Bzl SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY LETTERS 30: 346, 2025

Long-term follow-up outcomes of intraoperative radiotherapy for
breast-conserving treatment in early breast cancer:
A retrospective cohort study
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Abstract. Intraoperative radiotherapy (IORT) has been used
as anovel therapeutic alternative for breast-conserving surgery
(BCS) in patients with breast cancer. However, the long-term
outcomes and safety of IORT in patients with breast cancer
remain incompletely understood. Therefore, the present study
aimed to explore the long-term outcomes of IORT following
BCS, focusing on the oncological outcomes and cosmetic
consequences compared with postoperative RT (PORT) in
patients with breast cancer. Patients with early-stage breast
cancer who underwent BCS followed by IORT or PORT
between January 2016 and October 2020 at the Research
Institute of General Surgery, Jinling Hospital, Nanjing
Medical University (Nanjing, China), were retrospectively
reviewed. After screening, a total of 59 patients were included
in the present study and divided into two groups according
RT records as follows: The IORT group (n=21) and the PORT
group (n=38). The clinical data of all patients, including
surgical and RT complications, cosmetic grading and
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scoring, and other events, were collected and retrospectively
analyzed. No significant difference was observed in terms of
the mean follow-up time in the IORT (5.89+1.57 years) and
PORT (6.09+1.60 years) groups (P>0.05). Compared with
PORT, IORT showed non-inferior therapeutic efficacy, with
no significant differences in postoperative complications
(surgical site infection and chronic pain; P>0.05). Notably,
the IORT group achieved superior cosmetic outcomes, with
95.2% (20/21) of patients achieving a rating of excellent/good
vs. 44.7% (17/38 patients) in the PORT group (P<0.001),
alongside higher median cosmetic scores at all postoperative
intervals (P<0.01). IORT also reduced healthcare utiliza-
tion, shortening hospitalization by 23.8 days (12.1£5.1 vs.
35.9+3.5 days; P<0.001) and lowering costs significantly
(33,117.98+6,281.17 vs. 77,189.55+7,000.90 CNY; P<0.001).
These findings suggest that IORT offers comparable safety,
improved cosmesis and greater cost-effectiveness than PORT,
supporting its integration into clinical practice for eligible
patients.

Introduction

Breast cancer is among the most commonly diagnosed types
of cancer worldwide, and its burden has been growing over the
course of the last few decades. In 2020, >2.3 million new cases
and 685,000 associated deaths were reported globally (1). It
is estimated that, owing to population growth and aging, the
numbers of annual new cases and deaths from breast cancer
will reach >3 million and >1 million, respectively, by the year
2040 (2). Clinical treatment of breast cancer has remained
challenging for clinicians.

Breast-conserving surgery (BCS) refers to a combined
treatment consisting of surgical tumor resection and post-
operative radiotherapy (PORT). A number of clinical trials
have shown that overall survival and local recurrence rates
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for BCS are comparable with those associated with total
mastectomy (3,4). As such, BCS has been implemented as
the first choice alternative to radical mastectomy in patients,
especially those with early breast cancer (EBC). As an essen-
tial component of BCS, PORT is performed using external
whole-breast radiation and additional exposure to the tumor
bed for reducing local recurrence and mortality (5). PORT
is typically initiated following the surgical treatment and
completed during a period of 5-7 weeks (five irradiations
per week, 1.8-2 Gy/time). The total dose of the irradiation
is generally 50-60 Gy for patients with a negative tumor
margin, although this may be increased to 66 Gy for those
with a positive margin (6). One drawback of this therapy is
that the high-dose irradiation received may cause significant
co-morbidities, including nausea, vomiting, diarrhea and
damage to adjacent tissues (7). Other aspects of PORT are
a long treatment time and high costs, which present a large
burden for patients. To obviate the need to attend long-term
and daily RT, a great number of patients are obliged to opt for
a total mastectomy instead, thereby precluding a significant
proportion of patients from receiving PORT. Moreover, in
the case of patients receiving chemotherapy, the initiation
of PORT may be delayed, which is likely to result in an
increased risk of local relapse. Therefore, there is an urgent
need to develop novel irradiation strategies for the purposes of
eliminating such problems and improving clinical outcomes
in patients with EBC.

A previous study indicated that up to 90% of local recur-
rences in patients with breast cancer occur near the primary
tumor site, which inspired the development of accelerated
partial breast irradiation (APBI), a targeted treatment
approach (8). As a technique of APBI, intraoperative RT
(IORT) began to be utilized 20 years ago, and has since been
applied as an effective therapeutic strategy for irradiation
therapy in cases of breast cancer (9,10). Unlike traditional
PORT, IORT delivers a concentrated dose of radiation
directly to the tumor bed during surgery, thereby minimizing
radiation exposure to surrounding healthy tissue. This tech-
nique aims to reduce the treatment time and to enhance
patient convenience, while maintaining efficacy (9,10).
Several retrospective and prospective clinical trials, and two
randomized clinical trials, have been conducted comparing
IORT with PORT (11-15). The data revealed that IORT had
equal local control and patient survival rate, and slightly
improved cosmetic outcomes compared with PORT. However,
the role of IORT combined with BCS remains controversial,
largely because outcomes could be influenced by multiple
factors, such as patient selection bias, surgical margin status,
adjuvant systemic therapies or surgeon expertise, making it
challenging to isolate IORT's specific impact. Based on the
previous observations, we hypothesized that IORT might be
effective for the treatment of EBC and may produce superior
cosmetic results compared with PORT. The current retro-
spective cohort study explores the role of IORT following
BCS, with focus on the oncological outcomes and cosmetic
consequences compared with PORT. The efficacy, safety,
cosmetic outcome and cost-effectiveness are compared
between IORT and PORT, and the data should contribute
towards an improved understanding of the benefits of IORT,
which would aid clinical decision-making.

Patients and methods

Patient selection and data collection. In the present retrospec-
tive cohort study, the data of patients with early-stage breast
cancer who underwent BCS followed by IORT or PORT
between January 2016 and October 2020 at the Research
Institute of General Surgery, Jinling Hospital, Nanjing
Medical University (Nanjing, China) were retrospectively
reviewed. All diagnoses were based on the 2012 World Health
Organization classification of breast tumors (16), with patho-
logical type and histological grade independently evaluated
by two experienced pathologists. Tumor staging followed
the 7th edition of the American Joint Committee on Cancer
Tumor-Node-Metastasis guidelines (17). Clinical data were
extracted from the hospital's electronic medical records and
analyzed retrospectively. Inclusion criteria were as follows:
i) Female patients, aged 18-75 years, with confirmed breast
cancer; ii) tumors located >3 cm from the nipple and being
<2.5 cm in size (verified by ultrasonography and magnetic
resonance imaging); iii) receipt of BCS with IORT or PORT;
and iv) confirmed negative tumor margins. Exclusion criteria
included recurrent/metastatic breast cancer, a history of upper
limb surgery or trauma, systemic diseases predisposing to
swelling (e.g., myocardial infarction and renal dysfunction),
pregnancy/lactation and prior treatment for arm lymphedema.
After screening, 59 patients met the criteria and were catego-
rized into the IORT (n=21) or PORT (n=38) groups based on RT
records. Clinicopathological characteristics are summarized
in Table I. The study protocol received ethical approval from
the Ethics Committee of Jinling Hospital, Nanjing Medical
University (approval no. 2024DZKY-148) and adhered to the
Declaration of Helsinki (2013 revision).

BCS assessment. All patients underwent an extended resection
of a breast tumor and a sentinel lymph node biopsy. Carbon
nanoparticles were used as the tracer in sentinel lymph node
biopsy, and the nodes underwent immediate pathological
examination. If no lymph node metastasis was identified, the
extended resection of the tumor was allowed to continue. In
cases where sentinel lymph node metastasis was identified, an
axillary lymph node dissection was also performed, in which
a fusiform incision was made on the surface of the tumor to
remove the tumor. The distance from the margin to the tumor
was >1 cm. The resected specimens were anatomically labeled
as cephalic (up), caudal (down), lateral (left/right), cutaneous
(front), nipple (central) and deep/basal (back) margins.
Intraoperative pathological evaluation was performed on all
margins. Breast-conserving surgery (BCS) proceeded only
when clear margins were confirmed. In cases with positive
margins, additional tissue adjacent to the involved margin
was excised and re-evaluated by the pathologist until margin
clearance was achieved. For patients receiving IORT, RT was
administered by radiologists prior to the wound closure. All
participants provided written informed consent prior to under-
going surgical treatment and subsequent adjuvant RT (either
IORT or PORT), after being comprehensively informed about
the nature, risks, benefits and alternatives of both therapeutic
approaches, including detailed explanations of the procedural
differences, potential side effects and expected outcomes
associated with each modality.
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Table I. Characteristics of all patients (n=59) in the retrospective cohort, including the IORT (n=21) and PORT (n=38) groups.

Parameters All patients, % (n) IORT, % (n) PORT, % (n) P-value
Age, years 0.028
<50 54.2 (32) 333 (7) 65.8 (25)
>50 45.8 (27) 66.7 (14) 342 (13)
Side 0.786
Left 44.1 (26) 47.6 (10) 42.1(16)
Right 559 (33) 524 (11) 579 (22)
Tumor size, cm 0.739
<2 79.7 (47) 76.2 (16) 81.6 (31)
>2 20.3 (12) 23.8 (5) 184 (7)
Number of positive nodes 0.699
0 88.1 (52) 95.2 (20) 84.2 (32)
1-3 6.8 (4) 48 (1) 79 (3)
>4 5103) 0.0 (0) 7.9 (3)
Histology 0571
IDC 64.4 (38) 714 (15) 60.5 (23)
Mixed?* 20.3 (12) 9.5 () 26.3 (10)
Other 153 (9) 19.0 4) 132 (5)
Grade 0.766
1 729 (43) 76.2 (16) 71.1 27)
2 20.0 (13) 23.8 (5) 21.1(8)
3 5103) 0.0 (0) 7.9 (3)
Molecular subtype 0.337
Luminal A 30.5 (18) 429 (9) 23.7(9)
Luminal B 49.2 (29) 47.6 (10) 50.0 (19)
HER2-positive (non-luminal) 85(5) 4.8 (1) 105 4)
Triple-negative 119 (7) 48 (1) 15.8 (6)
ER 0.109
Positive 78.0 (46) 90.5 (19) 71.1 27)
Negative 22.0 (13) 95(2) 28.9 (11)
PR 0.370
Positive 729 (43) 81.0 (17) 68.4 (26)
Negative 27.1(16) 19.0 4) 31.6(12)
HER2 0214
Positive 74.6 (44) 85.7 (18) 68.4 (26)
Negative 254 (15) 143 (3) 31.6 (12)
Proliferative index (Ki-67) 0.034
<20% 47.5 (28) 66.7 (14) 36.8 (14)
>20% 52.5 (31) 333 (7) 63.2 (24)
Neoadjuvant treatment 0.286
Yes 6.8 (4) 0.0 (0) 105 (4)
No 93.2 (55) 100.0 (21) 89.5 (34)
Adjuvant treatment
Endocrine therapy 81.4 (48) 95.2 (20) 73.7 (28) 0.077
Chemotherapy 86.4 (51) 81.0 (17) 89.5 (34) 0.438
Anti-HER2 therapy 20.3 (12) 9.5 () 26.3 (10) 0.181
Median follow-up time, years 6.1 (3.8-8.5) 6.1 (3.8-8.0) 6.0 (3.8-8.5)

[median (range)]

“IDC with infiltrating lobular carcinoma or other carcinoma mixed. IDC, invasive ductal carcinoma; IORT, intraoperative radiation therapy;
PORT, postoperative radiation therapy; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.
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Figure 1. Intraoperative irradiation in progress.

IORT and PORT. IORT was performed by the radiologists
using a mobile electron beam MOBETRON® system (cat. no.
Mobetron2000; Intraop Medical Corp.) placed in the operating
room (Fig. 1). The irradiation area included the tumor bed and
the tissues both surrounding it (~2 cm) and below it (~1 cm).
The patients received a radiation dose of 18-20 Gy, determined
by tumor characteristics (size, pathological type, molecular
subtype and margin status) along with patient-specific factors
such as age and clinical condition. This dosage was adjusted
from a protocol described in a previous report (18). Depending
on the size of the tumor bed, treatment cones and energy levels
were adjusted to ensure 90% coverage of the target irradiation
area. The radiation was delivered at a dose rate of 10 Gy/min,
and the entire radiation procedure, including pre-treatment
alignment of the linear accelerator with the collimator, was
completed within 3-5 min. Following IORT, the treatment
cone was removed and the surgical site was inspected. The
surrounding glands near the tumor bed were carefully sutured,
with efforts made to close any residual lacunae. Subcutaneous
tissue and skin were then closed in layers. Postoperatively,
chemotherapy and endocrine therapy were initiated based on
the final pathological findings.

In the PORT group, patients were treated using Elekta
Precise RT equipment (cat. no. precisel070; Elekta Instrument
AB). Postoperative RT was performed by irradiation of the
entire breast and lymphatic area with a total dose of 50 Gy,
administered at doses of 1.8-2.0 Gy each time (5 times/week).

The patients with a negative margin were able to receive a total
dosage of up to 60 Gy, whereas those with a positive margin
required escalated dosing up to 70 Gy. Following postoperative
RT, chemotherapy and endocrine therapy were subsequently
performed according to the pathological results.

Follow-ups and outcome evaluation. The patients were
followed up by visits to the clinic or telephone calls to evaluate
the outcomes of surgery and RT, including cosmetic complica-
tions, recurrence, metastasis events and survival. The acute and
late radiation injuries were evaluated according to the criteria
of radiation injury constituted by the Radiation Therapy
Oncology Group (RTOG) and the European Organization for
Research and Treatment of Cancer (19,20). Cosmetic outcomes
were assessed according to the cosmetic scale of the Radiation
Therapy Oncology Group (21,22). The scale included four
different categories, designated as follows: i) ‘Excellent’, signi-
fying that the shape of the affected breast was not different from
that of the healthy breast, and there was no visible distortion
or skin change; ii) ‘good’, meaning that a slight difference in
the shape of the affected breast, such as slight skin distortion,
retraction or mild hyperpigmentation, was identified; iii) “fair’,
which meant that <25% of the affected breast exhibited distor-
tion of breast symmetry or moderate hyperpigmentation; and
iv) ‘poor’, which signified that >25% of the affected breast
exhibited a severe distortion of breast symmetry or moderate
hyperpigmentation. Cosmetic outcomes were also assessed
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Table II. Evaluation criteria for cosmetic outcomes of standardized breast-conserving treatment in early breast cancer.
Evaluation Dimension Specific description Score
Breast shape Bilateral breasts are largely symmetrical, with minor differences 2 points
visible only upon close inspection. Contour is near-normal, with
minimal impact on overall appearance.
Moderate asymmetry or contour irregularity in bilateralbreasts, 1 point
visibly affecting overall appearance.
Severe asymmetry or deformity, with loss of normal breast shape 0 point
and significant aesthetic detriment.
Skin condition Mild skin irregularity, faint scarring or minimal pigmentation/ 2 points
wrinkling; not readily noticeable.
Moderate skin irregularity, visible scarring or noticeable 1 point
pigmentation/wrinkling, but without severe aesthetic impact.
Severe skin irregularity, thick/obvious scarring or significant 0 point
pigmentation/wrinkling, markedly affecting appearance.
Nipple and areola Vertical discrepancy between bilateral nipple-areola complexes 2 points
<2 cm. Minor variations in size, shape or color (subtle or absent
compared with contralateral side).
Vertical discrepancy >2 and <3 cm. Significant differences in size, 1 point
shape or color, causing noticeable aesthetic impact.
Vertical discrepancy >3 cm or severe abnormalities 0 point
(e.g., discoloration), substantially compromising breast appearance.
Texture of the breast Soft texture, consistent with contralateral breast; no indurations, 2 points
lumps or abnormal sensations.
Slight firmness or mild induration present, without affecting overall 1 point
tactile quality.
Marked firmness, obvious indurations or palpable lumps, 0 point
significantly impairing tactile quality.
Patient satisfaction Patient expresses high satisfaction, reporting results meet or exceed 2 points
expectations; fully accepts post-operative breast appearance and
function.
Patient reports general satisfaction, with minor unresolved concerns 1 point
about outcomes.
Patient dissatisfied; results fail to meet expectations, with significant 0 point

concerns about breast appearance or function.

using a modified evaluation framework across five dimen-
sions: Breast shape, skin condition, nipple and areola, texture
of the breast and patient satisfaction (23,24). Detailed criteria
for this scoring framework are provided in Table II.

Statistical analysis. Continuous variables are expressed
as the mean + standard deviation for normally distributed
data or the median with interquartile range (IQR) for
non-normally distributed data. Categorical variables are
reported as counts and percentages. Normality of continuous
variables was assessed using the Shapiro-Wilk test. Unpaired
Student's t-test was applied for normally distributed
continuous variables, and the Wilcoxon rank-sum test was
used for non-normal or ordinal data (e.g., cosmetic scores).
Categorical variables were analyzed using the Fisher's exact
test. All tests were two-sided, with P<0.05 considered to
indicate a statistically significant difference. Analyses and

graph generation were performed using GraphPad Prism 9.0
(Dotmatics).

Results

Clinical characteristics of the patients. A total of 59 patients
diagnosed with breast cancer were included in the present
study and categorized into the IORT (n=21 patients) and
PORT (n=38 patients) groups. The clinical data of the patients
were collected retrospectively and analyzed. When comparing
the two groups, no significant differences were identified in
terms of the tumor side, tumor size, number of positive nodes,
histology, grade, molecular subtype, estrogen receptor (ER),
progesterone receptor (PR), human epidermal growth factor
receptor 2 (HER?2), neoadjuvant treatment or adjuvant treat-
ment (Table I). The IORT cohort demonstrated a significantly
younger mean age compared with the PORT group (P<0.05),
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Figure 2. Comparison of follow-up time between the IORT and PORT
groups. IORT, intraoperative radiation therapy; PORT, postoperative
radiation therapy.

while exhibiting a significantly decreased prevalence of high
tumor proliferative activity (Ki-67>20%) than the PORT
cohort (P<0.05).

Follow-up and prognosis. Long-term follow-ups of the patients
were conducted to assess the efficiency and safety of IORT in
patients with EBC who were receiving BCS. No significant
difference in the follow-up time was observed in the IORT
(5.89+1.57 years) and PORT (6.09+1.60 years) groups (P>0.05)
(Fig. 2). The median follow-up time in the IORT group was
6.1 years, ranging from 3.8-8.0 years (Table I). For the patients
receiving PORT, the median follow-up time was 6.0 years
(range: 3.8-8.5 years).

Local control and recurrence rates. In the IORT group, none
of the patients developed local relapse or distant metastasis in
the period of follow-up. Similarly, none of the patients devel-
oped local relapse in the PORT group, although one patient
did develop lung metastasis and was treated with thorascopic
surgery. The overall survival rate for both groups was 100% in
the follow-up period. These data indicated that IORT provided
effective local control of the tumor, and the local recurrence
rates were comparable with those achieved using PORT.
Furthermore, the use of IORT did not result in any compro-
mise of the overall survival rates when compared with PORT.

Comparative analysis of treatment-related morbidity. The
analysis of treatment-related complications revealed distinct
patterns between the IORT and PORT groups. In the IORT
cohort, no radiation-associated complications were docu-
mented (Table III). Surgical complications occurred in 2
IORT patients (9.5%, 2/21), manifesting as fat liquefaction
that resolved within ~10 days through dressing changes. One
of these cases developed abscesses requiring drainage and
antibiotics, achieving full wound healing within 2 weeks.
Fat liquefaction presented in 3 cases (7.9%) of 38 patients in
the PORT group, with no significant intergroup difference

compared with the IORT group (P>0.05). Conversely, the
PORT group demonstrated substantial radiation-induced
morbidity: 24 patients (63.2%, 24/38) developed grade 1-4
acute skin toxicity per RTOG criteria (19), including 5 grade
3-4 cases (13.2%, 5/38). Hematological toxicity affected
28 patients in the PORT group (28.6% grade 3-4), accompa-
nied by 2 cases of grade 1-2 pneumonitis. Additionally, PORT
exhibited significantly higher rates of hyperpigmentation
(P<0.001), radiodermatitis (P<0.001), radiation-related pain
(P<0.05) and acute hematological toxicity (P<0.01) compared
with IORT. Notably, neither acute nor late radiation injuries
were observed in the IORT group (Table III).

Late radiation injury. According to the definition of RTOG
late radiation injury (18), late skin toxicity (grades 1-3) was
observed in 3 patients of the PORT group. A total of 9 patients
had late radiation injury of the leukocytes. Of these patients, 5
(55.6%) still had different levels of leukopenia at 1 year after
RT. Patients with RT-induced lung injury did recover 1 year
after RT, as confirmed by CT. None of the patients in the IORT
group experienced late radiation injury (Table IIT).

Dosimetric profile of organs at risk (OARs). The dosimetric
profile of OARs represents a crucial parameter for assessing
treatment safety and efficacy of irradiation therapy. The V5
and V20 dose-volume parameters, defined as the percentage of
organ volume exposed to =5 Gy and =20 Gy radiation respec-
tively, were employed to quantify post-treatment radiation
burden on OARs. In the PORT group, the dosimetric analysis
revealed the following: The V5 and V20 values for the ipsi-
lateral lung were 46.62+16.11 and 21.65+8.29%, respectively
(Table IV). For the total lung, the V5 and V20 values were
24.46+8.84 and 11.05+4.39%, respectively, with a mean lung
dose (MLD) of 8.06+2.98 Gy. For the heart, the V5 and V20
values were 13.74+11.56 and 1.86+2 .40, respectively, with a
mean heart dose of 3.32+2.00 Gy. For IORT, electron beams
exhibited a rapid dose fall-off, which significantly limits
radiation exposure to surrounding normal tissues. Combined
with the precise energy control and the use of shielding, [ORT
could ensure effective sparing of the OARs, and as a result,
no significant injuries in adjacent organs and tissues were
seen in the IORT group. Although the PORT technique could
achieve an optimal dose distribution to reduce the risk of irra-
diation-associated complications, including pneumonitis and
cardiotoxicity, it was evident that IORT might be a much safer
treatment alternative for selected patients with breast cancer.

Breast cosmetic outcomes. Postoperative cosmetic outcomes
were assessed using standardized grading and scoring criteria
as aforementioned. High-quality outcomes (excellent/good
grades) were achieved in 95.2% (20/21) of the IORT group,
including 16 patients (76.2%) with excellent ratings and 4 with
good ratings (Table V). By contrast, only 42.1% (16/38) of the
PORT group achieved these grades, with 4 excellent ratings
and 12 good ratings. The IORT cohort demonstrated a signifi-
cantly higher rate of excellent cosmetic outcomes compared
with the PORT group (P<0.001; Table V). Longitudinal
cosmetic scores further demonstrated the advantage of IORT,
with a stable median score of 10 (IQR, 10-10; ranges, 7-10
at 1 week, 8-10 at 1 month, and 9-10 at 6 months and 1 year).
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A, Wound-associated complication

Complication/injury IORT (n=21) PORT (n=38) P-value
Fat liquefaction 2/21 3/38 0.999
Wound infection 2/21 1/38 0.999
Pain 0/21 0/38 >0.999
Breast oedema 0/21 0/38 >0.999
Seroma 0/21 0/38 >0.999
B, RTOG acute radiation injury
Complication/injury IORT (n=21) PORT (n=38) P-value
Leukocyte

Grade 1-2 0/21 22/38 <0.001

Grade 3-4 0/21 6/38 0.207
Skin

Grade 1-2 0/21 19/38 <0.001

Grade 3-4 0/21 5/38 0.293
Lung

Grade 1-2 0/21 2/38 0.344

Grade 3-4 0/21 0/38 -
Heart

Grade 1-4 0/21 0/38 -
C, RTOG/EORTC late radiation injury
Complication/injury IORT (n=21) PORT (n=38) P-value
Leukocyte

Grade 1-3 0/21 9/38 0.071

Grade 4-5 0/21 0/38 -
Skin

Grade 1-3 0/21 3/38 0.241

Grade 4-5 0/21 0/38 -
Lung

Grade 1-5 0/21 0/38 -
Heart

Grade 1-5 0/21 0/38 -

RTOG, Radiation Therapy Oncology Group; EORTC, European Organization for Research on Treatment of Cancer; IORT, intraoperative

radiotherapy; PORT, postoperative radiotherapy.

In the PORT group, the cosmetic score was significantly lower,
as revealed by a median score of 8 (IQR, 6-9; range, 4-10), 7
(IQR, 6-8; range, 3-10), 8 (IQR, 7-9; range, 5-10) and 9 (IQR,
8-10; range, 6-10) at 1 week, 1 month, 6 months and 1 year,
respectively (all P<0.01; Fig. 3).

Length of stay. In the IORT group, the total duration of hospi-
talization was 12.1£5.1 days. By contrast, in the PORT group,
the total length of stay (including RT) was 35.9+3.5 days

(Fig. 4), representing a significant difference in the treat-
ment time between the two groups (P<0.001). In addition, the
patients treated with PORT also spent more time on trips to the
hospital (data not shown).

Health care costs. A comparative cost analysis was
conducted between the two groups, quantifying healthcare
expenditures specific to radiation therapy, including treat-
ment delivery, hospitalization, nursing care and associated
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Table I'V. Dosimetric profile of OARs.

PORT
OAR V5 value, % V20 value, % Mean dose, Gy IORT
Total lung 24.46+8.84 11.05+4.39 8.06+2.98 No significant injury
Ipsilateral lung 46.62+16.11 21.65+8.29
Heart 13.74£11.56 1.86+2.40 3.32+2.00 No significant injury

V5 and V20 values represent the percentage volume of an organ receiving =5 or =20 Gy radiation dose, respectively; OAR, organ at risk;
IORT, intraoperative radiotherapy; PORT, postoperative radiotherapy.

Table V. Percentages of breast cosmetic grading in the patients treated with PORT (n=38) and IORT (n=21).

Treatment Excellent Good Fair Poor
PORT, % (n) 10.53 (4) 31.58 (12) 3947 (15) 18.42 (7)
IORT, % (n) 76.19 (16) 19.04 (4) 4.76 (1) 0.00 (0)
P-value <0.001 0.300 0.004 0.094

IORT, intraoperative radiotherapy; PORT, postoperative radiotherapy.
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Figure 3. Breast cosmetic score comparisons between the IORT and PORT groups at four postoperative time points. (A) At 1 week: PORT=median, 8 (IQR,
6-9; range 4-10) vs. IORT=median, 10 (IQR, 10-10; range, 7-10), P=0.000608. (B) At 1 month: PORT=median, 7 (IQR, 6-8; range, 3-10) vs. IORT=median, 10
(IQR, 10-10; range, 8-10), P=0.000265. (C) At 6 months: PORT=median, 8 (IQR, 7-9; range, 5-10) vs. [IORT=median, 10 (IQR, 10-10; range, 9-10), P=0.000216.
(D) At 1 year: PORT=median, 9 (IQR, 8-10; range, 6-10) vs. [IORT=median, 10 (IQR, 10-10; range, 9-10), P=0.001174. IORT group boxes are absent due to
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Figure 4. Comparison of total hospitalization time between the IORT and
PORT groups. IORT, intraoperative radiation therapy; PORT, postoperative
radiation therapy.

pharmaceuticals/medical supplies. In the IORT group, the
mean health care costs were 33,117.98+6,281.17 Chinese
Yuan (CNY), which was significantly lower compared with
that of the PORT group (77,789.55+7,000.90 CNY) (P<0.001)
(Fig. 5A). Also, the mean cost of IORT was significantly lower
than that of PORT (P<0.001) (Fig. 5B). The patients receiving
PORT also tended to spend more on clinical visits and trans-
portation, although these costs were not included in the overall
health care costs. These data suggested that the use of IORT
could alleviate some of the economic burden for patients with
EBC who receive BCS.

Discussion

BCS combined with RT is a standard treatment for EBC.
Traditionally, PORT has been the norm; however, IORT has
emerged as an innovative alternative (9). The current study was
a retrospective cohort study exploring the efficacy, safety and
cosmetics of IORT in patients with early-stage breast cancer
undergoing BCS. The data demonstrated that IORT offered
similar effectiveness to PORT while at the same time causing
fewer common complications and less financial burdens than
PORT. More importantly, IORT exhibited better cosmetic
outcomes for such patients, suggesting it as a new treatment
option for patients with breast cancer undergoing BCS.

RT is the critical component of breast-conserving therapy
received by patients with EBC. The traditional routine of
PORT is to irradiate the entire breast and lymphatic area
5 days a week, with the administration of 1.8-2.0 Gy/fraction
up to a total dose of 50 Gy (9). Certain patients, such as those
with breast cancer presenting with positive margins, multi-
focal disease, young age (<40 years) and high-grade tumors,
have to receive an additional irradiation dose of 10-15 Gy to
the tumor bed, leading to an extended RT duration (5-6 weeks,
or even much longer). Although PORT has been demonstrated
to reduce local recurrence by 70% and to improve survival by
5-7% (25), certain patients may reject BCS due to the lengthy
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period of PORT. In addition, PORT needs to be performed
after chemotherapy and wound healing. This delay may
cause a higher risk of local relapse (26). The goal of BCS is
to remove the tumor and to minimize the effects of changes
in breast appearance and function, thereby improving the
quality of life for patients after the operation (27). Moreover,
the cosmetic side effects of PORT, including skin fibrosis and
hyperpigmentation, may lead to a considerable number of
patients giving up BCS. A previous study showed that 21% of
women did not receive RT following BCS on account of the
aforementioned reasons (28).

Given the fact that local recurrence mainly occurs
near to the tumor bed following BCS, APBI has gradu-
ally gained in popularity. Current technologies of APBI
include brachytherapy, three-dimensional conformal RT
(3D-CRT), intensity-modulated radiation therapy (IMRT)
and IORT. Brachytherapy is mainly performed according to
the MammoSite® RT system (29). The major advantage of
this technology is that the device can be placed in the opera-
tion room and guided by ultrasound following the operation.
3D-CRT and IMRT are non-invasive techniques, although they
have the disadvantages of being susceptible to the breathing
and positioning of the patients (30). IORT is the latest APBI
technique to have been developed. Compared with the other
APBI techniques, IORT can be performed at the same time
as surgery, and is not affected by the patient's breathing and
posture, which ensures the accuracy of irradiation of the
tumor bed (31). The radiation dosage of IORT on the tumor
bed is usually 20 Gy, which is less than that of fractionated
irradiation, but is equivalent to the dose of fractionated irra-
diation (70 Gy) (32). At present, several studies have shown the
non-inferiority of IORT for EBC in terms of overall survival
rates when comparing between patients receiving IORT and
those receiving whole-breast PORT (33,34). Representative
prospective clinical trials include the TARGIT-A trial
reported by Vaidya er al (13) and the ELIOT trial reported by
Veronesi et al (14). Both trials showed that IORT and PORT
achieve similar overall survival rates for EBC, supporting the
effectiveness of IORT in its clinical application (35). However,
the TARGIT-A trial showed that the 5-year overall recurrence
rate in the IORT group was higher compared with that of the
whole-breast irradiation group (hazard ratio, 1.44; P=0.053),
whereas the 5-year ipsilateral breast tumor recurrence rate was
higher than the IORT target value (3.3% vs. 1.3%; P=0.042).
This may have been due to the fact that some of the patients
in the TARGIT-A trial did not meet the criteria recommended
by the American Society of Radiological Oncology for APBI
treatment (36). In terms of skin side-effects, the incidence of
grade 3-4 skin toxicity in the TARGIT-A group was found to
be lower compared with that in the whole-breast irradiation
group (0.2% vs. 0.8%; P=0.029), which contributed to the
difference in cosmetic outcomes of BCS.

Cosmetic outcome is an important determinant in treat-
ment choice following BCS. Previous studies have shown that
the cosmetic effects of IORT are neither inferior nor better
compared with those achieved by external irradiation (37-39).
In the present study, the cosmetic outcomes in the IORT group
were found to be satisfactory. Only 1 patient was graded as
fair due to the presence of an abscess, whereas the remaining
20 patients (95.2%) were graded as excellent (76.2%) or good
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Figure 5. Costs for total health care and RT. (A) Total health care costs for breast-conserving treatment in both groups are shown. (B) Costs for RT (IORT or
PORT) are shown. RT, radiotherapy; IORT, intraoperative radiation therapy; PORT, postoperative radiation therapy; CNY, Chinese Yuan.

(19.0%) (Table V). By contrast, only 42.1% (16/38) of the
PORT group achieved excellent or good grades, with 4 excel-
lent ratings (10.5%) and 12 good ratings (31.6%). This result
demonstrated that IORT could achieve improved cosmetic
outcomes in patients, which was in agreement with the recent
findings reported by Shandiz et al (12). Furthermore, addi-
tional complications of RT occurred in the PORT group in the
present study, including hyperpigmentation, radiodermatitis,
radiation-induced pain and radiation-induced acute hema-
tological toxicity. Fat liquefaction was more frequent in the
IORT group compared with the PORT group, although this
difference was not found to be significant. Age appears to be
an important factor associated with fat liquefaction and infec-
tion of the incision following IORT, since the patients with fat
liquefaction or local infection were all >60 years old. This may
be due to the fact that the ratio of the breast gland to adipose
tissue is higher in older patients, and older patients were more
common in the IORT group.

Recent studies have established the long-term onco-
logical efficacy of IORT (40-42). Chi et al (40) conducted a
retrospective analysis of 164 patients with breast cancer and
83 ductal carcinoma in situ (DCIS) cases treated with IORT
(20 Gy single fraction) at a single institution in Taiwan. With
a mean follow-up time of 64.3 months, a higher locoregional
recurrence rate was observed using IORT (9.8%) compared
with using whole-breast irradiation (3.0%), although metas-
tasis and mortality rates were comparable between groups.
Hanna et al (41) prospectively validated the feasibility of
non-dedicated linear accelerators for IORT (21 Gy single
fraction), reporting a 7.2% local recurrence rate over a median
follow-up time of 145 months (range, 12.8-187.1 months). These
findings underscored the importance of an extended follow-up,
as late recurrences may occur beyond 10 years. Sarria et al (42)
further supported the utility of IORT as an upfront boost in
an international cohort of 653 patients from Peru, Spain and
Germany, demonstrating local control outcomes comparable
to external beam RT. Short-term outcomes were explored
by Fadavi ef al (11) and Shandiz et al (12). Fadavi et al (11)
compared intraoperative electron RT followed by hypofrac-
tionated whole breast irradiation to conventional whole-breast

irradiation, finding comparable acute and late toxicity profiles
over a median follow-up time of 12 months. Shandiz et al (12)
reported an 8.3% recurrence rate and manageable toxicity
(e.g., grade III fibrosis in 8.3% of cases) with IORT as a tumor
bed boost post-neoadjuvant chemotherapy (NAC) over a
median follow-up time of 29.5 months. Both studies concluded
that IORT achieved acceptable short-term outcomes in local
control, toxicity and cosmesis, aligning with the findings of
Keramati et al (9) in their 2020 review of post-NAC settings.
This consistency further supports the applicability of IORT
beyond NAC-specific cohorts. Collectively, these findings
affirm the viability of IORT as a simplified, effective alter-
native to whole-breast irradiation in appropriately selected
patients, which is consistent with the present findings on
long-term oncological safety. In contrast to prior works, the
present study advances the clinical understanding of IORT
by addressing underexplored dimensions. First, while earlier
research prioritized oncological outcomes, the present study
highlights cosmetic results as a critical metric, demonstrating
significantly higher rates of ‘excellent/good’ outcomes with
IORT (95.2%) vs. PORT (44.7%). This distinction emphasizes
the potential of IORT to enhance quality of life, a priority
for patient-centered care. Second, the present study uniquely
quantified socioeconomic benefits, revealing that IORT could
markedly reduce healthcare costs and shorten hospitaliza-
tion compared with PORT, offering actionable insights for
cost-sensitive healthcare systems. Third, whilst Chi et al (40)
demonstrated the long-term efficacy of IORT in a retrospective
single-institution cohort, the present study built on these find-
ings by confirming its safety in another Chinese population
and offering new insights into cost-effectiveness. Finally, by
focusing on a distinct cohort of Chinese patients, the present
work addressed regional disparities in treatment response and
healthcare-resource allocation, factors often overlooked in
global IORT research. Collectively, the present study bridged
a critical gap in the literature and provided a comprehensive
framework to optimize IORT implementation across diverse
clinical and socioeconomic settings.

The primary advantage of IORT lies in its ability
to deliver adjuvant radiation concurrently with surgery,



Bzl SPANDIDOS
7] ,§, PUBLICATIONS

significantly shortening treatment duration compared with
PORT. Additionally, IORT minimizes radiation exposure to
healthy tissues, reducing toxicity risks. However, this approach
has inherent limitations. For instance, final pathological details,
such as surgical margin status and lymph node involvement,
remain unavailable during IORT delivery, creating potential
discrepancies between intraoperative frozen-section and final
histopathological results. Thus, rigorous patient selection is
critical in clinical practice. While the present findings offer
therapeutic insights for EBC, several limitations warrant
acknowledgment. First, this preliminary retrospective study
included a small, heterogeneous cohort, encompassing
node-positive patients and those receiving neoadjuvant thera-
pies, reflecting real-world practice but introducing variability.
Treatment allocation (IORT vs. PORT) was influenced by
clinician judgment and patient preference, risking selection
bias and baseline imbalances in tumor biology or comorbidi-
ties. Reliance on retrospective data restricted access to detailed
information, such as HER?2 status and adjuvant therapy adher-
ence, limiting robust confounder adjustment. The modest
sample size further precluded subgroup analyses or propensity
score matching.

While the heterogeneity of the cohort enhances real-world
generalizability, several confounding factors may influence
the analysis of IORT and PORT outcomes in the present
study. Patient selection bias could arise from imbalances
in tumor characteristics (e.g., size and HER?2 status), age or
comorbidities between groups (43,44). For instance, younger
patients or those with aggressive tumor biology in the IORT
group might skew recurrence rates, independent of treat-
ment efficacy. Surgical variability, such as differences in
margin status or surgeon proficiency with IORT techniques,
could disproportionately affect local control outcomes if
one group had suboptimal tumor excision or inconsistent
radiation delivery (45). Adjuvant therapies further complicate
comparisons: Disparities in chemotherapy, endocrine therapy
or PORT protocols (e.g., whole-breast vs. partial irradiation)
might mask or amplify treatment-related effects on survival or
toxicity (46). Baseline cosmetic differences, including breast
size or tumor location, could confound aesthetic outcomes,
as smaller breasts or peripherally located tumors may
inherently favor better cosmesis regardless of RT type (47).
Socioeconomic and geographic factors might introduce
systemic bias, as patients opting for IORT (often requiring
specialized resources) may have better healthcare access or
higher health literacy, improving compliance and artificially
enhancing outcomes (46). Follow-up heterogeneity, such as
variations in surveillance intensity (e.g., imaging frequency),
could lead to underdetection of recurrence in less-monitored
groups (48,49). Finally, psychosocial factors, such as patient
preferences for shorter treatment duration, might select for
populations prioritizing convenience over risk, influencing
perceived satisfaction or compliance (50,51). Collectively,
these confounders risk distorting comparisons by attributing
outcomes to treatment modality rather than underlying imbal-
ances. For example, if IORT cohorts included more low-risk
tumors or received more adjuvant therapies, its apparent
superiority in local control could reflect selection bias rather
than inherent efficacy. Conversely, socioeconomic disparities
might exaggerate the cost burden of PORT if marginalized
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populations disproportionately received it. To mitigate these
issues, multivariable adjustments, propensity score matching
or randomized trials are critical to isolate the true effects of
IORT vs. PORT. These factors collectively weaken causal
inferences regarding the non-inferior safety and superior
cosmetic efficacy of IORT, underscoring the need for prospec-
tive trials with standardized data collection to validate these
findings. Future studies with prospective and randomized
design, which will feature larger patient cohorts with selected
patients, are warranted to validate the current findings.

In conclusion, in patients with EBC undergoing BCS,
IORT demonstrates non-inferior oncological safety and tumor
control compared with PORT, while excelling in cosmetic
outcomes, cost-effectiveness and treatment efficiency. For
low-to-intermediate-risk patients prioritizing quality of life
and convenience, IORT offers a patient-centric alternative
without compromising oncological rigor. PORT remains
critical for high-risk cases with the need for comprehensive
radiation. This paradigm aligns with personalized oncology,
balancing clinical efficacy with practical benefits to enhance
therapeutic value. Further studies, including large-scale trials
and investigations into multimodal strategies, are warranted
to refine patient selection and validate long-term outcomes,
ensuring broader applicability of IORT in modern EBC
management.
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