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Comparison of calculated dose between planned
adaptive software and helical tomotherapy
treatment planning programs
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Purpose To compare between the calculated dose of planned adaptive software on MVCT images
and the helical tomotherapy planning dose calculated on kVCT images.

Methods The patients included in this study were 14 head and neck cancer cases treated by heli-
cal tomotherapy. All the planning doses were calculated by the planning station on kVCT data sets
for PTV70, PTV59.4 and PTV54. The MVCT datasets were acquired by the helical tomotherapy
system. The merged image between the kVCT and MVCT images was used for planned adaptive
calculation. D95 of all PTVs, D50 of the parotid glands and D2 of the spinal cord were evaluated
from a dose-volume histogram (DVH). These dosimetric parameters were compared using Pear-
son’s correlation.

Results The average D95 (cGy/fraction) of kVCT and MVCT two-dose calculation for PTV70,
PTV59.4 and PTV54 was 212.1, 179.9 and 164.9, and 215.8, 183.3 and 162.9, respectively. The
average D50 (cGyl/fraction) of kVCT and MVCT two-dose calculation for the right and left parotid
glands was 89.6 and 91.0, and 85.9 and 87.1 cGy/fraction, respectively. The average D2 (cGy/frac-
tion) of kVCT and MVCT two-dose calculation for the spinal cord was 96.1 and 98.0 cGy/fraction,
respectively.

Conclusions The comparison of dosimetric results in this study demonstrated that the MVCT cal-
culated dose by planned adaptive software correlates with the planning dose on kVCT, and they can

be substituted by each other. Chiang Mai Medical Journal 2015;54(1):9-15.
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Introduction

In radiotherapy, treatment planning is
generated for each patient and used over the
treatment course, assuming that patient has
static anatomy throughout it. Actually, several
patients have anatomic changes during the
treatment course, due to weight loss and
tumor shrinkage. Using the initial treatment

plan can cause dose deviation under or over
the target volumes and organ at risk (OAR)!"
2, Intensity-modulated radiotherapy (IMRT) is
used as routine clinical treatment of head and
neck cancer (HNC). This technique provides
a highly conformal dose resulting in a sharp
dose gradient between target volumes and the
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OARE!. Therefore, the IMRT plan requires an
accurate dose delivery procedure.

Helical tomotherapy (HT) is the IMRT rota-
tional delivery (Arc-base IMRT) with a spiral
fan beam, which is similar to a helical CT scan-
ner. A helical tomotherapy unit can acquire
megavoltage computed tomography (MVCT)
images of the patient in a treatment position
and this information is used as image-guided
radiotherapy (IGRT)®#. These MVCT images
allow the physician to monitor daily changes
in target and OAR volumes. They also can
be used for dose calculations to verify the
delivered dose and generate adaptive radio-
therapy (ART)5#,

The tomotherapy system has software
called planned adaptive, which uses MVCT
images for dose calculations in order to verify
dose distribution in the anatomy at that timel".
Some studies reported the verified dose from
MVCT images and compared it with the plan-
ning dose from kilovoltage computed tomog-
raphy (kVCT) images in order to evaluate the
dose difference and decide on adapting treat-
ment plans based on MVCT images.

The image value-to-density table (IVDT),
which is essential for dose calculation, shows
the relationship between the CT number and
electron or mass density. The IVDT difference
is given from various physical interaction pro-
ba-bilities in the MVCT and kVCT beamst.
This difference affects the comparison of cal-
culated dose results by planned adaptive soft-
ware between MVCT and kVCT images. The
physician may make the wrong decision by
using an adaptive plan, resulting in either a
false positive or false negative. The purpose
of this study was to assess the efficiency of
planned adaptive software by comparing
between the planned adaptive calculated dose
on MVCT images and the HT planning dose
on kVCT images.

Material and methods

Patients

Fourteen HNC patients (median age, 51 years;
range, 24-66 years) were treated between November
2011 and May 2012 with helical tomotherapy. Patient
characteristics are shown in Table 1. This study was

approved by the Research Ethics Committee, Facul-
ty of Medicine, Chiang Mai University, with the study
code; RAD-2556-01677 and certificate of approval No.
281/2013.

IVDT acquisition

The IVDT of MVCT images was performed on the
TomoTherapy machine (TomoTherapy Hi-Art 4.2.1)
with a cheese phantom, which is a cylindrical virtual
waterTM phantom (TomoTherapy, Inc.) that has
several holes containing density plugs. This phantom
was scanned with physical densities of between 0.29
to 1.823 g/cm?3, which amounted to 12 density plugs
in total. These scanned images were transferred to
a TomoTherapy treatment planning system in order to
measure the average Hounsfield unit (HU) values of
each density plug. The relationship table between HU
values and physical densities was created. The IVDT
of MVCT and kVCT images is shown in Figure 1. This
process was also carried out with the kVCT in order to
generate another IVDT.

Acquisition of kVCT and MVCT images

All of the patients were fixed in supine position with
their bodily section from head, neck and shoulders im-
mobilized using a thermoplastic mask. The first day of
kVCT scanning was performed on a spiral CT simula-
tor (Toshiba Asteion TSX-021A), with a slice thickness
of 3 mm. The field-of-view (FOV) diameter was 40 cm,

Table 1. Characteristics of head and neck patients in
this study

Patient Sex  Age Disease Staging
No. (years)
1 M 66 Nasal cavity =~ T1N2Mx
2 F 46 NPC T4N2bMO
3 F 46 NPC T4N2bMO
4 M 52 NPC T2N1MO
5 F 49 NPC T2N2Mx
6 F 55 NPC T1N2MXx
7 M 24 NPC T2N2Mx
8 M 65 NPC T3N1MO
9 M 56 NPC T4N2MXx
10 M 43 NPC T2NOMO
1 F 57 NPC T3N1Mx
12 F 51 NPC T3N2MXx
13 M 51 NPC T1N2Mx
14 M 49 NPC T1N2Mx

M; male, F; female, NPC; nasopharyngeal cancer
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with a matrix size of 512x512 pixels. MVCT images
were acquired on the first day by using a coarse slice
thickness (6 mm) on the TomoTherapy unit in the same
position and with immobilization. The energy of the
MVCT beam was 3.5 MV, and the FOV diameter was
40 cm, with a 512x512 matrix size.

Treatment planning and dose calculation

The kVCT images of the patients were transferred
to a contouring workstation (Oncentra master plan
3.1), where the target volumes and normal organs
were contoured. The target volumes were planning
target volumes (PTVs), which had 5 mm margins
added to clinical target volumes (CTVs), and the effect
of the geometrical variations was then considered in
order to ensure that the prescribed dose was absorbed
into the CTVs. The PTVs were PTV70, PTV59.4 and
PTV54. The PTV70 was the primary tumor and lymph
nodes involved, as shown in clinical information and
endoscopic and radiologic examinations. The PTV59.4
was the high risk regions, and the PTV54 was the low
neck and supraclavicular node regions. The kVCT
images with contours were transferred to a helical to-
motherapy treatment planning system (TomoTherapy
planning station Hi-Art 4.2.1) in order to generate treat-
ment plans.

On the first day of treatment, the MVCT images
were scanned, sent to planned adaptive software,
and integrated into the helical tomotherapy planning
system. |Initially, the physicist combined the MVCT
images with a kVCT image study set. This process
was performed with automatic image registration by
translating x, y and z and roll dimension. The kVCT
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images were acquired with a slice thickness of 3 mm,
and MVCT scanning was obtained with coarse slice
thickness (6 mm) in order to reduce the imaging dose
to patients. Interpolation of the MVCT image set was
required to maintain a uniformed 3 mm slice thickness,
due to different scanning thicknesses. Then, the kVCT
structure set was superimposed automatically on the
MVCT image set to create what is called merged im-
ages. The dose was calculated on the merged images
by applying the sinogram from planning kVCT.

Dosimetric parameters and statistical analyses

Dose-volume histograms (DVH) of kVCT and
MVCT images for each plan were calculated for target
volumes and normal structures in order to investigate
the dose difference of the two-image set in dosimetric
results. The dosimetric parameters of target volumes
were dosed at 95% of the organ of interest (D95). The
parameters of right and left parotid glands were dosed
at 50% of the organ of interest (D50) and those of the
spinal cord at 2% of the organ of interest (D2). All
data were analyzed by Pearson’s correlation, which
was performed using SPSS (Statistical Package for
the Social Sciences) statistics software (IBM Corp.
version 17.0). The correlation was considered statisti-
cally significant at a p-value < 0.05, which indicates
that the two datasets can be substituted by each other.

Results

Figure 2 shows the comparison of DVHs
between the dose calculation performed on
MVCT images, which is a verification dose

——kVCT

&—MVCT

Figure 1. Image of Value-to-Density curve of MVCT and kVCT images.
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Figure 2. Cumulative dose-volumes histogram of MVCT (dash line) and kVCT (solid line) image dose calculations.

Table 2. Dosimetric comparison of the planned adaptive (MVCT) and HT planning (kVCT) dose

calculation

Dosimetric parameters (n=14) (CG)II(/\f/rggtion) (cG)I\///I;I{aC;ion) r p value
D95 - PTV70 212.1£0.01 215.8+0.03 0.24 0.41
D95 - PTV59.4 179.9+0.01 183.3+£0.03 0.42 0.14
D95 - PTV54 164.9+0.02 162.9+0.05 0.81 <0.05
D50 - Right parotid 89.6+0.31 91.0+0.31 0.99 <0.05
D50 - Left parotid 85.9+0.26 87.1£0.27 0.99 <0.05
D2 - Spinal cord 96.1+0.10 98.0+0.11 0.98 <0.05

kVCT; the kVCT was imaged on the first day, MVCT,; the MVCT was imaged on the first day, D95;
dose at 95% of organ of interest, D50; dose at 50% of organ of interest, D2; dose at 2% of organ
of interest and r is a correlation coefficient, which varies in value between -1 and 1, and value 1

means perfect correlation.

(dash line), and kVCT images, which is the
planning dose (solid line) for patient No.4.
This study found an excellent correlation be-
tween the verification and planning dose in the
right and left parotid and spinal cord. Good
agreement in PTV54 and a small difference in
PTV70 and PTV59.4 were found. The dose
difference of both target volumes was less
than 2%, which was due to a small discrep-
ancy in kVCT and MVCT registration.

The dosimetric results of the two-dose cal-
culation are presented in Table 2. The aver-
age D95 (cGy/fraction) of kVCT and MVCT
two-dose calculation for PTV70, PTV59.4 and
PTV54 was 212.1, 215.8 (p =0.41) and 179.9,
and 183.3 (p =0.14), 164.9 and 162.9 (p

<0.05), respectively. The average D50 (cGy/
fraction) of kVCT and MVCT two-dose cal-
culation for right and left parotid glands was
89.6 and 91.0 (p <0.05), and 85.9 and 87.1
(p <0.05), respectively. The average D2 (cGy/
fraction) of KVCT and MVCT two-dose calcu-
lation for the spinal cord was 96.1 and 98.0 (p
<0.05), respectively.

Discussion

Table 2 shows the verification dose from
calculated MVCT images, when compared to
the planning kVCT dose, and it correlates well
with the correlation coefficient (r) approaching
a value of 1, and significantly correlates to D95
of PTV54, D50 of the right and left parotid and
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Figure 3. The part of PTV that exceeds the
skin and enters the air section.

Table 3. Dosimetric results of the calculation on kVCT images, MVCT 1”7 day images and MVCT 1¢ fraction im-

ages
Dosimetric kvCT MVCT % Diff MVCT % Diff
parameters (cGy/fraction) 1stday (1t day) 18t Fraction (1stfraction)
(N=14) (cGyl/fraction) (cGyl/fraction)
D95 - PTV70 212.1+0.01 215.8+0.03 1.74 215.6+0.03 1.65
D95 - PTV59.4 179.9+0.01 183.3+0.03 1.89 182.7+0.03 1.56
D95 - PTV54 164.9+0.02 162.9+0.05 2.61 166.7+0.04 1.09
D50 - Right parotid 89.6+0.31 91.0+0.31 1.40 86.9+0.31 1.16
D50 - Left parotid 85.9+0.26 87.1+0.27 1.56 90.9+0.27 1.45
D2 - Spinal cord 96.1+0.10 98.0+0.11 1.98 96.1+0.10 0.00

kVCT, the kVCT was imaged on the first day, MVCT 1t Day; the MVCT was imaged on the first day and MVCT 1
fraction; the MVCT was imaged on the 1st treatment day, D95; dose at 95% of organ of interest, D50; dose at 50%

of organ of interest, D2; dose at 2% of organ of interest.

D2 of the spinal cord. This result indicates that
the two datasets can be substituted by each
other. A slight difference in D95 of PTV70 and
PTV 59.4 was observe, as a result of dispari-
ty in the registration process. Some parts of
PTV exceed the skin and enter the air sec-
tion (Figure 3), resulting in insufficient soft tis-
sue buildup for dose calculation. The study of
Schirm et al on the comparison of dosimetric
results between MVCT and kVCT images, with
planned adaptive software in 4 patients (lung,
prostate, nasal cavity and brain), found that
the dose difference in PTV of the nasal cav-
ity patient was almost 9%, due to a portion of
PTV in air®. To solve this problem, the dose
with MVCT images of the 1t treatment frac-
tion must be recalculated. In that case, these

registrations were approved by a treating
physician, and this study found that the dose
differences were decreased. The dosimetric
results are shown in Table 3. The average
dose differences in all parameters were less
than 2%. These discrepancies occur, due to
the difference of the IVDT calibration curve, as
in the study of Langen et al, which reported
an acceptable range of dosimetric uncertain-
ties because variations in the calibration curve
were 3%.

According to the study of Shah et all'%, the
MVCT imaging dose for patients was 0.3, 1
and 3 cGy/day for coarse (6 mm), normal (4
mm) and fine (2 mm) slice thickness, respec-
tively. Hence, this study acquired MVCT im-
ages with a coarse slice thickness in order to
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reduce the dose for the patient. However, this
affected the image quality for image combina-
tion in the registration process. In addition,
there was a blurring effect, which may affect
the dose calculation, as in the study of Schirm
et al. Therefore, this study suggested that
MVCT images in planned adaptive calculation
should use a fine or normal slice thickness.

Conclusion

The results of dose calculations on MVCT
images with planned adaptive software corre-
late to those on planning kVCT. This indicates
that planned adaptive software is useful for
evaluating the dose delivery of patients, and
it can be used to decide on adaptive plans.
Although some case studies had a small de-
viation, it can be reduced by a treating physi-
cian approving the registration. Furthermore,
the dose calculation will be performed with
less slice thickness in each treatment fraction
in order to investigate the appropriate one for
adaptive plans.
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