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ABSTRACT

In this study, an independent dose verification plugin (DVP) using the Eclipse Scripting Application Programming
Interface (ESAPI) for brachytherapy was developed. The DVP was based on the general 2D formalism reported in
AAPM-TG43UL. The coordinate and orientation of each source position were extracted from the translation matrix
acquired from the treatment planning system (TPS), and the distance between the source and verification point (r)
was calculated. Moreover, the angles subtended by the center-tip and tip-tip of the hypothetical line source with
respect to the verification point (6 and ) were calculated. With r, 6, 8 and the active length of the source acquired
from the TPS, the geometry function was calculated. As the TPS calculated the radial dose function, g(r), and 2D
anisotropy function, F(r,0), by interpolating and extrapolating the corresponding table stored in the TPS, the DVP
calculated g(r) and F(,0) independently from equations fitted with the Monte Carlo data. The relative deviation of
the fitted g(r) and F(1,6) for the GammaMed Plus HDR '?Ir source was 0.5% and 0.9%, respectively. The acceptance
range of the relative dose difference was set to £1.03% based on the relative deviation between the fitted functions
and Monte Carlo data, and the linear error propagation law. For 64 verification points from sixteen plans, the mean of
absolute values of the relative dose difference was 0.19%. The standard deviation (SD) of the relative dose difference
was 0.17%. The DVP maximizes efficiency and minimizes human error for the brachytherapy plan check.

Keywords: brachytherapy; independent dose verification; eclipse scripting

INTRODUCTION
Brachytherapy delivers a high dose to the target volume while realizing
a steep dose falling away from the target. Compared with external
beam radiotherapy (EBRT), brachytherapy can protect normal tissue
while increasing the dose to the target volume. Brachytherapy treat-
ments are conducted with a small fraction and large dose per fraction.
Once there is a difference between the planned and delivered doses,
it is hard to compensate for the negative effect caused by the differ-
ence [1]. Multiple works have recommended performing indepen-
dent dose verifications to assess the dose calculated by the treatment
planning system (TPS) before the brachytherapy treatment [2-4].
Currently the calculation-based verification is the realistic way to check

the brachytherapy plan before dose delivery rather than measurement-
based verification.

The whole process of brachytherapy treatment in our hospital is
shown in Fig. 1. First, the patient underwent computed tomography
(CT) simulation with applicators. The brachytherapy treatment plan
is then made based on the planning CT images. We do not change
applicator setup during treatment planning. The independent dose
verification is conducted after brachytherapy treatment planning. If the
relative dose difference is within the tolerance, the brachytherapy will
be conducted and dose will be delivered. If not, the treatment will be
re-planned until the verification pass. Currently, in our institution, a
Microsoft Excel-based independent dose verification is under clinical

© The Author(s) 2022. Published by Oxford University Press on behalf of The Japanese Radiation Research Society and Japanese Society for Radiation Oncology.
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Dose delivery

Treatment ends

Fig. 1. The flowchart of brachytherapy treatment.

practice. Shortcomings of current verification method were revealed.
Software other than the TPS was not allowed to be installed on clinical
treatment planning machines. To perform the dose verification, the
plan information was transferred from the machine with the TPS to
another machine with the Microsoft Excel application and pasted to the
template file; then, the verification dose was calculated. This procedure
isnot efficient and may induce human error. Moreover, as the Microsoft
Excel-based independent dose verification does not adapt the orienta-
tion of each source position in the calculation, the current acceptance
range of the relative dose difference of a selected dose verification
point is a &= 5% setting between the calculation results of the TPS and
verification results. This is a relatively large range compared to the one
used in the study reported by Carmona et al. [S], where the relative
dose difference was within +2%. A potentially large acceptance range
may give a false positive verification judgement.

To overcome the shortcomings, an independent dose verification
plugin (DVP) using Eclipse Scripting Application Programming
Interface (ESAPI; Varian Medical Systems, Palo Alto, CA, USA) for
brachytherapy was developed [6]. The purpose of this study was
to simplify the dose verification procedure for brachytherapy and
improve the accuracy of the verification dose calculation.

MATERIALS AND METHODS
Description of dose verification plugin
In our institution, we use a Bravos unit (Varian Medical Systems) with
the GammaMed Plus HDR "*Ir active source and BrachyVision V16.1
(Varian Medical Systems) for brachytherapy treatment planning. For
this reason, the DVP was dedicated to the Varian TPS and could be inte-
grated with the TPS interface. The DVP was written in C# using ESAPL
With ESAPI, the DVP can access the plan information directly from the
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TPS and show the dose verification report on the clinical machine with
few clicks. There is no need to export, copy and paste data between
computers and files. The plan details, especially the orientation of each
source position, were adapted in the dose verification calculation in the
DVP. In this way, the DVP will show more accurate calculation results,
and the acceptance range for the dose verification will be narrowed.
The source file of the DVP was one single file. It is easy to update the
plugin and distribute it between institutions.

Dose calculation
The DVP calculates the dose at a verification point (P,,,) indepen-
dently and compares the TPS results at the same point to verify the
dose calculation. The dose calculation algorithm of the DVP was the
general 2D formalism reported in the Association of Physicists in
Medicine’s update, Task Group 43 (AAPM-TG43U1) [7].

G (r,0)

D(r0)=SeAe——""
¢ Gy (r0,00)

4L (r) @ F(r,0), (1)

where r is the distance from the center of the active source to P,,,.
is the angle subtended by the central axis of the active source and the
line connecting the center of the active source and P,,,. ro and 0 are
specified to 1 cm and 90°, respectively, according to AAPM-TG43U1.
Sk is the air-kerma strength on the treatment day. A is the dose rate
constant of the active source. Gy is the geometry function. g is the
radial dose function, and Fy, is the 2D anisotropy function.

The DVP accesses the calibration S, and half-life of the active
source as well as the calibration and treatment dates at 12 a.m. directly
from the TPS with ESAPL Subsequently, the value of S;. at the day of
treatment was calculated using the information above and the law of
radioactive decay. The DVP also directly acquires A from the TPS with
ESAPIL

The active source in our institution is a line source. The DVP
calculates the Gy, based on the line-source model reported in AAPM-
TG43U1 [7].

Lo if 0 0°

GL(r,9)={ (rz—%)_l,ife:m ) ()

where L is the active length of the source. 8 is the angle subtended by
the tips of the hypothetical line source with respect to the P,,,.

The first step of calculating G, was to obtain the 3D coordinates
of the active source center, both active source tips, and P,,,. The active
length of the source was stored in the TPS, and the DVP acquired it
directly. The TPS stored the position and orientation of the source with
a transform matrix. The third column is the source orientation, and the
fourth column is the center position. The positions of both tips of the
source were calculated by the center position plus/minus the results
of half of the active length, multiplied by the source orientation. The
position of P,,, was defined in the TPS and directly acquired by the
DVP. With the coordinate’s information above, r, 6, 8 and G, were
calculated.

In the TPS, g;, and F;, were calculated by interpolating and extrap-
olating the corresponding data table stored in the radioactive source
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Table 1. Fitted parameters of the anisotropy function for GammaMed Plus HDR "’Ir. Zero values are represented by dashes

i k; a; b; e

1 —2.30569 - 497x107! —1.7x1073
2 —1.98x107 - —1.46 —2.96

3 2.847x107* —3.25%x107" 5.2x107! -

4 2.27378 11.5962 24.586 1.469

i a; b, €

1 - —14.54 —1.14x107"!
2 - —1.5588x 107" —1.057

3 —6.3265x107" —447x107" —1.81x107?
4 17.0192 39.889 1.2924

model. In the DVP, these two functions were calculated independently
with fitted dosimetric parameters and equations reported by Lliso et al.
[8]. The function for g; was:

&=, 3)

where for the GammaMed Plus HDR "**Ir source, h, i, j and k were
equals to 1.001, 7.69 x1073,2.1x 10™* and 2.63, respectively.
The general functional forms of F;, were

/
a(r) o ) a/(r) 1- 6 )"

F(r,0) =k(r) + (1802) rel () o @)
1+b(r)( 86° ) 1+h’(r)(17 18%0 )

where
k(r) = ki™ + ksr + ks,
a(r) =a;r +asr +ag,d (r) = a’lr“/z +djr +d,
b (r) = byt + byr + by, b (r) = b, + byr + 1,
e() = er? +erte,¢ () = €r2 +ér+

The fitted parameters of F;, for the GammaMed Plus HDR "Ir are
summarized in Table 1.

Subsequently, the dose rate of each source position at P,,, was
calculated using equation 1, the DVP calculated the dose at P,,,, using
the following equation:

Dpyp = Zfil D (r,0) o t, Q)

where i is the index of the active source in the plan, and ¢ is the

dwell time.

Dose verification
The P,,, dose calculated by the DVP was compared with the dose cal-
culated by the TPS. The relative dose difference (Dyi) was calculated
using the following equation:

Dygoe = 100% X %, (6)

where Drps was the dose at P,,, calculated by the TPS.

According to Lliso et al. [8], the average absolute value of the
relative deviation between the anisotropy function and Monte Carlo
data was 0.9% for the GammaMed Plus HDR "’Ir source. For the
radial dose function, the value was 0.5%. Based on the linear error
propagation theory,

Alg o F) =+ () + (AR, )

where Ag;, and AF, were the average relative deviations of g and
F, respectively. A(gL . FL) was the average relative deviation of g
multiplied by that of F;. We assumed that, other than g; and F;, there
were no deviations in the other components of the dose calculation. In
this case, we set £21.03% as the acceptance range for Digs;.

Patient characteristics

This study was approved by the Institutional Review Board of Kyoto
University Hospital (approval number: R1446). Our institution
started treating patients with the Bravos system from April 2022. Three
patients who underwent brachytherapy treatment were included in
this study. Two patients were treated with tandem-ovoid applicators,
and one was treated with a tandem cylinder. The fractional dose was
6 Gy. At the time of writing, two patients underwent 3 fractions, and
one patient underwent 1 fraction. The patients underwent a computer
tomography scan and were prepared for each fraction. For each plan,
four verification points located at the bladder, rectum, point A at the
left side and point A at the right side of the tandem, were determined
by the on-site medical physicists or radiation technician, according to
the International Commission on Radiation Units and Measurements
Report 38 recommendations [9].

Clinical workflow
The user interface of the DVP is shown in Fig. 2. Before running the
DVPD, at least one reference point with a location should be selected as
the dose verification point and stored in the reference point list of the
current plan. The first window of the DVP was the dose verification-
point selection window (Fig. 2a). The list of the combo box contained
allnon-abstract reference points of the plan. After selection and clicking
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Select a verification point from one of the non-abstract reference points

Rectum .

# Second dose verficatiol

(b) ratient 10: [

Plan name:

Treatment activity: 10.75 Ci

Treatment strenght: 43762.11 cGy cm*2/h

Total dose: 600.00 cGy

Number of fractions: 1

Dose per fraction: 6€0.00 cGy

Verification point: Rectum

Verification position: X: ©.62 cm, Y: 2.24 cm, Z: -5.97 cm
Total Dose at verification: 609.983 cGy

Dose per fraction at verification point: 609.983 cGy

2nd dose per fraction at reference point Rectum is 611.138 cGy.

The dose difference is 0.189 %.

Catheter #1

| Position (cm) | Dwell time (sec) | X (em) | Y (em) | Z (cm) | Verification Dose (cGy) |
| 149.90 | 44.20 | @.51 | -1.36 | -1.54 | 15.997 |
| 149.40 | 1.20 | .53 | -1.27 | -2.00 | @.523 |
| 148.90 | 3.20 | @.55 | -6.98 | -2.46 | 1.707 |
| 148.40 | 6.90 | @.58 | -0.80 | -2.93 | 4.584 |
| 147.90 | 22.20 | e.60 | -e.61 | -3.39 | 18.831 |
| 147.40 | 14.40 | 0.63 | -6.44 | -3.86 | 15.931 |
| 146.90 | 14.20 | 0.65 | -0.30 | -4.34 | 20.591 |
| 146.40 | 20.80 | .67 | -0.17 | -4.82 | 39.143 |
| 145.90 | 18.40 | e.69 | -e.e8 | -5.31 | 43.218 |
Catheter #2

| Position (cm) | Dwell time (sec) | X (em) | Y (em) | Z (cm) | Verification Dose (cGy) |
| 149.00 | 40.10 [F1%ea | 0.17 | -6.01 | 97.123 |
| 148.70 | 9.40 | 1.62 | -0.10 | -6.12 | 18.000 |
| 148.40 | 88.60 | 1.64 | -0.38 | -6.23 | 136.477 |
Catheter #3

| Position (cm) | Dwell time (sec) | X (em) | Y (em) | Z (cm) | Verification Dose (cGy) |
| 149.40 | 0.00 | -e.37 | 0.39 | -5.82 | 0.000 |
| 149.10 | e.00 | -0.34 | e.11 | -5.93 | e.e00 |
| 148.80 | 102.70 | -e.31 | -6.17 | -6.04 | 199.013 |

€20z Aieniga4 g0 uo Jasn Aleiqi [eaipaN AlsisAlun 0104 Aq ZGE1S29/081/L/79/811e/lil/wod dnotolwapeoe)/:sdny WwoJlj papeojumoq

Fig. 2. User interface of the DVP. (a) The dose verification point selection window. (b) The dose verification report windows.

the ‘calculate’ button, the calculation report was shown in the next win- RESULTS AND DISCUSSION

dow (Fig. 2b). The calculation report contains important treatment ~ For 16 plans, 64 verification points were selected and included in
information, Dpyp, D1ps, Daiges and the dose calculated by the DVP at  the statistic results. The mean of the absolute Dy was 0.19%. The
each source position. standard deviation (SD) of D g5 was 0.17%.
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Fig. 3. Demonstration of the failed dose verification when the dose verification point was too close to one of the source positions
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(b)

G Second dose verfication for plan: - X

pocsere 2o,
rion e
rreeen: e,

Treatment activity: 9.43 Ci
Treatment strenght: 38372.10 cGy cm2/h
Total dose: 600.00 cGy

Number of fractions: 1

Dose per fraction: 600.00 cGy

Verification point: PlanOrigine2

Verification position: X: 0.15 cm, Y: .30 cm, Z: -3.81 cm

Total Dose at verification: 196125.663 cGy
Dose per fraction at verification point: 196125.663 cGy

2 ce point Plandrigine2 is 264699.464 cGy.
=5

f

Catheter #1

| Position (cm) | Dwell time (sec) | X (em) | Y (em) | Z (cm) | Verification Dose (cGy) |
| 149.50 | 23.40 lo.07 | -0.83 |e30 | 14.095 |
| 149.00 | 21.20 Jen | -es2 | -0.09 | 15.689 |
| 148.50 | 16.50 les | -e.2s | -es1 | 15.402 |
| 148.00 | 11.30 Je.16 | -e.e4 | -0.96 | 13.809 |
| 147.50 | 8.00 le7  |eas | -1.43 | 13.529 |
| 147.00 | 7.50 le.is  |e.2s | -1.92 | 19.010 |
| 146.50 | 9.8 | e.18 | e.32 | -2.41 | 42.183 !
| 146.00 | 13.00 le7 e | -2.91 | 126.8% |
| 145.50 | 16.30 lea6 |e.32 | -3.41 | 951002 |
i 14s.00 1719.26 6.5 1636 | -3.91 | 262924.438 i
| 144.50 1 21.30 Je1s  |e2s | -a.a1 | 332186 |
| 144.00 | 21.80 le.3  |e.26 | -4 | 98.195 |
| 143.50 | 21.50 lez |e2s | -s.e1 | 47072 l
| 143.00 | 20.20 len  |e2s |51 | 26.422 |
| 142.50 | 18.40 Jete |e.z1 | -6.41 | 16.109 |
| 142.00 | 16.20 Je.es |20 | -691 | 10.206 |
| 14150 | 13.80 Jo.es |8 | -7.41 | 6579 |
| 141.00 | 11.80 | e.07 | .16 | -7.91 | 4.417 I
| 140.50 | 11.10 le.e6 |eas | -s.a1 | 3.355 |
| 140.00 | 12.50 le.es |3 | -so1 | 312 |
| 139.50 1 16.70 Je.e3 e | -s.a1 | 3505 |
| 139.00 | 22.50 o2 o9 | -9.91 | 4.020 |
| 138.50 | 27.50 Je.er |e.es | -10.41 | 4.253 |
| 138.00 | 29.80 lece | o.06 | -10.91 |4.023 I

([a] and [b]), and too far from the sources ([c] and [d]).

Among all the 64 results, the calculation result of the DVP was
smaller than that of the TPS for 83% of verification points (53 veri-
fication points). This was caused by the curve of the fitted Ag;, and

AF;, was always below the curve of the Monte Carlo simulated data, as
reported by Lliso et al. [8].

G Second dose verfication for plan: | - o x

Plan name:

|

Treatment activity: 9.43 Ci

recsent o: |

Treatment strenght: 38372.10 cGy cm2/h

Total dose: 660.00 cGy

Number of fractions: 1

Dose per fraction: 600.60 cGy

Verification point: test

Verification position: X: -7.63 cm, Y: -3.24 cm, Z: -8.74 cm

Total Dose at verification: 30.837 cGy

Dose per fraction at verification point: 30.837 cGy

Catheter #2

| Position (cm) | Dwell time (sec) | X (cm) | Y (cm) | Z (am) | Verification Dose (cGy) |
| 148.70 | 57.50 320 | -2.03 | -2.73 | 3.99 1
| 148.40 | 38.30 |3.08 | -238 | -2.88 | 2.716 1
| 147.30 | 14.00 | 3.0 | -2.76 | -3.25 | 1.035 |

Catheter #3

| Position (cm) | Dwell time (sec) | X (cm) | Y (cm) | Z (am) | Verification Dose (cGy) |
| 148.40 | 122.50 le.77 | -185 | -2.48 | 12,151 1
| 148.10 | 16.00 le7s | -211 | -2.63 | 1.626 |
| 147.80 | e.q0 le7s | -2.32 | -2.84 |o.ea2 |
Catheter #1

| Position (cm) | Dwell time (sec) | X (cm) | Y (cm) | Z (em) | Verification Dose (cGy) |
| 149.90 | 7.00 |2.48 | -3.23 |1.05 | e.35 |
| 149.40 | 5.9 | 2.40 | -3.05 | e.62 | @.314 I
| 148.90 | 12.00 1233 | -2.82 |oeas | .68 |
| 148.40 | 10.00 |2.25 | -2.58 | -e.25 | 0.604 1
| 147.90 | 11.20 |28 | -2.35 | -e.69 | @.729 |
| 147.40 | 19.40 l211 | -22s | -113 | 132 |
| 146.90 | 59.70 | 2.04 | -1.9a | -1.59 | 4.320 1
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In the two situations, the absolute D may be out of the accep-

tance range. First, if the verification point position was inside one of

the source positions, a large dose difference was observed. As shown in

Fig. 3a-b, the verification point was inside one of the source positions.

Do of this verification point was 34.96%.
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Second, when the verification point was intentionally positioned
far from the sources, Dy was out of the acceptance range, as
shown in Fig. 3c—d. Dy of this verification point was —3.11%.
Both situations were caused by the dosimetric parameters used to
calculate g, and Fy, in the TPS, and the DVP was not accurate when
the verification point was too close or far from the sources. Once
Dy is greater than the tolerance, the location of the verification
point needs to be checked for appropriateness. If the verification
point is confirmed as appropriate, the plan may need optimization.
In this way, the purpose of the dose verification for brachytherapy is
achieved.

This work presented the DVP with GammaMed Plus HDR "Ir
source. However, the DVP can be extended to verify brachytherapy
with other type of active sources easily. All need to do is to change the
fitted parameters of g; and Fy, to the parameters of the corresponding
active source according to previous work [8].

CONCLUSION
An independent DVP dedicated to Eclipse TPS for brachytherapy was
developed. For the GammaMed Plus HDR **Ir source, the acceptance
range of the relative dose difference between the TPS and plugin was
£1.03%. For 64 verification points, the mean of the absolute values of
the relative dose difference was 0.19%. The SD of the relative dose dif-
ference was 0.17%. The entire clinical workflow of the plugin contained
afew clicks. Once the plugin is under clinical practice, it will maximize
efficiency and minimize human error for the brachytherapy plan check
before treatment. The code of the DVP will be shared upon reasonable

request.
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