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Introduction

Breas t  cancer  (BC)  i s  one  of  the  most  common 
malignant neoplasms in women, and treatment with total 
mastectomy may adversely affect the patient’s psychology 
and aesthetic satisfaction. The combination of breast-
conserving surgery therapy (BCS) and whole breast 
radiation therapy (WBRT) has become one of the major 
treatment paradigms of early BC. A number of studies 

have confirmed that breast conserving surgery combined 
with adjuvant radiotherapy has the same effect as 
mastectomy. Postoperative whole breast radiotherapy is an 
important clinical treatment for early breast cancer, which 
can effectively improve the quality of life of patients (1,2). 
Although postoperative adjuvant radiotherapy has been 
proved to be beneficial, there are still some patients who 
did not receive radiotherapy after tumor resection due to 
long postoperative radiotherapy cycle, cumbersome travel 
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to hospital, and worry about the side effects of multiple 
radiotherapy (3). Secondly, conventional radiotherapy is 
usually started 4–6 months after surgery, which affects 
the accuracy of tumor bed location; moreover, the α/β 
ratio of breast tissue is low, so conventional fractionation 
radiotherapy may not achieve the best radiobiological 
effect. In addition, patients with traditional fractionated 
extracorporeal radiotherapy must bear the dual burden 
of body and mind (4): rough breast skin, deepening 
pigmentation and atrophy of local skin or prosthesis. It not 
only seriously affects the beauty of breast, but also reduces 
the quality of life of patients. Intraoperative radiotherapy 
(IORT), including accelerated partial breast irradiation 
(APBI)  and targeted intraoperat ive radiotherapy 
(TARGIT-IORT), delivers all radiation directly to the 
tumor bed during lumpectomy, allowing all radiation to be 
delivered in a single dose to the region where recurrence 
would most likely occur. This method has the additional 
merits of being able to accurately position the target 
region under direct vision during operation, protecting 
surrounding normal tissue, and shortening the course 
of treatment (5). For some patients with selective early 
BC, IORT can even confer satisfactory local control 
rate and good cosmetic effect (6). As the largest related 
international prospective randomized phase III clinical 
study, the TARGIT-A study (7,8) showed that IORT can 
replace external radiation therapy for the treatment of 
patients with selective breast cancer in the early stage. 
Meanwhile, the Mannheim Medical Center reported (9,10) 

that for early selective breast cancer, a 50 kv X-ray is safe 
and effective. Although these results indicate that the effect 
of intraoperative radiotherapy is significant, intraoperative 
radiotherapy has not been widely used in clinical practice, 
and it is still not one of the standard treatment options 
for breast conserving surgery of early breast cancer. 
Therefore, it is still necessary to further study the clinical 
and anticancer mechanism of intraoperative radiotherapy 
for breast cancer. Indeed, considerable research has 
focused on the oncologic safety, acute/chronic toxicity, 
and cosmetic effect of BC treatment, but few studies 
have evaluated the perioperative application of IORT in 
depth. We thus conducted a retrospective analysis of the 
data of 160 early BC patients collected from June 2016 
to December 2019, the results of which are detailed in 
this paper. We present the following article in accordance 
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/gs-20-727).

Methods 

General data

A retrospective analysis of 160 early BC patients who 
underwent BCS from the period between June 2016 and 
December 2019 in the Department of Breast Surgery at 
the Second Affiliated Hospital of Guangzhou Medical 
University was conducted. Of these patients, 100 (62.5%) 
were women who underwent IORT during BCS, with 
IORT being applied using the Intrabeam system. The study 
protocol was approved by the hospital ethics committee 
(No.2016-hs-10). Mammography, sonography, and 
magnetic resonance imaging (MRI) were used in all patients 
before surgery. The inclusion criteria were as follows: (I) 
desire for breast-conserving surgery, (II) unifocal tumor 
size ≤3 cm, (III) age >35 years, (IV) negative margins after 
resection, (V) clinical and radiologic N0 patients. The 
exclusion criteria were as follows: (I) multifocal patients 
with extensive intraductal component, (II) previous history 
of radiotherapy on the ipsilateral breast, (III) patients with 
bilateral BC, (IV) inflammatory breast cancer. The Breast 
surgeon communicate with patients and their families to 
inform them of the risks and meanings of IORT. Patients 
were enrolled in either the BCS + IORT group or the BCS 
group in accordance with their opinion. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). Individual consent for this retrospective analysis 
was waived.

Surgery

Breast-conserving surgery
First, clinically negative axillary lymph nodes were 
subjected to biopsy by methylene blue dying for sentinel 
nodes. Generally, it was required that at least 3 sentinel 
nodes be excised. If the frozen biopsy yielded a positive 
result, the axillary lymph nodes would be directly dissected; 
otherwise, the axillary lymph nodes would be exempt from 
dissection. Next, the tumor mass was excised under general 
anesthesia according to palpation or localization results to 
1 –2 cm beyond the surrounding normal tissues; tissues were 
sampled intraoperatively at 10 points surrounding the tumor 
cavity and at the basilar part and subjected to frozen biopsy. 
Finally, if the result was positive, the excision would be 
extended by 1 cm (for up to 2 times); otherwise, the tumor 
bed would be subjected to IORT with Intrabeam system 
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(20 Gy to the surface of the applicator) with an adapter 
of appropriate size (2–5 cm). Upon the completion of the 
radiotherapy, the tumor cavity was fixed with 4 titanium 
clamps. After an extensive surgery, the surrounding flap 
tissue was widely released, and negative pressure drainage 
was performed and sutured in stage I. Upon completion of 
the surgery, for patients in the BCS group who were exempt 
from IORT. 

Radiotherapy

Intraoperative radiotherapy
If the frozen biopsy of the residual cavity yielded a 
negative result after the extended resection of the tumor, 
the size of residual cavity was measured and reported to 
the radiation oncologist, and IORT was delivered using 
the Intrabeam system with a 2.0–5 cm adapter. A dose of  
20 Gy was delivered to the surface of the spherical applicator 
for IORT for a median duration of 25 minutes (range, 12– 
47 minutes). The edges of the skin incision were everted so 
any part of skin was at least 1 cm away from the applicator 
surface and protected with moist aseptic gauze to avoid 
excessive radiation exposure. Conventional whole breast 
external beam radiotherapy (EBRT) was administered 
(50 Gy in 25 fractions, tumor bed boost omitted) post-
operatively to patients with high-risk factors (metastatic 
axillary lymph nodes ≥ R3, aged ≤60, lymphatic vessel 
invasion/lymphovascular invasion, invasive lobular 
carcinoma, etc.) 

Subsequent therapy

Subsequent chemotherapy, endocrine therapy, and targeted 
therapy regimens of all patients were carried out in 
accordance with National Comprehensive Cancer Network 
guidelines (NCCN) guidelines and conventional whole 
breast EBRT was delivered 2 weeks after the completion of 
chemotherapy (or after the wounds healed).

Statistical analysis

SPSS 26.0 was used for data analysis. Measurement 
data in normal distribution are expressed as mean ± 
standard deviation (x ± s); a t-test was carried out for 
intergroup comparisons of two sets of independent, 
normally distributed data with a homogeneity of variance; 
enumeration data are provided either in the number of 
cases or percentages and were subjected to chi square 

test or Fisher’s exact probability test. A P value <0.05 was 
considered statistically significant.

Results

The analysis of general clinical patient data from June 2016 
to December 2019 revealed that 160 female breast cancer 
patients underwent BCS at the Second Affiliated Hospital 
of Guangzhou Medical University. There was no difference 
of statistical significance (P>0.05) between the BCS group 
+ IORT group and the BCS group in terms of age, tumor 
size, oncology grading, hormone receptor status, and 
human epidermal growth factor receptor 2 (HER-2) status 
(Table 1).

Comparison of intraoperative conditions

There was no significant difference between the groups 
in terms of amount of bleeding, length of postoperative 
hospitalization, and time to extubation; however, the 
surgery duration in the BCS + IORT group was significantly 
prolonged, and the difference was statistically significant 
(P<0.05) (Table 2).

Comparison of postoperative complications

There were no significant statistical differences (P>0.05) 
between the groups in terms of the incidences of seroma, 
hematoma, infection, or erythema (Table 3).

Discussion 

In 1889, Stephen Paget, a British surgeon, found that 
the distribution of metastatic cancer was not random. 
Tumor cells had a special growth tendency to some 
organs and environments. He was the first to put forward 
the “seed soil” theory. In this hypothesis, he compares 
cancer cells to “seeds” and the destination of cancer 
metastasis to “soil”. In other words, cancer cells can 
spread around like seeds, but seeds only grow in fertile 
soil. Therefore, it is considered that tumor metastasis is a 
special tumor cell (seed), which can survive in a suitable 
microenvironment (soil) of tumor bed (11). Surgery may 
change the microenvironment of tumor bed, stimulate 
the proliferation of residual tumor cells, and increase 
the risk of local recurrence near the primary tumor after 
breast conserving surgery. The drainage fluid produced by 
breast conserving surgery and intraoperative radiotherapy 
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Table 1 Comparison of the general clinical data between the BCS + IORT group and the BCS group

Parameter BCS (n=60) (%) BCS + IORT (n=100) (%) P value

Age (yr)

Median age 49  54 0.005

<35 8 (13.3)  2 (2) 0.011

35–49 23 (38.3)  36 (36)

≥50 29 (48.4)  62 (62)

Tumor size (cm) 0.221

T1 27 (45)  55 (55)

T2 33 (55)  45 (45)

Tumor grade 0.113

1 2 (3.3)  8 (8.0)

2 19 (31.7)  32 (32.0)

3 30 (50.0)  34 (34.0)

Unknown 9 (15.0)  26 (26.0)

Lymph node status 0.176

Positive 39 (65)  75 (75)

Negative 21 (35)  25 (25)

ER 0.133

Negative 14 (23)  14 (14)

Positive 46 (77)  86 (86)

PR 0.176

Positive 39 (65)  75 (75)

Negative 21 (35)  25 (25)

HER-2 0.490

Positive 18 (30)  25 (25)

Negative 42 (70)  75 (75)

TNM 0.118

0 1 (2) 2 (2)

I 11 (18) 34 (34)

IIA 36 (60) 53 (53)

IIB 12 (20) 11 (11)

BCS, breast-conserving surgery; IORT, intraoperative radiotherapy; ER, estrogen receptor; HER-2, human epidermal growth factor 
receptor 2; PR, progesterone receptor; TMN, tumor-node-metastasis.

“soaks” the “soil”, resulting in increased expression of 
anti-tumor cytokines such as IL-4, IL-5, IL-13, TNF 
and IFN. At the same time, the expression of cytokines 
positively related to tumor proliferation, migration and 

invasion is decreased, such as VEGF-R, gro-1, etc. (12). 
A single high-dose radiation during operation is more 
conducive to destroying tumor microvessels (13), improving 
the recognition and killing effect of immune cells in 
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Table 3 Incidences of postoperative complications in the BCS + IORT group and the BCS group

Parameter BCS (n=60) BCS + IORT (n=100) P value

Hematoma needing surgical evacuation 1 (1.7%) 1 (1.0%) 1.000

Seroma needing more than three aspirations 2 (3.4%) 6 (6.0%) 0.708

Infection needing intravenous antibiotics or surgical intervention 2 (3.4%) 5 (5.0%) 0.921

Skin breakdown or delayed wound healing 2 (3.4%) 7 (7.0%) 0.535

BCS, breast-conserving surgery; IORT, intraoperative radiotherapy.

Table 2 Comparison of intraoperative and postoperative conditions between the BCS + IORT group and the BCS group

Parameter BCS (n=60) BCS + IORT (n=100) t value P value

Surgery duration (min) 159.3±36.7 207.5±36.2 −5.82 0.00*

Blood loss (mL) 37.3±10.1 40.1±10.2 −1.73 0.08

Drainage tube removal time (d) 5.0±1.6 5.9±1.2 −2.60 0.05

Postoperative hospital stay 12.4±3.7 12.6±3.2 0.26 0.37

Incision suture removal time 12.7±1.9 13.0±2.5 −0.97 0.34

*, significant difference. BCS, breast-conserving surgery; IORT, intraoperative radiotherapy.

tumor microenvironment, such as CD8 + T cells (14),  
resulting in changes in tumor microenvironment And free 
radical attack biological macromolecules (nucleic acid, 
protein, enzyme and ester) lead to biomolecule damage, 
which is more effective than conventional radiotherapy in 
killing breast cancer stem cells (15), and affecting multiple 
cell pathways (16-18) and interfering with DNA damage 
repair (19,20), so as to achieve the effect of destroying 
tumor cells. The technological bottleneck of IORT has 
recently been overcome as a result of the emergence 
of compact linear accelerators, which are free from the 
drawbacks of conventional radiotherapy equipment, such as 
the need for special shielding protection, immobility, long 
anesthesia duration, and conveyance of the patient during 
therapy (21,22). The Intrabeam system has been widely 
used in clinical practice due to its low-energy (50 kV) 
X-ray, low penetrability, fast attenuation of radiation dose, 
and a lack of special shielding protection requirements. 
In a comparative study by Vaidya et al. (23), the 5-year 
recurrence-free survival rates in the TARGIT group 
and ERBT group were 93.9% and 92.5%, respectively. 
The difference between the groups was not statistically 
significant (P=0.35), demonstrating that the delivery of 
IORT using the Intrabeam system is safe, feasible, and 
effective. Many of the relevant studies have mainly focused 
on the safety (24), acute/chronic toxicity, and cosmetic effect 

of BC treatment (25,26), while little focus has been placed 
on the influence of acute toxicity on the perioperative 
application of IORT. The primary objective of our current 
study was thus to analyze the perioperative effect of IORT 
with Intrabeam system on early BC patients who underwent 
BCS. In the international, multicenter, prospective 
randomized control TARGIT-A study (25,26), 2,232 early 
BC patients aged above 45 were recruited with 1,113 of 
them being randomized into the IORT group, in which the 
incidence of seroma was 3.1% and the wound infection rate 
was 1.8%. In our study, the incidence of seroma was 6.0% 
and the infection rate was 5.0%; the infection rate was thus 
slightly higher than that in the TARGIT-A study (Table 4), 
but was comparable to the matched patients undergoing 
BCS over the same period. The wound infection rate 
arising from IORT varies significantly in the currently 
available studies, ranging from 2.3% to 13.6% (27-29). 
This difference might be attributable to the different 
radiotherapy equipment and methods used in the studies, 
and to the effect that variable patient characteristics, surgical 
procedures, and postoperative therapies might have had on 
toxicity and side effects. It was reported (30) that factors 
like old age, obesity, diabetic anemia, chronic obstructive 
pulmonary disease, large tumor size, and smoking could 
have adverse influence on the complications in operative 
wounds of BC surgery. This is evident from the distribution 
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characteristics of patients who experienced infection in 
their operative incision: 1 patient had a large tumor excised 
and subjected to RT with a 5 cm adapter for as long as 45 
minutes; 3 patients were 70 years old; 1 patient had a BMI 
of 35.5 (probably an important factor that contributed to 
the infection); indeed, Ahn et al. (31) identified advanced 
age and high body mass index (BMI) as risk factors for 
wound complications. The use of prophylactic antibiotics 
can reduce the incidence of wound infection. Of the 5 
patients who experienced wound infection, only 1 had been 
administered prophylactic antibiotics. Of the 5 patients with 
wound infection in the IORT group, 3 had been identified 
with Staphylococcus aureus infection. These patients' 
incision was healed later after having been opened up, 
fully drained, and treated with antibiotics; 2 had not been 
identified with any bacterial infection, and their incision 
was healed after having been opened up and fully drained; 
the median time to the recovery of these patients was 
4.0 (range, 1–11) months. One patient in the BCS group 
experienced incision infection, and culture test revealed 
S. aureus infection; the patient received anti-infection 
treatment, and the wound was healed 3 weeks later. The 
healing performance of patients in the IORT group 
was significantly decreased, and this decrease might be 
associated with the blood vessel damage and tissue fibrosis 
caused by a large dose of irradiation.

In our study, the operative duration of BCS was 
159.3±36.7 minutes, which is a bit higher than the 
duration of 128.3±31.2 minutes reported in the reference 
literature (32). This could be related to the number of 
frozen tissue samples taken during the surgery. It was 
a routine practice in our study that samples be taken at 
1–10 sites in the residual cavity for intraoperative frozen 
pathological examination. This generally took 1 hour, 
and consequently the surgery duration was prolonged. 
The surgery duration in the BCS group was significantly 
shorter than that in the IORT group, probably because the 
preparation of radiation equipment, double purse-string 

suturing, wrapping of the adapter, and the delivery of 
IORT are time-consuming. Finally, there was no statistical 
difference between the groups in terms of intraoperative 
bleeding and time to extubation.

In conclusion, the delivery of IORT merely prolongs 
the operation time without an accompanying rise in the 
incidence of perioperative complications. IORT using the 
Intrabeam system can safely deliver radiation therapy, is 
well-tolerated, has acceptable acute toxicity, and does not 
increase the risk of surgery or the incidence of perioperative 
complications.
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