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Abstract

Introduction: Intraoperative radiotherapy (IORT) is more convenient than standard whole breast external beam
radiotherapy (EBRT) as a sole adjuvant radiotherapy for breast cancer. The impact of age on breast cancer course
and treatment strategy is still under investigation, and the peak age for breast cancer in Taiwan is much younger
than that in Western countries. We aimed to review the oncological outcomes of sole IORT compared with
standard EBRT in a country with younger breast cancer patients.

Patients and methods: We reviewed patients with invasive breast cancer who received breast-conserving surgery
(BCS) from September 2014 to December 2016. The clinicopathologic characteristics and oncological outcomes of
eligible patients who received EBRT or IORT as sole adjuvant radiotherapy after BCS were collected and reviewed.

Results: A total of 170 patients were enrolled with a mean follow-up time of 3.53 ± 0.82 years. The risk of
locoregional recurrence was 2.44% for EBRT versus 10.64% for IORT (p = 0.024). IORT was a significant risk factor of
locoregional recurrence (p = 0.005). The hazard ratios (HRs) for locoregional recurrence in the IORT group compared
with the EBRT group were significantly higher in non-suitable risk group patients (HR = 7.02, p = 0.009) and in
patients under 50 years old (HR = 10.42, p = 0.011).

Conclusions: Locoregional recurrence was significantly higher in patients who received IORT than in those who
underwent EBRT. IORT should not be used alone in patients under 50 years old who do not belong to a suitable
group.
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Background
Adjuvant radiotherapy after breast-conserving surgery
(BCS) halves the rate of the recurrence of 10-year dis-
ease and reduces the 15-year breast cancer death rate by
about a sixth [1]. Standard whole breast external beam
radiotherapy (EBRT) requires a lengthy treatment time
of approximately 5–6 weeks, whereas intraoperative
radiotherapy (IORT) offers convenient treatment once,

concurrent with surgery. In addition to being more cost-
effective, other advantages of IORT include precise
brachytherapy of the target high-risk tissue and less
heart–lung radiation dose exposure [2, 3]. The use of
IORT as a sole adjuvant radiotherapy in the USA in-
creased over 20-fold after the publication of the Ameri-
can Society for Radiation Oncology (ASTRO)
accelerated partial breast irradiation (APBI) Consensus
Guidelines and the targeted intraoperative radiotherapy
versus whole breast radiotherapy for breast cancer
(TARGIT-A) trial in 2010 [4]. A meta-analysis of 13
publications revealed that the breast cancer local
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recurrence rate after sole IORT was 0.02% per-person-
month, with an adjusted 5-year recurrence rate of 2.7%
[5]. These findings support the recent guidelines from
the ASTRO supporting the use of sole IORT for low-
risk patients.
The peak age for breast cancer is between 40 and 50

years in Taiwan, whereas the peak age in Western coun-
tries is between 60 and 70 years [6]. The age criteria for
patients who are considered suitable for APBI radiother-
apy were revised from older than 60 to 50 years in the
updated 2016 ASTRO consensus. Whether age impacts
the breast cancer course and treatment strategy remains
a topic of interest. Indeed, in 2017, the Taiwan Intraop-
erative Radiotherapy Study Cooperative Group (T-
IORTSCG) reported that patients who were selected for
IORT in Taiwan tended to be younger, and the prelim-
inary results were acceptable [7]. However, at present,
there has been no comparison on the effect of sole IORT
and standard EBRT in Taiwan. Therefore, the present
study aimed to evaluate the difference in oncological
outcomes between sole IORT and EBRT in a country
with younger breast cancer patients.

Methods/design
Study design
From September 2014 to December 2016, 194 patients
with invasive breast cancer who received BCS were
reviewed. All the patients were treated in Chia-Yi Cris-
tian Hospital (CYCH). After excluding 16 patients who
refused radiotherapy and eight patients who had IORT
with supplemental EBRT, 170 patients who received
EBRT or IORT as a sole adjuvant radiotherapy were col-
lected and reviewed. Clinicopathologic characteristics
and oncological outcomes including patient characteris-
tics, type of breast, and axillary surgery, tumor patho-
logical results, type of adjuvant radiotherapy, type of
concurrent treatment, type of recurrence, and survival
status at the most recent follow-up were collected.
The inclusion criteria for IORT were unifocal invasive

tumor of less than 3 cm, no evidence of lymph node in-
volvement, and a minimum age of 40 years. These cri-
teria were adapted from the T-IORTSCG study, the first
leading multicenter study of IORT in Taiwan that was
conducted by 11 Taiwanese hospitals with 9 medical
centers included [7]. Radiation treatment options were
explained to the patients who qualified for IORT, includ-
ing standard EBRT, as well as IORT. All patients under-
went extensive preoperative counseling from the
surgeon. The protocol for conducting IORT via the Xoft
Axxent eBx delivery system, in which the clinical effect-
iveness has been shown to be comparable with that of
systems used in other IORT trials [8], is described by
Hung-Wen Lai et al. in detail [7]. In our institute, intra-
operative frozen sections for sentinel lymph node

biopsies and margin status analysis were mandatory.
After BCS, the tumor bed was mobilized to ensure that
there was a distance of at least 10 mm between the sur-
face of the applicator and the skin. A planned dose of
20 Gy to the balloon surface was delivered over 8 ± 15
min. After radiation treatment, the lumpectomy cavity
was irrigated and closed in a standard manner. A posi-
tive resection margin was defined as positive tumor cells
under microscopic exam. Patients were classified into
different risk groups according to the ASTRO ABPI
2016 consensus [9]. Patients were considered as suitable
for IORT if they fulfilled all the following criteria: Older
than the age of 50, negative resection margin, negative
axillary lymph node, tumor size ≦ 2.0 cm, negative for
lymphovascular invasion, or positive hormone status. Pa-
tients were considered as unsuitable for IORT if they
met any of the following criteria: Younger than the age
of 40, positive resection margin, positive axillary lymph
node, or tumor size > 3.0 cm. The other patients were
categorized into a cautionary group. Locoregional recur-
rence, distant metastasis, and mortality were recorded
and analyzed.
EBRT consisted of whole breast irradiation with re-

gional lymph node irradiation reserved for high-risk pa-
tients. All treatment volumes were in accordance with
the Radiation Therapy Oncology Group contouring
atlas. The whole breast received either 40.5–42.6 Gy at
2.66 Gy per fraction or 50.0–50.4 Gy at 1.8–2.0 Gy per
fraction. An additional 10–14 Gy was delivered to the
tumor bed as a boost. The typical regional nodal irradi-
ation included the ipsilateral axillary, supraclavicular,
and internal mammary lymph nodes. All regional lymph
nodes were treated with 50.4 Gy at 1.8 Gy per fraction.
Regional lymph nodes were treated in all the patients
with positive nodes. For the patients with negative senti-
nel nodes, regional nodal irradiation was prescribed to
those with risk factors, such as grade III histology, ER
negativity, lymphovascular invasion, and tumors measur-
ing > 5 cm, with informed consent. The treatment plan-
ning goal was to cover at least 95% of the treatment
volume with the prescribed dose. The major treatment
planning constraint doses were 5 and 15 Gy to the whole
heart and ipsilateral lung, and 45 Gy to the point dose in
the spinal cord, respectively. Deep inspiratory breath-
hold technique was prescribed to the patients with left
breast cancer.
The follow-up protocol for the patients with breast

cancer in CYCH includes the following: (1) clinical
check-up every 3months, (2) breast echocardiographic
examination every 6 months, (3) yearly mammography,
(4) yearly chest and abdominal computed tomography or
chest radiography and abdominal echocardiographic
examination, and (5) yearly bone scan examination. Any
awareness of symptoms that indicate possible relapse or
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second tumors would be referred for further specialist
consultation. The primary endpoints of this study were
locoregional recurrence, overall survival, and breast
cancer-specific survival. Patients in the cohort were
followed until (1) locoregional recurrence; (2) death; (3)
last contact if before the end of August 31, 2019; or (4)
the end of August 31, 2019. Recurrence in the postoper-
ative bed and/or ipsilateral regional lymph nodes was de-
fined as a locoregional recurrence. The study was
reviewed and approved by the Institutional Review
Board of the Ditmanson Medical Foundation Chia-Yi
Christian Hospital, Taiwan (CYCH-IRB no.: 2018009).

Statistical analysis
Continuous variables were expressed as the mean ±
standard deviation, and the categorical data were
expressed as numbers and percentages. Continuous vari-
ables were compared using a t test, and categorical vari-
ables were compared using chi-squared test or Fisher’s
exact test, as appropriate. Poisson regression was used to
estimate the incidence rate (IR) ratios and their 95%
confidence intervals (CIs) by comparing the IRs of differ-
ent treatment methods with the IRs of the reference
group. Kaplan–Meier analysis was used to measure the
cumulative risks of locoregional recurrence for the IORT
group and the EBRT group. Log-rank test was used to
examine the difference between the two survival curves.
To investigate the associations between locoregional re-
currence and each clinical factor, the hazard ratios
(HRs) and 95% CIs for the IORT group compared with
the EBRT group were estimated using crude and
adjusted Cox proportional hazard models. Subgroup
analyses by age or the ASTRO consensus statement risk
groups were used to determine any potential differences
in response to different adjuvant radiotherapies. In sub-
group analysis, unsuitable, and cautionary groups were
classified as the non-suitable group for IORT. Statistical
analysis was conducted using SPSS for Windows version
21.0 (SPSS Inc., Chicago, IL) software package. A two-
tailed p value < 0.05 was considered statistically
significant.

Results
Basic characteristics of the study population
A total of 170 patients were enrolled, with a mean
follow-up time of 3.53 ± 0.82 years. The distributions of
selected characteristics between the overall 47 patients
treated with IORT and the 123 patients treated with
EBRT are summarized in Table 1. The average age of
the IORT group (55.45 ± 10.52 years) was significantly
older than that of the EBRT group (50.02 ± 10.47 years).
There were significant differences between the two
groups regarding the number of examined lymph nodes
(p = 0.030). Furthermore, the proportion of N0 stage in

the IORT group (100%) was significantly higher than in
the RT group (77.24%). There was no significant differ-
ence in BMI, cancer type, pT-stage, tumor size, resection
margin, ER–PR status, Her-2 status, lymphovascular in-
vasion, chemotherapy, hormone therapy, and target
therapy between the two groups.

Association between different adjuvant radiotherapies
and clinical outcomes
The locoregional recurrence rate was significantly higher
in the IORT group than in the EBRT group (5/47,
10.64% vs. 3/123, 2.44%; p = 0.024). Four patients in the
IORT group had recurrence in the postoperative bed.
Three patients in the EBRT group and one patient in the
IORT group had a recurrence in the ipsilateral regional
lymph nodes. The ipsilateral breast tumor recurrence
rate was significantly higher in the IORT group than in
the EBRT group (4/5 vs. 0/3; p = 0.005). There was no
significant difference in distant metastasis, total deaths,
and cancer-specific death between the two groups
(Table 2).

Risk factors of locoregional recurrence
The Kaplan–Meier curve of the cumulative probability
of locoregional recurrence indicated that the IORT
group had a higher risk of locoregional recurrence
within 5 years (log-rank test, p = 0.010) (Fig. 1). Table 3
shows the Cox regression analysis of risk factors associ-
ated with the development of locoregional recurrence.
The IORT group had a significantly increased risk of
locoregional recurrence compared with the EBRT group
after adjustment for clinical and pathologic characteris-
tics (adjusted HR = 52.23; 95% CI = 3.37–809.99; p =
0.005). Moreover, there was a significant positive associ-
ation between the positive resection margin and the risk
of locoregional recurrence after adjustment for potential
confounders (adjusted HR = 53.91; 95% CI = 3.02–
962.98; p = 0.007).

Association between locoregional recurrence and the
ASTRO consensus statement risk groups
The frequency distributions of locoregional recurrence
among the different ASTRO consensus statement risk
groups are shown in Table 4. Among patients in the
non-suitable group, compared with those treated with
EBRT, those treated with IORT had an HR (95% CI) for
locoregional recurrence of 7.02 (1.63–30.16). Among pa-
tients younger than 50 years, those treated with IORT
had an HR (95% CI) for locoregional recurrence of 10.42
(1.73–62.79) compared with those treated with EBRT.

Discussion
Our results are generally consistent with the findings of
previous studies in that the locoregional recurrence rates
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Table 1 Patient demographics and clinical characteristics

EBRT IORT p value

Age 50.02 ± 10.47 55.45 ± 10.52 0.005

< 50 59 (47.97) 10 (21.28)

50–59 41 (33.33) 21 (44.68)

≥ 60 23 (18.70) 16 (34.04)

BMI 24.20 ± 3.75 25.03 ± 4.43 0.347

≤ 18 4 (3.25) 1 (2.13)

18–24 61 (49.59) 18 (38.30)

> 24 58 (47.15) 28 (59.57)

Cancer type 0.210

IDC Invasive ductal CA 114 (92.68) 39 (82.98)

Invasive lobular CA 3 (2.44) 3 (6.38)

Mucinous CA 5 (4.07) 3 (6.38)

Papillar CA 1 (0.81) 2 (4.26)

pT-stage 0.188

T1a 14 (11.38) 3 (6.38)

T1b 13 (10.57) 8 (17.02)

T1c 48 (39.02) 25 (53.19)

T2 47 (38.21) 11 (23.40)

T3–4 1 (0.81) 0 (0.00)

Tumor size (mm)

Mean ± SD 17.18 ± 10.90 15.36 ± 7.41 0.216

Median (IQR) 15 (11–22) 15 (10–19)

Range 1–60 1–38

Section margin 0.161

Negative 118 (95.93) 47 (100.00)

Positive 5 (4.07) 0 (0.00)

Number of examed lymph node 0.030

1–2 27 (21.95) 18 (38.30)

3–10 77 (62.60) 27 (57.45)

> 10 19 (15.45) 2 (4.26)

pN-stage 0.005

N0 95 (77.24) 47 (100.00)

N1 23 (18.70) 0 (0.00)

N2 3 (2.44) 0 (0.00)

N3 2 (1.63) 0 (0.00)

ER/PR status 0.281

Negative 20 (16.26) 11 (23.40)

Positive 103 (83.74) 36 (76.60)

Her-2 status 0.194

Negative 96 (80.67) 41 (89.13)

Positive 23 (19.33) 5 (10.87)

Lymphovascular invasion 0.220

Negative 74 (60.16) 35 (74.47)

Positive 45 (36.59) 11 (23.40)
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were significantly higher with IORT than EBRT (5/47,
10.64% vs. 3/123, 2.44%; p = 0.024). Two randomized
controlled trials, TARGIT-A and ELIOT, demonstrated
a significantly higher local recurrence rate in the IORT
group than in the EBRT group. In the ELIOT study, the
5-year local recurrence rate was 4.4% (35/651) in the
IORT group and 0.4% (4/654) in the EBRT group
(p < 0.001) [10]; in the TARGIT-A study, the 5-year
local recurrence rate was 3.3% (23/1679) in the IORT
group and 1.3% (11/1696) in the EBRT group (p = 0.042)
[11]. One study conducted in China with a median

follow-up of 32 months revealed that the local recur-
rence rate was 2.78% (2/72) in the IORT group and
1.41% (1/71) in the EBRT group [12]. A retrospective
comparison of 4129 patients with pT1N0 breast cancer
treated with EBRT (n = 2939) and IORT (n = 1190) re-
ported a 10-year cumulative risk of locoregional recur-
rence (axillary relapse) of 1.3% with EBRT versus 4.0%
with IORT [13]. Furthermore, in a previous meta-
analysis study, ipsilateral breast tumor recurrence was
significantly higher in patients with IORT than in those
with EBRT (RR, 2.83; 95% CI, 1.23–6.51) [12]. The
higher locoregional recurrence risk observed on average
in both groups in this study than in other studies might
be caused by a higher prevalence of lymphovascular in-
vasion and a smaller sample size (32.9%, 56/170 in this
study and 10.8%, 372/3451 in the TARGIT-A study
[11]). Although IORT delivers a single large dose to the
tumor bed precisely, lack of fractionated radiotherapy to
treat occult lesions beyond 1 cm often leads to high
locoregional recurrence in long-term follow-up.
As the ASTRO 2016 [9] guidelines are the most re-

cently updated guidelines and are more restrictive than
GEC-ESTRO 2010 [14], we adopted the criteria to strat-
ify the patients into different risk groups. None of the
patients in the suitable group in the present study had
locoregional recurrence irrespective of whether they re-
ceived IORT or EBRT. In the non-suitable group, pa-
tients with IORT alone had a 7-fold greater risk of
locoregional recurrence than those with EBRT (HR =
7.02; 95% CI, 1.63–30.16; p = 0.009). The ASTRO guide-
lines note that the use of IORT should be restricted to

Table 1 Patient demographics and clinical characteristics (Continued)

EBRT IORT p value

NA 4 (3.25) 1 (2.13)

Risk group < 0.001

Suitable 20 (16.26) 17 (36.17)

Cautionary 48 (39.02) 26 (55.32)

Unsuitable 55 (44.72) 4 (8.51)

Chemotherapy 0.082

No 40 (32.52) 22 (46.81)

Yes (adjuvant) 76 (61.79) 25 (53.19)

Yes (neoadjuvant) 7 (5.69) 0 (0.00)

Hormone therapy 0.324

No 23 (18.70) 12 (25.53)

Yes 100 (81.30) 35 (74.47)

Target therapy 0.194

No 110 (89.43) 45 (95.74)

Yes 13 (10.57) 2 (4.26)

Follow-up time 3.67 ± 0.82 3.18 ± 0.69 < 0.001

Table 2 Association between different adjuvant radiotherapies
and clinical outcomes

EBRT IORT p value

Locoregional recurrence 0.024

No 120 (97.56) 42 (89.36)

Yes 3 (2.44) 5 (10.64)

Distant metastasis 0.123

No 117 (95.12) 47 (100.00)

Yes 6 (4.88) 0 (0.00)

Total deaths 0.379

No 121 (98.37) 47 (100.00)

Yes 2 (1.63) 0 (0.00)

Cancer-related death 0.535

No 122 (99.19) 47 (100.00)

Yes 1 (0.81) 0 (0.00)

Follow-up time 3.67 ± 0.82 3.18 ± 0.69 < 0.001
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Fig. 1 Cumulative incidences of locoregional recurrence in IORT and EBRT groups

Table 3 Univariate and multivariate analyses of risk factors for locoregional recurrence
Crude HR (95% CI) p value Adjusted HR (95% CI) p value

Radiotherapy type

EBRT Reference Reference

IORT 5.67 (1.29–24.93) 0.022 52.23 (3.37–809.99) 0.005

BMI

< 24 Reference Reference

≥ 24 1.64 (0.39–6.85) 0.501 1.70 (0.28–10.20) 0.563

Age

< 50 Reference Reference

50–59 0.48 (0.09–2.46) 0.375 0.13 (0.01–1.48) 0.101

≥ 60 0.38 (0.04–3.23) 0.374 0.15 (0.01–1.89) 0.142

Tumor size (mm) 1.00 (0.93–1.08) 1.01 (0.93–1.10) 0.810

Section margin

Negative Reference Reference

Positive 12.61 (2.44–65.08) 0.002 53.91 (3.02–962.98) 0.007

pN-stage

N0 Reference Reference

N1 + 2 0.93 (0.11–7.71) 0.945 0.38 (0.05–2.73) 0.335

N3 11.32 (1.34–95.33) 0.026 0.28 (0.02–4.84) 0.382

ER/PR status

Negative Reference Reference

Positive 0.67 (0.14–3.34) 0.629 0.67 (0.08–5.50) 0.713

Her-2 status

Negative reference reference

Positive 2.96 (0.71–12.40) 0.137 6.06 (0.61–60.46) 0.125

Lymphovascular invasion

Negative Reference Reference

Positive 1.48 (0.33–6.60) 0.610 5.37 (0.88–32.87) 0.069
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patients who belong to a suitable group to APBI, based
on the Leonardi et al. study, which showed that the
guidelines were able to identify the groups for whom
IORT might be considered as an effective alternative to
EBRT in the ELIOT trial [15]. Our findings also support
the idea that low-risk patients identified by the ASTRO
2016 [9] guidelines can undergo IORT without an in-
creased risk of locoregional recurrence, whereas those
who do not fulfill the criteria of the suitable group
would have a much higher risk of locoregional recur-
rence if they only received sole IORT. When unexpected
final pathologic information, such as resection margin,
lymphovascular invasion, tumor size, nodal status, and
ER–PR status, predict a higher risk of locoregional re-
currence, supplemental EBRT is indicated [3, 11].
Following review of the evidence from three trials

[16–18], the age criteria in the ASTRO guidelines for pa-
tients suitable for APBI were updated from older than
60 years old in 2009 to 50 years old in 2016. The peak
age for breast cancer is between 40 and 50 years in
Taiwan, whereas the peak age in Western countries is
between 60 and 70 years [6]. As the breast cancer behav-
ior in younger patients tends to be more aggressive [19],
whether more restrictive age criteria should be indicated
in Taiwan is an interesting topic. In this study, among
patients below the age of 50, IORT remained signifi-
cantly correlated with a 10-fold higher locoregional re-
currence risk compared with EBRT but showed a loss of
significance in patients over the age of 50. This result
implied that the cut-off of 50 years in the ASTRO guide-
lines was sufficient for patients in our study group. Thus,
the eligibility age criteria of 50 years old for IORT for
breast cancer might be reasonable according to current
evidence. It is important to consider patient age, likely
longevity, and the implications of any later increase in
locoregional relapse on long-term survival [20]. Age is
the only preoperative reliable parameter and should be
strictly followed when sole IORT is attempted.
Theoretically, supplemental EBRT was indicated in

64% (30/47) of the IORT group patients in this study be-
cause of risky pathological results (20/30) and age under
50 years old (10/30). With a follow-up of 3.18 ± 0.69
years in our study, non-suitable group patients and pa-
tients under 50 years old who received IORT alone had
approximately 7- and 10-fold greater locoregional

recurrence risk than those who received EBRT, respect-
ively. Omission of critical supplemental EBRT in this
study reflects a problem in understanding the value and
cost of IORT in Taiwan, as IORT costs approximately
8000 USD, which is about half of the average annual
personal income. In 2017, the T-IORTSCG study re-
ported a rapid increase in the number of patients who
underwent sole IORT, with a locoregional recurrence
rate of 0.8% (2/261) over a mean follow-up of 1.3 years
[7]. The patients in the T-IORTSCG study tended to be
younger (16.5% < 45 years old in T-IORTSCG, 7% <
50 years old in ELIOT, and 2% < 45 years old in TARG
IT-A; p < 0.01) and have a larger tumor size (T2 tumor
percentage: 21.4% in T-IORTSCG, 13% in ELIOT, and
14% in TARGIT-A; p < 0.01) than those in the ELIOT
and TARGIT-A studies. In the T-IORTSCG study, only
8/261 (3.1%) patients required supplemental EBRT, al-
though 16.5% of them were younger than 45 years old
[7]. The expanded inclusion criteria for sole IORT in the
T-IORTSCG study and the present study represent the
fact that the Taiwanese patients misinterpreted the ex-
pensive IORT as a better radiotherapy and were overop-
timistic of the preliminary data from aggressive studies
[8, 21–25]. Patients are often reliant on their doctors to
provide information about the costs of treatment op-
tions, considering their individual financial and life plan
[26]. The T-IORTSCG study found that young females
had a higher motivation to decrease the frequency of
hospital visits and were financially more independent to
afford the fee of IORT [7]. This may be a reflection of
these women having to try harder to balance the needs
of family, work, children, and their partners with taking
care of themselves [27]. Moreover, a new convenient ex-
pensive treatment published in a prestigious journal
likely caused the Taiwanese to overlook the impact of
unexpected final pathologic information. Jayant S Vaidya
et al. emphasized that sole IORT should be used in pa-
tients who strictly adhere to the eligibility criteria and
suggested that supplemental EBRT should be added [11]
to prevent high locoregional recurrence risk in the fu-
ture whenever higher risk factors exist. Stricter criteria
for supplemental EBRT can further mitigate the locore-
gional recurrence risk as shown by Kristy Broman et al.
in 2019 [28]. It is the responsibility of the doctor to sup-
port the patients during the process of shared decision

Table 4 Hazard ratios of locoregional recurrence found in the follow-up period associated with the EBRT/IORT group and risk factors

Variables EBRT IORT HR (95% CI) p
valueEvent PY Rate Event PY Rate

Suitable 0 73.92 0.00 0 53.01 0.00 NA

Non-suitable 3 377.33 0.01 5 96.65 0.05 7.02 (1.63–30.16) 0.009

Age < 50 2 218.05 9.17 3 32.04 93.63 10.42 (1.73–62.79) 0.011

Age ≥ 50 1 233.2 4.29 2 117.62 17.00 3.46 (0.31–38.17) 0.311
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making, as well as to convey information relating to the
value and limitations of expensive IORT in Taiwan.
Despite higher locoregional recurrence risk for pa-

tients who receive IORT than EBRT, there was no sig-
nificant difference in the risk of distant metastasis, total
deaths, and cancer-specific death between the two
groups in our study. Results from the SEER database
also showed that IORT was not inferior to EBRT when
considering the overall survival and cancer-specific death
in the short-term follow-up of early breast cancer pa-
tients [29]. However, whether locoregional recurrence of
breast cancer would impact cancer survival remains un-
known. A meta-analysis from the Early Breast Cancer
Trialists’ Collaborative Group reported a difference in
locoregional relapse rates at 10 years, which may well
translate into a survival difference in the longer term [1].
Furthermore, Komoike et al. found that patients with ip-
silateral breast tumor recurrence were more likely to de-
velop subsequent distant metastases [30]. Houssami
et al. suggested that if all breast cancer recurrences were
detected earlier, five to eight deaths would be avoided
during a 10-year period for 1000 breast cancer patients
(i.e., an absolute reduction in mortality of 17–28%) [31].
In contrast, Sopik et al. concluded that the risk of local
recurrence does not correlate with the risk of death from
breast cancer across the spectrum of the early stages of
breast cancer. After local recurrence, the risk of death
from breast cancer depends on the initial stage at diag-
nosis [32]. Locoregional recurrence might or might not
impact breast cancer overall survival, but will definitely
impact the patient’s life quality and increase medical ex-
penses. Breast cancer recurrence is a great fear of breast
cancer survivors and affects both the patient and their
family [33, 34]. Patients considering sole IORT instead
of EBRT should be well informed about compatible sur-
vival and the higher locoregional recurrence risk, as well
as the potential consequences [9].
Except for suitable group patients, a significantly

higher locoregional risk was found with IORT than with
EBRT over a limited follow-up time. Because of the limi-
tation of the retrospective, unicenter, and non-
randomized nature of the present study, as well as the
small patient numbers, our results may have higher vari-
ability than others. As a result of the lack of intergroup
difference, no further detailed subgroup analysis could
be conducted, including the impact of lymphovascular
invasion, the prevalence of which was doubled compared
with the TARGIT-A study [11]. Nevertheless, the results
of the present study still support the concept that sole
adjuvant IORT should be used under strict the protocols
of ASTRO 2016 guidelines for APBI. Negative experi-
ences while practicing beyond the guidelines are also im-
portant lessons to learn. Further data collection and
longer follow-up is warranted in the future, as well as

the inclusion of different races to determine any differ-
ences in efficacy.

Conclusions
A significantly higher locoregional recurrence rate was
observed in the IORT group than in the EBRT group.
Compared with patients with EBRT, the non-suitable
group with IORT alone had around 7-fold greater locor-
egional recurrence risk, whereas patients under the age
of 50 had about 10-fold greater locoregional recurrence
risk. Sole adjuvant IORT for breast cancer patients
should be administered under strict ASTRO 2016 proto-
cols, and IORT should not be used alone in patients
under 50 years old who do not belong to the suitable
group.

Abbreviations
APBI: Accelerated partial breast irradiation; ASTRO: American Society for
Radiation Oncology; BCS: Breast-conserving surgery; CIs: Confidence intervals;
EBRT: External beam radiotherapy; HR: Hazard ratio; IORT: Intraoperative
radiotherapy; IR: Incidence rate; TARGIT-A trial: Targeted intraoperative
radiotherapy versus whole breast radiotherapy for breast cancer; T-
IORTSCG: Taiwan Intraoperative Radiotherapy Study Cooperative Group

Acknowledgements
This study was supported by grants from the Ditmanson Medical Foundation
Chia-Yi Christian Hospital Research Program (R107-009) and Ditmanson Edu-
cational Affairs Foundation. We are greatful to Chun-Feng Wei and Li-Chung
Yang for providing the data collection services.

Authors’ contributions
All authors contributed to the design of the study, interpretation of the
results, and development of the final manuscript. HYY, CWT, and YCH
conceived the study. HYY and YCH collated the data and performed the
statistical analyses. HYY and CWT criticized and revised the manuscript
content. HYY and YCH wrote the manuscript with contributions from all the
coauthors. The authors read and approved the final manuscript.

Funding
This study was supported by a grant from the Ditmanson Medical
Foundation Chia-Yi Christian Hospital Research Program (R107-009) and Dit-
manson Educational Affairs Foundation.

Availability of data and materials
The datasets analyzed during the present study are available from the
corresponding authors on reasonable request.

Declarations

Ethics approval and consent to participate
The study was reviewed and approved by the institutional review board of
Ditmanson Medical Foundation Chia-Yi Christian Hospital, Taiwan (CYCH-IRB
no. 2018009).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Clinical Medicine Research Center, Ditmansion Medical Foundation Chia-Yi
Christian Hospital, Chia-Yi City, Taiwan 60002. 2Department of Surgery,
Ditmansion Medical Foundation Chia-Yi Christian Hospital, No. 539,
Zhongxiao Rd., East District, Chia-Yi City, Taiwan 60002. 3Department of
Pathology, Ditmanson Medical Foundation Chia-Yi Christian Hospital, Chia-Yi
City, Taiwan 60002. 4Department of Cosmetic Science, Chia Nan University of

Yang et al. Breast Cancer Research           (2021) 23:43 Page 8 of 10



Pharmacy and Science, Tainan, Taiwan 71710. 5Department of Radiation
Therapy and Oncology, Ditmanson Medical Foundation Chia-Yi Christian
Hospital, Chia-Yi City, Taiwan 60002.

Received: 20 July 2020 Accepted: 23 March 2021

References
1. Darby S, McGale P, Correa C, Taylor C, Arriagada R, Clarke M, Cutter D,

Davies C, Ewertz M, Godwin J, et al. Effect of radiotherapy after breast-
conserving surgery on 10-year recurrence and 15-year breast cancer death:
meta-analysis of individual patient data for 10,801 women in 17 randomised
trials. Lancet. 2011;378(9804):1707–16. https://doi.org/10.1016/S0140-6736(11
)61629-2.

2. Korzets Y, Fyles A, Shepshelovich D, Amir E, Goldvaser H. Toxicity and
clinical outcomes of partial breast irradiation compared to whole breast
irradiation for early-stage breast cancer: a systematic review and meta-
analysis. Breast Cancer Res Treat. 2019;175(3):531–45. https://doi.org/10.1
007/s10549-019-05209-9.

3. Harris EER, Small W Jr. Intraoperative radiotherapy for breast cancer. Front
Oncol. 2017;7:317. https://doi.org/10.3389/fonc.2017.00317.

4. Morrison C, Gonzalez V, Hsu C. Intraoperative radiation therapy (IORT) as
sole adjuvant RT modality for breast cancer: patterns of care in the United
States and utilization after publication of guidelines and randomized trials.
Int J Radiat Oncol Biol Phys. 2018;102(3):e603. https://doi.org/10.1016/j.
ijrobp.2018.07.1656.

5. Harness JK, Davies K, Via C, Brooks E, Zambelli-Weiner A, Shah C, Vicini F.
Meta-analysis of local invasive breast cancer recurrence after electron
intraoperative radiotherapy. Ann Surg Oncol. 2018;25(1):137–47. https://doi.
org/10.1245/s10434-017-6130-x.

6. Chang KJ, Kuo WH, Wang MY. The epidemiology of breast cancer in Taiwan.
J Chi Oncol Soc. 2008;24:85–93.

7. Lai HW, Liu LC, Ouyang F, Yao CC, Jan HC, Chang YH, Tu CW, Chen DR,
Cheng TF, Tzeng YD, Hsu HM, Yeh MH, Wu YC, Yang PS, Lam HB, Hou MF,
Chen FM. Multi-center study on patient selection for and the oncologic
safety of intraoperative radiotherapy (IORT) with the Xoft Axxent(R) eBx(R)
system for the management of early stage breast cancer in Taiwan. PLoS
One. 2017;12(11):e0185876. https://doi.org/10.1371/journal.pone.0185876.

8. Corica T, Joseph D, Saunders C, Bulsara M, Nowak AK. Intraoperative
radiotherapy for early breast cancer: do health professionals choose
convenience or risk? Radiat Oncol. 2014;9(1):33. https://doi.org/10.1186/174
8-717X-9-33.

9. Correa C, Harris EE, Leonardi MC, Smith BD, Taghian AG, Thompson AM,
White J, Harris JR. Accelerated partial breast irradiation: executive summary
for the update of an ASTRO evidence-based consensus statement. Pract
Radiat Oncol. 2017;7(2):73–9. https://doi.org/10.1016/j.prro.2016.09.007.

10. Veronesi U, Orecchia R, Maisonneuve P, Viale G, Rotmensz N, Sangalli C,
Luini A, Veronesi P, Galimberti V, Zurrida S, Leonardi MC, Lazzari R, Cattani F,
Gentilini O, Intra M, Caldarella P, Ballardini B. Intraoperative radiotherapy
versus external radiotherapy for early breast cancer (ELIOT): a randomised
controlled equivalence trial. Lancet Oncol. 2013;14(13):1269–77. https://doi.
org/10.1016/S1470-2045(13)70497-2.

11. Vaidya JS, Wenz F, Bulsara M, Tobias JS, Joseph DJ, Keshtgar M, Flyger HL,
Massarut S, Alvarado M, Saunders C, Eiermann W, Metaxas M, Sperk E,
Sütterlin M, Brown D, Esserman L, Roncadin M, Thompson A, Dewar JA,
Holtveg HMR, Pigorsch S, Falzon M, Harris E, Matthews A, Brew-Graves C,
Potyka I, Corica T, Williams NR, Baum M. Risk-adapted targeted
intraoperative radiotherapy versus whole-breast radiotherapy for breast
cancer: 5-year results for local control and overall survival from the TARGIT-
A randomised trial. Lancet. 2014;383(9917):603–13. https://doi.org/10.1016/
S0140-6736(13)61950-9.

12. Zhang L, Zhou Z, Mei X, Yang Z, Ma J, Chen X, Wang J, Liu G, Yu X, Guo X.
Intraoperative radiotherapy versus whole-breast external beam radiotherapy
in early-stage breast cancer: a systematic review and meta-analysis.
Medicine. 2015;94(27):e1143. https://doi.org/10.1097/MD.0000000000001143.

13. Gentilini O, Botteri E, Leonardi MC, Rotmensz N, Vila J, Peradze N, Thomazini
MV, Jereczek BA, Galimberti V, Luini A, Veronesi P, Orecchia R. Ipsilateral
axillary recurrence after breast conservative surgery: the protective effect of
whole breast radiotherapy. Radiother Oncol. 2017;122(1):37–44. https://doi.
org/10.1016/j.radonc.2016.12.021.

14. Polgar C, Van Limbergen E, Potter R, Kovacs G, Polo A, Lyczek J, Hildebrandt
G, Niehoff P, Guinot JL, Guedea F, et al. Patient selection for accelerated
partial-breast irradiation (APBI) after breast-conserving surgery:
recommendations of the Groupe Europeen de Curietherapie-European
Society for Therapeutic Radiology and Oncology (GEC-ESTRO) breast cancer
working group based on clinical evidence (2009). Radiother Oncol. 2010;
94(3):264–73. https://doi.org/10.1016/j.radonc.2010.01.014.

15. Leonardi MC, Maisonneuve P, Mastropasqua MG, Morra A, Lazzari R,
Rotmensz N, Sangalli C, Luini A, Veronesi U, Orecchia R. How do the ASTRO
consensus statement guidelines for the application of accelerated partial
breast irradiation fit intraoperative radiotherapy? A retrospective analysis of
patients treated at the European Institute of Oncology. Int J Radiat Oncol
Biol Phys. 2012;83(3):806–13. https://doi.org/10.1016/j.ijrobp.2011.08.014.

16. Strnad V, Ott OJ, Hildebrandt G, Kauer-Dorner D, Knauerhase H, Major T,
Lyczek J, Guinot JL, Dunst J, Gutierrez Miguelez C, Slampa P, Allgäuer M,
Lössl K, Polat B, Kovács G, Fischedick AR, Wendt TG, Fietkau R, Hindemith M,
Resch A, Kulik A, Arribas L, Niehoff P, Guedea F, Schlamann A, Pötter R, Gall
C, Malzer M, Uter W, Polgár C, Groupe Européen de Curiethérapie of
European Society for Radiotherapy and Oncology (GEC-ESTRO). 5-year
results of accelerated partial breast irradiation using sole interstitial
multicatheter brachytherapy versus whole-breast irradiation with boost after
breast-conserving surgery for low-risk invasive and in-situ carcinoma of the
female breast: a randomised, phase 3, non-inferiority trial. Lancet. 2016;
387(10015):229–38. https://doi.org/10.1016/S0140-6736(15)00471-7.

17. Polgar C, Fodor J, Major T, Sulyok Z, Kasler M. Breast-conserving therapy
with partial or whole breast irradiation: ten-year results of the Budapest
randomized trial. Radiother Oncol. 2013;108(2):197–202. https://doi.org/10.1
016/j.radonc.2013.05.008.

18. Livi L, Meattini I, Marrazzo L, Simontacchi G, Pallotta S, Saieva C, Paiar F,
Scotti V, De Luca CC, Bastiani P, et al. Accelerated partial breast irradiation
using intensity-modulated radiotherapy versus whole breast irradiation: 5-
year survival analysis of a phase 3 randomised controlled trial. Eur J Cancer.
2015;51(4):451–63. https://doi.org/10.1016/j.ejca.2014.12.013.

19. El Saghir NS, Seoud M, Khalil MK, Charafeddine M, Salem ZK, Geara FB,
Shamseddine AI. Effects of young age at presentation on survival in breast
cancer. BMC Cancer. 2006;6(1):194. https://doi.org/10.1186/1471-2407-6-194.

20. Kirby AM. Updated ASTRO guidelines on accelerated partial breast
irradiation (APBI): to whom can we offer APBI outside a clinical trial? Br J
Radiol. 2018;91(1085):20170565. https://doi.org/10.1259/bjr.20170565.

21. Cedolini C, Bertozzi S, Seriau L, Londero AP, Concina S, Moretti E, Padovani
R, Pasqualucci A, Ceschia T, Risaliti A. Feasibility of concervative breast
surgery and intraoperative radiation therapy for early breast cancer: a
single-center, open, non-randomized, prospective pilot study. Oncol Rep.
2014;31(4):1539–46. https://doi.org/10.3892/or.2014.3018.

22. Hanna SA, de Barros ACSD, de Andrade FEM, Bevilacqua JLB, Piato JRM,
Pelosi EL, Martella E, da Silva JLF, de Andrade Carvalho H. Intraoperative
radiation therapy in early breast cancer using a linear accelerator outside of
the operative suite: an “image-guided” approach. Int J Radiat Oncol Biol
Phys. 2014;89(5):1015–23. https://doi.org/10.1016/j.ijrobp.2014.04.038.

23. Kawamura M, Itoh Y, Sawaki M, Kikumori T, Tsunoda N, Kamomae T, Kubota
S, Okada T, Nakahara R, Ito J. A phase I/II trial of intraoperative breast
radiotherapy in an Asian population: 5-year results of local control and
cosmetic outcome. Radiat Oncol. 2015;10(1):1–6.

24. Philippson C, Simon S, Vandekerkhove C, Hertens D, Veys I, Noterman D, De
Neubourg F, Larsimont D, Bourgeois P, Van Houtte P. Early invasive cancer
and partial intraoperative electron radiation therapy of the breast:
experience of the Jules Bordet Institute. Int J Breast Cancer. 2014;2014:1–6.
https://doi.org/10.1155/2014/627352.

25. Wang X, Liu J, Wang W, Feng Q, Wang X. Clinical analysis of intraoperative
radiotherapy during breast-conserving surgery of early breast cancer in the
Chinese Han population. Oncotarget. 2015;6(40):43120–6. https://doi.org/1
0.18632/oncotarget.5716.

26. Victoor A, Noordman J, Potappel A, Meijers M, Kloek CJJ, de Jong JD.
Discussing patients’ insurance and out-of-pocket expenses during GPs'
consultations. BMC Health Serv Res. 2019;19(1):141. https://doi.org/10.1186/
s12913-019-3966-8.

27. Dunn J, Steginga SK. Young women’s experience of breast cancer: defining
young and identifying concerns. Psychooncology. 2000;9(2):137–46. https://
doi.org/10.1002/(SICI)1099-1611(200003/04)9:2<137::AID-PON442>3.0.CO;2-0.

28. Broman K, Sun W, Zhou JM, Fridley B, Diaz R, Laronga C. Outcomes of
selective whole breast irradiation following lumpectomy with

Yang et al. Breast Cancer Research           (2021) 23:43 Page 9 of 10

https://doi.org/10.1016/S0140-6736(11)61629-2
https://doi.org/10.1016/S0140-6736(11)61629-2
https://doi.org/10.1007/s10549-019-05209-9
https://doi.org/10.1007/s10549-019-05209-9
https://doi.org/10.3389/fonc.2017.00317
https://doi.org/10.1016/j.ijrobp.2018.07.1656
https://doi.org/10.1016/j.ijrobp.2018.07.1656
https://doi.org/10.1245/s10434-017-6130-x
https://doi.org/10.1245/s10434-017-6130-x
https://doi.org/10.1371/journal.pone.0185876
https://doi.org/10.1186/1748-717X-9-33
https://doi.org/10.1186/1748-717X-9-33
https://doi.org/10.1016/j.prro.2016.09.007
https://doi.org/10.1016/S1470-2045(13)70497-2
https://doi.org/10.1016/S1470-2045(13)70497-2
https://doi.org/10.1016/S0140-6736(13)61950-9
https://doi.org/10.1016/S0140-6736(13)61950-9
https://doi.org/10.1097/MD.0000000000001143
https://doi.org/10.1016/j.radonc.2016.12.021
https://doi.org/10.1016/j.radonc.2016.12.021
https://doi.org/10.1016/j.radonc.2010.01.014
https://doi.org/10.1016/j.ijrobp.2011.08.014
https://doi.org/10.1016/S0140-6736(15)00471-7
https://doi.org/10.1016/j.radonc.2013.05.008
https://doi.org/10.1016/j.radonc.2013.05.008
https://doi.org/10.1016/j.ejca.2014.12.013
https://doi.org/10.1186/1471-2407-6-194
https://doi.org/10.1259/bjr.20170565
https://doi.org/10.3892/or.2014.3018
https://doi.org/10.1016/j.ijrobp.2014.04.038
https://doi.org/10.1155/2014/627352
https://doi.org/10.18632/oncotarget.5716
https://doi.org/10.18632/oncotarget.5716
https://doi.org/10.1186/s12913-019-3966-8
https://doi.org/10.1186/s12913-019-3966-8
https://doi.org/10.1002/(SICI)1099-1611(200003/04)9:2<137::AID-PON442>3.0.CO;2-0
https://doi.org/10.1002/(SICI)1099-1611(200003/04)9:2<137::AID-PON442>3.0.CO;2-0


intraoperative radiation therapy for hormone receptor positive breast
cancer. Am J Sur. 2019;218(4):749–54. https://doi.org/10.1016/j.amjsurg.2
019.07.011.

29. Lei J, Wang Y, Bi Z, Xue S, Ou B, Liu K. Intraoperative radiotherapy (IORT)
versus whole-breast external beam radiotherapy (EBRT) in early stage breast
cancer: results from SEER database. Jpn J Radiol. 2020;38(1):85–92. https://
doi.org/10.1007/s11604-019-00891-7.

30. Komoike Y, Akiyama F, Iino Y, Ikeda T, Akashi-Tanaka S, Ohsumi S, Kusama
M, Sano M, Shin E, Suemasu K, Sonoo H, Taguchi T, Nishi T, Nishimura R,
Haga S, Mise K, Kinoshita T, Murakami S, Yoshimoto M, Tsukuma H, Inaji H.
Ipsilateral breast tumor recurrence (IBTR) after breast-conserving treatment
for early breast cancer: risk factors and impact on distant metastases.
Cancer. 2006;106(1):35–41. https://doi.org/10.1002/cncr.21551.

31. Houssami N, Macaskill P, Marinovich ML, Dixon JM, Irwig L, Brennan ME,
Solin LJ. Meta-analysis of the impact of surgical margins on local recurrence
in women with early-stage invasive breast cancer treated with breast-
conserving therapy. Eur J Cancer. 2010;46(18):3219–32. https://doi.org/10.1
016/j.ejca.2010.07.043.

32. Sopik V, Nofech-Mozes S, Sun P, Narod SA. The relationship between local
recurrence and death in early-stage breast cancer. Breast Cancer Res Treat.
2016;155(1):175–85. https://doi.org/10.1007/s10549-015-3666-y.

33. Vickberg S. Fears about breast cancer recurrence: interviews with a diverse
sample. Cancer Pract. 2001;9(5):237–43. https://doi.org/10.1046/j.1523-5394.2
001.009005237.x.

34. Northouse LL, Mood D, Kershaw T, Schafenacker A, Mellon S, Walker J,
Galvin E, Decker V. Quality of life of women with recurrent breast cancer
and their family members. J Clin Oncol. 2002;20(19):4050–64. https://doi.
org/10.1200/JCO.2002.02.054.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Yang et al. Breast Cancer Research           (2021) 23:43 Page 10 of 10

https://doi.org/10.1016/j.amjsurg.2019.07.011
https://doi.org/10.1016/j.amjsurg.2019.07.011
https://doi.org/10.1007/s11604-019-00891-7
https://doi.org/10.1007/s11604-019-00891-7
https://doi.org/10.1002/cncr.21551
https://doi.org/10.1016/j.ejca.2010.07.043
https://doi.org/10.1016/j.ejca.2010.07.043
https://doi.org/10.1007/s10549-015-3666-y
https://doi.org/10.1046/j.1523-5394.2001.009005237.x
https://doi.org/10.1046/j.1523-5394.2001.009005237.x
https://doi.org/10.1200/JCO.2002.02.054
https://doi.org/10.1200/JCO.2002.02.054

	Abstract
	Introduction
	Patients and methods
	Results
	Conclusions

	Background
	Methods/design
	Study design
	Statistical analysis

	Results
	Basic characteristics of the study population
	Association between different adjuvant radiotherapies and clinical outcomes
	Risk factors of locoregional recurrence
	Association between locoregional recurrence and the ASTRO consensus statement risk groups

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

