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Abstract 
Background: Breast-conserving surgery (BCS) followed by whole-breast irradiation (WBI) are the standard of 
care for treating early-stage breast cancer. The efficacy of accelerated partial breast irradiation (APBI) has 
recently been investigated as an alternative to WBI. Although we previously reported that multicatheter 
brachytherapy in APBI is feasible in Japanese patients, long-term data of several APBI techniques have not yet 
been obtained. Here we estimated the long-term efficacy of multicatheter brachytherapy in Japanese patients 
with breast cancer to validate its use an individualized case–control (ICC) analysis. Method: From October 2008 
to March 2013, a total of 184 consequent patients with 188 tumors underwent BCS followed by multicatheter 
brachytherapy. A total of 120 consecutive patients (mean age, 55.1 years) with 122 tumors (pN0) who had at 
least 1 year of follow-up were enrolled in this analysis. Before lumpectomy, the insertion of applicators and 
delivery doses were simulated by computed tomography. After confirming the free margins and negative sentinel 
node metastases by frozen section analysis, the applicators were inserted. APBI therapy was initiated on the 
same day of surgery on the basis of the dose distribution analysis, at 32 Gy in 8 fractions over 5–6 days with a 
2-cm tumor margin coverage. Regarding our prospective follow-up policy in this observational study, all patients 
had a predefined schedule including clinical examination every 3–4 months and mammography and breast 
magnetic resonance imaging (MRI) every 12 months. We performed ICC analysis to estimate the number of 
patients with ipsilateral breast tumor recurrence (IBTR). The 10-year risk of IBTR for each patient when 
undergoing with WBI was calculated using the web-based decision-making tool IBTR! and was adjusted during 
the real-time follow-up period using data obtained from an overview by the Early Breast Cancer Trialists’ 
Collaborative Group. Results: The median follow-up period was 3.1 years (range, 1.1–4.4 years). Most tumors 
(92.6%) were ≤2 cm in diameter, and 89.4% were estrogen receptor-positive. Hormone therapy was administered 
in 86.7% and adjuvant chemotherapy in 20.0% patients. If all patients received WBI after BCS, we estimated 
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IBTR in this group to be 1.1–2.8. Although 1 IBTR was observed, no tumor bed recurrence was recorded. 
Conclusions: Although this study involved only a small number of patients and short follow-up period, only 1 
IBTR case was recorded, which was within the estimated range of local recurrence. Multicatheter brachytherapy 
using this technique may offer the same rates of local control as WBI in Japanese patients. 

Keywords: individualized case–control analysis, breast cancer, accelerated partial breast irradiation, 
multicatheter brachytherapy 

1. Introduction 
Breast-conserving surgery (BCS) followed by whole-breast irradiation (WBI) is reportedly as effective as 
mastectomy and has is now the standard of care for treating early-stage breast cancer (Fisher et al., 2002; 
Veronesi et al., 2002). Although the aims of radiation to the entire breast are to decrease the risk of local 
recurrence and enhance survival rates (Vinh-Hung, & Verschraegen, 2004; Clarke et al., 2005; Early Breast 
Cancer Trialists' Collaborative Group, 2011), severe and long-term adverse events such as rib fracture, lung 
injury, and late cardiovascular toxicity occasionally occur because at least 5–6 weeks of daily visits to radiation 
institutions are required. Despite the potential advantages, 15%–30% patients who undergo BCS refuse WBI 
(Farrow, Hunt, & Samet, 1992; Lazovich et al., 1991; Ballard-Barbash et al., 1996; Athas et al., 2000; Schroen et 
al., 2005). 

Current evidence reveals that no subset of patients should spare radiation therapy after BCS (Fisher et al., 2002; 
Fyles et al., 2004; Hughes et al., 2004), and local recurrence after BCS with WBI is most likely to occur in the 
vicinity of the lumpectomy site (Fowble et al., 1990; Gage et al., 1995; Smith et al., 2000; Krauss et al., 2004). 
Therefore, the efficacy and feasibility of accelerated partial breast irradiation (APBI) as an alternative to WBI in 
patients with early-stage breast cancer have been evaluated in many phase II and III studies (Polga´r et al., 2002; 
Polga´r et al., 2004; Veronesi et al., 2010; Vaidya et al., 2010; Polgár et al., 2007). 

In October 2008, we initiated a prospective observational study on APBI with multicatheter brachytherapy as an 
alternative to WBI after BCS. Four-year follow-up data have been reported showing a few instances of local 
recurrence and a low level of adverse events (Sato et al., 2012). However, this observational study was based on 
a retrospective chart review; therefore, it is difficult to validate the procedure because of the small number of 
included patients, varying clinical backgrounds, and a short follow-up period. In this study, we estimated the 
long-term efficacy of our technique in Japanese patients with breast cancer using individualized case–control 
(ICC) analysis (Vaidya et al., 2011). 

2. Patients and Methods 
2.1 Patients and Study Enrolment 

Patients with early-stage and node-negative breast cancer were studied by prospective observation to evaluate 
the efficacy of APBI with multicatheter brachytherapy. A detailed summary and eligibility criteria have been 
reported previously (Sato et al., 2012). Our criteria included patient age ≥40 years, histologically documented 
breast cancer, no prior treatment, unifocal disease, maximum tumor diameter ≤3.0 cm, and confirmation of 
negative margins and sentinel node metastasis using frozen section analysis. Individual indications for this 
technique and postoperative care were at the discretion of the attending physicians. All patients provided written 
informed consent, and this registry study was approved by the institutional review board of our hospital. 

A total of 184 consecutive patients with 188 tumors treated by multicatheter brachytherapy from October 2008 to 
March 2013 were enrolled in a registry trial designed to collect data. This ICC analysis focused on node-negative 
patients with follow-up longer than 1 year. From the above, 124 consecutive patients with 126 treated tumors 
became the subjects of this analysis. Two patients who had received WBI [1 each for previous breast cancer 
treatment and disqualifying pathology (positive margins)] were excluded. Two patients were regarded as being 
lost to follow-up because of attendance at other hospitals (no recurrence had been reported). These 4 patients 
were excluded from the analysis. Therefore, 120 patients with 122 tumors were subjected to ICC analysis 
(Figure 1). 

In the follow-up of 188 breast tumors receiving multicatheter APBI after BCS, 122 tumors were subjected to 
ICC analysis. 
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Figure 1. CONSORT diagram 

 

2.2 Treatment Schema 

BCS followed by APBI with multicatheter brachytherapy has previously been reported (Sato et al., 2012; Sato et 
al., 2011). The procedure involved the insertion of applicators and delivery doses simulated by preoperative 
computed tomography (CT). Lumpectomy and sentinel node biopsy were performed, and then the surgical 
margins and SNs were confirmed as negative by specimen mammography and frozen section analysis. 
Applicators for the introduction of iridium (Ir) wires were inserted according to the preoperative CT-based 
simulation. 

The lumpectomy cavity was identified on postoperative CT scans with the help of hemoclips. The planned target 
volume was defined as the estimated tumor volume plus a 20-mm margin. Dose distribution analysis was 
performed on the basis of postoperative CT using dose–volume histograms. Patients received high-dose rate 
brachytherapy with a Ir-192 source following the irradiation plan on the Nucletron PLATO system (Version UPS: 
11.3; Nucletron Trading BV, Veenendaal, The Netherlands). APBI was initiated on the day of primary surgery, at 
a dose of 32 Gy in 8 fractions over 5–6 days. Fractions delivered twice daily were separated by an interval of at 
least 6 h. 

2.3 Assessment of Outcomes 

The prospective follow-up policy was designed so that all patients had a predefined schedule including clinical 
examination every 3–4 months and annual mammography. Contrast-enhanced breast magnetic resonance 
imaging (MRI) was performed every 12 months for the first 5 years of follow-up to detect ipsilateral breast 
tumor recurrence (IBTR) and regional nodal failure as early as possible. 

For analysis, IBTR was classified by clinical location in relation to the initial lumpectomy cavity. Tumor bed 
recurrence (true recurrence or marginal miss) was defined as recurrence of the treated cancer within or 
immediately adjacent to the primary tumor site. Failure elsewhere was defined as IBTR several centimeters from 
the primary site and was generally considered to be a new primary cancer (Recht et al., 1988; Giess et al., 1999; 
Beitsch et al., 2012). 

Any postoperative complications noted at follow-up were documented using the National Cancer Institute 
Common Terminology Criteria for Adverse Events (CTCAE) version 3.0 
(http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf) to evaluate acute and late 
toxicities: radiation dermatitis, wound infection, skin breakdown, and fat necrosis requiring multiple aspiration. 

Breast tumors received multicatheter APBI  
(n = 188) 

Excluded (n = 64) 
Node positive for metastasis (n = 25) 
Follow-up: less than 1 year (n = 37) 
Received WBI and APBI (n = 2) 

Matched for analysis 
(n = 124)

Lost to follow-up 
(n = 2) 

Analyzed for ICC 
(n = 122)
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Acute toxicity was defined as toxicity occurring within 90 days of the first day of APBI (Ott et al., 2007). 

2.4 Individual Case–Control Analysis 

The method used to validate the effect of our brachytherapy technique on tumor control after BCS was 
introduced as follows: First, the estimated number of IBTRs in this cohort over 10 years was calculated by the 
summation of all risks predicted using the web-based IBTR! program (Sanghani et al., 2010), which calculates 
the 10-year risk of IBTR with and without the addition of WBI after BCS. Second, the estimated risk of IBTR 
was adjusted by the actual duration of the follow-up period using the Early Breast Cancer Trialists' Collaborative 
Group data (Clarke et al., 2005). Third, the estimated number of IBTRs in patients receiving BCS with or 
without WBI was compared with the actual number. This method was introduced as “individual case–control 
analysis” (Vaidya et al., 2011). 

The mathematical model predicted the 10-year IBTR rate for individual patients by input of tumor characteristics 
such as age, tumor diameter, grade, surgical margins, lymphovascular invasion, and status of systemic therapy 
(Clarke et al., 2005). When the extent of surgical margins was not specifically addressed in the details, reportedly 
well-defined negative and suspicious margins were regarded as those >2 mm and 0–2 mm, respectively. Patients 
with bilateral breast cancer at presentation were included in the database twice to calculate IBTR rates. 

3. Results 
3.1 Patient Demographics and Tumor Characteristics 

In the new cohort of 120 patients with 122 tumors, the median follow-up was 3.1 years (range, 1.1–4.4), and 
patient demographics (mean age, 55.1 years) are listed in Table 1.  

 

Table 1. Patient demographics (n = 120) and tumor characteristics (n = 122) 

Characteristics N % 

Mean age (range, years) 55.1 (30–92) 

<40 years 8 6.7 

40–69 years 101 84.2 

>70 years 11 9.1 

Pathological tumor stage   

pTis 14 11.5 

pT1 99 81.1 

pT2 9 7.4 

Grading (nuclear grade)   

Grade I 85 69.7 

Grade II 19 15.6 

Grade III 1 0.8 

NA 17 13.9 

Margins at first excision     

Free 109 89.4 

Suspicious 7 5.7 

DCIS only 6 4.9 

Hormone receptor status (>10%)   

ER+ or PgR+ 109 89.4 

ER− and PgR− 13 10.6 

Her2/neu status   

+ (IHC 3+ or FISH+) 14 11.5 ‒ (IHC 3‒ and FISH‒) 98 80.3 

NA 10 8.2 

Abbreviations: DCIS, ductal carcinoma in situ; ER, estrogen receptor; PgR, progesterone receptor. Her2/neu, human 
epidermal growth factor receptor 2; IHC, immunohistochemistry; FISH, fluorescence in situ hybridization. 
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The majority of tumors (92.6%) were ≤2 cm in diameter, whereas 89.4% were hormone receptor-positive. Nine 
lesions (7.4%) required excisional biopsy for a definitive diagnosis. A total of 109 patients (90.8%) underwent 
adjuvant systemic therapy; of these, 104 (86.7%) received hormonal therapy, 24 (20.0%) received chemotherapy, 
and 9 (7.5%) received adjuvant trastuzumab. 

3.2 Acute and Late Toxicities 

All acute and late toxicities were generally mild, with none Grade 3 or 4, and no patient required secondary 
surgery because of toxicity. Table 2 presents an analysis of variables associated with Grade 0 vs. Grade 1/2 skin 
toxicity. The distribution of patients according to late skin toxicity score at final follow-up was also analyzed. 
There were no cases of Grade 3/4 skin toxicity, but 2 lesions (1.6%) developed seroma requiring multiple 
aspiration of fat necrosis and 7 (5.7%) developed wound infection followed by wound breakdown. 

 

Table 2. Acute and chronic toxicities after treatment (n=122) 

Acute Toxicity N % 

Hemorrhage   

   Grade 1 2 1.6 

Wound infection   

Grade 2 1 0.8 

Radiation dermatitis   

Grade 1 15 12.3 

Grade 2 1 0.8 

Wound infection with wound breakdown 7 5.7 

Chronic Toxicity   

Seroma requiring multiple aspirations or fat necrosis 2 1.6 

 

3.3 Validation of Tumor Control by Multicatheter Brachytherapy 

The calculated total of 10-year IBTR with and without WBI was 4.1 and 13.7, respectively. The actual follow-up 
period varied between 1 and 5 years. According to Early Breast Cancer Trialists' Collaborative Group data, 
27.0% IBTRs occurring within 10 years in patients with WBI may occur 1 year after surgery and 67.0% may 
occur at 5 years. When patients did not receive WBI, 30.8% and 78.4% IBTRs may occur at 1 and 5 years, 
respectively. Therefore, if all patients received WBI after BCS, 1.1–2.8 IBTRs may occur, whereas if no 
radiation therapy was administered after BCS, 4.2–10.8 IBTRs would occur. 

On the other hand, at final follow-up, 1 patient died from a non-original breast cancer-related cause with no local 
recurrence, and local failure occurred in 3 patients, including 1 IBTR (failure elsewhere) and 2 lymph node 
recurrences with no distant metastasis. Therefore, the actual number of IBTRs in this cohort was in the range of 
that expected in patients receiving WBI. 

4. Discussion 
Among various APBI techniques introduced as an alternative to WBI, multicatheter brachytherapy is the best 
established technique and mostly frequently evaluated. However, compared with studies in European countries 
and the United States, few studies have evaluated this technique in Asian patients with breast cancer (Mitsumori, 
& Hiraoka, 2008; Yeo et al., 2010). To our knowledge, this is one of the largest prospective observational studies 
from Asia, demonstrating the feasibility of BCT using multicatheter brachytherapy and showing acceptable 
clinical outcomes. 

The efficacy and safety of APBI as part of BCT have been investigated since the late 1990s, and various APBI 
techniques including brachytherapy, hypofractionated conformal radiation therapy, and intraoperative linear 
acceleration or electron therapy have been evaluated at many institutions (Njeh, Saunders, & Langton, 2010). 
Although each technique has its potential benefits and limitations and limited data have been currently reported 
from large randomized clinical trials (McCormick, 2005), the use of brachytherapy has significantly increased 
since the FDA approval of the balloon-based brachytherapy device (Grace et al., 2010; Barton, 2011). A 
substantial proportion of potential candidate patients in Japan are interested in the convenience of APBI as an 
alternative to WBI. In fact, most patients in this study lived at a distance from our institution, which discouraged 
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frequent visits for WBI; furthermore, the estimated direct costs of multicatheter brachytherapy, covered by 
national insurance in Japan, are substantially less than those of conventional WBI, which might favor its more 
wide spread use (Grobmyer et al., 2013). Moreover, in this technique, wide-field partial breast irradiation with 
safe margins in the skin and chest wall can be achieved, even in patients with relatively small breasts, by 
appropriate arrangement of the number and lines of catheters inserted. According to a recent large case-control 
study, incidental exposure of the heart to radiotherapy increased the rate of coronary events in patients with and 
without preexistence cardiac risk factors (Darby et al., 2013). In our multicatheter brachytherapy, the radiation 
dose to the heart is almost none. 

However, we await the results of a National Surgical Adjuvant Breast and Bowel Project B39/Radiation Therapy 
Oncology Group 0413 Phase III trial; meanwhile, Early Breast Cancer Trialists' Collaborative Group data on the 
relationship between effects on local control and breast cancer mortality show that 1 death from breast cancer 
could be avoided for every 4 local recurrences prevented (Clarke et al., 2005; Early Breast Cancer Trialists' 
Collaborative Group, 2011). Moreover, a significantly increased risk of subsequent mastectomy and higher rates 
of short-term wound and skin complications were reported in patients receiving brachytherapy than in those 
receiving WBI (Presley et al., 2012; Grace et al., 2012). Those results were obtained from a Medicare 
claim-based study on relatively elderly patients, and there were limitations with regard to retrospective analyses 
and detailed information on subsequent complications and reasons for mastectomy. 

It may be simple to demonstrate the safety of the APBI technique in 1 single institution by comparing reported 
adverse event rates. In fact, all toxicities related to radiation therapy were mild in this study. On the other hand, 
the evaluation of efficacy with regard to local control is much more difficult because the risk of recurrence after 
BCT has been reported to be associated with a variety of unfavorable factors such as young patients, relatively 
large tumors, pure ductal carcinoma in situ, and positive or suspicious margins. The types of systemic treatment 
also varied. Tumor subtype was recently claimed to be a factor relevant to local recurrence (Millar et al., 2009; 
Gabos et al., 2010; Hattangadi-Gluth et al., 2012). Because of the low level of local recurrence and long-term 
natural course of breast cancer, the prediction and evaluation of these events is very difficult. Therefore, 
validation using ICC analysis may be the optimal method to evaluate individual APBI techniques. 

Although our multicatheter technique was demonstrated to be a reasonable option in APBI according to ICC 
analysis, 1 IBTR was observed. Although this recurrence was regarded as IBTR, it involved a tumor growing at a 
distance of approximately 1 cm from the lumpectomy cavity and had already been observed on 
contrast-enhanced MRI before initial surgery. We should strive to select cases according to not only reported 
criteria such as age, tumor biology, tumor size but also unifocal disease using detailed imaging analysis. 

In summary, this observational study using ICC analysis has demonstrated that multicatheter APBI offers the 
same rates of local control as WBI in Japanese breast cancer patients. However, this study was not randomized, 
was based on only a small number of participants, and covered only a short follow-up period. Additional 
research information from several institutions in Asia is thus required to confirm the validity and generalizability 
of these findings. 
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