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A Study of a Non-commercial 3D Planning System, Plunc for
Clinical Applicability

Byung Chul Cho, Ph.D, Do Hoon Oh, M.D., and Hoonsik Bae, M.D.

Department of Radiation Oncology, Kangdong Sacred Heart Hospital Hallym Universily, Seoul, Korea

Purpose : The objective of this study is to introduce our installation of a
non-commercial 3D planning system. Plunc and confirm it's clinical appli-
cability in various treatment situations.

Materials and Methods : We obtained source codes of Plunc, offered by
University of North Carolina and installed them on a Pentium Pro 200MHz
(128MB RAM, Millenium VGA) with Linux operating system. To examine
accuracy of dose distributions calculated by Plunc, we input beam data of
6MV photon of our linear accelerator(Siemens MXE 6740) including tissue-
maximum ratio, scatter-maximum ratio, attenuation coefficients and shapes
of wedge filters. After then, we compared values of dose distributions(Per-
cent depth dose: PDD, dose profiles with and without wedge filters, oblique
incident beam, and dose distributions under air-gap) calculated by Plunc
with measured values.

Results : Plunc operated in almost real time except spending about 10 se-
conds in full volume dose distribution and dose-volume histogram(DVH) on
the PC described above. As compared with measurements for irradiations of
90-cm SSD and 10-cm depth isocenter, the PDD curves calculated by Plunc
did not exceed 1% of inaccuracies except buildup region. For dose profiles
with and without wedge filter, the calculated ones are accurate within 2%
except low-dose region outside irradiations where Plunc showed 5% of dose
reduction. For the oblique incident beam, it showed a good agreement
except low dose region below 30 % of isocenter dose. In the case of dose
distribution under air-gap, there was 5% errors of the central-axis dose.
Conclusion : By comparing photon dose calculations using the Plunc with
measurements, we confirmed that Plunc showed acceptable accuracies about
2-5% in typical treatment situations. which was comparable to commercial
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planning systems using correction-based algorithms. Plunc does not have a

function for electron beam planning up to the present.

However, it is

possible to implement electron dose calculation modules or more accurate
photon dose calculation into the Plunc system. Plunc is shown to be useful
to clear many limitations of 2D planning systems in clinics where a commer-

cial 3D planning system is not available.
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Fig. 1. Windows of the Plunc system for CT simula-
tion. The Unit Control Panel contains controls
for rotation of colliimator, table, and gantry and
for translation of table. The Plunc system also
has windows for displaying BEV, REV, and
DRR image.
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Fig. 2. Windows of the Plunc system for 3D planning
system. They display non-coplanar incident
beams and dose distributions on CT image.
They show also DVH for comparison of rival
plans.
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Fig. 3. Mask(developed by Gregg Tracton at University
of North Carolina) as organ delineation ool. By
changing threshold values of CT number, body
contours, as well as internal organs can be
easily delineated.
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Table 1. A Simple QA Procedures for Verifying the Accuracy of Plunc

Test

Obijective

® PDDs for irradiations of 90-cm SSD and 10-cm
depth isocenter

@ Dose profiles of open fields

@ Dose profiles of wedge filters

@ Dose profile under air-gap
® Oblique incidence

Tests input beam data and filed size and SSD dependencies
of PDD

Tests agreement of flatness and penumbra

Tests agreement of depth dose, wedge factor and dose
profiles under wedge fitters

Tests inhomogeneity correction

Tests contour corrections
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Fig. 4. Comparison of PDD curves with field sizes of
5%5, 10X 10, and 35%35cm?. The error bars
show *1% of the maximum dose atl dmax
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Fig. 5. Comparison of dose profile for open field at
depths of dmax, 10cm, and 20cm. The error
bars show £2% of the maximum dose at Omax.
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Table 2. Criteria of Acceptability for Photon
Beam Dose Calculations Suggested
by Van Dyk et. al. Note: Percen-
tages are Quoted as a % of the
Central Ray Normalization Dose

Descriptor Criterion

A Homogeneous calculation(no shields)
1. Central ray data 2%
(except in build-up region)
2. High dose region-low dose gradient 3%
3. Large dose gradients (>30%/cm) 4mm
4. Small dose gradients in low dose region 3%
(i. e. <7% of normalization dose)
B. Inhomogeneity corrections
1. Central ray(slab geometry, in regions of

electron equilibrium) 3%
C. Attenuators
1. High dose region-low dose gradient 4%
2. Large dose gradient (>30%/cm) 4mm
3. Small dose gradients in low dose region
{i. e. <7% of normalization dose) 3%
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Fig. 9. Comparison of treatment planning between a commercial 2D RTP(Mevaplan, Siemens) and Plunc. (A)
isodose distributions of Mevaplan for coplanar irradiations of parallel opposing fields to minimize doses of
optic-nerves and eyes. (B) isodose distributions of Plunc for the same irradiations as (A).
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Fig. 9(C). Comparison of DVHs between the coplanar plan

(dashed line) of (B) and

a non-coplanar plan (solid line) with an additional field from

vertex—direction which helped to reduce the irradiation volume of optic-nerves and eyes.
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