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Abstract 
Purpose: Radiotherapy for breast cancer includes different techniques and methods. The purpose of this study 

is to compare dosimetric calculations using TG-43 dose formalism and Varian AcurosTM BV (GBBS) dose calculation 
algorithm for interstitial implant of breast using metal catheters in high-dose-rate (HDR) brachytherapy, using 192Ir. 

Material and methods: Twenty patients who were considered for breast conservative surgery (BCS), underwent 
lumpectomy and axillary dissection. These patients received perioperative interstitial HDR brachytherapy as upfront 
boost using rigid metal implants. Whole breast irradiation was delivered TG-43 after a gap of two weeks. Standard 
brachytherapy dose calculation was done by dosimetry. This does not take into account tissue heterogeneity, atten-
uation and scatter in the metal applicator, and effects of patient boundary. AcurosTM BV is a Grid Based Boltzmann 
Solver code (GBBS), which takes into consideration all the above, was used to compute dosimetry and the two systems 
were compared. 

Results: Comparison of GBBS and TG-43 formalism on interstitial metal catheters shows difference in dose pre-
scribed to CTV and other OARs. While the estimated dose to CTV was only marginally different with the two systems, 
there is a significant difference in estimated doses of starting from 4 to 53% in the mean value of all parameters ana-
lyzed. 

Conclusions: TG-43 algorithm seems to significantly overestimate the dose to various volumes of interest; GBBS 
based dose calculation algorithm has impact on CTV, heart, ipsilateral lung, heart, contralateral breast, skin, and ribs 
of the ipsilateral breast side; the prescription changes occurred due to effect of metal catheters, inhomogeneities, and 
scatter conditions. 
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Purpose 
Breast cancer is the second most common cancer in 

the world and the most common cancer among women. 
Brachytherapy is used as a method to boost radiation dose 
in breast conservation treatment, as a primary treatment 
after initial tumour removal, followed by supplemented 
external beam radiotherapy [1]. The benefit of boost irra-
diation has been reported by the European Organization 
for Research and Treatment of Cancer (EORTC) 22881-
10882 trial, which showed a significantly improved local 
control among patients who received a boost irradiation 
to the tumour bed [2]. One of the methods of accelerated 

partial breast irradiation (APBI) with the longest experi-
ence is the multi-catheter based brachytherapy [3] using 
either flexible or rigid metal implant. 

The current approach is based on the AAPM TG-43 
formalism with recent advances in acquiring single-source 
dose distributions. However, this formalism has clinical-
ly relevant limitations for calculating patient dose. The 
influence of tissue, applicator heterogeneities, and finite 
patient dimensions are all ignored. Heterogeneity calcula-
tions may significantly improve the accuracy of treatment 
planning systems because they can compensate for air in 
the bowel, applicator materials, and patient boundaries 
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[4-9]. Deterministic Grid Based Boltzmann Solver (GBBS; 
AcurosTM BV software; Transpire Inc., Gig Harbor, WA, 
USA) was developed specifically to perform accurate 
and rapid dose calculations for radiation therapy [4]. For 
brachytherapy, AcurosTM BV solves the linear Boltzmann 
transport equation for photons on a locally adaptive Carte-
sian grid. A commercial TPS with a GBBS is now available 
for use with some number of 192Ir sources [5]. Based on the 
review of the literature, the author concluded that accept-
ed clinical dose parameters can be over or underestimat-
ed by 5% in numerous situations [5-8]. Model-based dose 
calculation algorithms (MBDCAs) offer the possibility of 
departing from water-only geometries by modelling radi-
ation transport in non-water media (tissues, applicators, 
air-tissue interfaces), resulting in a much more physically 
accurate reconstruction of the dose distribution actually 
delivered to the patient [8]. The purpose of this study is 
to compare the dosimetric parameters in breast interstitial 
metal implant using rigid metal catheters Varian AcurosTM 
BV (GBBS) algorithm and TG-43 dose formalism. 

Material and methods 
Patients 

Twenty patients were considered for breast conserva-
tive surgery (BCS) and underwent a lumpectomy and ax-
illary dissection. These patients received perioperative in-
terstitial High Dose Rate brachytherapy as upfront boost 
using rigid metal implants. Whole breast irradiation was 
delivered after a gap of two weeks. The patient character-
istics are tabled in Table 1. 

Implant technique 

After a lumpectomy, the implant procedure was done 
under general anaesthesia, and rigid template system in-
serted needles. The decision of doing a double plane or 
a  triple plane implant was based on the depth and size 
of the lumpectomy cavity. The interplane separation was  
1 cm and inter-catheter separation was 1 cm. 

Contouring 

All patients in this study underwent computed tomog-
raphy simulation, using SiemensTM (Siemens AG, Munich, 
Germany) computed tomography scanner. A 3 mm slice 

thickness was used to get 3D image data set. The clinical 
radiation oncologist delineated contours. The Clinical 
Target Volume (CTV) was drawn using the surgical clips 
placed at the time of lumpectomy in medial, lateral, crani-
al, caudal, superficial, and deep margins. The other delin-
eated contours include contralateral breast, heart, ipsilat-
eral lung, contralateral lung, ribs, and skin. Contours such 
as ipsilateral breast excluding CTV, Vref, V150%, and V200% 
(V150%, V200% – volume of the anatomic volume receiving 
150%, 200% of the prescribed dose)  were created after dose 
calculation. 

Treatment planning 

The treatment planning system (TPS) used was 
Brachy Vision version 10.0 software (Varian Medical Sys-
tems, Palo Alto, CA, USA) and AcurosTM BV with version 
1.4.0 software. The 192Ir Gammamed HDR plus source 
listed in the library of origin was used. The Grid Based 
Boltzmann Solver (GBBS) AcurosTM BV uses the Gamma-
med plus HDR 192Ir source (Varian Medical Systems, Palo 
Alto, CA,USA). 

Initially, all plans were optimized by using AAPM 
TG-43 formalism so that the prescribed dose encloses CTV 
with adequate sparing of organs at risk. Geometrical and 
graphical optimizations were used to get the required 
CTV coverage and to spare OARs. Some patients required 
manual optimization as well. AcurosTM BV was used to 
compare these plans. American Brachytherapy Society, 
Breast Brachytherapy Task Group recommendations were 
followed for dosimetric evaluation. The three-dimensional 
calculation was done, and DVH-based analysis was used 
for evaluation. Tumour bed boost radiation of 15 Gy in  
6 fractions, delivered twice daily with a minimum of 6 hours 
interval between fractions for all patients in this study. 

Paired t-ratio, statistical analysis tool using SPSS 21 
software were used to compare doses estimated to CTV, 
OAR by two algorithms. 

Plan evaluation 

The prescription dose must encompass the target 
volume. Breast dose parameters should include Clinical 
Target Volume (CTV), Clinical Target Volume reference 
(CTVref), Vref, V150%, and V200%. Ipsilateral breast exclud-
ing CTV is taken into account for dose estimation, which 
include Dmean, V25%, V50%. Heart and ipsilateral lung in-
clude Dmean, Dmax, D2cc, D0.1cc, V5%, V10%. Contralateral 
breast, contralateral lung, skin, and ribs dose parameters 
include Dmean, Dmax, D2cc, D0.1cc.The indices used in this 
study [10-14] are as follows: 
1. �Coverage index (CI): CTVref/CTV volume Ideal (Ideal 

CI = 1). 
2. �Dose homogeneity index (DHI): 1– V150%/CTVref (Ideal 

DHI = 1). 
3. �Overdose volume index (OI): V200%/CTVref (Ideal  

OI = 0). 
4. �External volume index (EI): 1– CTVreference/Vref (Ideal 

EI = 0). 
5. �Conformity Index (COIN): C1 × C2 
Where C1 = CTVref/CTV Volume and C2 = CTVref/Vref 
(Ideal COIN = 1). 

Table 1. Patient characteristics

Minimum Maximum Median

Age 41 53 47

Number of catheters 15 19 17

Number of plane 2 3 2.5

CTV volume (cc) 24.8 127.3 76.05

CTV distance from  
ipsilateral lung (cm)

3.12 5.92 4.52

CTV distance from skin 
(cm)

0.12 0.34 0.23

CTV – clinical target volume 
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COIN describes how well the reference dose encom-
passes the CTV and excludes non-target structures. 

Results 
The Cumulative Dose Volume Histogram (DVH), dif-

ferent dose-volume indices were derived as shown in Ta-
ble 2. Differences in the relative response as high as 11.5% 
were found from the homogeneous setup when the het-
erogeneous materials were inserted into the experimental 
phantom. The results derived from the phantom mea-
surements show good agreement with the simulations 
and TPS calculations, using Acuros™ algorithm [15].  
In this study, AcurosTM BV estimated mean CTVref was 
4% less and reference dose enclosing CTV was 5% less  
(p < 0.001) compared to TG-43 dose calculations. Similar-
ly, AcurosTM BV estimated V150% and V200% was 19% and 
52% less than that of TG-43 estimates. In spite of high-
er percentage differences, in terms of absolute value, it 
is trivial. CI of 0.91 has been achieved for breast implant 
[3] but in this study using TG-43 formalism 0.93 was 
achieved. When using AcurosTM BV, 3% decrease was 
noted, which was due to heterogeneity correction. Mean 
DHI 0.70 ± 0.10 was 9% greater than TG-43 dose calcu-
lation indicates that homogeneity was better. OI and EI 
estimates were 53% and 19% less than the TG-43 based 
calculation. In AcurosTM BV calculations, mean COIN 
was 2% less, and a p-value of 0.03 was observed. Figure 1 
shows the isodose distribution for comparison between 
AcurosTM BV and TG-43 formalism on the same CT slice 
using 192Ir Gammamed plus source. The DVH shown 
in Figure 2 depicts the noteworthy difference in DVH 
at a higher dose. The comparison of indices along with 
mean values are shown in Figure 3. 

The skin, ipsilateral lung, and contralateral breast can 
develop complications as a result of breast radiotherapy. 
Dose to these organs must be considered when compar-
ing the profiles of two planning algorithms [16]. A reduc-
tion of 39% and 17% is observed in the Dmean and Dmax 
values of the contralateral breast. Mean D2cc and D0.1cc of 
the contralateral breast show 20% and 18% reduction in 

AcurosTM BV estimates compared to that of TG-43. GBBS 
dose estimates to heart for Dmean and Dmax was 13%, and 
5% less than TG-43 based calculation (Figure 4). V5% 
and V10% showed a decrease of 22% (p = 0.001) and 26%  
(p = 0.055), respectively. For contralateral lung, the Acu-
rosTM BV estimates for Dmean and Dmax was 22% and 17% 
less than TG-43 calculations, and D0.1cc and D2cc values 
were 16% and 19% lesser. 

In ipsilateral lung, AcurosTM BV dose estimate for 
Dmean decreased by 5% (p = 0.007) and by 7% for Dmax. 
Both D2cc and D0.1cc show 7% reduction in the dose com-
pared to TG-43 calculations. V5% and V10% had a greater 
reduction of 13% and 25% dose compared to TG-43 esti-
mates. The Box and Whisker plot for Dmean, Dmax, V5% and 
V10% of the ipsilateral lung are shown in Figure 5. Due to 
the proximity of ribs to CTV, the contribution of dose to 

Table 2. Comparison between 192Ir Acuros BV and 192Ir TG43 by parameters related to clinical target volume (CTV) 

Parameters 192Ir Acuros BV 192Ir TG-43 Diff. % Paired t-ratio p-value

Mean SD Mean SD

CTVref (cc) 50.07 23.99 51.96 25.33 –4% 4.512 < 0.001

Vref (cc) 53.07 24.36 55.91 25.87 –5% 6.397 < 0.001

V150% (cc) 15.57 11.04 19.19 12.51 –19% 4.774 < 0.001

V200% (cc) 2.37 3.78 4.96 3.96 –52% 7.492 < 0.001

Coverage index (CI) 0.9 0.04 0.93 0.03 –3% 5.735 < 0.001

Dose homogeneity index (DHI) 0.7 0.1 0.65 0.08 8% 6.036 < 0.001

Overdose volume index (OI) 0.04 0.06 0.09 0.05 –56% 10.021 < 0.001

External volume index (EI) 0.06 0.03 0.08 0.04 –25% 0.39 < 0.001

Conformity index (COIN) 0.84 0.04 0.86 0.05 –2% 2.345 0.03

CTV – clinical target volume, Diff. – difference, V – volume 

Fig. 1. Isodose distribution on Left Breast using 192Ir Gam-
mamed HDR plus source with AcurosTM BV and isodose 
distribution on the same CT slice using 192Ir Gammamed 
HDR plus source with TG-43 formalism 
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the ribs was included in the comparison. AcurosTM BV 
Dmean and Dmax values show a reduction of 11% and 5% 
compared to TG-43 dose values. The skin was demarcat-
ed as 5 mm from the surface on the ipsilateral breast area 
as skin contour. AcurosTM BV dose values show a reduc-
tion of 14% in Dmax and 11%in Dmean values computed 
by TG-43 dose formalism (Figure 6). D2cc and D0.1cc show 
a dose reduction of 5% compared to conventional TG-43 
dose calculations. 

Discussion 
An ideal brachytherapy treatment planning system 

should take into consideration the effect of the applica-
tor, tissue inhomogeneity, and patient finite dimensions 
while computing dose distribution. For high-Z materials 
utilized in clinical practice for shielding purposes, sat-
isfying accuracy at points just beyond the distal end of 
bounded inhomogeneities. This accuracy was found to 
deteriorate, however, with increasing distance due to the 

inability of the proposed model to account for the effect 
of laterally scattered photons [17]. The attenuation due to 
the interposition of a stainless steel catheter is expected 
to lead to a dose reduction. The influence of applicator 
material used in the calibration setup was found to be 
1.7% for stainless steel dosimetry applicator compared to 
the plastic 5F applicator [18]. While AcurosTM BV dose 
calculation engine is not currently used for optimization 
and dose prescription, it was found to correctly account 
for heterogeneities and patient specific scatter conditions 
providing accuracy comparable to Monte Carlo (MC) 
simulation [19]. The AcurosTM BV used for brachyther-
apy dose calculation reduces the total error (3%) in de-
termination of the dose to any given point, and allows 
for further development towards methods for accounting 
not only for heterogeneities within the patient volume 
but for the actual shape and size of the patient in the clin-
ical situation [20]. 

When dose calculated using the two algorithms (Acu-
rosTM BV and TG-43) were compared, the dose to CTV 

Fig. 2. A) DVH comparison of CTV between 192Ir AcurosTM BV and 192Ir TG-43 formalism in BrachyvisionV10.0 treatment plan-
ning system. The difference in the dose are larger at higher doses. B) DVH comparison of OAR’s between 192Ir AcurosTM BV and 
192Ir TG-43 formalism in BrachyvisionV10.0 treatment planning system. Dose difference seen all along the volume 

A

B
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Fig. 3. Comparison between 192Ir AcurosTM BV and 192Ir TG-43 of various indices along with mean value 
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Fig. 4. Box and Whisker plot of comparison between Dmean and Dmax value of heart using 192Ir AcurosTM BV and 192Ir TG-43

was overestimated by 4% when TG-43 formalism was 
used. Comparisons of MC and TG-43 results in all mod-
els (two voxelized mathematical models resembling an 
oesophageal and a breast brachytherapy patient, as well 
as an actual breast brachytherapy patient model) showed 
significant differences [19]. Doses at V200% and V150% were 
however higher (52% and 19%). TG-43 dose underestima-
tion is observed within or close to the catheters, as well as 
in the drive side of the CTV [19]. 

Similarly, the dose to the contralateral breast, lung, 
ribs, and skin all showed marked variation. Dose overes-
timation is more evidently shown where percentage dose 
differences up to 10% in the lung and 20% in the breast 
skin are observed between TG-43 and MC results. Ample 
literature exists that presents data similar to the compar-
ison between MC and TG-43 results performed in this 

work to quantify the accuracy improvement achieved 
by AcurosTM BV [19]. The doses as depicted using TG-43 
formalism showed difference ranging from 4% to CTV to 
about 52% to V200%. The dose computations is appreciably 
improved when using AcurosTM BV, as it takes into con-
sideration the tissue homogeneity as well as attenuation 
and scatter in metal catheters. Appropriate dose correc-
tion can be made to CTV and the other organs of inter-
est in the volume of irradiation. The study indicates that 
AcurosTM BV dose calculation makes a sizeable difference 
compared to TG-43 based estimate. 

Conclusions 
The implementation of AcurosTM BV for 192Ir bra

chytherapy dosimetry in homogeneous water geometries 
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yields results of comparable accuracy to the golden stan-
dard of MC simulation [21]. The dosimetric validation of 
deterministic radiation transport based TPS in employing 
shielded applicator, TPS, and MC dose distributions were 
found in agreement, which is mainly within ± 2% [22]. 
The expected benefit of Acuros BV in dosimetry planning 
is in the amount of reduction it will achieve (through the 
individualization of patient dosimetry) in the variance of 
the response of clinical trial populations [23]. The dose to 
CTV was 4% less when AcurosTM BV was used for calcu-
lation. The AcurosTM BV takes into consideration absorp-
tion through the metal catheter, tissue inhomogeneity, 
and helps in more accurate dose computation and define 
actual doses delivered. Similarly, the dose to ribs, con-
tralateral breast are overestimated by TG-43 formalism. 
While the differences in estimation do not alter the real 
treatment as the difference was less than 5% of CTV dose. 
The AcurosTM BV also showed lower doses to organs at 
risk and these guide us to make minor corrections while 
reporting. 
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