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Abstract

Background There are concerns regarding local toxicity when IORT is applied in Asian women with a smaller breast volume
than that of Western women. Trials are required to develop safety profiles for this technique. The aim of this trial was to
evaluate acute toxicity after intra-operative radiotherapy (IORT) with low-energy X-ray plus whole breast irradiation (WBI)
in Asian patients with breast cancer.

Methods This single-arm, single-institute, phase II trial investigated acute toxicity after completion of radiotherapy (targeted
IORT followed by WBI) in Korean patients treated with breast-conserving surgery (BCS). In the conventional WBI arm
from the TARGIT-A trial, the incidence of acute toxicity within 6 months was 15%. To prove the non-inferiority of the acute
toxicity rate, 215 patients were required. This trial is registered with ClinicalTrials.gov (NCT02213991).

Results Two-hundred and fifteen women were enrolled, and 198 underwent IORT. In 33 patients, clinically significant
complications during the acute period were noted. The incidence of acute toxicity was 16.7% (95% CI 11.5-21.9%). There
were 29 patients with seroma needing more than 3 aspirations, 4 with wound infection, and 2 with skin breakdown. There
was no difference in the rate of complications according to the tumor volume or the tumor-breast volume ratio. Advanced
age and high BMI were risk factors for acute complications.

Conclusions Targeted intra-operative radiotherapy using Intrabeam® is a safe procedure for Korean patients with breast
cancer with an acceptable toxicity profile in the acute period.
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Introduction

Breast-conserving therapy (BCT) has markedly improved
the quality of life for patients with breast cancer in terms of
psychosocial sequelae as well as body image [1]. Until now,
sequential treatment with breast-conserving surgery (BCS)
followed by whole breast irradiation (WBI) has been the
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[9-12], the use of APBI outside the framework of a clini-
cal trial is recommended for carefully selected patients with
early breast cancer. One alternative to conventional WBI is
boost radiotherapy followed by reduced-dose WBI, a risk-
reducing approach that is applicable to most patients treated
with BCS [13-17].

The TARGIT-A trial showed that APBI using concur-
rent intra-operative radiotherapy (IORT) with low-energy
X-ray and lumpectomy using a risk-adapted approach could
be considered as an option for eligible patients with early
breast cancer [10, 12]. To introduce IORT in daily practice
for Asian breast cancer patients, safety profiles for this new
technique are required from clinical trials with Asian women
since they have smaller breast volumes than those of Western
populations. Acute and late local toxicities after IORT may
limit the widespread use of this technique in Asian patients
because IORT might affect the wound-healing process.

To evaluate acute toxicity after IORT with low-energy
X-ray followed by WBI in Asian patients with breast cancer,
a single-arm, phase II trial was conducted in Korean women
with breast cancer who were treated with BCS. IORT using a
low-energy X-ray device (Intrabeam®) with a dose of 20 Gy
replaced boost WBI in this study.

Methods
Study design and participants

In this phase 2, single-arm trial, we investigated short-term
local toxicity within 6 months after completion of IORT
with low-energy X-ray followed by WBI in Korean patients
with breast cancer. The primary end-point was the incidence
of local toxicity, evaluated 4—6 months after completion
of radiotherapy. Eligible patients were women who were
aged 20 years or older, were eligible for lumpectomy, and
had ductal carcinoma in situ (DCIS) or invasive carcinoma
(Stage I-III). Patients treated with pre-operative chemother-
apy or having metastatic disease were excluded. Targeted
intra-operative radiotherapy (TARGIT) as a concurrent pro-
cedure with lumpectomy or as a secondary procedure after
the first lumpectomy was allowed. The presence of invasive
carcinoma and DCIS in the resection margin was intra-oper-
atively assessed by the frozen pathologic examination.

The institutional review boards approved the trial accord-
ing to their local laws and regulations. All patients gave writ-
ten informed consent, and the trial was conducted in compli-
ance with the Helsinki Declaration. This trial is registered
with ClinicalTrials.gov, number NCT(02213991.
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Radiation procedures

For adjuvant radiotherapy, all patients underwent TARGIT
for boost radiotherapy followed by WBI at 46 Gy in 23
fractions. We utilized the same procedure for TARGIT as
that followed in the TARGIT-A trial, which was described
in our previous report [18]. Two surgeons conducted all
BCS procedures. After lumpectomy and excision of the
shaved margins, a single fraction of 20 Gy was delivered to
the surface of the tumor-bed using the mobile 50-kV X-ray
source (Intrabeam®, Carl Zeiss, Oberkochen, Germany)
in the operating room. Isotropy and the output of the unit
were verified; the pre-IORT calibration process required
by the system was carried out prior to each case. A spheri-
cal applicator of an appropriate diameter (ranging from 1.5
to 5.0 cm in 0.5 cm increments) was selected depending on
the volume of the cavity, and the applicator was connected
over the probe of the X-ray source. With a sterile sheath
draped over the IORT device to prevent contamination, the
applicator was placed inside the tumor cavity, and a purse-
string suture was used to pull the walls of the tumor cavity
tightly against the applicator surface. The edges of the
skin incision were everted so any part of skin was at least
1 cm away from the applicator surface to avoid excessive
radiation exposure. When the skin-to-tumor distance was
less than 1 cm, the portion of the skin overlying the tumor
was excised to prevent suboptimal radiation dose delivery
to the high-risk area due to eversion of the skin edge. The
actual beam-on time after radiation site shielding varied
from 20 to 30 min, according to the applicator size.

For intra-operative margin assessment, frozen sections
of shaved margins in 4 directions (superior, inferior, lat-
eral, and medial) were sent to the Department of Pathol-
ogy. Re-excision was performed in cases of positive resec-
tion margins on frozen examination.

In addition, patients diagnosed with cancer at the first
excision of breast lesions were included and treated with
TARGIT in the second operation. For those patients, the
IORT procedure was identical to that of patients treated
with concurrent IORT. For patients with pathologic nodal
involvement, regional radiotherapy was simultaneously
delivered with WBI.

3D MRI volumetry

All patients underwent pre-operative magnetic resonance
imaging (MRI). Based on pre-operative MRI, we obtained
breast volume, tumor volume, and the tumor-breast vol-
ume ratio by 3D-Doctor software (Able Software Corp,
Lexington, USA). The tumor volume and tumor-breast vol-
ume ratio were measured in 159 patients who had a single
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lesion without non-mass enhancement. Volume compu-
tation was performed on contrast-enhanced T1-weighted
images, subtracting layers thicker than 2 mm. Manual
measurements of the breast tissue and tumor portions were
performed in each axial image along the outside breast and
on the dorsal aspect of the pectoral muscle (Supplemen-
tary Fig. 1). After measurement of the breast tissue and the
tumor portion on all axial images, the 3D-Doctor software
automatically calculated the volume.

Statistics

The principal end-point specified in the protocol was the
incidence of local toxicity, evaluated 4—6 months after com-
pletion of radiotherapy. In the previous RCT comparing
TARGIT with EBRT, the rate of all complications in EBRT
group (n=1119) was 15.5% [12]. We aimed to demonstrate
a non-inferiority of IORT with low energy in terms of com-
plications in Korean patients. A sample size of 195 achieves
80% power to detect a non-inferiority proportion (P0) of
0.2300 using a one-sided binomial test for non-inferiority.
The target significance level is 0.0250. The actual signifi-
cance level achieved by this test is 0.0238. These results
assume that the actual proportion (P1) is 0.1500. Consider-
ing a drop-out rate of 10%, the trial would need to enroll 215
patients in total.

The pre-specified checklist of complications highlighting
local toxicity was used in our trial, adopting that of TAR-
GIT-A trial: (i) Hematoma needing surgical evacuation,
(i1) Seroma needing more than three aspirations, (iii) Skin
breakdown or delayed wound-healing, (iv) Any complica-
tion needing surgical intervention, (v) Radiation Therapy
Oncology Group (RTOG version 2.0) toxicity grade 3 or 4
for dermatitis, telangiectasia, pain in the irradiated field, or

Fig.1 Consort diagram accord-
ing to REMARK criteria. Two-

(A) Concurrent IORT

other, and (vi) Any complication of RTOG toxicity grade
more than 2.

A multiple logistic-regression model was employed to
identify factors affecting local toxicity. Significant factors
in the univariate analysis were entered into the multivariate
model. SPSS software version 18 (SPSS Inc., Chicago, IL,
USA) was used to perform the statistical analyses.

Results
Baseline characteristics

Between August 2014 to September 2016, 215 women with
early breast cancer were enrolled, of which 198 under-
went IORT (Fig. 1). One-hundred and 85 patients (93.4%)
received concurrent TARGIT, while 13 (6.6%) underwent
TARGIT as a second procedure. The most common technical
reasons for drop-out were insufficient surrounding parenchy-
mal tissue and a large tumor cavity ineligible for TARGIT
application. The size of the applicators and the actual beam-
on time are presented online (Supplementary Fig. 2).

Demographic and clinical characteristics are presented
in Table 1. The median age and pathologic tumor size were
52 (27-79) years old and 1.5 cm (0.1-4.0), respectively. The
distributions of tumor stages were 14.1% for DCIS, 58.1%
for stage I, 26.3% for stage II, and 1.5% for stage III. Twenty-
five patients (12.6%) had node-positive disease. Adjuvant
chemotherapy was administered to 37.4% (74 of 198) of the
patients, and 7.1% (14 of 198) underwent concurrent lymph
node irradiation. The incidence of ER-positive and HER2-
positive disease was 77.8% (154 of 198) and 13.6% (27 of
198), respectively.

(B) IORT in second operation

hundred and fifteen women
were enrolled. Seventeen

215 Patients were assessed for eligibility and enrolled

patients dropped out of the

trial (withdrawal of consent, 5;
conversion to mastectomy, 3;
large tumor cavity, 4; insuf-
ficient surrounding tissue, 2;
refusal of whole breast irradia-
tion, 2). Finally, 198 patients
were included in the analysis
(185 underwent concurrent
intra-operative radiotherapy and

Drop-outs (n=17)

- Consent withdrawal (n=5)

- Conversion to mastectomy (n=3)

- Large tumor cavity (n=5)

- Insufficient surrounding tissue (n=2)
- Refuse whole breast irradiation (n=2)

13 underwent intra-operative
radiotherapy as a second pro-

198 were included in the analysis

cedure). /ORT intra-operative |

radiotherapy

185 for concurrent IORT

13 for IORT as
secondary procedure
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Table 1 Demographic and clinical characteristics

Variables

N (%)

Age, median (range)
BMI (range)
DM

No

Yes

Tumor size, median (range)

T stage
Tis
T1
T2

N stage

N1
N2
Stage
DCIS
I
I
I
Histologic type
IDC
ILC
Others
Grade®
Torll
I
Unknown
Lymphovascular invasion
Positive
Negative
Unknown
Estrogen receptor®
Positive
Negative
Progesterone receptor”
Positive
Negative
HER2
Negative
Positive
Chemotherapy
Not given
Given
Endocrine therapy
Not given
Given
Lymph node irradiation
Not given

Given

Breast volume, median (cc, range)

Tumor volume (cc, range)

Ratio of tumor/breast volume, median (%,

range)

52 (27-79)
23.6 (17.6-33.85)

189 (95.5%)
9 (4.5%)
1.5 (0.1-4.0)

28 (14.1%)
131 (66.2%)
39 (19.7%)

173 (87.4%)
22 (11.1%)
3 (1.5%)

28 (14.1%)

115 (58.1%)

52 (26.3%)
3(1.5%)

145 (73.2%)
5(2.5%)
48 (24.3%)

120 (60.6%)
49 (24.7%)
29 (14.7%)

26 (13.1%)
142 (71.7%)
30 (15.2%)

154 (77.8%)
44 (22.2%)

126 (63.6%)
72 (36.4%)

171 (86.4%)
27 (13.6%)

124 (62.6%)
74 (37.4%)

46 (23.2%)
152 (76.8%)

184 (92.9%)
14 (7.1%)
640.13 (80.57-3353.53)
2.63 (0.21-12.20)
0.45 (0.05-2.67)
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Table 1 (continued)
BMI body mass index

*Missing value

Positive, Allred score 2-8; Negative, Allred score 0-1

The primary end-point

Clinically significant complications developed within 6
months in 33 patients after completion of radiotherapy.
Acute toxicity occurred in 16.7% (95% CI 11.5-21.9%)
of patients (Table 2). The actual non-inferiority margin of
our trial was 21.9%, lower than the pre-specified margin of
23.0% (Fig. 2). In detail, there were 27 seromas needing
more than 3 aspirations (aspirated volume was over 10 cc),
4 wound infections, and 2 wound dehiscences. Of all 33
events, the median time gap to complications was 11 days
(range 6-94) after TARGIT. Except seroma collections, the
acute complication rate was very low (3.0%). Photographs
in two cases with wound complications are presented online
(Supplementary Fig. 3).

Factors affecting complications

We aimed to identify factors affecting complications dur-
ing a short-term follow-up period. Age, body mass index
(BMI), and underlying diabetes mellitus (DM) were ana-
lyzed in relation to the incidence of toxicity. In addition,
breast volume, tumor volume, and the tumor-breast volume
ratio were assessed by pre-operative breast MRI.

In the univariate analyses using a logistic-regression
analysis, these factors were analyzed as continuous vari-
ables in relation to complications. Age, BMI, DM, tumor
volume, and breast volume were associated with complica-
tions (Table 3). However, multivariate analysis showed that
only age and BMI were independent factors associated with
complications, indicating that advanced age and a high BMI
may increase the risk of acute complications (Table 3).

Moreover, we noted that local toxicity frequently devel-
oped in patients with a large breast volume. When this

Table 2 Short-term complications (primary end-point)

Checklist N (%)
Hematoma needing surgical intervention 0 (0.0%)
Seroma needing aspiration (> 10 ml, >4 times) 27 (13.6%)
Wound dehiscence 2 (1.0%)
Wound infection 4 (2.0%)
RTOG toxicity of grade 3 or 4 0 (0.0%)
Total 33 (16.7%, 95%
CI11.5-
21.9%)
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Fig.2 Complication rate of

IORT. Complication rate was

16.7% (95% CI 11.5-21.9%),

the upper margin of 95%

confidential interval was within

23.0%. The actual non-inferi-

ority margin of our trial was

21.9%, lower than the pre-speci-

fied margin of 23.0% I ry i

11.5 16.7 21.9
7.0 15.0 23.0
TabIeE"; F?lctors affecting Variables Univariate analysis Multivariate analysis®
complications
QOdds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Age 1.069 (1.027-1.112) 0.001 1.071 (1.020-1.126) 0.006
BMI 1.207 (1.070-1.360) 0.002 1.198 (1.035-1.388) 0.015
DM* 4.4142 (1.118-17.422) 0.034 - -
Breast volume (cc)* 1.001 (1.0-1.002) 0.031 - -
Tumor volume (cc)* 1.244 (1.049-1.475) 0.012 - -
The tumor/breast volume 1.228 (0.410-3.678) 0.714 - -

ratio (%)*

*No significant p-value in multivariate analysis

*Multivariate logistic-regression analysis

complication was analyzed according to the quartiles of
breast volume, the 1st (lowest) quartile had no complica-
tions, but there was no significant difference between the
2nd, 3rd, and 4th quartiles (Supplementary Table 1).

Furthermore, we compared risk factors according to the
complication rate. In the complication group (N=33), the
mean age and BMI were significantly higher. In addition, the
mean breast volume was significantly higher in patients with
complications than in those without complications, whereas
the mean tumor volume and tumor-volume ratio did not dif-
fer according to the incidence of acute complications (Sup-
plementary Fig. 4).

Discussion

Our study demonstrated that TARGIT as boost radiotherapy
can be a safe procedure for Asian patients with early breast
cancer in terms of early toxicity. Although all patients under-
went WBI in addition to IORT, the early toxicity rate of our
patients was not higher than that of those treated with EBRT.
There is a paucity of data, as there are few reports regarding

the use of IORT in Asian women. A phase I/II trial reported
that IORT using Mobetron® is technically feasible for Japa-
nese women [19]. Another IORT study using Intrabeam®
in Chinese women evaluated irradiation to the nipple base
in patients undergoing nipple-sparing mastectomy [20]. Our
results can mitigate concerns regarding wound complica-
tions associated with IORT in patients having small breasts,
including Asian women.

In addition, we identified advanced age and high BMI as
risk factors for wound complications. Notably, tumor volume
and tumor-breast volume ratio did not affect the local toxic-
ity rate, suggesting that TARGIT can be safely applied, even
in women with relatively small breasts, when an appropriate
applicator is selected and there is sufficient residual tissue
after lumpectomy.

Intriguingly, contrary to our expectations, local toxicity
developed more frequently in women with a high BMI or a
large breast volume. A high rate of acute complications in
patients with large breasts was also observed in previous
studies investigating acute skin reactions and late adverse
effects on breast appearance from WBI in relation to breast
size [21-25]. The inhomogeneity of the radiation dose partly
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accounts for long-term changes in breast shape in women
with large breasts [26]. More toxicity from radiation in
large breasts was also observed in studies on acute radia-
tion dermatitis associated with intensity-modulated radiation
therapy [27]. Although breast volume was not significantly
associated with acute toxicity in the multivariate analysis,
our findings on the relationship between acute toxicity and
breast volume in women treated with IORT could be sup-
ported by these previous reports [21-27].

In principle, delivering radiation directly to the tumor-bed
may evoke wound problems. Although seroma collection is
the most common complication and is easily manageable,
six patients in our study suffered significant wound com-
plications, four with surgical site infections and two with
wound dehiscence. Additionally, another phase I/II study on
IORT using another low-energy device in Japanese women
also reported wound complications such as hypertrophic
scarring [19]. The risk of IORT for wound problems should
be explained to both physicians and patients prior to apply-
ing this technique, and an effort to avoid skin toxicity during
IORT is mandatory. One of the principles to avoid wound
complications is that the minimum distance from the skin
to the tumor cavity should be greater than 1 cm [28]. In our
procedure, the skin edges were everted to ensure that any
part of skin was more than 1 cm distant from the applicator
surface.

Currently, it is recognized that IORT techniques are insuf-
ficient to suppress local recurrence after BCS compared to
conventional WBI. Two large prospective studies (TARGIT-
A and ELIOT trials) showed inferior local control rates of
IORT compared to WBI [10, 11]. The most recent consensus
of the American Brachytherapy Society for APBI states that
IORT, including low-energy and electron techniques, is not
the standard of care and should not be offered to patients
outside prospective clinical trials because it lacks data dem-
onstrating equivalent local control compared with WBI [29].
However, as emerging data suggest low rates of recurrence
and toxicity with an application of IORT as tumor-bed boost,
this consensus noted that IORT has the potential to be used
for such an approach [29].

In light of this, we planned to deliver IORT as a boost
in our protocol. As a result, we enrolled patients with risk
factors including lobular carcinoma (2.5%) and those less
than 40 years of age (6.1%). Despite a short-term follow-up
period and enrollment of high-risk patients, the local control
rate was excellent (99.2% at 2.2 years). The TARGIT-B trial
aiming to show a superiority of local control by IORT with
WBI is underway and will confirm the role of IORT as boost
radiation [30].

A major limitation of our study is its single-arm design
that did not directly compare IORT with WBI. In addition,
we used the toxicity rate of WBI from the EBRT group of
the TARGIT-A trial as a control, in which the majority were
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western women. They might have experienced toxicity of
WBI at a higher rate than Asian, because high BMI and large
breast volume were risk factors for local toxicity of EBRT.
Thus, it is possible that the WBI-induced toxicity rate of
Korean women is lower than that was used in our statistics.
This issue should be solved by two-arm randomized control
study in the future. The oncologic safety and late toxicity
of our patients should be confirmed and requires long-term
follow-up. Despite the inherent limitation of a non-rand-
omized control study, our single-institute, single-arm study
has advantages that it is the first report primarily focusing
on the early toxicity of IORT in Asian women.

Conclusions

Targeted intra-operative radiotherapy using Intrabeam® as
boost radiation can be a safe procedure for Asian patients
with breast cancer with an acceptable toxicity profile in the
acute period. Long-term follow-up is needed for prospective
monitoring of late toxicity and local control.
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