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out. All clinical data were prospectively collected using the 
Common Terminology Criteria for Adverse Events ver. 3.0.
Results  No recurrence was observed. Cumulative rates of 
grade 2 or higher late sequelae were 25% for fibrosis, 2% 
for fractures, 9% for pain, and 9% for soft tissue necrosis. 
Rates of excellent or good cosmetic results as assessed by 
the physician and patient were 93 and 89% at the 12-month 
follow-up and 76 and 74% at the 30-month follow-up, 
respectively. Large volumes of resected tissue in small 
breasts were associated with fibrosis of grade 2 or higher.

Abstract 
Purpose  We conducted a multi-institutional prospective 
study on accelerated partial breast irradiation (APBI) using 
interstitial brachytherapy. The clinical results over a mini-
mum follow-up period of 30 months are presented here.
Materials and methods  Forty-six patients with breast 
cancer were treated with breast-conserving surgery and 
postoperative APBI. After confirmation of negative surgi-
cal margins and negative lymph nodes, a high-dose-rate 
brachytherapy protocol of 36  Gy/6 fractions was carried 
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Conclusion  APBI in Japanese women provides satisfac-
tory clinical results except for cosmetic outcomes. There 
is some difficulty with the assessment of fibrosis and cos-
metic outcomes, especially in patients with small breasts.
Clinical Trial Registration Number  UMIN000001677.

Keywords  Accelerated partial breast irradiation · Breast 
cancer · Breast-conserving therapy · Brachytherapy · 
Cosmetic outcome

Introduction

Breast-conserving therapy, which consists of breast-con-
serving surgery and postoperative radiation therapy, is the 
standard of care for early breast cancer. The most common 
postoperative radiation therapy is whole-breast irradiation 
(WBI), which has been proven to reduce the rate of local 
recurrence by one-third [1, 2]. However, several studies 
have reported that WBI only prevents recurrence near the 
tumor bed [3, 4]. Furthermore, the majority of local recur-
rences occur in the area neighboring the tumor bed [5, 6]. 
It should also be noted that WBI generally has a treatment 
period of several weeks and is reported to increase the risk 
of adverse cardiovascular events [2]. These factors drove us 
to reconsider the necessity of WBI in all patients.

Accelerated partial breast irradiation (APBI) using inter-
stitial multicatheter brachytherapy may present a solution 
to the issues associated with WBI. In APBI, high-dose 
radiation is delivered to the tumor bed with minimal expo-
sure of adjacent normal tissues. This method requires a 
much shorter treatment period (e.g., several days) than 
WBI. Recently, the results of a phase III clinical trial in 
Europe were published and demonstrated the noninferior-
ity of APBI when compared to WBI [7]. On the other hand, 
APBI is not widely used in Japan. It is an attractive treat-
ment option for Japanese patients who have limited time 
for treatment or for candidates who can avoid WBI [8].

As the first step in popularizing APBI in Japan, we con-
ducted a trial to evaluate the applicability of APBI. This 
is the first multi-institutional prospective study on APBI 
in Japan. Early clinical results, including detailed treat-
ment methods, have been published elsewhere [9, 10]. The 
results showed that the treatment methods were techni-
cally reproducible between institutions, and also showed 
excellent disease control with acceptable sequelae rates at 
a median follow-up of 26  months. However, during peri-
odic follow-up meetings to assess the acquired data, sev-
eral issues emerged. One great concern was the cosmetic 
results, and another was the fibrosis after radiotherapy, 
which had deteriorated over time. Together with some dis-
cussion of these issues, clinical results over the course of a 
minimum follow-up period of 30 months are reported here.

Materials and methods

The protocol was registered at the University Hospi-
tal Medical Information Network Clinical Trials Regis-
try and was approved by the participating institutional 
review boards. As the details of the patient selection and 
the treatment methods have been previously described [9, 
10], a summary is given below.

Patients

Patient eligibility criteria are summarized in Table  1. 
Forty-six patients from six institutions underwent the 
treatment regimen from October 2009 to December 2011. 
Written informed consent was obtained from all patients.

Treatment

All patients underwent breast-conserving surgery, 
wherein surgical clips were implanted at the resection 
margins. Brachytherapy applicators were implanted post-
operatively in 45 patients after confirmation of negative 
surgical margins and negative lymph nodes. Postopera-
tive implantation was carried out under imaging guid-
ance, which consisted of ultrasonography in 44 patients 
and computed tomography (CT) in one patient. In one 
patient, the applicators were implanted during surgery. 
In that patient, negative surgical margins and negative 
lymph nodes were confirmed before the start of radiation 
therapy. Applicators were generally implanted in two or 
more planes. Single-plane implantation, which could lead 
to a nonhomogeneous dose distribution, was not allowed.

During the three-dimensional brachytherapy plan-
ning using CT images, 15-mm-radius balloons were 
drawn around the surgical clips. The spaces between 
the balloons were interpolated clinically and the repro-
duced volume was defined as the clinical target volume 
(CTV). The skin (5 mm thickness from the surface) and 
chest wall were excluded from the target volume. The 

Table 1   Patient eligibility criteria

1 Female invasive/noninvasive ductal/lobular cancer ≤3 cm

2 pN0 cM0

3 ER positive and/or PR positive

4 Surgical margin: cancer not exposed

5 Surgical margin marked with at least 4 clips

6 No presurgical treatment except for hormonal treatment

7 Age ≥35 years

8 Written informed consent

9 Performance status: 0 or 1

10 No collagen vascular diseases except rheumatoid arthritis
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radiation dose was prescribed using the Paris dosim-
etry system with manual modifications. A total dose of 
36 Gy/6 fractions/3 days (with an interval of 6 h between 
the two fractions on the same day) was delivered to the 
surface of the CTV using a high-dose-rate Ir-192 brachy-
therapy system. To control the quality of brachytherapy, 
dose constraints were set as follows. The reference vol-
ume (Vref), which was the irradiated volume receiv-
ing ≥100% of the prescribed dose, was principally lim-
ited to the range 40–150  cm3. The dose nonuniformity 
ratio (DNR), which was defined as V1.5ref/Vref, was 
less than 0.35. V1.5ref is the irradiated volume receiv-
ing ≥150% of the prescribed dose. The clip dose had to 
be ≥6 Gy/fraction.

Systemic therapy was performed at the discretion of the 
treating physician. Chemotherapy was not allowed during 
the protocol treatment period and for 2 weeks thereafter.

Follow‑up

All clinical data were prospectively collected every 
2 weeks for 1 month, every 3 months until 24 months after 
treatment, and every 6 months thereafter until 60 months. 
Case report forms included 12 items (dermatitis, ulcera-
tion, infection, hypopigmentation, hyperpigmentation, tel-
angiectasia, fibrosis, fracture, pain, pneumonitis, pneumo-
thorax, and soft tissue necrosis) that had been reported in 
the previous APBI literature. The item of soft tissue necro-
sis was used for assessing fat necrosis. These items were 
scored by the physician according to the Common Ter-
minology Criteria for Adverse Events ver. 3.0 (CTCAE). 
Cosmetic outcomes were assessed independently by the 
physician and by the patient, and recorded every 6 months, 
using the 4-point Harvard scale [11]. The cosmetic out-
comes were graded as follows: excellent—the treated 
breast looked essentially the same as the opposite breast; 
good—minimal but identifiable effects of radiation on 
the treated breast; fair—significant effects of radiation on 
the treated breast were noted; poor—severe normal tissue 
sequelae.

Analysis

The primary endpoint of this study was the verification of 
the reproducibility of APBI using interstitial brachytherapy. 
This finding was published elsewhere [9]. The secondary 
endpoints were the probabilities of sequelae, the local con-
trol rate, and cosmetic results, which are presented in this 
article.

Additional analyses were performed to clarify the rela-
tionships between cosmetic results and several factors: bra 
cup size, resected tissue weight, number of applicators, 

implant plane, Vref, V1.5ref, V2.0ref (irradiated volume 
receiving  ≥200% of the prescribed dose), DNR, CTV 
mean dose, CTV volume, V100 (volume of CTV subjected 
to the prescribed dose), D100 (the minimum dose delivered 
to the CTV), maximum skin dose, conformity index, and 
degree of fibrosis. The relationships between fibrosis and 
the other factors were also evaluated.

Follow-up time was calculated from the day of implan-
tation. Statistical analysis was performed using JMP ver. 10 
software (SAS Institute Inc.). The Kaplan–Meier method 
was used to evaluate radiation sequelae rates. Factors asso-
ciated with cosmetic results and fibrosis were analyzed 
using Fisher’s exact test or the Wilcoxon rank-sum test. p 
values were calculated using two-sided tests.

Results

Collected data were provided for analysis in November 
2014. All patients were treated and followed up accord-
ing to the protocol with no dropouts. The follow-up 
period ranged from 30  months to 54  months (median of 
42  months). As early clinical results have been published 
elsewhere [9, 10], we mainly describe late toxicity and cos-
metic outcomes here.

Disease control

Neither locoregional nor distant recurrences have been 
observed to date.

Late toxicities

Hypopigmentation, hyperpigmentation, telangiecta-
sia, fibrosis, fracture, pain, and soft tissue necrosis were 
observed as late toxicities. Ulceration, infection, and 
pneumonitis were not observed throughout the follow-up 
period. Toxicities of grade 2 or higher were observed for 
fibrosis, fracture, pain, and soft tissue necrosis. The cumu-
lative rates of these toxicities at 42 months after treatment 
were 24.6, 2.2, 8.7, and 8.7%, respectively (Fig. 1). Fibro-
sis tended to increase in number over time, while other 
adverse events did not.

Cosmetic results

Cosmetic results are illustrated in Fig.  2. The rates of 
excellent or good results as assessed by the physician 
and the patient at the 12-month follow-up were 93 and 
89%, respectively. They decreased to 76 and 74% at the 
30-month follow-up, and over time to 70 and 67% at the 
42-month follow-up.
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Fig. 1   Cumulative rates of adverse events of grade 2 or higher

Fig. 2   Cosmetic results as assessed by the physician and the patient
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Factors affecting cosmetic results

The relationships between cosmetic results and several 
factors are shown in Table  2. Only grade 2 or higher 
fibrosis was significantly correlated with unfavorable 
cosmetic results (p =  0.003). When fibrosis of grade 2 
or higher was set as an endpoint, the correlated factors 
were large resected tissue weight (p = 0.005), large CTV 
volume (p = 0.004), large V100 (p = 0.020), small D100 
(p = 0.004), and small maximum skin dose (p = 0.014). 
Vref, V1.5ref, V2.0ref, DNR, and conformity index had 
no impact (Table 3).

In additional subgroup analyses, the impact of the 
resected tissue weight was investigated separately in two 
subgroups of patients: patients with small bra cup sizes 
(A–B), and those with large bra cup sizes (C or larger). 
As a result, large resected tissue weight had a signifi-
cant impact on grade 2 or higher fibrosis (p  =  0.049) 
in patients with bra cup sizes of A–B. However, no 

significant impact was observed in patients with bra cup 
sizes of C or larger (p = 0.206).

Discussion

This is the first multi-institutional prospective study of 
APBI in Japan. Early clinical results, including detailed 
treatment methods, have been published elsewhere [9, 
10]. No recurrences of the disease have been observed to 
date, which appears to indicate that the patient selection 
and treatment regimen were appropriate. However, when 
focusing on late toxicities and cosmetic outcomes, sev-
eral issues emerge. We discuss those issues in this report.

Late toxicities of grade 2 or higher were observed for 
fibrosis, fracture, pain, and soft tissue necrosis. Reported 
incidences of these toxicities are summarized in Table 4 
[7, 12–18]. The incidence of rib fracture after brachy-
therapy was described to be 4.5% in one report [19]. Our 
results are consistent with that value. However, in most 
previous reports, the incidence of grade 2 or higher fibro-
sis ranged from 10 to 20%, so the rate of 24.6% observed 
in our study was a little higher. Furthermore, because 
fibrosis tends to increase over time, the result may 
become worse with the length of follow-up. It is prema-
ture to discuss the late toxicity, but one possibility is that 
our treatment parameters were affected the higher rate of 
fibrosis. That is, the biologically effective dose and Vref 
in the current study seemed to be a little larger than those 
in previous studies (Table  4), which may have caused 
higher-grade fibrosis. On the other hand, Vref and DNR 
had no impact on grade 2 or higher fibrosis (Table  3), 
though these parameters may predict the harmful effects 
of a large volume of high-dose irradiation. This fact sug-
gests that Vref and DNR, with the dose constraints we 
used, may not have been significantly related to the grade 
≥2 fibrosis. Reassessment after a longer follow-up is 
necessary.

From another point of view, further consideration 
should be given to fibrosis. Fibrosis is defined by the 
CTCAE as follows: grade 1—visible only on close exam-
ination; grade 2—readily apparent but not disfiguring; 
grade 3—significant disfigurement. Items to be measured 
are not specified. Clinicians make a judgment after taking 
into consideration deformity, edema, contraction, firm-
ness, change of color, and so on when evaluating fibrosis. 
These symptoms may be caused by the surgery as well 
as by irradiation. Thus, observers cannot strictly distin-
guish the primary cause. Although we can easily identify 
radiation-induced changes in WBI by studying a different 
part of the breast than the postoperative site, the affected 
area of APBI is the same as the postoperative site of 

Table 2   Analysis of factors associated with cosmetic results

For the analyses of bra cup size, implant plane, and fibrosis, Fisher’s 
exact test was used. Patient numbers are listed in columns. For the 
remaining factors, the Wilcoxon rank-sum test was used and the 
median (range) of each group is listed

Vref reference volume (irradiated volume receiving  ≥100% of the 
prescription dose), V1.5ref irradiated volume receiving ≥150% of the 
prescription dose, V2.0ref irradiated volume receiving ≥200% of the 
prescription dose, DNR dose nonuniformity ratio (defined as V1.5ref/
Vref), CTV clinical target volume, V100 volume of CTV subjected to 
the prescribed dose, D100 minimum dose received by the CTV

Factor Cosmetic results p value

Excellent + good Fair + poor

Bra cup size 
(A–B/≥C)

18/16 6/6 1.000

Resected tissue weight 
(g)

69 (25–234) 100 (30–150) 0.150

Number of applicators 15 (8–21) 15 (10–18) 0.383

Implant plane (two/
more)

24/10 10/2 0.473

Vref (cm3) 117 (40–282) 132 (66–213) 0.599

V1.5ref (cm3) 36 (12–96) 37 (22–74) 0.891

V2.0ref (cm3) 15 (6–55) 13 (8–31) 0.930

DNR 0.30 (0.22–0.51) 0.30 (0.2–0.34) 0.706

CTV mean dose (cGy) 937 (760–1080) 911 (792–1092) 0.342

CTV volume (cm3) 64 (26–133) 84 (38–128) 0.193

V100 (cm3) 58 (25–129) 69 (34–117) 0.374

D100 (cGy) 583 (203–624) 507 (146–612) 0.053

Maximum skin dose 
(cGy)

534 (223–607) 501 (376–592) 0.244

Conformity index 2.07 (1.08–4.45) 2.00 (1.08–3.08) 0.468

Fibrosis (G0–1/G2–3) 30/4 5/7 0.003
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the breast. This could make it quite difficult to make 
the appropriate judgment. We may have overjudged the 
fibrosis owing to confusion between radiation-induced 
and surgery-induced influences. In other words, when 
the fibrosis is defined as combined changes after surgery 
and irradiation, the incidence rate will be higher as a mat-
ter of course. A Japanese study reported a rate of 31.5% 
for “soft tissue fibrosis affecting cosmetic change” after 
conventional fractionated whole-breast irradiation [20]. 
Compared with that report, the rate of fibrosis in our 
series was not high.

Cosmetic results seemed to be unsatisfactory during 
the period of this interim analysis as compared to the cos-
metic results reported in previous papers (reported rates of 
excellent or good cosmetic results: 78–99%) [16, 17, 21]. 
Our analysis indicated that grade 2 or higher fibrosis was 
strongly correlated with unfavorable cosmetic results. We 
then investigated factors that may have correlated with 
grade 2 or higher fibrosis (Table  3). Large resected tis-
sue weight, large CTV volume, and large V100 were sig-
nificantly correlated with grade 2 or higher fibrosis. These 
factors are all thought to have a strong correlation with the 
volume deficit caused by surgery. Small D100 was also 
correlated with grade 2 or higher fibrosis, which may be 
explained by an assumption that a large CTV is often hard 
to cover with the prescription dose.

Table 3   Analysis of factors associated with fibrosis of grade 2 or 
higher

For the analysis of bra cup size and implant plane, Fisher’s exact test 
was used. Patient numbers are listed in the columns. For the remain-
ing factors, the Wilcoxon rank-sum test was used and the median 
(range) of each group is listed

Abbreviations are the same as listed in Table 2

Factor Fibrosis p value

Grade 0–1 Grade 2–3

Bra cup size (A–B/≥C) 21/14 3/8 0.086

Resected tissue weight 
(g)

65 (25–234) 110 (60–150) 0.005

Number of applicators 15 (8–21) 15 (12–19) 0.716

Implant plane (two/
more)

24/11 10/1 0.242

Vref (cm3) 115 (40–282) 147 (66–280) 0.122

V1.5ref (cm3) 35 (12–73) 38 (22–96) 0.231

V2.0ref (cm3) 15 (6–33) 13 (8–55) 0.314

DNR 0.29 (0.22–0.35) 0.33 (0.2–0.51) 0.623

CTV mean dose (cGy) 916 (760–1053) 927 (792–1092) 0.918

CTV volume (cm3) 55 (26–133) 90 (48–128) 0.004

V100 (cm3) 51 (25–129) 82 (34–119) 0.020

D100 (cGy) 602 (203–624) 424 (146–618) 0.004

Maximum skin dose 
(cGy)

536 (341–592) 446 (223–607) 0.014

Conformity index 2.10 (1.08–4.45) 1.69 (1.08–2.72) 0.055

Table 4   Reported incidence of late toxicities ≥grade 2 after APBI using interstitial multicatheter brachytherapy

BED biologically effective dose, Vref reference volume (irradiated volume receiving ≥100% of the prescription dose), NR not reported
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We thus focused on the volume of resected tissue as 
a predictor of cosmetic outcomes. The median resected 
weight in this study was 73 g (23–234 g) (data not shown 
in the “Results” section). This weight was similar to 
that reported in a study in which the cosmetic outcomes 
were better than they are in our study [21]. Based on the 
hypothesis that the ratio of the volume of resected tis-
sue to the whole breast may be more influential than the 
absolute resected volume, we performed further analy-
ses. As expected, resected tissue weight had a significant 
impact on fibrosis (which probably represents deformity) 
only in patients with small bra cup sizes. We could not 
show a direct significant relationship between the relative 
resected volume and the cosmetic results. This will be 
elucidated through further investigation.

The current study was initially planned to verify the 
applicability of APBI for Japanese women. Our results 
confirmed that the technical aspects of APBI, which were 
established in Europe and North America, were repro-
ducible in Japanese women. At the same time, our study 
demonstrated that cosmetic results were not satisfactory 
at this time. We believe that these results should not nec-
essarily be interpreted to mean that APBI is unsuitable 
for Japanese women in terms of cosmetic outcomes. We 
found difficulties in assessing fibrosis separately from 
surgery-induced influences, especially in patients with 
small breasts. The sequelae of radiation therapy should 
be discussed separately from the adverse effects of sur-
gery. One solution is to implement an objective measure-
ment of fibrosis using a method such as elastography. A 
central review process might also help to achieve uniform 
judgments of cosmetic results. Furthermore, we should 
discuss cosmetic outcomes according to other factors 
such as the breast volume and resected tissue volume. 
The usefulness of preoperative volumetric analysis is 
widely recognized in the field of oncoplastic surgery. In 
fact, three-dimensional imaging techniques have recently 
been developed for this purpose [22]. These approaches 
may aid the adequate evaluation and assessment of cos-
metic outcomes. That is, preoperative prediction of cos-
metic results, which solely depend on surgery, may facili-
tate the separate evaluation of the cosmetic impact of 
radiation.

In conclusion, APBI in Japanese women has been 
demonstrated to achieve comparable outcomes to those 
seen in previous studies in Europe and North America, 
with the exception of cosmetic outcomes. Cosmetic out-
comes were not satisfactory according to this interim 
analysis. Assessment of fibrosis is difficult and uncer-
tain, especially in patients with small breasts. Improve-
ments in the evaluation methods for fibrosis or cosmetic 
outcomes should be applied in future clinical trials. We 
need some more time to draw firm conclusions about late 

sequelae and cosmetic results. A longer follow-up is nec-
essary to validate the applicability of APBI in Japanese 
women with breast cancer.
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