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Abstract
Background: To analyze the clinical efficacy of intraoperative radiotherapy (IORT) after breast-conserving surgery
(BCS) in patients with early-stage breast cancer (BC), and to investigate the relationship between its influencing factors and clinical efficacy and prognosis.
Methods: A total of 73 patients with early-stage BC who underwent IORT after BCS in our hospital were selected in
this research.
Results: Kaplan-Meier survival analysis was used to analyze the related factors of BCS and IORT of disease-free
survival (DFS) and overall survival (OS). It was found that only age (χ2 = 14.035, P = 0.003) was statistically positively
correlated with the patient’s DFS, and local recurrence and metastasis rate and mortality were higher in patients
over 70 years old. Log rank test was used to analyze multiple factors. Only the diameter of the applicator (χ2 = 70.378,
P < 0.05) was statistically significant with wound complications, and the larger the diameter, the higher incidence of
wound complications. The remaining risk factors did not increase the incidence of wound complications. COX multivariate analysis showed that age was an independent risk factor for DFS rate and the risk factor had no significant
effect on the OS rate of patients undergoing IORT after BCS.
Conclusions: IORT may be a safe form of treatment for the selected patients with early-stage BC, and can achieve
satisfactory esthetic effect. Larger applicator diameters may increase the incidence of wound complications. Age is an
independent risk factor for DFS in early-stage BC patients undergoing IORT after BCS.
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Background
The incidence of breast cancer (BC) has been increasing
in recent years. With the wide application of mammography, color ultrasound, and magnetic resonance imaging
technologies, the diagnosis rate of early BC has increased
significantly [1].
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Due to the increasing proportion of early BC, the surgical methods of BC have also changed accordingly. Breastconserving surgery (BCS) has become the preferred
treatment for early BC at home and abroad. Radiotherapy
after BCS for early BC can further improve the local control rate and reduce the risk of recurrence [2].
Postoperative radiotherapy (PORT) after BCS can be
divided into whole-breast irradiation (WBI) and partialbreast irradiation (PBI). BCS combined with postoperative external beam radiotherapy (EBRT) is considered
as the “gold standard” of breast conserving therapy for
early BC [3, 4]. However, the “gold standard” still has certain limitations. In order to overcome these limitations,

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Wang et al. Cancer Cell Int

(2020) 20:446

radiotherapy workers are exploring accelerated partial
breast irradiation (APBI). Intraoperative radiotherapy
(IORT) is one of the important methods for APBI implementation in recent years, and it refers to a method of
giving a single large dose of radiation to a tumour bed
during surgery for an uneradicated tumour or suspected
residual tumour [5]. It can be divided into two categories,
electrons intraoperative therapy (ELIOT) and targeted
intraoperative radiotherapy (TARGIT), according to the
rays generated by mobile linear accelerator. ELIOT uses
high energy electrons for a single large dose irradiation of
the tumor bed [6]. To be specific, 3–12 MeV-E electrons
are used for a intraoperative single irradiation at a dose
of 21 Gy. Lead shield is applied beneath the mammary
gland to protect nearby normal tissues including chest
wall, heart and lungs from radiation damage [7]. The
duration of treatment should be determined according
to the size of the tumor bed. The advantages of ELIOT
include uniform distribution of radiation, high dose rate,
and availability for irradiation of irregular surgical cavity.
At present, this therapy is in Phase clinical trial [8]. TARGIT is mainly implemented by the Intrabeam system,
which uses a spherical applicator of 1.5–5 cm in diameter
as determined by the radiotherapy physician according to
the size of tumor bed to deliver 50KV low-energy X-ray
irradiation for IORT of early-stage BC. It has been widely
used in clinic nowadays. TARGIT is subject to a number of limitations including uneven distribution of dose,
low dose rate, and fast dose tapering rate. The attenuation of rays may result in insufficient therapeutic dose.
But it can protect surrounding normal tissues such as
lungs and heart from radiation damage better than other
radiotherapies.
In this study, IORT was performed with TARGIT,
and patients were given a single radiotherapy dose of
16–20Gy. The purpose of this study was to investigate the
clinical efficacy and esthetic effects of early BC patients
undergoing TARGIT after BCS, and to explore related
factors that may affect the clinical efficacy and prognosis
of patients.

Methods
Clinical data

A restrospective study was conducted on 73 patients
with early-stage BC who received IORT after BCS in
our hospital from April 2013 to May 2014. All included
patients had been definitely diagnosed with early-stage
(T1−2N0−1M0) BC by pathological and radiological examinations. The included clinical statistics were age, tumor
size, pathological characteristics of tumor tissue, tumor
staging, diameter of spherical applicator, irradiation dose,
the combined chemotherapy and endocrine therapy (if
any) and their regimens. The pathological characteristics
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of tumor tissues were from the hospital’s postoperative
pathology reports.
Inclusion criteria and exclusion criteria

Inclusion criteria: (1) Patients aged ≥ 40 years old; (2)
patients whose diameter of tumor ≤ 2.5 cm; (3) patients
who were free of multifocal cancer as determined by preoperative imaging procedures, and free of lymphadenectasis and supraclavicular/internal mammary lymphatic
metastasis and distant metastasis (DM) as determined by
preoperative imaging procedures and physical examinations; (4) patients who with negative results for all margins in the first fast intraoperative pathological section
examination upon the removal of tumor tissues. Exclusion criteria: (1) Patients aged < 40 years old; (2) patients
with positive surgical margins and diameter of breast
duct carcinoma in situ ≥ 3 cm. All patients had been
naive to neoadjuvant chemotherapy, endocrine therapy,
and targeted therapy before BCS by the same surgeon in
our hospital. This study received the support of the Ethics
Committee of the First Affiliated Hospital of Zhengzhou
University. All patients singed an informed consent for
IORT.
Radiotherapy equipment and treatment parameters

The IORT equipment used in this study was Zeiss
INTRABEAM system, which used the X-ray source
(XRS) in the applicator to deliver 50 KV low-energy
X-ray each time. All applicators used were of spherical
shape and a size (2.5–4 cm) determined by the size of the
tumor bed. The single irradiation dose was 16–20Gy. If
the number of axillary lymph node metastases ≥ 4 identified in postoperative routine pathological examination,
modified radical mastectomy would be performed. For
patients whose postoperative pathogical examination
suggested high risk factors such as high-grade, lobular carcinoma, vascular invasion, axillary lymph nodes
positive, margin positive, extensive duktalen carcinoma
in situ (DCIS), additional EBRT would be administered
after the IORT. Patients for whom additional EBRT was
arranged would receive an irradiation dose of 45 Gy on
their planning target volume (PTV), administered in
1.8 Gy fractions. After the BCS and IORT, patients with
early-stage BC need to undergo conventional chemotherapy and endocrine therapy according to estrogen receptor and progesterone receptor. The chemotherapy was
administered for 4–8 cycles after the IORT. The chemotherapy regimens mainly include paclitaxel-based and
anthracyclines-based regimens.
Evaluation criteria

The patients’ local recurrence rate and incidence of
wound complications were evaluated by physical
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examination, imaging data and pathological examinations. Indexes included in follow-up statistics: local
regional recurrence (LRR) rate, DM rate, disease-free
survival (DFS) rate and overall survival (OS) rate. LRR
refers to supraclavicular, internal mammary, and/or axillary recurrence confirmed by imaging data or biopsy
pathological results. DM is defined as metastasis in
affected side of breast or in any sites other than supraclavicular, internal mammary, and/or axillary areas of the
affected side confirmed by imaging data or biopsy pathological results. DFS refers to the period from the end of
BCS to the patient’s death as a result of the recurrence,
metastasis, or progress of tumor. OS is the period from
the surgery to the patient’s death for any reason or to
the last follow-up time. Harris esthetic evaluation criteria was: percentage of excellent and good results = Cases
with excellent results + cases with good results / Total
cases × 100% [9].
Statistical analysis

Statistical analysis was carried out with SPSS 21.0 software. The kaplan-Meier survival curve was used to conduct a univariate analysis of the clinical efficacy of IORT
for early BC. Log rank test was used for comparison
between groups, and Cox regression model was used for
multivariate analysis. The test level α = 0.05. There was a
significant difference at P < 0.05.

Results
Clinical efficacy of IORT in early‑stage BC

The median follow-up time was 42.6 months (range:
8–54.6 months) from the start of BCS. According to follow-up combined with imaging and pathologic biopsy,
four patients occurred with local recurrence (5.5%),
among which one patient had ipsilateral supraclavicular
metastasis (1.4%) and was administered chemotherapy
and endocrine therapy, the other three patients were
identified with recurrence in tumor bed (4.1%) and were
subjected to radical mastectomy on the affected side. No
ipsilateral axillary lymph node metastasis was found.
The time to recurrence/metastasis for the four patients
was 14.1, 14.4, 42.0, and 45.9 months, respectively. The
median time to recurrence/metastasis was 28.2 months.
Three patients died (4.1%) without DM. By the end of follow-up, the patients’ DFS was 90.4% and OS was 95.9%.
Eight patients experienced wound complications (11.0%),
among which three patients had breast and axillary effusion (4.1%) on the affected side, four patients had incision
edema (4.1%), two patients had incision hematoma and
infection (2.7%). Debridement was performed in patients
with incisional infection, and the remaining patients
were administered topical or oral medication to relieve
symptoms.
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Esthetic effects of post‑IORT

The esthetic effects of Post-IORT patients were evaluated
by Harris criteria, as shown in Table 1, the excellent and
good rate (%) was 84.9%.
Clinical efficacy analysis of IORT in early‑stage BC

Univariate analysis of the age factor of early-stage BC
patients underwent IORT after BCS was carried out
with Kaplan–Meier survival curve. The patients’ age
was divided into 4 groups, group 1: age ≤ 49 years old,
group 2: age between 50 and 59 years old, group 3: age
between 60 and 69 years old, group 4: age ≥ 70 years old;
the median survival time was 47.5 months for Group 1,
42.9 months for Group 2, 40.4 months for Group 3, and
40.3 months for Group 4. The influence of age on patients’
survival was analyzed by log rank test. The baseline characteristics of the patients and relevant univariate analysis
were shown in Tables 2 and 3. The analysis of influencing factors of DFS showed that there were significant differences in DFS among different age groups (χ2 = 14.035,
P = 0.003), and the local recurrence/metastasis rates and
death rate were higher in patients ≥ 70 years old. The
survival curve of the influence of age on the survival of
patients was shown in Fig. 1. There was no significant
difference in OS between early BC patients treated with
IORT (χ2 = 6.933, P = 0.074). Univariate comparison and
prognosis analysis such as tumor size, pathological type,
histological WHO grade, applicator diameter, irradiation dose, adjuvant chemotherapy regimen and adjuvant
endocrine therapy regimen were also carried out with
Kaplan–Meier evaluator. The results showed that none
of these factors was associated with the DFS and/or OS
in early-stage BC patients receiving IORT. An analysis of
the influencing factors on wound complications showed
that there was significant difference in the influence of
applicator diameter on the patients’ wound complications (χ2 = 70.378, P < 0.05), while the rest risk factors
didn’t increase the incidence of wound complications.
Multivariate analysis of the studied risk factors’ influence
on the patients’ prognosis and survival were carried out
by stepwise COX regression and the results were inverted
to reveal that age was an independent risk factor for the
DFS of early-stage BC patients who received IORT, while
the rest risk factors had no significant effect on OS, as
shown in Table 4.
Table 1 Post-IORT esthetic evaluation of breasts by Harris
criteria
Excellent (%)

Good (%)

Fair (%)

Poor (%)

Excellent and good
rate (%)

38 (52.1)

24 (32.9)

9 (12.3)

2 (2.7)

62 (84.9)

IORT intraoperative radiotherapy
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Table 2 Basic information of the patients
Items

Number
of cases
(%)

Age (years)
Group 1: 40–49

15 (20.5)

Group 2: 50–59

20 (27.4)

Group 3: 60–69

27 (37.0)

Group 4: ≥ 70

11 (15.1)

Group 1: < 2

26 (35.6)

Group 2: ≥ 2

47 (64.4)

Group 1: Negative

71 (97.3)

Group 2: Positive

2 (2.7)

Diameter of tumor (cm)

Sentinel node state

Postoperative pathological type
Group 1: Intraductal carcinoma
Group 2: Infiltrating ductal carcinoma
Group 3: Others

7 (9.6)
65 (89.0)
1 (1.4)

ER State
Group 1: Positive

59 (80.8)

Group 2: Negative

14 (19.2)

PR State
Group 1: Positive

55 (75.3)

Group 2: Negative

14 (19.2)

Diameter of applicator (cm)
Group 1: 2.5
Group 2: 3

5 (6.8)
36 (49.3)

Group 3: 3.5

2 (2.7)

Group 4: 4

1 (1.4)

Irradiation dose (Gy)
Group 1: 16

2 (2.7)

Group 2: 20

71 (97.3)

Histological WHO Grade
Group 1: Grade I–II (including grade II)

11 (15.1)

Group 2: Above grade II

62 (85.0)

Chemotherapy regimen
Group 1: Not administered

20 (27.4)

Group 2: Mainly paclitaxel

20 (27.4)

Group 3: Mainly anthracyclines

22 (30.1)

Group 4: Others

11 (15.1)

Endocrine therapy regimen
Group 1: Tamoxifen

9 (12.3)

Group 2: Anastrozole

28 (38.4)

Group 3: Exemestane

10 (13.7)

Group 4: Not administered

26 (35.6)

ER estrogen receptor, PR progesterone receptor

Discussion
With the discovery and application of relevant serum
and tissue biomarkers and the advancement of medical

technology in the diagnosis of BC, the detection rate of
early BC is continually improved. Against this backdrop,
the treatment options for BC are also changing and currently BCS have become the generally accepted and preferred mode of treatment for early-stage BC patients in
the world as a result of the growing number of young
patients. PORT also plays an important role in earlystage BC patients who want to conserve their breasts.
PORT can further improve the local control rate of BC
and reduce the disease’s recurrence rate by 50% [10].
Postoperative WBI, however, suffers from a number
of limitations including significant adverse reactions,
long treatment duration, and inconvenience for patients
and their families. As a result of the in-depth studies of
post-BCS recurrence modes, APBI comes into being at
the opportune moment, and APBI is characterized by
big fraction dose [11]. Compared to conventional fractionated radiotherapy, APBI can achieve equivalent
total biological dose with smaller total irradiation dose
and shorter total treatment duration. Therefore, it has
become a hot research in recent studies of post-BCS in
early-stage BC patients, and its clinical efficacy has been
confirmed by more and more clinical studies [12].
APBI can be implemented by mammosite brachytherapy (MSB) and intracavity brachytherapy (IBT), IORT
and EBRT. There are more and more clinical studies on
and applications of IORT because it has the following
advantages: (1) IORT is one-off and it can significantly
reduced total treatment time; (2) IORT is administered
on the tumor bed under direct vision and therefore capable of demarcating the target tumor bed area more precisely and eliminating the uncertainties of target area
during post-WBI SIB; (3) IORT intraoperatively delivers
irradiation to the tumor bed for reducing the risk of fast
proliferation of postoperative residual tumor cells [13];
(4) IORT can greatly protect the surrounding normal
tissues such as lungs and mammary gland from radiation damage for its fast dose tapering rate; (5) IORT may
change the microenvironment of tumor for the control
of the proliferation and differentiation of residual tumor
cells on tumor bed and control local recurrence [14].
The application of APBI has been listed as an option
for the treatment of early-stage BC patients in NCCN
Guidelines [15]. Therefore, more and more in-depth
researches on alternative treatment models were carried out. In early-stage BC patients who underwent BCS
followed by routine WBI or no radiotherapy, 60–80% of
the local recurrences of tumor are in the tumor bed and
its surrounding tissues and only 0.6–5% of the patients
have recurrences farther away from the tumor bed [16].
Multi-center randomized controlled studies compared
the efficacy and safety of APBI and WBI concluded that
APBI was effective and safe in the treatment of selected
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Table 3 Univariate analysis of IORT
Risk factors

DFS

Age

OS

Wound complications

χ2

P

χ2

P

χ2

P

14.035

0.003

6.933

0.074

0.290

0.962

Diameter of tumor

0.216

0.642

0.008

0.930

0.010

0.921

Sentinel node state

0.089

0.765

0.072

0.788

0.063

0.801

Postoperative pathological type

0.099

0.549

0.952

0.832

1.066

0.587

ER state

0.226

0.635

0.363

0.547

0.663

0.416

PR state

1.385

0.429

0.512

0.731

0.013

0.908

Diameter of applicator

1.424

0.700

4.386

0.223

70.378

0.000

Histological WHO Grade

0.094

0.759

0.760

0.383

0.051

0.822

Chemotherapy regimen

1.784

0.626

2.601

0.457

2.202

0.532

Endocrine therapy regimen

2.118

0.548

1.660

0.646

3.379

0.337

IORT intraoperative radiotherapy, ER estrogen receptor, PR progesterone receptor, DFS disease-free survival, OS overall survival

Fig. 1 DFS curve of influence of age on patients’ survival. DFS:
disease-free survival

patients [17, 18]. As one of implementation methods of
APBI, IORT is a highly effective topical therapy administered intraoperatively after the surgical removal of
malignant tumor tissue. It delivers a one-off big dose of
irradiation to tumor bed in order to kill tumor cells and
avoid causing damage to surrounding normal health tissues outside the range of exposures. Lemanski et al. [19]

reported that IORT for selected BC patients showing
low recurrence rate, good esthetic effect and excellent
satisfaction.
Grobmyer et al. [20] conducted a retrospective study on
patients who received treatment with Intrabeam system.
After 1 year of follow-up, 92% of the patients were satisfied by the esthetic appearance of their breasts and none
had experienced local recurrence. A study by Piotrowski
et al. suggested that a single IORT could be used as an
alternative for 6–7 weeks of PORT [21]. Jacobs et al. [22]
conducted a study on the toxic reactions of IORT and
concluded that, just like EBRT, IORT had toxic reactions
tolerable by the patients. Moreover, a recent clinical trial
entitled TARGIT-R showed that this therapy had a low
wound complications incidence and local recurrence rate
[23]. The above-mentioned studies and our retrospective
study showed the clinical efficacy and esthetic effects of
IORT in early-stage BC patients were satisfactory. Therefore, IORT deserves clinical application and promotion.
However, there are also some shortcomings for IORT: it
may extend the operation time and defer wound healing,
it has to be done intraoperatively before postoperative
pathological report is available, and it is liable to the the
influence of a number of factors which may have adverse
impact on clinical therapeutic effect, including oversize
surgical cavity, short exposure duration, a shorter-thansafe-distance between the incision margin and chest skin,
and inconvenient operative dissection conditions which

Table 4 Multivariate analysis of DFS by COX regression

Age

B

SE

Wald

df

Sig.

Exp (B)

The 95% CI used for Exp (B)

0.174

0.072

5.767

1

0.016

1.190

1.032–1.371

DFS disease-free survival
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make it hard to avoid the escape of some planned target
areas from irradiation exposure [24]. There are a lot of
clinical studies on the clinical efficacy and esthetic effects
of IORT. However, studies for identifying the risk factors
that may affect the wound complication incidence and
local recurrence rate are relatively fewer. This retrospective study proposed that patients’ age was an independent risk factor for the DFS of patients underwent IORT.
Patients aged 70 or above may have higher local recurrence rate, metastisis rate and mortality rate than other
patients. This is consistent with the results of relevant
study [25]. During our analysis, it was found that large
applicator diameter was significantly associated with the
increase of wound complications. This finding is consistent with the results of Rakhra et al. [26]. However, it
cannot be ruled out that this effect is due to large incisions or uneven distribution of exposure doses. Although
most studies show that TARGIT is safe, there is a study
suggesting that the local recurrence rate is still a bit high
over a long follow-up period after TARGIT [27]. In addition, TARGIT has a high possibility of fat liquefaction
and necrosis in some surgical sites, which deserves our
attention and consideration.

Conclusions
This retrospective study showed that it was safe for
early-stage BC patients to receive IORT and that IORT
was associated with low incidence of toxic reactions
and satisfactory clinical efficacy. In spite of many limitations including its relatively small sample size, short
follow-up time, and the limited availability of clinical
studies on the influencing factors of therapeutic effects,
certain safety and efficacy concerns relating to IORT had
been identified, which requires us to give due considerations to patients’ age when selecting eligible patients
and demands our prudence when selecting diameter of
spherical applicator for IORT. With the development and
progress of technology, people will attach more importance and pay more attention to clinical trials with large
sample size and long follow-up time, and the application
of IORT will be more and more extensive.
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