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Abstract
Purpose: Currently, there are two described methods of catheter insertion for women undergoing multicatheter 

interstitial accelerated partial breast irradiation (APBI). These are a volume based template approach (template) and 
a  non-template ultrasound guidance freehand approach (non-template). We aim to compare dosimetric endpoints 
between the template and non-template approach. 

Material and methods: Twenty patients, who received adjuvant multicatheter interstitial APBI between August 
2008 to March 2010 formed the study cohort. Dosimetric planning was based on the RTOG 04-13 protocol. For stan-
dardization, the planning target volume evaluation (PTV-Eval) and organs at risk were contoured with the assistance 
of the attending surgeon. Dosimetric endpoints include D90 of the PTV-Eval, Dose Homogeneity Index (DHI), V200, 
maximum skin dose (MSD), and maximum chest wall dose (MCD). A median of 18 catheters was used per patient.  
The dose prescribed was 34 Gy in 10 fractions BID over 5 days. 

Results: The average breast volume was 846 cm3 (526-1384) for the entire cohort and there was no difference be-
tween the two groups (p = 0.6). Insertion time was significantly longer for the non-template approach (mean 150 min-
utes) compared to the template approach (mean: 90 minutes) (p = 0.02). The planning time was also significantly longer 
for the non-template approach (mean: 240 minutes) compared to the template approach (mean: 150 minutes) (p < 0.01). 
The template approach yielded a higher D90 (mean: 95%) compared to the non-template approach (mean: 92%) (p < 0.01). 
There were no differences in DHI (p = 0.14), V200 (p = 0.21), MSD (p = 0.7), and MCD (p = 0.8). 

Conclusions: Compared to the non-template approach, the template approach offered significant shorter insertion 
and planning times with significantly improved dosimetric PTV-Eval coverage without significantly compromising 
organs at risk dosimetrically. 
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Purpose
Breast conservation surgery (BCS) followed by whole 

breast irradiation has become the standard of care for ear-
ly breast carcinoma [1-4]. However, the duration of treat-
ment remains between 5 to 6 and a half weeks. The need for 
whole breast irradiation has been questioned and several 
centres have evaluated the feasibility and efficacy of accel-
erated partial-breast irradiation (APBI) [5-7]. Accelerated 
partial-breast irradiation represents a technique that allows 
for the delivery of adjuvant therapy after BCS in 1 week or 
less with multiple techniques being available at this time. 

To date, at least seven phase III trials comparing different 
techniques of APBI to conventional WBI have been initi-
ated [8-12]. Polgár et al. [13] demonstrated excellent long-
term local tumour control, survival, and cosmetic results 
with a low-rate of long-term toxicity in a 12 year prospec-
tive study using multicatheter interstitial brachytherapy. 
Currently, the American Brachytherapy Society recom-
mends proper patient selection for APBI and the current 
guidelines are for APBI in age (> 50 years old), tumor size 
(< 3 cm), histology (all invasive subtypes and ductal carci-
noma in situ), surgical margins (negative), lymphovascular 
space invasion not present, and negative nodal status [14]. 
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Controlling local disease using radiation therapy relies 
on adequate target volume coverage. Retrospective studies 
show a strong positive correlation between local recurrence 
and inadequate coverage [15]. The ability to consistently 
and reproducibly localize and fully irradiate the tumor site 
is very important in radiation therapy. Brachytherapy re-
lies on accurate catheter insertion, where immobilization 
and guidance are key factors [16]. Patient immobilization 
has many aspects, ranging from limiting movement of the 
patient’s body to specific tissue immobilization devices. 
The Kuske breast applicator (Nucletron, an Elekta com-
pany, Elekta AB, Stockholm, Sweden) is currently widely 
used in multicatheter interstitial brachytherapy as an im-
mobilization device. It is an adjustable template with inte-
grated guiding plates that are used to compress the breast 
and guide placement of brachytherapy needles. Another 
technique that has been used in multicatheter interstitial 
brachytherapy is the ultrasound guided free hand method, 
in which ultrasound guided visualisation of the cavity is 
used to guide catheter insertion into the cavity with needle 
placement being marked on the skin prior to the insertion. 
While both techniques have their advantages and remain 
popular at different centres, there is no published data 
that compares the two techniques. In this study, we look 
at both techniques comparing the insertion time, planning 
time, and the dosimetric outcomes.

Material and methods
Between August 2008 and March 2010, 20 consecutive 

patients treated with APBI with multicatheter HDR in-
terstitial brachytherapy were included in the study. All 
patients underwent lumpectomy and axillary nodal eval-
uation either by sentinel node biopsy or axillary clear-
ance. Patients were selected as per the criteria of Europe-
an Society of Radiotherapy and Oncology (ESTRO) APBI 
consensus guidelines [17], which included: 1) tumours 
of less than 3 cm in size; 2) no lymph node involvement;  
3) negative surgical margins; 4) no multicentric disease or 
extensive intraductal component; 5) patients > 40 years 
of age with no prior history of cancer. Institutional ethics 

approval was obtained and informed consent was attain
ed from each patient. 

Implant technique

Within 8 weeks of lumpectomy and axillary nodal eval-
uation, patients underwent an interstitial implant using ei-
ther an ultrasound guided free hand method (non-template) 
or a template method [18]. Both methods were performed 
in the supine position. In the non-template method, the tar-
get volume was first mapped out on the skin surface with 
ultrasound visualisation of the lumpectomy cavity (Fig. 1). 
Needle placement was marked on the skin with a 1.5 cm in-
terval. Needles were placed using the Paris system parallel 
to each other, ensuring adequate coverage of the cavity with 
generous use of a local anaesthetic mixture. Initially, a deep 
plane of needles was placed on the pectoralis major fascia 
with real-time ultrasound guidance. This was followed by 
at least one superficial plane resulting in a multiplane im-
plant for adequate geometric coverage of the target volume. 

In the template method, once the cavity was localized, 
the ipsilateral breast area was surgically prepared under 
sterile conditions. To avoid injury to the underlying chest 
wall structures or causing a pneumothorax, the overlying 
breast was pinched and gently lifted off the chest wall be-
fore applying the template and securing it. 3-5 anchoring 
needles were then placed in an asymmetric pattern usually 
involving C-12. C-12 was the grid coordinates of the tem-
plate that corresponded to the center of the template. The 
purpose of the asymmetric pattern is to aid easy orienta-
tion of the template in reference to the patient’s anatomy, 
as well as to secure and prevent slipping of the template 
from the breast (Fig. 2). A CT scan was then obtained with 
the anchoring catheters in-situ. These images were then 
reconstructed on the Oncentra planning system (Nucle-
tron, an Elekta company, Elekta AB, Stockholm, Sweden). 

Planning technique

The planning target volume (PTV) was formed by ex-
panding 20 mm from the clinical target volume (CTV), 
which was determined from the contrast enhanced tumor 

Fig. 1. Ultrasound localization of the target volume 
in the free hand technique 

Fig. 2. Insertion of catheters with the use of a tem-
plate 
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cavity and any surrounding surgical clips. The PTV-Eval 
was formed by excluding the 5 mm skin rind, as well 
as the underlying chest wall muscle layer. The skin was 
also contoured on the sagittal slice depicting the largest 
breast contour (usually the slice showing the nipple), 
and the most anterior chest wall surface was also con-
toured. The images were then reoriented in Oncentra to 
depict the “template view” to determine the location of 
the remaining catheters. Next, an overlying photocopy 
of the template on a  transparency was placed on top of 
the screen and the “template view” template magnifica-
tion was matched 1 : 1 to the overlaid template transpar-
ency (Fig. 3). The corresponding anchoring needle posi-
tions were then marked on the overlaid transparency and  
the chest wall, and PTV-Eval contour were outlined onto 
the transparency. Once done, the catheter placement for 
the remaining catheters was easily determined. 

In both procedures, the final step required replacing  
the needles with polyethylene tubing with a  hemispheric 
button at each end. Extra attention was given to make sure 
that the button on the connector side of the remote afterload-
er was flush to the skin. After each catheter was trimmed 
and numbered, an en face picture of the implant showing 
the catheter numbers with respect to the breast anatomy 
was obtained to aid in the reconstruction of the catheters. 
CT-based simulation of the patient was performed with the 
patient in supine position and the images were then trans-
ferred to the Oncentra (Nucletron, an Elekta company, Elek-
ta AB, Stockholm, Sweden) treatment planning system. 

Dosimetry

A total of 34 Gy in 10 fractions, two fractions per day, 
3.4 Gy per fraction, separated by at least 6 hours, given 
on 5 treatment days was delivered via a 192Ir remote af-
terloader in supine position. Target coverage was ≥ 90%  
of the prescribed dose covering ≥ 90% of the PTV-Eval 
(D90 ≥ 90%). Care was taken to ensure that the skin dose 
did not exceed the prescription dose [19]. In our study, 
the dose constraint for the skin was set as less than  
100% of the prescribed dose. To assure appropriate dose 
homogeneity throughout the implant, two parameters 
were used: the volume of tissue receiving higher doses 
and a Dose Homogeneity Index (DHI). The actual volume 
of tissue receiving 150% (V150) and 200% (V200) of the pre-
scribed dose was limited to ≤ 70 cc and ≤ 20 cc, respective-
ly. The DHI, as represented by the volume ratio (1 – V150/
V100), will be ≥ 0.75 (V150 represented the volume of tissue 
receiving 150% of the prescribed dose, and V100 represent-
ed the volume of tissue receiving the prescribed dose). 
The maximum skin dose (MSD) and maximum chest wall 
dose (MCD) were also recorded for each patient. 

In addition, < 60% of the ipsilateral whole breast ref-
erence volume received ≥ 50% of the prescribed dose. The 
online Breast Atlas from the RTOG website was used to 
target the whole breast reference volume [20]. 

Insertion and planning time

Insertion time was defined as the time taken from start 
of patient’s clean and drape sterile prep to the time when 
the CT simulation images were acquired. Planning time 

was defined from the start of contour voluming to the time 
of plan approval. 

Statistical analysis

The results were analysed statistically using the Stata 
v11.0 (Statacorp USA). The two-sample Wilcoxon rank 
sum (Mann Whitney U test) was used in the analysis giv-
en the small sample size. 

Results
Of the 20 patients in the study, 12 underwent the non- 

template method and 8 underwent insertion using the 
template method. A  median of 18 catheters was used  
per patient (range 16-24) and median time to insertion was 
2 weeks post surgery. Average breast volume was 846 cm3 
(range 526-1384) and the average PTV-Eval volume was 
256 cm3 (range 182-416). 

Patient characteristics

There were 16 patients with T1-2 breast tumours and 
4 patients with DCIS treated in our study group. The av-
erage age of the patients was 56. The average breast size 
of our patients was 816.5 cc (range 526.4-1384.7). The av-
erage number of catheters used was 17.2 (range 14-18). 

Comparison between both techniques

We found that insertion time and planning time was 
significantly longer for the non-template method compared 
with the template method. The difference was 60 minutes 
longer on average for insertion and 90 minutes longer for 
planning. 

When we compared dosimetry from the plans, we 
found that the D95 was 3.13 Gy (92% of the prescribed 
dose) on average with the non-template method, which 
was significantly lower compared to 3.3 Gy (97% of the 
prescribed dose on average) with the template method 
(p value < 0.01). Other dosimetric parameters such as the 
V200, MSD and DHI were not significantly different be-
tween the two techniques. See Table 1.

Fig. 3. Use of an overlaid transparency to mark 
the chest wall contour and the cavity
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Discussion
Our study shows that using the template had the ad-

vantages of saving both planning and insertion time, as 
well as a  dosimetric benefit of superior dose coverage. 
Individually, our results compared well with centres that 
specialized in either technique. For departments wishing 
to start multicatheter interstitial breast brachytherapy, we 
believe that the template approach offers superior dosi-
metric outcomes and shorter treatment procedure times 
compared to the non-template approach even in novice 
hands. 

Multicatheter interstitial brachytherapy has been gain-
ing popularity as an adjuvant treatment in early breast 
cancer due to its short time of delivery, good outcomes, 
and excellent cosmesis [21,22]. There are many tech-
niques currently in use at different centres. Despite this, 
there are no studies that compare the different techniques 
and look at the advantages of one technique over another. 
This study is the first to compare two popular methods 
of multicatheter interstitial brachytherapy. While prefer-
ence of technique is dependent on a large number of fac-
tors including staff training, tumour location, and patient 
breast size, our comparison shows significant gains of the 
template method in saving time and improving dosime-
try. In our centre, our radiation oncologists were trained 
in both techniques giving flexibility in technique selection 
for each patient. The current Radiation Therapy Oncology 
Group trial RTOG 04-13 technical guidelines for intersti-
tial brachytherapy are a target coverage of (≥ 90% dose re-

ceived by ≥ 90% target volume, V150 < 70 cm3, V200 < 20 cm3  
and dose homogeneity index ≥ 0.75) and skin dose vol-
ume histogram parameters (maximum 100% of prescrib
ed dose). Our results using both techniques compare fa-
vourably with these guidelines. 

We compared the results of our non-template tech-
nique and our template technique with the results from 
the University of Wisconsin [18] and Tufts University 
[23], respectively. These two institutions are centres for 
APBI training in these techniques. Our results were com-
parable to these institutions (Table 2). 

Limitations

As technique selection was not randomised in this 
study, there were some patients in whom the non-tem-
plate technique was used because of small breast size or 
because the tumour cavity was located very medially or 
laterally. This could have been a source of bias in tech-
nique selection. APBI in these patients could be techni-
cally difficult reflecting the longer insertion time. APBI in 
the technically difficult patient is a field of further study 
and development that we are researching. 

In this study, only 16 patients were recruited as this is 
a pilot study comparing two different techniques. Subse-
quent studies into APBI should compare various techniques 
of catheter insertion and dose delivery, as well as planning 
techniques to decrease planning and insertion time. 

Current developments in other breast brachytherapy 
techniques include multilumen balloon catheters (Con-

Table 1. Comparison between the ultrasound guided freehand and template techniques 

Factor Freehand (non-template) Template

Mean Range Mean Range

D90 3.13 Gy (92%) 3.06-3.13 3.30 Gy (97%) 3.26-3.33 p < 0.01

DHI 74% 72-76 76% 75-77 p = 0.14

V200 9.6 cm3 6.9-12.1 8.0 cm3 7.0-9.4 p = 0.21

MSD 100% 90-110 90% 80-100% p = 0.7

MCD 80% 50-100 60% 40-80 p = 0.8

Insertion time 150 minutes 130-180 90 minutes 60-120 p = 0.02

Planning time 240 minutes 200-260 150 minutes 120-180 p < 0.01

Table 2. Comparison of our results with other institutions

Factor Freehand  
(non-template)

University of Wisconsin 
(n = 50) 

Template Tufts University (n = 75) 

D90 3.13 Gy (92%) 96% 3.30 Gy (97%) 95% 

DHI 74% 70% 76% 80%
(mean excision volume for 

Tufts was 92 cm3)

V200 9.6 cm3
 

*10 ccm3
 

8.0 cm3 12 cm3 

MSD 100% 100% 90% 100% 

MCD 80% 80% 60% 80% 

*Personal communication with Dr Patel
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tura, SenorX Corp, USA), which do not require a  tem-
plate and may be suitable in certain patients. The APBI 
program in our centre was introduced 5 years ago and 
since then we have treated over one hundred patients in 
the program using either technique, but predominately 
favouring the template approach. This has allowed us 
to build up adequate experience in both techniques. We 
have no local recurrences or Grade 3 toxicity in our pa-
tients and the cosmesis of this procedure at our centre 
remains excellent. Our experience shows that adequate 
training of staff, exposure, and use of various techniques 
in brachytherapy can allow diversity in a centre and al-
low comparisons between techniques. 

Conclusions
Compared to the non-template approach, the tem-

plate approach offered significantly shorter insertion and 
planning times with improved dosimetric PTVeval cov-
erage without significantly compromising organs at risk. 
This template approach should form the starting point 
for any department wishing to commence multicatheter 
interstitial breast brachytherapy. 
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