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Background: Whole breast irradiation after breast-conserving surgery (BCS) with an external beam boost
of 10-16 Gy is currently the standard treatment in breast cancer. Various modalities have been used for
tumor bed boost irradiation. This study aimed to evaluate the local recurrence rate, overall survival rate (OSR),
toxicity and cosmetic outcome of intraoperative radiotherapy (IORT) as a boost followed by whole breast
irradiation in patients who received BCS.

Methods: This is a retrospective study. Between December 2009 and March 2017, 81 patients who
underwent BCS with IORT as a boost were enrolled in this study. For IORT, a single dose of 20 Gy was
delivered using a 30-50 kV photon beam, intraoperatively. All patients received whole breast radiation therapy
(WBRT) of 42.5-50 Gy over 4-5 weeks. The primary endpoint was a 3-year local recurrence rate. Secondary
endpoints included the OSR, toxicity and cosmetic outcome at 6 months after radiation treatment.

Results: At a median follow-up of 43 months, ipsilateral local recurrence was observed in one of the 81
patients (1.2%) which occurred in the same quadrant of the breast index. The 3-year OSR was 89.8%.
Treatment was well-tolerated with no grade 3—4 acute and late toxicity, and 87% of patients were recorded as
excellent—good cosmesis.

Conclusions: The use of BCS with IORT as a boost resulted in a low local recurrence rate and excellent
cosmetic outcome in early breast cancer. Thus, IORT as a boost could be considered as an alternative to an

external beam boost. Prospective studies are needed to confirm this data.
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Introduction

Radiotherapy after breast-conserving surgery (BCS) has
shown to be equivalent, in terms of survival outcomes to
mastectomy (1-9). The traditional radiation involves 5
weeks of whole breast irradiation with 5-8 fractions of
tumor bed boost. According to two studies, the Lyon and
EORTC 22881-10882 trials (10,11) tumor bed boost after
BCS was effective in reducing the risk of ipsilateral breast
recurrence. Tumor bed boost irradiation can be achieved
by various techniques such as interstitial brachytherapy,
external beam radiotherapy and intraoperative radiotherapy
(IORT). IORT could be performed with either electron
beams or photon beams and delivers a single dose radiation
therapy to the tumor bed during surgery. A few studies have
shown that, in terms of the local recurrence, overall survival
rate (OSR) and wound complication, IORT given as a
boost after BCS had much the same result as whole breast
radiation therapy (WBRT) followed by an external beam
radiation boost (12-14).

We assessed the local recurrence, OSR, complication
and cosmetic outcome in early breast cancer patients
who received the low energy photon intraoperative boost
irradiation after BCS in our institution. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx.doi.org/10.21037/gs-20-249).

Methods
Study design

We conducted a retrospective study from December 2009
to March 2017 involving 138 patients with early breast
cancer who underwent BCS with IORT as a boost in King
Chulalongkorn Memorial Hospital (KCMH). Eligibility
criteria consisted of early breast cancer (T'1-12, NO-N1),
unifocal lesion and a negative pathological margin. Patients
with an Eastern Cooperative Oncology Group (ECOG)
higher than 2, who underwent re-excision or mastectomy
after IORT from positive margin or with gross residual
disease, or who had a history of previous thoracic/breast
irradiation were excluded.

Radiation treatment planning and technique

In all patients, wide local excision of the tumor was
performed with a clear resected margin. Sentinel lymph
node biopsy or axillary lymph node dissection was
performed during the procedure. The low energy photon
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(INTRABEAM 600, Carl Zeiss Meditec AG, Oberkochen,
Germany) was used in the surgical cavity immediately
following tumor removal. A single 20-Gy dose was applied
at the surface applicator and attenuated to 5-7 Gy at 1 cm
depth, using a 30-50 KV photon beam over 30 min. All
patients received post-operative external beam radiation
(EBRT) to the conserved breast tissue and/or regional
lymph nodes at a dose of 42.5-50 Gy using a conventional
or three dimensional planning technique without an
additional tumor bed boost. For WBRT, all cases were
treated with an opposing tangential field in a supine
position, arm above the head using 6 MV photon.

Assessment of endpoint

The primary endpoint of this study was the 3-year local
recurrence rate. Secondary endpoints were the 3-year OSR,
acute/late toxicities and cosmetic outcomes. Acute and late
toxicities were evaluated according to Common Terminology
Criteria for Adverse Events, Version 3.0 (CTCAE). Acute
toxicity was evaluated at the end of WBRT and late toxicity
was evaluated at 1 and 3 years after WBRT. Cosmetic
outcome was evaluated at least 12 months after radiation
using the Harvard/NSABP/RTOG Breast Cosmesis
Grading Scale. Photographs of patients were taken in two
positions, two arms up above head and arm at the waist. All
photographs were assessed by the panel of three radiation
oncologists and two surgeons. The OSR was defined as the
length of time after BCS until death from any cause. Local
recurrence rate was defined as recurrence in ipsilateral breast
and proved by surgical pathology.

Statistical analysis was performed with SPSS 22.0
statistical software. The OSR and local recurrence rate
were estimated using the Kaplan-Meier method. Frequency
analysis was used for acute toxicity, late toxicity, and
cosmetic outcome.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
protocol was approved by the Institutional Review Board of
King Chulalongkorn Memorial Hospital (Number 060/60)
and individual consent for this retrospective analysis was
waived.

Results

Between December 2009 and March 2017, 138 patients
with early breast cancer who received IORT in KCMH
were initially enrolled in this study. A total of 57 patients
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Table 1 Patients and tumor characteristics

Characteristic N (%)
Age
30-40 6 (7.4)
41-50 24 (29.6)
51-60 30 (37.0)
61-70 14 (17.3)
>70 7(8.7)
Side
Right 42 (51.9)
Left 39 (48.1)
Tumor size (cm)
0-1.0 12 (14.8)
1.1-2.0 32 (39.5)
2.1-3.0 31 (38.3)
3.1-4.0 5(6.2)
4.1-5.0 1(1.2)
Nodal status
NO 63 (77.8)
N1 16 (19.8)
Nx 2.4
Histology
Invasive ductal carcinoma 76 (93.8)
Mucinous carcinoma 2(2.4)
Invasive papillary 2(2.9
Invasive mammary 1(1.4)
Tumor grade
Gr 1 15 (18.5)
Gr2 33 (40.8)

Table 1 (continued)

were excluded (16 patients received IORT alone, 15
received an additional electron boost after IORT, 11
underwent mastectomy or re-excision after IORT, seven
were lost in follow-up, two were diagnosed with pure
ductal carcinoma in situ (DCIS), one had a tumor size of
more than 5 cm and one was at the N2 disease stage. Thus,
after their exclusion, a total of 81 patients were included
in the trial analysis. The median follow up time was
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Table 1 (continued)

Characteristic N (%)
Gr 3 29 (35.8)
Unknown 7 (8.6)

Margin status, cm
<0.1 10 (12.3)
0.1-0.2 29 (35.8)
0.3-0.5 23 (28.4)
>0.5 12 (14.8)
Unknown 7 (8.6)

Lymphovascular invasion
Positive 20 (24.7)
Negative 56 (69.1)
Unknown 5(6.2)

ER
Positive 58 (71.6)
Negative 23 (28.4)

PR
Positive 54 (66.7)
Negative 27 (33.3)

HER 2
Positive 11 (13.6)
Negative 70 (86.4)

Chemotherapy
Yes 57 (70.4)
No 24 (29.6)

Hormonal Tx
Yes 55 (67.9)
No 26 (32.1)

43 months (range, 7-87 months). Baseline patients and
tumor characteristics are shown in 7Table 1.

The median patients’ age was 54 years old (range,
35-81 years). The median size of the tumor was 1.9 cm.
In total, 16 patients (19.8%) had metastatic axillary lymph
nodes, while 15 (18.5%), 33 (40.8%) and 29 (35.8%)
patients had tumor grade 1, 2 and 3, respectively. In terms
of WBRT, only one patient received hypofractionation

Gland Surg 2020;9(5):1389-1395 | http://dx.doi.org/10.21037/gs-20-249



1392

Table 2 Acute and late skin toxicities of the patients in the study
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Acute toxicity, N (%)

Late toxicity at 1 year, N (%) Late toxicity at 3 years, N (%)

Group of patients

Grade0 Grade1 Grade2 Grade 0 Grade1  Grade 2 Grade0  Grade 1 Grade 2
Received chemotherapy for N=57 N=57 N=52
3-6 months 19(33.3) 32(56.2) 6(105) 24 (421) 33 (57.9) 0 8(15.4) 37(71.1) 7(135)
No adjuvant chemotherapy N=24 N=24 N=23

4(16.7) 17(70.8) 3(12.5) 8 (33.3) 16 (66.7) 0 2(8.7) 18 (78.3)  3(13.0)

irradiation which was 42.5 Gy in 16 fractions. A total of 57
(70.4%) patients received chemotherapy and 55 (69.7%)
received hormonal therapy. Anthracycline and/or taxane
based chemotherapy was prescribed for patients who were
indicated. For the IORT procedure, the median treatment
time was 26.4 min (range, 13.0-52.3 min) and the median
applicator size was 3.5 cm (range, 2.5-5 cm).

One of the 81 patients (1.2%) had ipsilateral breast
tumor recurrence in the tumor bed which was occurred
as the same quadrant as the primary tumor. This patient
was triple-negative for breast cancer and pathological
findings showed high grade invasive ductal carcinoma with
an extensive intraductal component. Time to ipsilateral
breast cancer recurrence was 78 months. The 3-year
OSR was 89.8%. The acute and late toxicity were grade
0-2 in all 81 patients, without grade 3-4 toxicity being
detected, according to CTCAE v3.0. One patient who
received hypofractionation whole breast irradiation was
noted grade 0 in acute and late toxicity. For acute toxicity,
there are 74% of patients who were evaluated at the end
of the WBRT, while the rest of those were evaluated at
1-2 months after the WBRT. At 3 years after radiation,
92.6% (N=75) of the patients were available for late toxicity.
Grade 2 late toxicities include marked hyperpigmentation
and subcutaneous fibrosis.

A total of 57 out of 81 patients (70%) received adjuvant
chemotherapy, receiving the chemotherapy after IORT
and before WBRT, while the other 30% received WBRT
approximately 3—4 weeks after IORT. The median time
between IORT and WBRT was 4 months. The time
interval between IORT and WBRT showed no significant
association with late toxicities (P=0.46). The acute and late
skin toxicity results are shown in Table 2.

The cosmetic outcome was evaluated according to
the Harvard/NSABP/RTOG breast cosmesis grading
scale, where 71 patients (87%) experienced excellent-
good cosmesis. The median time of cosmetic evaluation is
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41 months after the radiation and 74.1% of the patients was
evaluated at more than 2 years after radiation.

Discussion

At present, post-operative EBRT to the whole breast
followed by tumor bed boost is the standard method of care
for early breast cancer. An additional tumor bed boost of
10-16 Gy significantly reduces the risk of local recurrence
rate (10,11). Despite the boost radiation, the majority
of local recurrences still occurred close to the previous
primary tumor bed (15), which might reflect a geographical
miss of the tumor bed causing this local failure. The use of
IORT, a form of APBI, can shorten the treatment time and
reduce the level of geographical misses. Another biological
advantage of IORT which was proposed by few studies is
that the radiation is given at the earliest stage before the
tumor cells have a chance to proliferate (16,17).

In our study, at a median follow-up of 43 months,
ipsilateral breast tumor recurrence occurred in one of the 81
patients (1.2%) after receiving IORT as a boost, which was
quite low compared to the previous studies from EORTC
22881-10882 and Lyon trials. In Lyon trial, the median
follow up time was 3.3 years and the crude rate of local
recurrence in the boost arm was 1.9% which was similar to
our results. The median follow up period was longer than
our study at 5 years for the EORTC 22881-10882 trial and
the local recurrence rate was 4.3%. Our local recurrence
rate was also consistent with the other IORT boost studies
(18-22). Those results are shown in Table 3.

The 3-year OSR in this study was 89.8%, which was not
markedly different to in those in the Lyon (5-year OSR was
92.9%) and EORTC 22881-10882 (5-year OSR of 91%)
trials (10,23). The study from Germany also reported 3-year
OSR which was 91.3% (18). Recently, 15 years outcome
of patients receiving IORT as a boost was reported from
Pez et al. (19). This retrospective study revealed the 15
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Table 3 Five-year IBRT of IORT boost studies (low energy X-ray)
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Studies No. of patients Median F/U time (months) IBRT
Blank et al. (2010) (18) 197 37 3% (3-year)
Pez et al. (2020) (19) 400 78 2% (5-year)
6.6% (10 year)
10.1% (15 year)
Wenz et al. (2010) (20) 154 34 1.5% (3-year)
Chang et al. (2014) (21) 55 39 No local recurrence
Vaidya et al. (2011) (22) 299 60.5 1.73% (5-year)
Our study 81 43 1.2% (4-year)

IBRT, ipsilateral breast tumor recurrence; IORT, intraoperative radiotherapy.

years of local recurrence and OSRs were 10.1% and 80.7%,
respectively.

In terms of toxicity, our study showed mild acute and
late toxicity, without severe grade 3 or grade 4 toxicity and
did not differ from others. Although some of the patients
received chemotherapy after IORT, the toxicities were
similar to those who did not receive chemotherapy.

Numerous studies have assessed the toxicity from a
similar treatment. Late toxicity after 3 years was evaluated
as mild in most of the patients and 6% of those had grade
3 toxicity from Wenz et a/. (20). Similarly, Chang identified
2% of patients who had grade 3 late skin toxicity (21).
In this study, they reported the worst score during every
6 month follow up time for 3 years which was different
from our study that reported late toxicity at a specific point
of time. Pez ez al. reported fibrosis as the most common late
toxicity which accounted for 10% at 1 year and increased to
19% at 5 years (19).

The cosmetic outcome in our study was rated as
excellent-good, according to the Harvard/ NSABP/
RTOG breast cosmesis grading scale. Kraus-Tiefenbacher
et al. (24) reported an excellent—good cosmetic outcome at
4-6 months after surgery with IORT in about 90-95% of
all patients. The EORCT 22881-10882 trial showed 71%
of the patients in the boost group had an excellent or good
cosmetic outcome at 3 years (25) which was similar to our
results.

The results of intraoperative electron boost JOERT)
followed by whole breast irradiation have also been
published. The International Society of Intraoperative
Radiotherapy (ISIORT) revealed the most long-term
analysis at a median follow-up of 72 months. The in-
breast tumor control rate was 99.2%, which 50% of local

© Gland Surgery. All rights reserved.

recurrence tumor was occurred at the same quadrant of
the initial one (26). A matched-pair study was performed
by comparing patients receiving external beam boost with
IOERT (15). The 5-year local recurrence rate was 4.3% and
0% in the arm of external beam and IOERT, respectively.
This study also showed 93% of patients experienced
satisfactory and 98% with acceptable cosmetic outcome
at 45 months follow up. Currently, an ongoing TARGIT
IORT boost trial (27), a phase III randomized study is
testing the superiority of IORT boost to the external beam
boost. These results are awaited.

This study is a retrospective study, which resulted in
limitations in data collection and may introduce a selection
bias. The other limitation is the short follow-up time of
43 months and needed for long-term follow up for tumor
control and cosmetic outcome assessment.

Conclusions

Lumpectomy with IORT as a boost followed by external
beam radiation to the whole breast is feasible in terms of
low local recurrence rate with minimal toxicity and good
cosmetic outcome in early breast cancer. However, a
prospective study and long term follow-up are required to
validate this data.
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