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Abstract
Purpose: In partial-breast irradiation (PBI), accurate lumpectomy cavity (LC) delineation is critical. Seroma-based 

delineation (SBD) using computed tomography (CT) with clips remains uncertain, causing an expansion of the LC and 
planning target volume (PTV). In catheter-based delineation (CBD), the implanted catheters were used as reference 
markers for LC delineation in multicatheter interstitial brachytherapy (MIB).

Material and methods: Between October 2008 and October 2018, 513 patients who underwent MIB-PBI were exam-
ined. In CBD, anatomical relations of LC to catheters were recorded. In randomly selected 22 CBD cases, the LC volume 
and PTV were retrospectively recontoured on SBD, and the relationship between the contribution of CBD and cavity 
visuality was evaluated. The LC volume and PTV before and after the introduction of CBD were compared.

Results: The mean LC volumes based on SBD and CBD were 19.1 cm3 and 14.1 cm3, respectively (p < 0.001). The 
mean PTVs based on SBD and CBD were 47.9 cm3 and 35.7 cm3, respectively (p < 0.0001). More reductions in the LC 
volume (5.1 cm3) (p < 0.05) and PTV (7.7 cm3) (p = 0.13) were observed in the poorly visible LC than in the visible 
LC. The LC volume and PTV before the introduction of CBD (n = 411) were compared with those after introduction  
(n = 102). Significant reductions were observed in the LC volume (5.9 cm3) (p < 0.0001) after the introduction of CBD; 
moreover, PTV tended to be reduced (3.9 cm3) (p = 0.17).

Conclusions: CBD may help to establish the standardized procedure for MIB-PBI and prevent unnecessary radia-
tion exposure to the normal breast tissue. 
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Purpose 
Breast-conserving therapy (BCT) comprising breast- 

conserving surgery (BCS) and whole-breast irradiation 
(WBI) has been recognized as a  standard local therapy 
for patients with early-stage breast cancer. Recently, this 
treatment has been reported to not only maintain the body 
image, but also have a  possible benefit of better overall 
survival than mastectomy [1,2]. However, some patients 
choose mastectomy over BCT, even with favorable fea-
tures of local recurrence due to limited access to radiation 
facilities and potential side effects of radiotherapy [3]. Ev-
idence on partial-breast irradiation (PBI) as an alternative 

radiotherapy to WBI to solve the aforementioned issues 
has been accumulated. Among the several PBI techniques 
reported, there are two techniques with high-level evi-
dence: 5/6-day multicatheter interstitial brachytherapy 
(MIB) by the Groupe Européen de Curiethérapie (GEC) 
and the European Society for Radiotherapy & Oncology 
(ESTRO) trial [4,5], and 3-week intensity-modulated ra-
diotherapy (IMRT) by the Intensity Modulated and Partial 
Organ Radiotherapy (IMPORT) LOW trial [6], showing 
equivalent tumor control and toxicities. In PBI with high-
dose per fraction, the amount of radiation should be con-
trolled to prevent late toxicity and poor cosmetic outcome 
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[7,8]. In PBI treatment via brachytherapy, the planning tar-
get volume (PTV) can be reduced compared with external 
radiation beam techniques because of the lack of setup er-
ror and respiratory movement, and MIB-PBI has potential 
benefits by improving cosmesis and quality of life [9,10]. 

To minimize PTV in MIB-PBI with satisfactory tu-
mor control and cosmetic outcomes, accurate catheter 
placement and lumpectomy cavity (LC) delineation are 
critical. We performed MIB-PBI using the intraoperative 
open-cavity implant (IOCI) technique, which showed 
outcomes equivalent to those in other western countries 
[11,12]. In target planning, referring to preoperative and 
post-operative computed tomography (CT) images and 
a surgical clip placement could help in accurate LC de-
lineation [13,14]. Although the IOCI technique has an 
advantage of accurate catheter insertion into the tumor 
bed, several problems of CT/clip-assisted seroma-based 
delineation (SBD) remain, including migrating clips, 
a limited number of clips for irregular LC shapes, and in-
visible fluid-filled cavity in dense breasts [15]. Uncertain-
ties in delineating LC can be obviated by adding margins, 
leading to an increase in dose to the normal tissue. This 
radiation field expansion with uncertainty has a harmful 
influence on small-breasted patients. Therefore, a definite 
LC delineation method to perform MIB-PBI is particular-
ly needed in introducing the western technique in Asian 
women because of their small breast size [16]. 

In performing MIB-PBI, implanted catheters provide 
additional geographic information of the LC on CT/clip 
image, which could be used as reference markers. We de-
veloped the catheter-based delineation (CBD) technique 
to contour LC more accurately, leading to a  reduction 
of unnecessary radiation dose to the normal tissue. This 
study aimed to evaluate the importance of additional in-
formation obtained from CBD and SBD in reducing LC 
volume and PTV. 

Material and methods 
Patient and breast-conserving surgery 

Between October 2008 and October 2018, 513 consec-
utive patients who underwent BCS followed by MIB-PBI 
using the IOCI technique were examined. In general, 
our MCB-PBI treatment has been employed for patients 
satisfying the following criteria: aged ≥ 40 years, tumor 
diameter ≤ 3 cm, pN0-1 mi, and negative surgical mar-
gin, which were similar to the inclusion criteria of the 
GEC–ESTRO trial [4]. In our study, BCS was a  lumpec-
tomy performed as per the American standard to excise 
a  tumor with minimum 1-cm gross rim of the adjacent 
tissue with deep-layer approximation [17]. Using a speci-
men mammography, additional tissue was resected if the 
margin appeared close to the tumor. After subcutaneous 
skin closure, the LC was filled with the standard saline 
to attempt breast contour. This procedure is our routine 
practice with or without an attempt of catheter implant. 

Catheter implant and radiation planning 

The basic IOCI technique has been previously intro-
duced [18]. Before surgery, a contrast-enhanced CT was 

obtained to determine the implant geometry using the 
PLATO (Version 14.3.5, Nucletron, an Elekta company, 
Stockholm, Sweden) or the Oncentra (Version 4.5.1.71, 
Nucletron) treatment planning system. Sentinel nodes 
were confirmed to be negative for metastasis before cath-
eter implant. Four surgical metallic clips were placed into 
the tumor bed to mark the extent of the cavity. Referring 
to the implant simulation on preoperative CT, all entry 
and exit points of catheters were marked on the skin 
surface using a  free-hand template, which were spaced 
to form equilateral triangles of 1.0 or 1.6 cm. The stain-
less-steel rigid needles were manually inserted into the 
LC from the surface to the depth. The flexible plastic cath-
eters that are used for introducing iridium wires were re-
placed and attached with buttons at the ends. 

Immediately after surgery, non-contrast CT (Aquilion 64;  
Canon Medical Systems, Tochigi, Japan) images of slices 
with 2-mm thickness were obtained to identify the cavity 
with the seroma and surgical clips. The data were transferred 
to the radiotherapy planning system. The LC with high vis-
ibility was delineated with the homogeneous water density 
area, excluding protrusions or sharp irregularities and clips. 
When visualization of the accumulated fluid is difficult, the 
LC included retained water area, clips, and surrounding area 
to be considered, and the resection cavity with preoperative 
CT images as a reference [19]. The PTV equals the clinical 
target volume, including the LC after volume expansion of 
1.0-cm around the cavity, and edited by limiting the skin by 
0.5 cm and up to the pectoral muscle, which was considered 
as PTV as per the American Brachytherapy Society (ABS) 
and the National Surgical Adjuvant Breast and Bowel Project 
(NSABP) B-39/Radiation Therapy Oncology Group (RTOG) 
0413 protocol [20]. The basal dose points were defined in the 
central axis according to the Paris system, and the reference 
dose prescription of 85% was chosen. The first planning pri-
ority was to cover minimum 90% of the PTV, with 90% of the 
prescription dose. The actual volumes of tissues receiving 
150% (V150) and 200% (V200) of the prescribed dose were also 
limited to ≤ 70 cm3 and ≤ 20 cm3, respectively. The maximum 
dose to the skin and chest wall/rib at < 75% of the prescribed 
dose were attempted. The breast volume was calculated us-
ing a three-dimensional CT with anatomical boundaries in 
the RTOG Breast Cancer Atlas [21]. 

High-dose-rate interstitial brachytherapy with an 
iridium-192 (192Ir) remote afterloading equipment was 
performed in an accelerated manner, with a dose of 32 Gy 
in eight fractions over 5-6 days. Each radiotherapy was 
delivered daily, with 6 hours or longer interval between 
the fractions. The catheters were removed immediately 
after the last radiotherapy. 

Catheter-based delineation 

In October 2017, the CBD technique was developed to 
delineate LC without uncertainty and more reproducibly 
by using the inserted catheters as the reference markers. 
The anatomical relations of LC to catheters were record-
ed in detail. First, the distance between the upper/lower 
catheters and upper/lower edges of the glandular tissue 
was measured directly after catheter implants. Second, 
the scalers were inserted into all catheters and drawn out 
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to mark the following points: the scaler’s edge facing the 
bottom of the catheter, the scaler’s edge appearing from 
the wall of the cavity, the scaler’s edge disappearing into 
the opposite wall of the cavity indicating the cavity dis-
tance, and the scaler’s edge appearing from the outlet of 
skin. The stuck-out catheter’s dimensions of the cavity to 
scrutinize its size were measured (Figure 1A). The above 
information was used to delineate LC (Figure 1B). 

Cavity visualization score 

In patients with CBD technique, each LC image was 
assigned a  cavity visualization score (CVS) by a  single 
observer (TS), indicating the degree of visibility of a LC 
using a  five-point CVS numeric score from 1 to 5 [22].  
CVS was ranked as follows: CVS 1 – cavity not visualized; 
CVS 2 – cavity visualized but margins indistinct; CVS 3 
– cavity visualized with some distinct margins; CVS 4 – 
cavity visualized with the majority of margins indistinct; 
and CVS 5 – all cavity margins clearly defined. The fea-
tures influencing the visibility of a LC were examined. 

Influence of CBD on LC delineation and PTV 

In randomly selected patients with CBD, the LC vol-
umes and PTV in each image were retrospectively and 
separately recontoured using CT/clip-based SBD to com-
pare with those by CBD regarding CVS. The observer (TS) 
could access the preoperative CT image obtained before 
the introduction of CBD but was blinded to the contour-
ing information obtained from CBD. First, impact of CBD 
to reduce the LC volume and PTV regarding CVS was 
analyzed. Next, the LC volume and PTV before and after 
the introduction of CBD were compared to confirm the re-
duction of these volumes for assessing possible improve-
ments in cosmetic outcomes obtained from MIB-PBI. 

Statistics 

The Student’s unpaired t-test was used to analyze the 
differences in average continuous variables. The Krus-

kal-Wallis test was also used to compare clinical demo-
graphics associated with the four CVS. The probability 
(p) values of < 0.05 were considered to indicate statistical 
significance. The number following the symbol “±” indi-
cates a standard deviation. Bilateral breast cancers treat-
ed by MBI-PBI were counted as two different patients in 
the analysis. Ethical approval was obtained from the re-
spective committees; all patients provided an informed 
consent. 

Results 
Patient characteristics and treatment-related 
demographics 

Between October 2017 and October 2018, the target 
planning was performed for the CBD of 102 lesions in  
99 patients who underwent MIB-PBI using the IOCI 
technique. The mean patient age was 59.5 ±1.3 years 
(range, 36-86 years). The mean pathological tumor di-
ameter was 16.4 ±0.7 mm (range, 5-40 mm). The mean 
LC volume, PTV, V150, and V200 were 12.8 ±0.7 cm3 
(range, 2.0-44.0 cm3), 34.3 ±1.6 cm3 (range, 5.0-103.0 cm3),  
17.1 ±0.9 cm3 (range, 4.1-47.0 cm3), and 7.8 ±0.4 cm3 (range, 
2.2-24.8 cm3), respectively. The coverage of the PTV 
was 91.8 ±0.4% (range, 90.0-101.4%). The mean breast 
volume was 383.5 ±22.7 cm3 (range, 88.0-1286.0 cm3),  
and the whole-breast reference volume receiving  
the prescribed dose was 10.2 ±0.4% (range, 2.5-23.7%). 
The maximum doses to the skin and chest wall were  
2.6 ±0.0 Gy (range, 1.8-3.9 Gy) and 2.5 ±0.1 Gy (range, 
0.7-4.5 Gy), respectively. 

The mean number of needles per implant was 6.1 ±0.2 
(range, 3-13). Three-plane implants were used in 9 patients 
(8.8%), two-plane implants in 46 patients (45.1%), and 
one-plane implants in 47 patients (46.1%). Patient char-
acteristics and treatment-related demographics for each 
number of planes are presented in Table 1. Regardless of 
the number of planes, our planning priority of target vol-
ume coverage (V90 ≥ 90% of PTV) with the limited volume 

Delineated  
cavity

Fig. 1. A) The vertical and horizontal distances between the catheters and the glandular tissue were measured directly after 
placing the catheter implants (red arrow). The scalers are marked on the points representing the distance of the remaining 
tissues and the cavity (black arrow). B) The radiation oncologist translated the measured diameters in relation to the catheters 
and the cavity
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of hyperdose area (V150 ≤ 70 cm3 and V200 ≤ 20 cm3) was 
achieved in all patients. 

Factors influencing CVS 

The mean CVS assigned was 3.0 ±0.1: CVS 1 – 18 pa-
tients (17.6%); CVS 2 – 24 patients (23.5%); CVS 3 – 17 pa- 

tients (16.7%); CVS 4 – 22 patients (21.6%); and CVS 5  
– 21 patients (20.6%). The influence of clinical characteris-
tics and contouring volume on the visibility are shown in 
Figures 2A and 2B. The visibilities of the LC were signifi-
cantly increased in patients with older age (p < 0.001) and 
larger LC (p < 0.05). 

Table 1. Patient characteristics and treatment-related demographics for each number of planes 

Number of planes One-plane 
(n = 47) 

Two-plane 
(n = 46) 

Three-plane 
(n = 9) 

Patient characteristics (mean ± standard deviation) 

Mean age (years) 57.3 ±1.9 62.0 ±1.8 57.8 ±3.8 

Mean breast size (cm3) 232.5 ±15.1 455.0 ±22.9 806.3 ±106.6 

Mean tumor diameter (mm)* 15.1 ±0.8 18.1 ±1.1 14.8 ±3.2 

Median value of treatment-related parameters (range) 

Number of catheters 4 (3-5) 7 (4-10) 10 (9-13) 

LC volume (cm3) 8.3 (2.2-18.7) 14.2 (6.8-40.4) 18.8 (4.2-43.8) 

PTV (cm3) 21.5 (4.6-68.0) 38.0 (14.9-89.3)  52.6 (31.7-103.4) 

V90 (cm3) 34.5 (14.0-74.3) 51.7 (24.6-108.3) 75.2 (38.2-104.3) 

Target coverage (%)** 90.6 (90.0-101.4) 91.9 (90.1-99.7) 91.7 (90.2-94.9) 

V100 (cm3) 28.5 (11.8-63.6) 45.0 (19.4-94.1) 64.4 (33.0-89.8) 

V150 (cm3) 11.9 (4.1-34.1) 17.2 (6.8-44.5) 21.7 (14.2-46.8) 

V200 (cm3) 6.1 (2.2-19.5) 7.0 (3.2-16.1) 8.1 (5.5-19.7) 

DHI 0.58 (0.46-0.68) 0.63 (0.45-0.74) 0.64 (0.41-0.72) 

COIN 0.58 (0.21-0.73) 0.64 (0.47-0.87) 0.64 (0.40-0.79)

Maximum skin dose (Gy) 2.8 (1.8-3.9) 2.5 (2.0-3.9) 2.3 (1.8-2.7) 

Maximum chest wall/rib dose (Gy) 2.8 (1.2-4.5) 2.4 (0.9-3.9) 1.6 (0.7-3.7) 

LC – lumpectomy cavity, PTV – planning target volume, DHI – dose homogeneity index (1 – V150/V100), PTVref – volume of the PTV receiving at least 100% of the 
prescribed dose, COIN – conformity index (PTVref/PTV × PTVref/V100) 
*Pathologically reported measuring maximum extent of the tumor 
**Target coverage (%) was the percentage of 90% of the prescription dose in the PTV

*Kruskal-Wallis test

Fig. 2. A) A box plot of the patient’s age versus cavity visualization score (CVS). A significant association between the patient’s 
age and CVS (p = 0.0002) was noted. The upper and lower edges of the box plot are the 75th and 25th percentiles. B) A box plot 
of the lumpectomy cavity (LC) volume versus cavity visualization score (CVS). A significant association between the LC and 
CVS (p < 0.05) was noted. The upper and lower edges of the box plot are the 75th and 25th percentiles
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Influence of CVS and LC volume reduction on CBD 

In 22 randomly selected patients who underwent 
MIB-PBI using the CBD technique [CVS 1 – 2 patients 
(9.1%); CVS 2 – 5 patients (22.7%); CVS 3 – 6 patients 
(27.3%); CVS 4 – 5 patients (22.7%); and CVS 5 – 4 pa-
tients (18.2%)], the LC volume reduction based on CBD 
from the recontoured LC volume by SBD was observed in 
20 patients (90.9%). The mean LC volumes based on SBD 
and CBD were 19.1 ±2.4 cm3 (range, 6.2-49.8 cm3) and 
14.1 ±1.7 cm3 (range, 3.8-40.2 cm3), with an absolute LC 
volume reduction of 5.0 ±1.2 cm3 (range, −1.0-24.4 cm3),  

respectively (p < 0.001). The mean PTV based on SBD and 
CBD were 47.9 ±4.6 cm3 (range, 13.5-97.7 cm3) and 35.7 
±3.7 cm3 (range, 8.3-89.3 cm3), with an absolute PTV re-
duction of 12.3 ±2.3 cm3 (range, −0.01-43.8 cm3), respec-
tively (p < 0.0001). More reductions in the LC volume  
(5.1 cm3) (8.5 ±2.9 cm3 vs. 3.4 ±1.0 cm3; p < 0.05) and PTV 
(7.7 cm3) (17.5 ±3.7 cm3 vs. 9.8 ±2.8 cm3; p = 0.13) were 
observed in the poorly visible LC (CVS 1 or 2) than in the 
visible LC (CVS 3–5) (Figure 3). It could be considered 
a cause that the volume of delineated LC with poor visu-
alization tended to include large surrounding tissue. 

Influence of CBD introduction to reduce the LC 
volume and PTV 

The LC volume and PTV before the introduction of 
CBD (n = 411) were compared with those after introduction 
(n = 102). Although a slight difference in patient age (56.9 
±0.6 years vs. 59.5 ±1.3 years; p = 0.06) was noted, no patho-
logical tumor diameters (15.8 ±3.5 cm3 vs. 16.4 ±0.7 cm3;  
p = 0.45) between the SBD and CBD patients were re-
ported, respectively. The significant reductions after the 
introduction of CBD were observed in the LC volume  
(5.9 cm3) (18.8 ±0.7 cm3 vs. 12.9 ±0.7 cm3; p < 0.0001); 
moreover, PTV tended to be reduced (3.9 cm3) (38.2 ±1.4 cm3 
vs. 34.3 ±1.6 cm3; p = 0.17) (Table 2). It was thought to be 
caused by volume reduction of poorly visualized LC in 
the SBD patients. 

Discussion 
BCT is performed to achieve good tumor control, 

while maintaining satisfactory cosmetic result. Excision 
of breast with larger volume should be prevented and 
tumor control by BCS should be administered to achieve 
better cosmesis [23]. According to lesser number of lo-
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Fig. 3. Mean reduced volume of the lumpectomy cavity 
(LC) and planning target volume (PTV) by catheter-based 
delineation (CBD). A significant association between the 
reduced LC volume and the visibility (p < 0.0001) was not-
ed, and a non-significant trend was observed between the 
reduced PTV and visibility (p = 0.12). The upper edges are 
the standard deviations

	 Poorly visible LC	 Visible LC
 LC          PTV

p = 0.12	

p < 0.0001	

Table 2. Patients’ characteristics and differences in volume between two delineation techniques 

Characteristic All patients with PBI (n = 513) p value 

SBD (n = 411)  CBD (n = 102) 

Mean age (years) 56.9 ±0.6 59.5 ±1.3 NS 

Age (years), n (%)

< 50 139 (33.8) 26 (25.5) 

50-69 218 (53.1) 51 (50) 

≥ 70 54 (13.1) 25 (24.5)

Mean tumor diameter (mm)* 15.8 ±0.4 16.4 ±0.7 NS 

pT stage (%)

pTis 43 (10.5) 12 (11.8) 

pT1 338 (82.2) 82 (80.5) 

pT2 30 (7.3) 8 (7.8) 

LC volume (cm3) 18.8 ±0.7 12.8 ±0.7 < 0.0001 

PTV (cm3) 38.2 ±1.4 34.3 ±1.6 NS 

PBI – partial-breast irradiation, SBD – seroma-based delineation, CBD – catheter-based delineation, LC – lumpectomy cavity, PTV – planning target volume 
*Pathologically reported measuring maximum extent of the tumor
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cal recurrences after BCT by recent advances of systemic 
treatment, the surgical extent could be reduced to the level 
of no-ink-on-tumor margin [24]. In PBI, the ratio of irradi-
ated volume to entire breast volume has been reported to 
be an important factor influencing the cosmetic outcomes 
because the volume of radiation exposure to the healthy 
tissue should translate to radiation fibrosis formation [25]. 
The NSABP/RTOG protocol establishes ideal constrains 
of < 60% of the whole-breast reference volume receiving 
50% of the prescribed dose, and < 35% of the whole-breast 
reference volume receiving the prescribed dose [20]. Al-
though the appropriate treatment margin to define the 
PTV from the LC remains debatable, a  reduction in the 
unnecessary irradiated field in PBI is crucial. 

In order to minimize unnecessary irradiated volume 
for tumor control, accurate LC delineation is critical, be-
cause uncertain LC delineation results in the increase in 
surgical extent, preventing marginal miss. The presence 
of LC on CT is more helpful for the delineation of radio-
therapy target than the absence caused by the full-thick-
ness closure of cavity [26]. However, CT imaging has 
limited soft tissue contrast, making it an unreliable mo-
dality in detecting small volumes of seroma for distin-
guishing LC from the normal glandular breast tissue, 
and the LC visualization was limited to patients with 
dense breasts (i.e., younger age) and small resection vol-
ume [27,28]. More accurate LC delineation to minimize 
the radiation target volume is required in Asian patients 
for good cosmesis because of their smaller breast (Ta-
ble 1); however, LC was difficult to identify in Asian 
women due to higher breast densities than that of Cau-
casian women [29,30]. The localization of metallic clips 
attached to the cavity walls has been shown to reduce 
the risks of geographic miss [14]; however, clips defin-
ing a limited number of points for an irregular excision 
cavity wall surface imposed a risk of migration [31,32]. 
Magnetic resonance imaging providing superior soft tis-
sue contrast may also have the potential to differentiate 
more clearly between the normal tissue and post-oper-
ative LC [33]. Though, an additional expensive imaging 
study is required for limited identification of implanted 
clips and few further information [34]. Therefore, the 
combination with CT/clip has been considered as the 
current gold standard. 

In partial-breast brachytherapy, the timing of implant 
and types of catheter used are other important factors 
that influence accurate delineation of the minimum tar-
get volume. Although post-operative implant procedures 
are more frequent than the intraoperative ones, because 
of the lack of the final pathology report, the single-stage 
BCT using partial-breast brachytherapy has gradually be-
come a popular technique to prevent the need for a sec-
ond surgical procedure [35,36,37,38,39,40,41]. Post-opera-
tive implant can result in geographic miss due to complex 
cavity and seroma accumulation [42], which increases lo-
cal recurrence risk when radiation field is reduced [43]. 
The agreement of the LC delineation between the surgeon 
and radiation oncologist is easier to obtain with deep-lay-
er approximated lumpectomy than with full-thickness 
closure technique [44]. Most Japanese surgeons perform 
a  “cylindrectomy” by excising tumor cylindrically with 

wider normal tissue [45], in which MIB-PBI could also 
provide excellent coverage to the entire tumor bed. 

We performed MIB-PBI to small breasted patients 
with relatively small number of planes and catheters using 
CBD technique. There are two existing guidelines from the 
GEC-ESTRO [19,46,47] and the RTOG/ABS [20,48] to be 
referred in terms of our MIB-PBI. There were several dif-
ferences between the two guidelines. While 2 cm of normal 
tissue beyond known disease extent should be treated with 
surgery combined with radiotherapy in the GEC-ESTRO, 
a uniform margin of 1 cm beyond the cavity should be ir-
radiated as PTV in the RTOG/ABS. Although the target 
coverage of the RTOG/ABS guidelines (V90 ≥ 90% of PTV) 
is more lenient than that of the GEC-ESTRO (V100 ≥ 90% 
of PTV), the first planning priority in our protocol (V90 ≥ 
90% of PTV) has been achieves in all patients. The dose 
uniformity parameters relating toxicity could not satisfy 
the RTOG/ABS recommendation (DHI ≥ 0.75), which is 
stricter than that of the GEC-ESTRO (dose non-uniformity 
ratio ≥ 0.35). However, our planning parameters had been 
provided based on both guidelines, with a strict avoidance 
of radiation exposure to the adjacent organs at risk (OARs) 
including the skin and the chest wall/ribs. This implied 
that the avoidance of hyperdose radiation to OARs was 
more relevant than the dose uniformity within PTV, be-
cause our target volume contained a large seroma as with 
an intracavitary brachytherapy technique. In fact, no radi-
ation-induced toxicities such as telangiectasia and rib frac-
ture [49] were observed in our cohort [18]. 

Conclusions 
In CBD, additional anatomical information associ-

ated with implanted catheters and the cavity-to-CT/
clip-based seroma image could significantly reduce the 
LC volume and possibly the PTV for MIB-PBI planning. 
To our knowledge, CBD is a  unique technique for an 
open-cavity catheter implant. A 3D-printed template has 
been reported as another reliable method to localize the 
target volume [50]. The LC delineated using this CBD 
technique is also reproducible and theoretically close to 
the true LC image, enabling the radiation oncologist to 
create more accurate LC with confidence. The real LC 
remains uncertain and the benefit of such a reduction to 
cosmetic outcomes is hardly proved. It may help to es-
tablish a standardized procedure in MIB-PBI and prevent 
unnecessary radiation exposure to the normal breast tis-
sue, causing improvement in cosmetic outcomes. 
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