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INTRODUCTION

Whole breast irradiation (WBI), followed by a tumor bed boost, 
is the standard radiation treatment for patients with breast can-
cer undergoing breast-conserving surgery (BCS).1 The TAR-

Geted Intraoperative Radiotherapy Alone (TARGIT-A) trial re-
ported the non-inferiority of intraoperative radiotherapy (IORT) 
compared to WBI using external beam radiation therapy (EBRT) 
in select patients with early breast cancer.2 Furthermore, a 
randomized comparison of the use of IORT boost with post-
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operative WBI followed by EBRT boost is currently underway in 
the TARGeted Intraoperative Radiotherapy Boost (TARGIT-B) 
trial. 

Currently, IORT is mainly used in patients with low-risk fea-
tures. IORT has several advantages, including the “same-day 
approach” settings and increased patient convenience. IORT 
allows increased skin-sparing, reduces the possibility of tumor 
repopulation between the completion of surgery and the ini-
tiation of radiotherapy, and allows for a more accurate assess-
ment of the size of the tumor bed, which may reduce the irradi-
ated target volume. Moreover, IORT allows precise identification 
of the tumor bed location, which reduces the risk of missed 
targets.3 

Limited studies have investigated the feasibility and efficacy 
of using IORT as a boost, particularly in patients with advanced-
stage breast cancer who require neoadjuvant chemotherapy. 
The rationale for neoadjuvant chemotherapy is to facilitate the 
use of BCS instead of mastectomy. Furthermore, the in vivo 
sensitivity to chemotherapy can be evaluated.4 Therefore, the 
number of patients treated with neoadjuvant chemotherapy 
has been increasing. However, patients who eventually require 
neoadjuvant systemic therapy have a higher risk of local recur-
rence and distant metastasis due to their tumor biology com-
pared to those who do not require neoadjuvant treatment. We 
hypothesized that IORT can be administered to high-risk pa-
tients without increasing toxicity. Therefore, in this study, we 
aimed to investigate the safety and feasibility of IORT boost af-
ter neoadjuvant chemotherapy in patients with advanced-stage 
breast cancer. 

MATERIALS AND METHODS

Patient selection
All data were prospectively collected in a phase II study 
(NCT02213991) conducted according to the Conditional Ap-
proval System of Health Technology and approved by the Min-
istry of Health and Welfare of Korea (CAS-2017-4-1). Five hun-
dred and ninety-six patients diagnosed with breast cancer were 
treated with a single dose of 20 Gy IORT as a tumor bed boost 
between August 2014 and February 2020. All patients were re-
quired to have a biopsy-proven diagnosis of breast cancer along 
with clinical, radiographic, and pathological assessments for 
staging purposes. Imaging studies including breast ultrasound, 
mammography, and breast magnetic resonance imaging (MRI) 
were performed for initial clinical staging. IORT was adminis-
tered to patients aged ≥20 years, with biopsy-proven breast can-
cer undergoing BCS, and with a maximum tumor size <5 cm. 
Patients who presented with an initial tumor size >2 cm or ini-
tial lymph node metastases on axillary imaging and/or biopsy 
were treated with neoadjuvant chemotherapy.

After BCS, specimens were sent to the pathology department, 
and pathological tumor staging was performed, according to 

the American Joint Committee on Cancer 8th edition TNM stag-
ing system. The estrogen receptor, progesterone receptor, and 
human epidermal growth factor receptor-2 (HER-2) statuses 
were also analyzed. This study was approved by the Institu-
tional Review Board of Gangnam Severance Hospital (IRB No. 
3-2023-0059) and adhered to the principles of the Declaration 
of Helsinki.

Treatment scheme
The most frequently used neoadjuvant chemotherapy regimen 
was Adriamycin (doxorubicin) and cyclophosphamide, followed 
by paclitaxel (AC+T). The docetaxel, carboplatin, trastuzumab, 
and pertuzumab (TCHP) regimen was used in patients with 
HER-2-positive breast cancer. After the completion of neoad-
juvant chemotherapy, imaging studies including mammogra-
phy, ultrasound, and/or breast MRI were performed for response 
evaluation to determine eligibility for BCS. Breast surgery was 
performed by experienced surgeons, and sentinel lymph node 
biopsy or axillary nodal dissection were performed according 
to institutional protocols. Frozen sections were sent to the De-
partment of Pathology immediately after tumor excision. Ad-
ditional margin excision was performed in cases with positive 
resection margins on frozen-section analysis. 

After tumor excision, patients who provided informed con-
sent were administered IORT. In some cases, IORT was deliv-
ered before pathological confirmation of negative margins. 
IORT was planned and delivered by a radiation oncologist. A 
single dose of 20 Gy IORT was administered at the surface of 
the applicator using the mobile 50 kV X-ray source (INTRA-
BEAM, Zeiss, Oberkochen, Germany), with attenuation of the 
dose to approximately 5 Gy at 1 cm from the edge of the exci-
sion cavity (Supplementary Figs. 1 and 2, only online). A spheri-
cal applicator with an appropriate diameter (ranging from 3.0–
4.5 cm in 0.5 cm increments) was selected based on the size of 
the tumor cavity and placed inside the cavity following mass 
excision. A purse-string suture was used to tightly pull the walls 
of the tumor cavity around the surface of the applicator. Optical-
ly stimulated, luminescent dosimeter chips were attached to the 
skin to measure the skin dose. The superior, inferior, medial, 
and lateral doses were measured, each at 5 mm from the skin 
edge. As for the skin dose, which was measured at 1 cm from the 
edge of the excision cavity, the dose constraint was 5 Gy. Skin 
dose measurements were performed as previously described.5 

At 4–6 weeks after the surgery, patients underwent EBRT. 
The ipsilateral whole breast, including the tumor bed, was de-
lineated for determining the target volume, and WBI with 46 Gy 
in 23 fractions was performed. Hypofractionated radiation ther-
apy (RT) with 40.05 Gy in 15 fractions has been approved in 
our institution since 2019. For patients with initial node me-
tastases, the regional lymph nodes were irradiated. In these 
patients, the axillary, supraclavicular, and internal mammary 
lymph nodes were included in the target volume. As for supra-
clavicular lymph nodes, the target volume was contoured ac-
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cording to European Society for Radiotherapy and Oncology 
(ESTRO) nodal target volume guidelines in patients with initial 
clinical N1 disease, and the target volume was contoured ac-
cording to Radiation Therapy Oncology Group (RTOG) nodal 
target volume guidelines in patients with initial clinical N2 dis-
ease or higher. Patients who received regional node irradiation 
were administered a dose of 50.4 Gy in 28 fractions. In patients 
with left-sided breast cancer, RT was administered using the 
deep inspirational breath-hold technique. Patients were ad-
ministered intensity-modulated RT (IMRT) or three-dimen-
sional conformal RT (3D-CRT). Breast ultrasonography, mam-
mography, and/or breast MRI were performed every 6 months 
following WBI. Adjuvant chemotherapy and endocrine thera-
py were administered based on the current guidelines. 

Patients were followed up in the surgery department every 
3–6 months for the first 2 years, followed by annual visits there-
after. Seroma was defined as repeated aspiration ≥5 times or 
>50 cc of fluid aspirated at one time; cases of minimal aspira-
tion volume (<5 cc) were excluded. Acute radiation dermatitis 
was assessed by the treating radiation oncologist as part of the 
standard weekly assessment during RT and 1 month after RT. 
Individual indices of acute skin toxicity, including erythema 
and desquamation, were also noted. Late toxicity was assessed 
at least 3 months after radiotherapy and every 3–6 months there-
after. Fibrosis, edema, and hyperpigmentation were recorded 
as late skin toxicities. Acute toxicities were scored according to 
the RTOG/European Organization for Research and Treatment 
of Cancer (EORTC) toxicity scale associated with radiation and 
delayed toxicities according to the late effects of the normal tis-
sue-subjective objective management analytical scale.6 

Primary endpoint and statistical analysis 
The primary endpoints were acute and late treatment-related 
toxicities. Secondary endpoints were overall survival (OS), lo-
cal recurrence-free survival (LRFS), and distant metastasis-free 
survival. All endpoints were defined from the date of IORT to 
the pertinent event. The Kaplan–Meier method was used to 
calculate survival times. Binary correlation analysis using Spear-
man’s rank correlation was used to examine the impact of vari-
ous determinants, particularly, the applicator size, fractionated 
regimen, or RT modality, on toxicities. p-values <0.05 were con-
sidered statistically significant. All statistical analyses were per-
formed using SPSS version 25 (IBM Corp., Armonk, NY, USA).

RESULTS

Of the 596 patients referred for IORT, 58 were treated with neo-
adjuvant chemotherapy; of the 58, one patient did not under-
go IORT because the excision cavity was too large, which pre-
cluded finding an applicator of an appropriate size. Therefore, 
57 patients received neoadjuvant chemotherapy before BCS 
and IORT (Fig. 1), and were included in the analysis. These pa-

tients received IORT between December 2016 and February 
2020. The clinical characteristics of the study population are 
shown in Table 1. The median patient age was 50 years (range, 
33–74 years). The most common histological type was invasive 
ductal carcinoma (96.5%), and the median tumor size was 2.6 cm 
(range 0.8–5.3 cm) at the initial diagnosis and 0.3 cm (range 
0–4.0 cm) after neoadjuvant chemotherapy. Most patients had 
T2 (n=47, 82.5%), 8 (14.0%) had T1, and 2 (3.5%) had T3 initial 
clinical staging. The majority of patients (n=39, 68.4%) had re-
gional node metastases at the initial diagnosis; N1 disease was 
the most common (n=27), followed by N0 (n=18). Among the 
luminal subtypes, 26 patients (45.6%) had triple-negative breast 
cancer, followed by luminal A (22.8%), HER-2 (21.1%), and lu-
minal B (10.5%) subtypes. ypT0 was diagnosed in 26 patients 
(45.6%), ypT1 in 28 (49.1%), and ypT2 in 3 (5.3%). ypN0 was 
diagnosed in 39 patients (68.4%), ypN1 in 13 (22.8%), ypN2 in 
3 (5.3%), and ypN3 in 1 (1.8%). Pathological complete response 
was achieved in 24 patients (42.1%) following neoadjuvant 
chemotherapy. A total of 49.1% of the patients achieved tumor 
downstaging, and 5% presented with stable disease. No patient 
showed disease progression during the course of neoadjuvant 
chemotherapy. 

The treatment-related parameters are listed in Table 2. All of 
the patients underwent neoadjuvant chemotherapy. The most 
commonly used regimen was AC+T (n=42, 73.7%). The TCHP 
regimen was used in all HER-2-positive patients (n=12, 21.1%). 
Trastuzumab/letrozole was administered to 2 patients (3.5%). 
Most patients underwent sentinel lymph node biopsy (n=56, 
98.2%), and one underwent axillary lymph node dissection. 

Two patients (3.5%) required secondary surgery for initially 
positive margins, and IORT was performed during the first sur-
gery in these cases. Negative resection margins were achieved 
after re-excision. The median actual beam-on time was 18 min 
(range, 12–35 min), depending on the applicator diameter. An 
applicator with a diameter of 3 cm was used in 19 patients 

Fig. 1. Flow chart of patient selection. IORT, intraoperative radiotherapy; 
BCS, breast-conserving surgery.

Referred for IORT
(from Aug. 2014 to Feb. 2020)

(n=596)

Neoadjuvant chemotherapy
(n=58)

BCS+IORT
(n=57)

Complete after 
primary surgery

(n=55)

Required
re-excision

(n=2)

Upfront surgery
(n=538)

Excluded
(n=1)
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(33.3%), 3.5 cm in 18 (31.6%), and 4 cm in 9 (15.8%). A maxi-
mum dose of 6.76 Gy was recorded at 5 mm from the skin edge, 
with a median dose of 3.07 Gy (range, 0.29–6.76 Gy). Most pa-
tients (n=37, 64.9%) received conventional fractionation ra-
diotherapy, and the median time from BCS to radiotherapy was 
1.3 months (range, 1.2–6.8 months); IMRT was the most fre-
quent modality (n=45, 78.9%), with 3D-CRT applied to the re-
mainder of patients. WBI and regional node irradiation with 

Table 1. Patient Characteristics (n=57)

Characteristics Value
Age
≥50 years 30 (52.6)
<50 years 27 (47.4)

Laterality
Left 26 (45.6)
Right 31 (54.4)

Pathology
Invasive ductal carcinoma 55 (96.5)
Invasive lobular carcinoma 1 (1.8)
Others 1 (1.8)

Clinical T stage
T1 8 (14.0)
T2 47 (82.5)
T3 2 (3.5)

Clinical N stage
N0 18 (31.6)
N1 27 (47.4)
N2 10 (17.5)
N3 2 (3.5)

Histologic grade
I 1 (1.8)
II 36 (63.2)
III 20 (35.1)

Luminal subtype
Luminal A 13 (22.8)
Luminal B 6 (10.5)
HER-2 12 (21.1)
TNBC 26 (45.6)

Proliferation index
Ki-67 <14% 26 (45.6)
Ki-67 ≥14% 18 (31.6)
Unknown 13 (22.8)

Pathologic T stage
T0 26 (45.6)
T1 28 (49.1)
T2 3 (5.3)

Pathologic N stage
N0 39 (68.4)
N1 13 (22.8)
N2 3 (5.3)
N3 1 (1.8)

Lymphovascular invasion
Absent 49 (86.0)
Present 8 (14.0)

Perineural invasion
Absent 55 (96.5)
Present 2 (3.5)

HER-2, human epidermal growth factor receptor-2; TNBC, triple-negative 
breast cancer.
Data are presented as n (%).

Table 2. Treatment Characteristics (n=57)

Characteristics Value
Neoadjuvant CTx regimen

AC+Taxol 42 (73.7)
TCHP 12 (21.1)
Trastuzumab/Letrozole 2 (3.5)

Response to neoadjuvant CTx
Complete response 24 (42.1)
Partial response 28 (49.1)
Stable disease 5 (8.8)
Progression of disease 0 (0.0)

Sentinel node biopsy
Yes 56 (98.2)
No 1 (1.8)

IORT applicator size
3 cm 19 (33.3)
3.5 cm 18 (31.6)
4 cm 9 (15.8)
4.5 cm 11 (19.3)

EBRT dose
46 Gy/23 fx 15 (26.3)
40.05 Gy/15 fx 5 (8.8)
50.4 Gy/28 fx 37 (64.9)

RT modality
IMRT 45 (78.9)
3D-CRT 12 (21.1)

RT field
Whole breast 20 (35.1)
Whole breast and regional LN 37 (64.9)

Adjuvant CTx regimen
None 33 (57.9)
Trastuzumab 12 (21.1)
Capecitabine 8 (14.0)
HP 4 (7.0)

Hormone treatment
Tamoxifen 13 (22.8)
Aromatase inhibitor 10 (17.5)
None 34 (59.6)

CTx, chemotherapy; AC, adriamycin and cyclophosphamide; TCHP, docetaxel, 
carboplatin, trastuzumab, and pertuzumab; IORT, intraoperative radiotherapy; 
EBRT, external beam radiation therapy; Fx, fractions; RT, radiation therapy; 
IMRT, intensity-modulated radiotherapy; 3D-CRT, three-dimensional confor-
mal radiotherapy; LN, lymph node; HP, trastuzumab and pertuzumab.
Data are presented as n (%).
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50.4 Gy in 28 fractions were administered to all patients with 
node-positive disease: pN1 (n=14), pN2 (n=3), and pN3 (n=1).

Table 3 shows the toxicity profiles of the study population. 
No patient experienced grade 3 or higher adverse events. No 
patient experienced surgical complications, such as infection 
or delayed wound healing. Grade 2 acute radiation dermatitis 
occurred in 4 (7.0%) patients; all of these dermatitis events oc-
curred in breast outside the tumor bed during the EBRT phase 
and were resolved after conservative care. Tumor bed fibrosis 
occurred in 14 patients (24.6%), breast edema ≤grade 2 in 3 
patients (5.3%), and skin pigmentation in 4 patients (7.0%). 
Twenty-four (42.1%) patients underwent repeat aspiration for 
seroma formation. Finally, binary correlation analysis did not 
reveal statistically significant associations between any partic-
ular variable (applicator size or RT modality) and the risk of 
treatment-related toxicity (Supplementary Tables 1 and 2, only 
online). Logistic regression analysis was performed to analyze 
the correlation between seroma and tumor/treatment-related 
factors. No particular variable was significantly associated with 
the occurrence of seroma (Supplementary Table 3, only online). 
In addition, the grade of treatment-related toxicity was not sig-
nificantly associated with the fractionated regimen in chi-square 
analysis (p=0.375) (Table 4). However, all grade 2 treatment-
related toxicity [radiation dermatitis (n=4) and breast edema 
(n=1)] was observed in the 50.4 Gy/28 fx arm.

No death occurred during the follow-up period, with a me-
dian follow-up of 31.0 months (range, 18.0–59.0 months). No 
recurrence was observed in the ipsilateral or contralateral breast. 
One patient developed brain metastasis 12 months after IORT. 

DISCUSSION

There is a paucity of data regarding the feasibility of IORT as a 
tumor bed boost, especially in patients with advanced-stage 

breast cancer receiving neoadjuvant chemotherapy. However, 
increasing evidence has suggested that IORT boost has several 
advantages over EBRT boost in patients with breast cancer un-
dergoing BCS.7 Immediate irradiation after tumor removal may 
reduce the chances of tumor cell repopulation, and direct place-
ment of the applicator in the tumor cavity may reduce target-
ing errors.8-11 Moreover, the steep dose fall-off enabled by IORT 
allows an increased dose to the tumor bed while sparing adja-
cent normal tissues, including the skin, contralateral breast, 
heart, and lungs.12 

Vaidya, et al.13 reported that lumpectomy and TARGIT boost 
combined with WBI showed superior local tumor control com-
pared to the interventions in the EORTC boost or the Standard-
ization of Breast Radiotherapy (START-B) trials. Furthermore, 
Blank, et al.14 reported a single-center experience using the IORT 
boost, resulting in a 5-year OS of 91.3% and a 5-year LRFS of 
97.0%. TARGIT-B, an ongoing trial, compares the IORT and EBRT 
boosts in high-risk patients. However, few studies have evaluat-
ed the feasibility of IORT in patients with advanced-stage breast 
cancer receiving neoadjuvant chemotherapy. Kolberg, et al.4 
reported the treatment outcomes of IORT in patients under-
going BCS after neoadjuvant chemotherapy. In their retrospec-
tive analysis with a median follow-up of 49 months, IORT as a 
tumor bed boost after neoadjuvant chemotherapy was not 
worse than the EBRT boost in terms of treatment outcomes, in-
cluding the OS, LRFS, disease-free survival, and breast cancer 
mortality. In the current study, we focused on the safety and 
feasibility of the treatment, specifically its toxicity.

No toxicities higher than grade 3 were reported in this study, 
the most common of which were radiation dermatitis, tumor 
bed fibrosis, and seroma formation. In particular, breast IORT 
did not result in significant skin toxicity in Asian (Korean) women 
with relatively small breast volumes. Burgos-Burgos, et al.15 eval-
uated the acute toxicities and cosmetic outcomes of hypofrac-
tionated WBI after IORT. Hypofractionated WBI showed similar 
acute toxicities and cosmetic results to conventional fraction-
ation RT in combination with IORT after BCS. However, hypo-
fractionated RT has only been performed at our institution 
since 2019; therefore, only 5 patients (8.8%) treated with hy-
pofractionated RT were included in this study. Thus, further 
studies on the safety and treatment outcomes according to frac-
tionation in patients treated with IORT after neoadjuvant che-
motherapy are warranted. In addition, toxicity was considered 
to be relatively rare, since a considerable proportion of patients 
(78.9%) were treated with IMRT. Nevertheless, the rate of se-
roma in the present study (42.1%) was relatively high com-

Table 3. Toxicity 

Grade 1 Grade 2 Grade 3 Grade 4
Seroma 24 (42.1)
Acute effects

Radiation dermatitis 9 (15.7) 4 (7.0) 0 0
Late effects

Tumor bed fibrosis 14 (24.6) 0 0 0
Breast edema 2 (3.5) 1 (1.8) 0 0
Pigmentation 4 (7.0) 0 0 0

Data are presented as n (%).

Table 4. Chi-Square Analysis for Grade of Treatment-Related Toxicity According to Fractionated Regimen

40.05 Gy/15 fx (n=5) 46 Gy/23 fx (n=15) 50.4 Gy/28 fx (n=37) Total (n=57) p value
No treatment-related toxicity 5 (100) 12 (80.0) 26 (70.3) 43 (75.4)

0.375Grade 1 treatment-related toxicity 0 (0) 3 (20.0) 6 (16.2) 9 (15.8)
Grade 2 treatment-related toxicity 0 (0) 0 (0) 5 (13.5) 5 (8.8)
Data are presented as n (%).
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pared to that of previous reports (3.8%–25.5%).16-20 There have 
also been various reports on the effect of IORT on seroma for-
mation. Kraus-Tiefenbacher, et al.21 analyzed the rate of sero-
ma in patients treated with BCS+IORT vs. BCS-only and the 
rate of seroma was not different (IORT 23%; No-IORT 23%; 
p=0.933) between the two groups. In contrast, in a study in-
cluding 93 patients by Gülçelik, et al.19 assessing wound com-
plications after IORT, seromas were observed in 25.5% of pa-
tients in the IORT group (compared to 6% in the BCS-only 
group). It was concluded that IORT could have a negative ef-
fect on seroma formation, and hence, the adverse effects of 
IORT on wound complications should be closely monitored. 
Unlike other previous studies, only patients who received 
neoadjuvant chemotherapy prior to BCS and IORT were in-
cluded in our study; therefore, the high rate of seroma may 
have been due to the effect of chemotherapy. However, a firm 
conclusion cannot be drawn from this study alone, and further 
studies comparing the complication rates of the patients who 
were treated with or without neoadjuvant chemotherapy prior 
to IORT will have to be conducted.

In the present study, 2 patients (3.5%) underwent margin 
re-excision for initially positive margins and achieved nega-
tive resection margins. Appropriate margin status and the need 
for re-excision are important factors in IORT. Broman, et al.22 
compared the impact of pre- and post-IORT margin excisions 
on in-breast tumor recurrence and reported that taking addi-
tional pre-IORT margins and re-excising close/positive margins 
post-IORT improved margin clearance rates but had an un-
clear effect on in-breast tumor recurrence. Therefore, determin-
ing whether to return to surgery to re-excise positive margins 
after IORT remains controversial. Regarding lumpectomy with 
EBRT, two meta-analyses demonstrated that a greater margin 
distance did not lead to additional risk reduction beyond that 
conferred by margin-negative resection.23,24 Meanwhile, a more 
conservative margin management strategy has been applied 
for partial breast irradiation (PBI).25 Uncertainty exists in the 
appropriate margin status and the need for re-excision in the 
context of IORT, and future prospective studies are required to 
determine whether less strict criteria are appropriate for pa-
tients receiving IORT boost after neoadjuvant chemotherapy. 
In addition, several studies have reported a higher re-excision 
rate after neoadjuvant chemotherapy compared to primary 
operative management. Data from over 9000 patients in a na-
tionwide network and registry of histology and cytopathology 
in the Netherlands showed an increased re-excision rate of 
9.1% in patients treated with neoadjuvant chemotherapy and 
BCS compared to 5.3% in patients treated with primary opera-
tive management.26 Moreover, Devane, et al.27 reported that 
the re-excision rate after neoadjuvant chemotherapy was al-
most twice of that after upfront surgery. Therefore, it is neces-
sary to confirm the results of the frozen section analysis when 
performing surgery after neoadjuvant chemotherapy. 

Several methods are available for shortening the duration 

of RT after BCS. In particular, the duration can be reduced us-
ing PBI or hypofractionated RT. The treatment outcomes of 
PBI and hypofractionated RT are also non-inferior to those of 
conventional fractionation RT; therefore, these techniques are 
widely used in patients with early breast cancer.28-34 The total 
treatment period can also be reduced using the simultaneous 
integrated boost technique.35,36 Fast-forward regimen, which 
is the latest trend in RT, can also shorten the treatment dura-
tion.37 Nevertheless, IORT still remains compatible even in the 
era of fast-forward regimens and has several advantages of not 
only reducing the treatment duration but also improving tu-
mor control by reducing geographic misses and applying higher 
doses of radiation to the tumor cavity.8-12,35,36 Immediate irra-
diation after tumor removal may reduce the chances of tumor 
cell repopulation. IORT delivers radiation directly to the tumor 
site during surgery, allowing for highly targeted treatment with 
minimal exposure to surrounding normal tissues. In addition, 
IORT can help preserve normal breast tissue, and may poten-
tially lead to improved cosmetic outcomes and breast preser-
vation. Although there was no data available regarding the grade 
of the cosmetic outcomes in the present study, further studies 
will be conducted to analyze this factor in the future. Further-
more, IORT allows for immediate assessment of surgical mar-
gins, enabling additional treatment if necessary during the same 
surgery. Therefore, future studies are required to investigate 
the final oncological outcomes of this treatment strategy.

This study had several limitations. Patients were prospec-
tively enrolled in this study; however, toxicity data were retro-
spectively collected from electronic medical records. Toxicity 
parameters are often influenced by numerous other uncontrol-
lable factors; therefore, potential confounding factors could not 
be completely excluded. No local or regional recurrence oc-
curred in this study; however, it is possible that the follow-up 
period was too short to analyze oncological outcomes. Further-
more, the small sample size may have obscured the results of 
data analysis. In addition, there was no data available regard-
ing the grade of cosmetic outcomes. Therefore, future studies 
including the cosmetic results with longer follow-up periods 
and larger sample sizes are required. Moreover, the small num-
ber of patients treated with hypofractionated RT may be an-
other limitation, since the recent trend is to undergo extensive 
hypofractionation regardless of the regional node irradiation. 
Nevertheless, these limitations do not diminish the potential 
of our findings or the clinical implications of IORT as a feasible 
modality for patients with advanced-stage breast cancer who 
undergo neoadjuvant chemotherapy. Furthermore, the hypoth-
esis of systemic benefits of IORT will be assessed in the TAR-
GIT-B international randomized trial, comparing the IORT 
boost to the EBRT boost in high-risk patients, including those 
who have received neoadjuvant chemotherapy. We anticipate 
that the results of this trial will help validate the conclusions of 
the current study. 

In conclusion, our study is one of the first of its kind. We 
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found that most patients included in this study successfully 
underwent IORT as a tumor bed boost during BCS following 
neoadjuvant chemotherapy, and that the overall treatment pe-
riod was reduced by shortening the boost period, which did 
not result in significant toxicity. However, further follow-up is 
required to determine oncologic outcomes after IORT applica-
tion. Overall, our findings indicate that IORT may be a safe and 
feasible option for patients with advanced-stage breast cancer 
receiving neoadjuvant chemotherapy.

ACKNOWLEDGEMENTS

This study was supported by a faculty research grant from the 
Yonsei University College of Medicine (6-2020-0225) and a 
National Research Foundation of Korea Grant funded by the 
Korean Government (NRF-2021R1A2C1007191).

AUTHOR CONTRIBUTIONS

Conceptualization: Yeona Cho. Data curation: Gowoon Yang, Jun Won 
Kim, Ik Jae Lee, Joon Jeong, Sung Gwe Ahn, Soong June Bae, and Jee 
Hung Kim. Formal analysis: Gowoon Yang. Investigation: all authors. 
Methodology: Yeona Cho. Project administration: all authors. Re-
sources: Jun Won Kim, Ik Jae Lee, Joon Jeong, Sung Gwe Ahn, Soong 
June Bae, Jee Hung Kim, and Yeona Cho. Software: Gowoon Yang. 
Supervision: Yeona Cho. Validation: all authors. Visualization: all au-
thors. Writing—original draft: Gowoon Yang. Writing—review & edit-
ing: all authors. Approval of final manuscript: all authors.

ORCID iDs

Gowoon Yang https://orcid.org/0000-0001-9203-2920
Jun Won Kim https://orcid.org/0000-0003-1358-364X
Ik Jae Lee https://orcid.org/0000-0001-7165-3373
Joon Jeong  https://orcid.org/0000-0003-0397-0005
Sung Gwe Ahn  https://orcid.org/0000-0002-8778-9686
Soong June Bae  https://orcid.org/0000-0002-0012-9694
Jee Hung Kim https://orcid.org/0000-0002-9044-8540
Yeona Cho https://orcid.org/0000-0002-1202-0880

REFERENCES

1. Kim S, Kim J, Park HS, Kim HY, Lee K, Lee J, et al. An updated no-
mogram for predicting invasiveness in preoperative ductal carci-
noma in situ of the breast. Yonsei Med J 2019;60:1028-35. 

2. Vaidya JS, Bulsara M, Saunders C, Flyger H, Tobias JS, Corica T, et 
al. Effect of delayed targeted intraoperative radiotherapy vs whole-
breast radiotherapy on local recurrence and survival: long-term 
results from the TARGIT-A randomized clinical trial in early breast 
cancer. JAMA Oncol 2020;6:e200249. 

3. Cho Y, Kim JW, Kim HS, Park JS, Lee IJ. Intraoperative radiotherapy 
for resectable pancreatic cancer using a low-energy X-ray source: 
postoperative complications and early outcomes. Yonsei Med J 
2022;63:405-12. 

4. Kolberg HC, Loevey G, Akpolat-Basci L, Stephanou M, Fasching 
PA, Untch M, et al. Targeted intraoperative radiotherapy tumour 
bed boost during breast-conserving surgery after neoadjuvant che-
motherapy. Strahlenther Onkol 2017;193:62-9. 

5. Lee JJB, Choi J, Ahn SG, Jeong J, Lee IJ, Park K, et al. In vivo dosim-
etry and acute toxicity in breast cancer patients undergoing intra-
operative radiotherapy as boost. Radiat Oncol J 2017;35:121-8.

6. Hoeller U, Tribius S, Kuhlmey A, Grader K, Fehlauer F, Alberti W. 
Increasing the rate of late toxicity by changing the score? A com-
parison of RTOG/EORTC and LENT/SOMA scores. Int J Radiat 
Oncol Biol Phys 2003;55:1013-8. 

7. Wenz F, Welzel G, Blank E, Hermann B, Steil V, Sütterlin M, et al. 
Intraoperative radiotherapy as a boost during breast-conserving 
surgery using low-kilovoltage X-rays: the first 5 years of experience 
with a novel approach. Int J Radiat Oncol Biol Phys 2010;77:1309-
14. 

8. Herskind C, Steil V, Kraus-Tiefenbacher U, Wenz F. Radiobiologi-
cal aspects of intraoperative radiotherapy (IORT) with isotropic 
low-energy X rays for early-stage breast cancer. Radiat Res 2005; 
163:208-15. 

9. Herskind C, Schalla S, Hahn EW, Höver KH, Wenz F. Influence of 
different dose rates on cell recovery and RBE at different spatial 
positions during protracted conformal radiotherapy. Radiat Prot 
Dosimetry 2006;122:498-505. 

10. Herskind C, Griebel J, Kraus-Tiefenbacher U, Wenz F. Sphere of 
equivalence—A novel target volume concept for intraoperative 
radiotherapy using low-energy X rays. Int J Radiat Oncol Biol Phys 
2008;72:1575-81. 

11. Benda RK, Yasuda G, Sethi A, Gabram SG, Hinerman RW, Men-
denhall NP. Breast boost: are we missing the target? Cancer 2003; 
97:905-9.

12. Aziz MH, Schneider F, Clausen S, Blank E, Herskind C, Afzal M, et 
al. Can the risk of secondary cancer induction after breast conserv-
ing therapy be reduced using intraoperative radiotherapy (IORT) 
with low-energy X-rays? Radiat Oncol 2011;6:174.

13. Vaidya JS, Baum M, Tobias JS, Wenz F, Massarut S, Keshtgar M, et 
al. Long-term results of targeted intraoperative radiotherapy (Tar-
git) boost during breast-conserving surgery. Int J Radiat Oncol Biol 
Phys 2011;81:1091-7. 

14. Blank E, Kraus-Tiefenbacher U, Welzel G, Keller A, Bohrer M, Süt-
terlin M, et al. Single-center long-term follow-up after intraopera-
tive radiotherapy as a boost during breast-conserving surgery using 
low-kilovoltage X-rays. Ann Surg Oncol 2010;17(Suppl 3):352-8.

15. Burgos-Burgos J, Vega V, Macias-Verde D, Gómez V, Travieso-Aja 
M, Travieso J, et al. Hypofractionated whole breast irradiation after 
IORT treatment: evaluation of acute toxicity and cosmesis. Clin 
Transl Oncol 2021;23:179-82. 

16. Jambhekar A, Wong A, Taback B, Rao R, Horowitz D, Connolly E, 
et al. Complication rates after intraoperative radiation therapy: do 
applicator size and distance to skin matter? J Surg Res 2021;268: 
440-4.

17. Zur M, Shai A, Leviov M, Bitterman A, Shiloni E, Ben Yosef R, et al. 
Short-term complications of intra-operative radiotherapy for early 
breast cancer. J Surg Oncol 2016;113:370-3. 

18. Tuschy B, Berlit S, Romero S, Sperk E, Wenz F, Kehl S, et al. Clini-
cal aspects of intraoperative radiotherapy in early breast cancer: 
short-term complications after IORT in women treated with low 
energy X-rays. Radiat Oncol 2013;8:95.
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