optimization
goal). The initial results of the Auto-Planning module were
not followed by further manual intervention. All of the de-
lineations of PTV and OARs as well as the position of the
isocenter of each plan were shared between Auto-Planning
and manual planning. To compare the results between Auto-
Planning and manual planning, we performed a paired t-test
at 5% significance level.
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