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Abstract
Purpose: To report an implementation method and the results of independent brachytherapy dose verification 

software (DVS).
Material and methods: The DVS was developed based on Visual C++ and adopted a modular structure design. The 

DICOM RT files exported from a treatment planning system (TPS) were automatically loaded into the DVS. The DVS 
used the TG-43 formalism for dose calculation. A total of 15 cervical cancer patients who underwent brachytherapy 
were retrospectively selected to test the DVS. Dosimetric parameters and γ analysis (0.1 cm, 5%) were used to evaluate 
the dose differences between the DVS and the TPS.

Results: Compared with the TPS dose, the γ pass rates of the dose calculated by the DVS were higher than 98%. For 
the clinical target volume (CTV), the dosimetric differences were less than 0.63% for D90% and D100%. For the bladder, 
rectum, and sigmoid, the agreement of D0.1cc, D1cc, and D2cc were within a 0.78% level.

Conclusions: With minimal human-computer interactions, the DVS can verify the accuracy of doses calculated by 
the TPS.

J Contemp Brachytherapy 2018; 10, 5: 478–482 
DOI: https://doi.org/10.5114/jcb.2018.79396

Key words: brachytherapy, dose verification, quality assurance, treatment planning system.

Purpose
Brachytherapy is characterized by a  high-dose near 

the source and a steep dose falling away from the source. 
It can protect normal tissue while increasing the target 
dose compared with external beam radiotherapy (EBRT). 
Brachytherapy is commonly used in the treatment of cer-
vical, prostate, and head and neck cancers [1,2,3]. Because 
of the small number of fractions and the large dose per 
fraction, it is difficult to assess and compensate for the 
consequences if there is a deviation between the planned 
dose and delivered dose [4]. Various regulatory agencies 
recommend to independently verify the dose calculated 
by the treatment planning system (TPS) prior to treat-
ment [5,6,7].

Dose verification software packages have been report-
ed in papers. Cohen et al. [8] described an independent 
dose-to-point calculation software for the verification of 
brachytherapy treatment planning. The software takes 
the data file used by the high-dose-rate (HDR) remote af-
terloader as primary input, and an additional user input 
is required for template-based treatment plans. Lachaine 
et al. [9] described an in-house software used for verifying 
HDR dosimetry; the software adds negligible additional 

waiting time for the patient, regardless of the number of 
applicators, paths of the applicators, or complexity of the 
dwell times and positions. Carmona et al. [10] and Safian 
et al. [11] presented spreadsheet-based software packages 
to verify the dose of an individual brachytherapy plan. 
However, only dose points calculations are performed in 
these software packages.

There are also some commercial software packages 
that allow the user to perform a fully independent calcula-
tion check of their brachytherapy treatment plan, such as 
BrachyCheck (ROS, California, USA) and DIAMOND for 
Brachytherapy (PTW, Freiburg, Germany). The plan in-
formation of BrachyCheck can be imported via a DICOM 
RT plan file or entered manually. BrachyCheck also allows 
the creation of additional pseudo-structures for inclusion 
in the DVH computation; however, this software does 
not provide information on the point dose. DIAMOND  
quickly performs point dose calculations and gener-
ates three-dimensional (3D) dose that could be stored in  
a DICOM RT dose file, but the RT dose file have to be ex-
ported to another software in case of further 3D analysis.

Currently, with modern medical imaging, there is 
a huge interest of 3D treatment planning for brachyther-
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apy. The 3D brachytherapy technique conforms the dose 
to the anatomy of each patient, and takes into account 
both the tumor shape and the position of organs at risk 
(OARs). It has been shown that 3D brachytherapy sig-
nificantly improves the dose distribution and overall 
survival [12]. However, most previously mentioned dose 
verification software packages are specific to point-dose 
verification or inconvenient to use for 3D brachytherapy 
dose analysis. In this article, we described an in-house 
software that performs 3D independent dose verifications 
for HDR treatment plans. The dose verification software 
(DVS) imported the dwell positions and dwell times from 
DICOM RT files and used them to calculate the dose. Do-
simetric parameters and γ analysis were used to verify the 
dose calculated by the DVS.

Material and methods
Data reading and writing

The DVS was written in C++ format. In order to in-
crease the DVS applicability to be used in various treat-
ment planning systems, the parameters required by the 
DVS, such as the coordinates of the region of interest, 
dwell position, and dwell time, were read from DICOM 
RT files. The DVS adopted a modular structure design to 
reduce the complexity of the software, and to simplify the 
design, debug, and maintenance operations. Each func-
tional module had a corresponding class (Table 1).

Dose calculation

In our department, we use Ir-192 mHDR-v2 source 
(Elekta microSelectron units), Elekta microSelectron 
treatment unit, and Oncentra Brachy version 4.3 TPS. 
The TPS of this version is equipped only with the Amer-
ican Association of Physicists in Medicine, Task Group 
43 (AAPM TG-43)-based dose calculation algorithm. The 
dose calculation algorithm of the DVS was the same as 
the TPS, and both used the general 2D formalism

D· (r, θ) = SkΛ  G(r, θ)    gL(r) FL(r, θ)                       G(r0, θ0) 
  (1),

where D·  is the dose rate, r is the distance between the 
dose point P and the center of the source, r0 = 1 cm, θ is 
the angle subtended by the central axis of the source and 

the line connecting the center of the source and the dose 
point, θ0 = π        2 , Sk is the air kerma strength, Λ is the dose 
rate constant, G is the geometry function, gL is the radial 
dose function, and FL is the anisotropy function.

The dosimetric data of the source in the TPS used 
in our clinic is based on the dataset recommended in 
reference [13], Λ is 1.108 cGyh-1U-1, Table 1 and Table 2 
in reference [13] are gL and FL data of the TPS, respec-
tively. In order to ensure the independence of the DVS, 
the dosimetric data of the source in the DVS were not 
obtained from the TPS but from the database recom-
mended by the AAPM and the European Society for 
Radiotherapy and Oncology (ESTRO) [14]. The Λ is 
1.109 cGyh-1U-1, Table 5 and Table 8 in AAPM report 
No. 229 are gL and FL data of the DVS, respectively. The 
air kerma strength of the source at a  given time was 
manually entered by the user at the source exchange 
date and the DVS internally calculated the source de-
cay. The half-life time of Ir-192 was consistent with that 
of the TPS; both were 73.83 days.

The mHDR-v2 is a line source. The line source needs 
to consider the source orientation when calculating the 
dose. Figure 1 is a diagram of the source coordinate sys-
tem and the patient coordinate system. In this study, the 
orientation of the source in the patient coordinate system 
at the i-th dwell position was defined by the vector of this 
dwell position Si and the next dwell position Si+1. The ori-
entation of the last dwell position was the same as the 
previous one.

In order to increase the dose calculation speed under 
the premise of dose calculation accuracy, we first calcu-
lated a 2D dose rate distribution table T(m, n) that was 
aligned with the longitudinal direction (V direction) and 
perpendicular to it (U direction) before the beginning of 
the dose calculation. This table was stored in the comput-
er memory, and the resolution took 0.1 cm in the U and V 
directions. Considering the symmetry of the dose around 
the source, the table range was 10 cm in the U direction 
and from –10 cm to 10 cm in the V direction.

NA is the total number of source channels, NS is the 
total number of source positions in a single channel, dj,i is 
the dose contribution at the i-th dwell position to P in the 
j-th source channel, and tj,i  is the dwell time of the i-th 
dwell position in the j-th channel. The dose at position P 

Table 1. The correspondence table of class and 
function modules

Class Function

CCT image To read and write CT data

CRT structure To read and write RT structure data

CRT plan To read and write RT plan data

CRT dose To read and write RT dose data

CTG43 dose Dose calculation

C evaluation To compare dosimetric parameters  
and calculate γ factors

C output Data/report output
Fig. 1. Dose calculation coordinate system
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in the human coordinate system is calculated in the fol-
lowing way:

Step 1: To calculate the distance r using formula (2), 
where r is the distance between the dose point P and the 
center of the source Si;

Step 2: To calculate the angle between SiSi+1 and SiP  
using formulas (3), (4), and (5);

Step 3: To calculate the distance ν using formula (6), 
where ν is the distance between the dose point P and the 
center of the source Si in the V direction;

Step 4: To calculate the distance u using formula (7), 
where u is the distance between the dose point P and the 
center of the source Si in the U direction;

Step 5: To look up the dose distribution table T(m, n). 
The corresponding dose rate dj,i(u, ν) is calculated using 
formula (8) if m * 0.1 cm ≤ u < (m + 1) * 0.1 cm and n * 0.1 
cm ≤ ν < (n + 1) * 0.1 cm. In formula (8), w1, w2, w3, and 
w4 are the weights corresponding to T(m, n), T(m, n + 1), 
T(m + 1, n), and T(m + 1, n + 1), respectively, in the dose 
distribution table.

Step 6: To calculate the dose D(x, y, z) at P(x, y, z) us-
ing formula (9):

r =   (x – xi)2 + (y – yi)2 + (z – zi)2  (2) 
SiSi+1 = (xi+1 – xi, yi+1 – yi, zi+1 – zi) (3)

SiP = (x – xi, y – yi, z – zi) (4)

cos θ = SiSi+1 * SiP
            |SiSi+1| |SiSi+1|  (5) 

ν = r cos θ (6) 
u =   r2 – ʋ2  (7) 

dj,i(u, ν ) = w1T (m, n) + w2T (m, n + 1) + w3T (m + 1, n) + 
+ w4T (m + 1, n + 1)  (8)

D(x, y, z) =                              dj,i(u, ν )tj,i∑ ∑NA NS

j = 1 i = 1
  (9)

This method has the advantage that the dose rate con-
tribution dj,i(u, ν ) is obtained by a simple bilinear interpola-
tion of the data extracted from the computer memory with-
out the need to repeat the calculation using formula (1). 

Patient data

To illustrate the results obtained by the DVS, we ran-
domly selected 15 patients with radical cervical cancer who 
had completed treatment from March 2018 to April 2018. 
The patient images and plan information are as follows: 

each patient underwent a  CT scan after the insertion of 
a Fletcher applicator (Elekta part no. 189.730). The CT reso-
lution was 0.1 cm × 0.1 cm × 0.3 cm. The ESTRO states that 
CT slice thickness ≤ 3 mm gives the best visualization [15]. 
The CTV and the OARs were generated using the Oncen-
tra Brachy version 4.3 TPS. The OARs included the bladder, 
rectum, and sigmoid. The prescription dose was 6 Gy for the 
CTV. All the plans were optimized using the IPSA + graphic 
approach, optimized with IPSA first and then adjusted us-
ing the graphic method. The source step size was 0.25 cm.

Dose evaluation

The dose grid resolution was 0.1 cm × 0.1 cm × 0.1 cm  
for the TPS and the DVS. The dose calculated by the DVS 
was compared with the dose calculated by the TPS. We 
defined Dx% as the dose expressed in Gy received by x% 
of the total volume and Dycc as the dose expressed in Gy 
received by y cm3. We reported D100% and D90% for the 
CTV and D0.1cc, D1cc, and D2cc for the OARs [16]. The dose 
deviation (Dev) was calculated using formula (10):

Deν = 100% × DTPS – DDVS  ,
                                          DTPS            

   (10)

where DTPS and DDVS were the dosimetric parameters of 
the TPS and the DVS, respectively.

For EBRT, γ analysis is widely used in quality assurance 
[17]. The DVS used 3D γ analysis to verify the dose calcu-
lated by the TPS. The distance criteria were 0.1 cm, and the 
dose criteria were 5%. In order to speed up the γ value cal-
culation, we ignored the point where the dose was less than 
1% of the prescribed dose, that means if the dose at a certain 
point was less than 0.06 Gy, the γ value was not calculated, 
nor it was involved in the calculation of the γ pass rate. 

Workflow

From the perspective of a physicist, the DVS should 
be as automated as possible, preferably without much 
manual intervention. The workflow of the DVS is as fol-
lows: 1. After the patient treatment plan is approved, the 
physicist saves the patient’s DICOM files into a fixed fold-
er on the computer; 2. The DVS automatically scans this 
folder and reads the information from DICOM files for 
dose calculation; 3. The dose is calculated automatically; 
4. The dose from the TPS is automatically compared with 
the dose from the DVS; 5. The comparison result is loaded 
to a user-named txt file for future analysis; 6. The DVS 
automatically deletes the DICOM files in the fixed folder.

This workflow has greatly improved treatment plan-
ning efficiency.

Results
For the CTV, the average difference of D100% of the  

15 patients is 0.07% (minimum –0.63%, maximum 0.57%). 
The maximum and minimum difference of D90% is 0.53% 
and –0.39%, respectively, and the average value is 0.07%. For 
the bladder and rectum, the maximum deviation of D0.1cc, 
D1cc, and D2cc is less than 0.6%, and the sigmoid is 0.8%.

Figure 2 shows the γ pass rate for each patient. The 
average γ pass rate for all of the patients is 98.97%, with 
a minimum value of 98.24%.
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Fig. 2. The γ pass rates of the 15 patients
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Although the γ pass rate is high, it is still necessary to 
pay attention to the points where the γ values are greater 
than 1. Taking one patient as an example, Figure 3 shows 
the positions that failed the γ verification (γ value > 1). 
Points with γ values larger than 1 are mainly concentrated 
in two regions: 1. The dwell positions at the top end and 
the connection end of the applicator; 2. Close to the wall 
of the applicator.

Discussion
This article reports on the implementation method 

and results of the DVS developed in our center. As an 
independent dose verification tool, the DVS can auto-
matically calculate the 3D dose after loading the dwell 
position and dwell time information exported from the 
TPS, and then use dosimetric parameters and γ analysis to 
verify the dose calculated by the TPS. For the 15 randomly 
selected patients in this study, the difference in the DVH 
parameters was less than 0.8% and the γ pass rate was 
greater than 98.24%.

The parameters of the γ calculation of EBRT general-
ly adopt 0.3 cm and 3% but the parameters of this study 
adopted 0.1 cm and 5%. This is because there is a  large 
dose gradient in brachytherapy. The dose calculation grid 
resolution for EBRT is usually 0.3 × 0.3 × 0.3 cm3, whereas 
it is 0.1 × 0.1 × 0.1 cm3 for brachytherapy, and dose accu-
racy within a 5% level is acceptable. We also collected the 
data of the γ analysis when the criteria were 0.3 cm and 
3%. The average γ pass rate for all of the patients in this 
study was 99.42%, with a minimum value of 99.04%. This 
shows that, in brachytherapy, 0.1 cm and 5% is a more 
conservative parameter than 0.3 cm and 3%.

Although the DVS and the TPS use the same dose 
calculation algorithm, there are still individual points 
where the γ value is larger than 1. Two main reasons con-
tribute to this: 1. The dosimetric data of the source has 
a tiny difference between the DVS and the TPS, also the 
data resolution is different. The DVS used a linear inter-
polation for gL and a bilinear interpolation for FL in the 
T(m, n) calculation, and the dose rate contribution dj,i(u, 
ν) is obtained by a bilinear interpolation of the T(m, n). 
The results of the DVS and the TPS after interpolation at 
different resolutions could vary. This reason has a par-
ticularly significant effect on the dose near the applica-
tor since the high-dose gradient of brachytherapy; 2. The 
method of source orientation determination used in the 
DVS differs from the one used in the TPS. That is the rea-
son why Figure 3 shows that the locations of the γ values 
greater than 1 are at the tip end and connection end of 
the applicator.

This DVS can be used for various treatment planning 
systems. DICOM is an international standard for medi-
cal images and related information. The DVS obtains cal-
culation parameters from DICOM files. The AAPM and 
the ESTRO have recommended dosimetric parameters of 
commonly used brachytherapy sources. For sources with-
out dosimetric parameters, the dosimetric parameters can 
be simulated using the method reported in papers [18,19]. 
The method described in this article can be used to con-
duct dose verification for the brachytherapy plan.

Since the dosimetric parameters of the DVS are inde-
pendent from the TPS, errors that are usually not easi-
ly detected can be found such as: accidental changes or 
damage of the radiation source parameter database, cali-
bration date, and activity input error after the radioactive 
source is replaced. However, it should be noted that there 
are several uncertainties and errors in brachytherapy 
[20,21]. Dose verification is only one part of a complete 
quality assurance system. Given that, the dose verifica-
tion software and the TPS use the same dose calculation 
algorithm. The coordinate system, dwell point position, 
and dwell weight also have limitations, such as failure to 
detect the wrong applicator reconstruction and incorrect 
prescriptions, among others. These errors require a phys-
icist to carefully examine the treatment plan.

Conclusions
Assessing the accuracy of dose calculation is critical 

to ensure the accuracy of brachytherapy. The DVS pre-
sented in this study provides a simple and rapid tool that 
can perform dose verification before treatment, and is ex-
pected to reduce the chance of an error that may result in 
a significant detriment to a patient. The DVS can be easily 
modified for other treatment units and TPS. The entire 
verification process of this DVS does not require much 
human-machine interaction; thus, it improves staff work 
efficiency in our department.
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