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Abstract

Background: To assess outcomes and toxicity after low-energy intraoperative radiotherapy (IORT) for early-stage breast can-
cer (ESBC).  

Materials and methods: We reviewed patients with unilateral ESBC treated with breast-conserving surgery and 50-kV IORT 
at our institution. Patients were prescribed 20 Gy to the surface of the spherical applicator, fitted to the surgical cavity during 
surgery. Patients who did not meet institutional guidelines for IORT alone on final pathology were recommended adjuvant 
treatment, including additional surgery and/or external-beam radiation therapy (EBRT). We analyzed ipsilateral breast tumor 
recurrence, overall survival, recurrence-free survival and toxicity. 

Results: Among 201 patients (median follow-up, 5.1 years; median age, 67 years), 88% were Her2 negative and ER positive 
and/or PR positive, 98% had invasive ductal carcinoma, 87% had grade 1 or 2, and 95% had clinical T1 disease. Most had 
pathological stage T1 (93%) N0 (95%) disease. Mean IORT applicator dose at 1-cm depth was 6.3 Gy. Post-IORT treatment 
included additional surgery, 10%; EBRT, 11%; adjuvant chemotherapy, 9%; and adjuvant hormonal therapy, 74%. Median total 
EBRT dose was 42.4 (range, 40.05-63) Gy and median dose per fraction was 2.65 Gy. At 5 years, the cumulative incidence of ip-
silateral breast tumor recurrence was 2.7%, the overall survival rate was 95% with no breast cancer-related deaths, and the re-
currence-free survival rate was 96%. For patients who were deemed unsuitable for postoperative IORT alone and did not 
receive recommended risk-adapted EBRT, the IBTR rate was 4.7% versus 1.7% (p = 0.23) for patients who were either suitable 
for IORT alone or unsuitable and received adjuvant EBRT. Cosmetic toxicity data was available for 83%, with 7% experiencing 
grade 3 breast toxicity and no grade 4–5 toxicity.

Conclusions: IORT for select patients with ESBC results in acceptable outcomes in regard to ipsilateral breast tumor recur-
rence and toxicity.

Key words: intraoperative radiation; breast cancer; clinical outcomes; radiation toxicity; Intrabeam

Rep Pract Oncol Radiother 2022;27(4):666–676



Fantine Giap et al.  Intraoperative radiotherapy for breast cancer

667https://journals.viamedica.pl/rpor

Introduction

Breast cancer is the most common cancer di-
agnosed in women in the United States. General 
local-regional treatment strategies for early-stage 
breast cancer include partial or total mastectomy 
with surgical axillary staging, followed by ad-
juvant radiotherapy as indicated. Due to the re-
sults of randomized clinical trials demonstrating 
the local-regional benefit of adjuvant radiation 
following breast-conserving surgery in reduc-
ing local-regional recurrence following breast 
conservation, adjuvant radiation to the whole 
breast became the standard of care for early-stage 
breast cancer patients [1, 2]. Hypofractionated 
whole-breast radiation has become a standard 
approach following more recent level 1 evidence 
of equivalent disease control and toxicity out-
comes [3, 4]. Shortened radiotherapy courses 
are more convenient for patients and less costly to 
the healthcare system [5–8].

For select patients with favorable early-stage 
breast cancer, accelerated partial breast irradiation 
(APBI) has also become a reasonable option after 
breast-conserving surgery. Not only is the total ra-
diation course shortened to 5–10 days of treatment, 
but there is the added benefit of reduced radiation 
exposure to the breast skin and tissue as well as un-
derlying lungs and heart [9]. Over the past 20 years, 
phase II and III trials evaluating APBI have demon-
strated promising local-regional control and cos-
metic outcomes with numerous APBI modalities, 
including brachytherapy and external-beam radi-
ation therapy (EBRT) [10–14]. For example, intra-
operative radiation therapy (IORT) strategies using 
low-energy (50 kV) photons or electrons in a sin-
gle-fraction treatment were evaluated as modalities 
in the TARGIT-A and the ELIOT trials [11, 12]. 
Phase III non-inferiority trials have demonstrated 
acceptable short-term local-regional control out-
comes with APBI, though notably their reported 
outcomes for APBI did not meet the non-inferi-
ority threshold when compared to outcomes with 
whole-breast radiation [11]. Utilizing this data, 
the American Society for Radiation Oncology (AS-
TRO) has created expert Consensus Guidelines 
to identify patients suitable for APBI, including 
low-energy photon IORT specifically [15]. 

Our institution began an APBI program using 
low-energy photon IORT with the INTRABEAM 

device (Carl Zeiss AG, Oberkochen, Germany), 
prior to the updated 2016 ASTRO Consensus 
Guidelines [15]. Herein, we report ipsilateral breast 
tumor recurrence (IBTR), recurrence-free survival 
(RFS), and overall survival (OS) outcomes, as well 
as physician-reported toxicity and cosmetic out-
comes, to contribute to the body of evidence for 
IORT in the treatment of select patients with ear-
ly-stage breast cancer. 

Materials and methods

Under institutional review board approval, we 
retrospectively reviewed the medical records of 
women with unilateral early-stage breast cancer, 
clinical stage T1-2N0M0, treated at our institution 
with breast-conserving surgery followed by 50-kV 
photon IORT delivered using INTRABEAM. Pa-
tients included in this cohort underwent breast 
IORT between November 10, 2010, and December 
31, 2017. All patients underwent mammography 
and core needle biopsy of the breast; 86% of pa-
tients had preoperative breast magnetic resonance 
imaging. Initial University of Florida institution-
al guidelines for INTRABEAM use were adopted 
from the TARGIT trial selection criteria [11], al-
though updated and current institutional guide-
lines for INTRABEAM use are more restrictive 
than TARGIT and have included: age ≥ 50 years 
old, invasive ductal carcinoma (IDC) with or with-
out ductal carcinoma in situ (DCIS), Nottingham 
grade 1–2 tumors, tumor size < 3 cm, estrogen 
receptor (ER) and/or progesterone receptor (PR) 
positivity, human epidermal growth factor recep-
tor 2 (Her2) negative, clinically node negative (N0), 
and no lymphovascular space invasion (LVSI). In-
vasive lobular carcinoma was excluded, but IDC 
with a lobular component was eligible. 

Patients were evaluated by both the surgeon 
and radiation oncologist and then discussed pre-
operatively and postoperatively by a multidis-
ciplinary tumor board. Patients were counseled 
preoperatively that the final decision to proceed 
with IORT would be made by the surgeon during 
surgery based on the following evidence: negative 
sentinel lymph node(s) upon intraoperative frozen 
section, spherical applicator distance at least 1 cm 
from the skin, and tumor bed less than 5 cm in di-
ameter. At the time of breast-conserving surgery, 
the spherical applicator, which ranged from 3 cm 
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to 5 cm in diameter at 0.5 cm increments, was fit-
ted into the lumpectomy cavity and a purse-string 
closure of the breast tissue over the applicator was 
completed by the surgeon. Subsequently, 20 Gy 
was delivered to the surface of the spherical appli-
cator at a constant rate (dependent on applicator 
size), which attenuated to approximately 5–7 Gy at 
a 1-cm depth. The IORT procedure was monitored 
by the radiation oncologist throughout the dura-
tion of the radiation treatment. 

At our institution, additional treatment, includ-
ing further surgery and/or risk-adapted EBRT, is 
recommended after IORT based on final pathology 
when institutional guidelines as described above 
for IORT alone are not met. Amongst our cohort, 
additional breast surgery was recommended based 
on margin assessment, and at times additional ax-
illary surgery was indicated. Adjuvant risk-adapted 
whole-breast EBRT was generally recommended if 
final surgical pathology demonstrated close mar-
gins ≤ 2 mm, grade 3 disease, tumor size ≥ 3cm, 
presence of LVSI, and/or the positive sentinel 
lymph nodes. However, patients > 70 years old with 
pathologic stage T1N0 disease who were planned 
for adjuvant endocrine therapy may not have been 
recommended for additional adjuvant EBRT af-
ter IORT despite other risk factors, as per NCCN 
guidelines suggesting these women may consider 
omission of any radiotherapy based on CALGB 
9343 outcomes [16, 17]. Adjuvant EBRT may 
also have been omitted owing to significant co-
morbidities or patient refusal. Adjuvant EBRT was 
typically delivered to the whole breast via a hypof-
ractionated regimen (40–42.4 Gy over 15–16 frac-
tions); if regional nodal irradiation was indicated, 
a conventional fractionation was used (50 Gy over 
25 fractions). No additional external-beam boost 
to the tumor bed was delivered since IORT served 
as the “boost.” Patients received adjuvant chemo-
therapy and/or endocrine therapy as indicated by 
standard practice. 

The primary endpoints were the actuarial rates 
of IBTR, RFS, and OS. IBTR was defined as a breast 
cancer occurring in the ipsilateral breast regardless 
of quadrant. RFS was defined as freedom from any 
local, regional, or distant recurrence. Patients were 
also categorized following final pathology as suit-
able versus unsuitable for IORT by current Univer-
sity of Florida institutional guidelines and ASTRO 
2016 Consensus Guidelines. Outcomes for suit-

able patients or unsuitable patients who received 
risk-adapted adjuvant EBRT were compared to un-
suitable patients who did not receive risk-adapted 
adjuvant EBRT. In addition, cosmetic toxicity data 
was obtained via chart review and graded post hoc 
using the Common Terminology Criteria for Ad-
verse Events (CTCAE), version 4. 

SAS and JMP software were utilized for all sta-
tistical analysis (SAS Institute, Cary, NC). The Ka-
plan-Meier product limit estimator provided es-
timates of IBTR, RFS, and OS. The log-rank test 
statistic then assessed whether there were signifi-
cant impacts on these outcomes after stratifying 
by selected prognostic factors.  The cumulative 
incidence method that integrates competing risks, 
such as intercurrent death and regional or distant 
failure, was included via the CIF macro in SAS as 
a complement to Kaplan-Meier analysis of IBTR.  
No post hoc adjustment to p values to control 
the experiment-wise error rate for this retrospec-
tive, correlative analysis was performed; the chance 
of a type I error is, therefore, higher than the α=0.05 
cutoff for determining statistical significance. 

Results

Patient, tumor, and treatment 
characteristics

A total of 201 patients were eligible for anal-
ysis with a median follow-up of 5.1 years (range, 
0.1–9.1 years). Clinical patient and tumor charac-
teristics are summarized in Table 1. The median 
age was 67 years. On initial biopsy, most patients’ 
tumors were diagnosed as invasive ductal carci-
noma (98%), grade 1 or 2 (87%), clinical stage T1 
(95%) with a median clinical tumor size of 1.1 cm, 
and Her2 negative and ER-positive and/or PR-pos-
itive (88%) status. Most patients (75%; 150/201) in 
this cohort met our updated, current institutional 
guidelines for preoperative selection for IORT. 

Final pathological tumor characteristics are 
summarized in Table 1. Upon review of surgi-
cal pathology, 69% (103/150) of patients initial-
ly judged suitable for IORT preoperatively per 
current institutional guidelines remained suitable 
for IORT alone without subsequent risk-adapted 
EBRT. While most patients had pathological stage 
T1 (93%) N0 (95%) disease, some patients failed 
to meet one or more suitability criteria, including 
pure DCIS (1%), invasive lobular carcinoma (1%), 
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pT2 disease (5%), nodal disease (5%), LVSI (8%), 
and close (< 2 mm) (25%) or positive (3%) mar-
gins.  Following review of final surgical pathology, 
51% of all patients in the study cohort (103/201) 

were suitable for IORT alone by our current insti-
tutional criteria.

Treatment characteristics are shown in Table 1. 
The median INTRABEAM applicator size was 

Table 1. Patient, tumor, and treatment characteristics 
(n = 201)

Characteristic Number of patients 
(%) or other value

Patient characteristics

Median age (range) 67 (48 – 86) years

Race/ethnicity

White

Black

Latinx

Other

167 (83%)

13 (6%)

6 (3%)

15 (7%)

Tumor (clinical and pathological) characteristics

Tumor laterality

Right

Left

96 (48%)

105 (52%)

Hormone receptor status

ER+ and/or PR+, Her2–

ER+ and/or PR+, Her2+

ER–, PR–, Her2–

176 (88%)

14 (7%)

11 (5%)

Clinical histology

IDC

Pure DCIS

ILC

196 (98%)

2 (1%)

2 (1%)

Clinical grade

1

2

3

Unknown

87 (43%)

89 (44%)

20 (10%)

5 (2%)

Clinical tumor (T) stage

Tis

T1

T2

2 (1%)

191 (95%)

8 (4%)

Median clinical tumor size (range) 1.0 (0.04–4.4) cm

Clinical node positivity 1 (< 1%)

LVSI present in biopsy 9 (4%)

Pathologic histology

IDC

Pure DCIS

ILC

194 (97%)

4 (2%)

3 (1%)

Pathologic grade

1

2

3

84 (42%)

89 (44%)

28 (14%)

Table 1. Patient, tumor, and treatment characteristics 
(n = 201)

Characteristic Number of patients 
(%) or other value

Pathologic tumor (T) stage

Tis

T1

T2

3 (1%)

187 (93%)

11 (5%)

Median pathologic tumor size (range) 1.1 (0.08–4.5) cm

Pathological nodal (N) stage

NX

N0 

N1

N3

1 (< 1%)

191 (95%)

8 (4%)

1 (< 1%)

LVSI present upon final pathology 17 (8%)

EIC present upon final pathology 5 (2%)

Margin status1

Negative (≥ 2 mm)

Close (< 2 mm)

Positive

144 (72%)

51 (25%)

6 (3%)

Treatment characteristics

INTRABEAM

Median applicator size (range)

Mean dose at 1 cm depth (range)

Mean treatment time (range)

4.5 (3.5-5) cm

6.3 (5.08-7.24) Gy

36.9 (18.7-54.7) min

Additional surgery2 21 (10%)

Re-excision/lumpectomy

Mastectomy

20 (10%)

5 (2.5%)

Additional EBRT 22 (11%)

Median total dose EBRT (range)

Median dose per fraction (range)

Additional tumor bed boost delivered3

Regional nodal irradiation4

42.4 (40.05–63) Gy

2.65 (1.8–2.67) Gy

1 (< 1%)

1 (< 1%)

Adjuvant chemotherapy 18 (9%)

Hormonal therapy 148 (74%)

Note: 75% (n = 150) of all patients met institutional suitability criteria upon 
clinical examination. 1Margin status refers to initial breast-conservation 
surgery; 2Four patients underwent more than one additional surgery after 
initial breast-conservation surgery. Thus, there were 25 total additional 
surgeries for 21 patients; 3One patient was found to have multifocal disease 
after surgery and underwent adjuvant external whole-breast radiation 
with a tumor bed boost to the second focus of disease at an outside 
institution; 4One patient had pN3 disease and underwent directed regional 
nodal irradiation; DCIS — ductal carcinoma in situ; EBRT — external-beam 
radiation therapy; EIC — extensive intraductal component; ER — estrogen 
receptor; Gy — Gray; Her2 — human epidermal growth factor receptor; 
IDC — invasive ductal carcinoma; ILC — invasive lobular carcinoma; 
LVSI — lymphovascular space invasion; min — minute; PR — progesterone 
receptor
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4.5 cm with a mean dose at a 1-cm depth of 6.3 Gy 
delivered over an average time of 37 minutes. Twen-
ty-one patients (10%) underwent additional sur-
gery, either re-excision of the breast (n = 20) and/or 
completion total mastectomy (n = 5). Four patients 
underwent more than one additional surgery after 
initial breast-conserving surgery due to persistent-
ly position margins. Indications for additional 
surgery included close (n = 16) or positive (n = 6) 
margins or positive lymph nodes on final patholo-
gy (n = 1). Adjuvant chemotherapy was given to 9% 
of patients and adjuvant hormone therapy to 74%. 
Adjuvant risk-adapted EBRT was delivered to 11% 
(n = 22), with indications including close (n = 5) 
or positive (n = 3) margins, positive lymph nodes 
(n = 6), LVSI (n = 4), multifocal disease (n = 2), 
ILC histology (n = 1), grade 3 disease (n = 1), and/or 
Her2-positive status (n = 1). The median total dose 
of EBRT was 42.4 Gy (range, 40.05–63 Gy) deliv-
ered at a median 2.65 Gy per fraction. Two patients 
underwent an EBRT boost treatment: 1 patient 
underwent post-mastectomy radiation with mas-
tectomy scar boost and 1 patient underwent adju-
vant hypofractionated whole-breast radiation with 
a lumpectomy cavity boost to a non-overlapping 
site of completely excised multicentric disease, dis-
covered postoperatively. 

Ipsilateral breast tumor recurrence
With a median follow-up of 5.1 years, the 5-year 

cumulative IBTR rate was 2.7% [95% confidence 

interval (CI): 1.1–6.4%) (Fig. 1A) based on both 
Kaplan-Meier analysis and the cumulative inci-
dence method. On univariate analysis of eleven 
selected variables, histology other than IDC (i.e. 
ILC, DCIS) was the only factor found to be statis-
tically significant in predicting higher IBTR with 
a 5-year IBTR risk of 14.3% versus 2.3% with IDC 
(p = 0.02) (Tab. 2).

Nine patients developed an IBTR (Supplemen-
tary File — Tab. S1); all were ER+, pathologic 
grade 1–2, and pathologic stage T1 N0. One pa-
tient had Her2-positive disease. Eight patients had 
IDC and one had ILC. Margin re-excision was 
performed in only 1 of the 3 patients with close 
surgical margins. One patient had multifocal, 
microinvasive ductal carcinoma. None of the 9 
patients who developed IBTR received adjuvant 
risk-adapted EBRT following IORT, although, per 
current institutional guidelines, 6 patients had in-
dications to undergo whole-breast EBRT.  None 
of the 9 patients who developed IBTR underwent 
chemotherapy, although 1 patient was recom-
mended for chemotherapy based on Oncotype 
testing and one patient declined both chemother-
apy and Oncotype testing. Although all patients 
who experienced recurrence were ER positive, 
only 5 patients underwent recommended endo-
crine therapy. 

The cohort was stratified into suitable and un-
suitable groups based on our current institution-
al suitability criteria and the ASTRO 2016 APBI 

Figure 1. Kaplan-Meier curves. A. 5-year ipsilateral breast tumor recurrence; the 5-year rate was 2.7%. B. Ipsilateral breast 
tumor recurrence rates by radiation received and suitability group; the 5-year ipsilateral breast tumor recurrence for patients 
who completed recommended radiation therapy (i.e., patients who were suitable for intraoperative radiotherapy (IORT) alone 
according to 2016 ASTRO Consensus Criteria or patients who were unsuitable and also received adjuvant external-beam 
radiation therapy (EBRT) was 1.7% versus 4.7% for patients who did not meet suitability criteria post-operatively and did not 
receive adjuvant EBRT (p = 0.23)

5

4

3

2

1

0
0                    1                    2                     3                    4                     5
201                   198                  187                    162                   134                    102

Years (# at risk)

Ip
si

la
te

ra
l b

re
as

t t
um

or
 

re
cu

rr
en

ce
 (%

)
A B

5

4

3

2

1

0
0                    1                    2                     3                    4                     5
134                   130                  123                     106                  89                       65
67                      67                    64                       55                     45                       37

Years (# patients at risk)

Ip
si

la
te

ra
l b

re
as

t t
um

or
 

re
cu

rr
en

ce
 (%

)

No. of pts at risk
Suitable OR
Unsuitable w/EBRT
Unsuitable w/o EBRT

Suitable or Unsuitable with EBRT
Unsuitable without EBRT



Fantine Giap et al.  Intraoperative radiotherapy for breast cancer

671https://journals.viamedica.pl/rpor

Ta
bl

e 
2.

 U
ni

va
ria

te
 a

na
ly

si
s

Va
ri

ab
le

5-
ye

ar
 IB

TR
5-

ye
ar

 re
la

ps
e-

fr
ee

 s
ur

vi
va

l
5-

ye
ar

 o
ve

ra
ll 

su
rv

iv
al

%
95

%
 L

95
%

 U
p 

va
lu

e
%

95
%

 L
95

%
 U

p 
va

lu
e

%
95

%
 L

95
%

 U
p 

va
lu

e

A
ge

< 
60

 y
ea

rs

≥ 
60

 y
ea

rs

4.
8%

2.
1%

1.
2%

0.
7%

17
.4

%

6.
3%

0.
33

45
92

.3
%

97
.1

%

78
.5

%

92
.5

%

97
.5

%

98
.9

%

0.
46

08
97

.7
%

94
.4

%

85
.6

%

88
.5

%

99
.7

%

97
.3

%

0.
47

6

Et
hn

ic
it

y

W
hi

te

N
on

-w
hi

te

1.
9%

7.
4%

0.
6%

1.
9%

5.
9%

25
.3

%

0.
30

05
96

.2
%

92
.6

%

90
.9

%

74
.7

%

98
.4

%

98
.1

%

0.
15

11
95

.8
%

91
.3

%

90
.9

%

71
.0

%

98
.1

%

97
.8

%

0.
25

6

H
or

m
on

e 
re

ce
pt

or
 s

ta
tu

s

ER
+ 

an
d/

or
 PR

+

ER
–/

PR
–

2.
9%

0.
0%

1.
2%

6.
8%

0.
29

78
95

.4
%

10
0.

0%

90
.6

%
97

.9
%

0.
34

2
95

.0
%

10
0.

0%

90
.1

%
97

.5
%

0.
32

4

Pa
th

ol
og

ic
 tu

m
or

 s
iz

e

0–
2 

cm

> 
2 

cm

2.
9%

0.
0%

1.
2%

6.
8%

0.
41

63
95

.4
%

10
0.

0%

90
.6

%
97

.9
%

0.
46

29
96

.4
%

76
.4

%

92
.2

%

37
.6

%

98
.4

%

94
.5

%

< 
0.

00
01

Pa
th

ol
og

ic
 g

ra
de

I II III

1.
2%

5.
2%

0.
0%

0.
2%

2.
0%

8.
1%

13
.2

%
0.

61
71

97
.3

%

94
.8

%

95
.0

%

89
.8

%

86
.8

%

71
.8

%

99
.3

%

98
.0

%

99
.3

%

0.
22

89
97

.6
%

95
.3

%

88
.9

%

90
.9

%

86
.0

%

70
.6

%

99
.4

%

98
.5

%

96
.4

%

0.
35

32

Tu
m

or
 h

is
to

lo
gy

D
CI

S 
or

 IL
C

ID
C

14
.3

%

2.
3%

2.
0%

0.
9%

58
.1

%

6.
0%

0.
01

67
85

.7
%

96
.1

%

41
.9

%

91
.3

%

98
.0

%

98
.3

%

0.
00

44
10

0.
0%

95
.0

%
90

.3
%

97
.5

%
0.

44
47

LV
SI

N
o

Ye
s

3.
0%

0.
0%

1.
2%

7.
0%

0.
93

31
95

.4
%

10
0.

0%

90
.4

%
97

.8
%

0.
77

16
97

.1
%

75
.2

%

93
.2

%

44
.8

%

98
.8

%

91
.9

%

0.
00

14

EI
C

N
o

Ye
s

2.
8%

0.
0%

1.
2%

6.
5%

0.
70

86
95

.7
%

10
0.

0%

91
.0

%
98

.0
%

0.
73

93
95

.7
%

80
.0

%

91
.1

%

30
.9

%

98
.0

%

97
.3

%

0.
02

71

M
ar

gi
n 

st
at

us

Cl
os

e 
or

 p
os

iti
ve

N
eg

at
iv

e

3.
8%

2.
3%

1.
0%

0.
7%

14
.1

%

6.
9%

0.
80

94
96

.2
%

95
.5

%

85
.9

%

89
.5

%

99
.0

%

98
.2

%

0.
85

53
93

.2
%

96
.1

%

80
.6

%

91
.0

%

97
.8

%

98
.4

%

0.
77

39



Reports of Practical Oncology and Radiotherapy 2022, vol. 27, no. 4

https://journals.viamedica.pl/rpor672

Consensus Guidelines. Notably, only 32% of pa-
tients considered unsuitable for IORT alone based 
on our current institutional criteria received addi-
tional risk-adapted whole-breast EBRT, and only 
36% of patients considered unsuitable for IORT 
alone based on ASTRO consensus criteria re-
ceived EBRT. Additional analysis was completed 
to compare the 134 patients who received radia-
tion therapy as recommended (suitable patients by 
ASTRO criteria who received IORT alone as well 
as unsuitable patients who received both IORT 
and adjuvant EBRT) to the 67 patients who did not 
(unsuitable patients who underwent IORT but did 
not receive adjuvant EBRT despite indications). 
At 5 years, the IBTR rate was 1.7% for the group 
of combined suitable patients and unsuitable pa-
tients who received adjuvant EBRT versus 4.7% for 
unsuitable patients who did not receive adjuvant 
EBRT (p = 0.23) (Fig. 1B).

Overall survival and relapse-free survival
The 5-year RFS rate was 95.7% (95% CI: 

91.2–98.0%). In total, 2 patients developed regional 
recurrence (both of these patients presented with 
IBTR at the time of regional recurrence). While 
3 total patients developed distant metastasis, 2 of 
these patients presented with only distant disease 
(1 of these patients had simultaneous IBTR and re-
gional disease). On univariate analysis, only his-
tology other than IDC was found to be associated 
with lower 5-year predicted RFS (85.7% vs. 96.1%; 
p=0.004; Tab. 2).

The 5-year OS rate was 95.3% (95% CI: 90.7% to 
97.6%). A total of 9 patients died, and none were 
breast cancer-related deaths. On univariate analy-
sis, the following criteria were found to be associ-
ated with lower OS: tumor size > 2 cm (76.4% vs. 
96.4%; p<0.001), LVSI (75.2% vs. 97.1%; p = 0.001), 
and EIC (80% vs. 95.7%; p = 0.03), while ethnicity, 
age, histology, tumor grade, margin status, ER/PR 
status, hormonal therapy, and chemotherapy were 
not (Tab. 2). 

Neither RFS nor OS were significantly different 
for patients who completed recommended therapy 
(i.e., suitable for IORT alone or unsuitable for IORT 
alone with adjuvant EBRT received) compared to 
patients not receiving recommended radiation 
therapy (i.e., unsuitable for IORT alone with no ad-
juvant EBRT received) (96.1% vs. 95.3%, p = 0.54; 
95.4% vs. 95.0%, p = 0.28, respectively). 
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Toxicity outcomes
Toxicity information was available for 83% 

(n = 167) of the cohort and is summarized in Fig-
ure 2. Only the highest graded toxicity for each 
cosmetic outcome was recorded for each patient. 
The timing of the toxicity occurrence was not tab-
ulated. The common cosmetic toxicities evaluated 
include seroma, fibrosis, dermatitis, and infection. 
Some patients were scored as having more than one 
toxicity, but the highest CTCAE toxicity grade re-
ported in the 167 patients evaluable for toxicity was 
grade 1 in 80 (48%), grade 2 in 23 (14%), and grade 
3 in 11 (7%). Grade 1 seroma was noted in 32% of 
patients, grade 2 in 8%, and grade 3 in 4%. Grade 1 
fibrosis was documented in 29% of patients, grade 
2 in 1%, and grade 3 in < 1%. Grade 1 dermatitis 
was described in 15% of patients; grade 2 in < 1%; 
and grade 3 in < 1%. Grade 1 wound infections oc-
curred in 3% of patients, grade 2 in 11%, and grade 
3 in 3%. The all-inclusive incidence of grade 3 ad-
verse events was 8.4%. No grade 4 or 5 toxicity was 
reported. 

Discussion

This report updates the outcomes of our institu-
tional experience with INTRABEAM, demonstrat-
ing low IBTR rates in women with select early-stage 
breast cancer. Our 5-year risk of IBTR was 2.7%, 
which is comparable to that of the TARGIT-A tri-
al (which was initially reported as 3.3%, but with 
longer follow-up was recently updated to 2.11%) 
and ELIOT trial (4.4%) [11, 12, 18]. These IORT 
trials have reported relatively worse IBTR out-

comes than other landmark trials evaluating 
APBI, including the GEC-ESTRO brachyther-
apy trial (5-year IBTR, 1.44%) and the NSABP 
B-39/RTOG 0413 trial allowing both brachythera-
py and EBRT modalities (10-year IBTR, 4.6%) [10, 
13]. As hypothesized in a recent meta-analysis of 
APBI randomized trials, poorer IBTR rates, spe-
cifically in the IORT subgroup of APBI modalities, 
could be attributed to (1) the IORT delivery of ra-
diation to a less-generous margin around the tu-
mor resection cavity and (2) the inclusion of high-
er-risk patients with high-grade tumors and nodal 
involvement in the IORT trials [11, 12, 19]. Since 
the publication of the TARGIT and ELIOT trials, 
no additional randomized clinical trials have been 
published to evaluate IORT for adjuvant radiation 
treatment of early-stage breast cancer. However, 
several retrospective experiences report similar 
low local recurrence rates. Two larger retrospective 
studies of INTRABEAM use in France and the U.S. 
(University of Oklahoma) have reported similar lo-
cal recurrence rates, with the former study report-
ing a 1.7% 5-year IBTR rate with a 54-month medi-
an follow-up and the latter study reporting a 3.9% 
5-year IBTR rate with a 4.6-year median follow-up. 
At the 2-year follow-up, both the TARGIT-R study 
and the Cleveland Clinic experience demonstrat-
ed an approximately 2% median IBTR rate (2.3% 
and 2%, respectively) [20, 21]. However, with lon-
ger follow-up, a recent 2021 update of TARGIT-R 
reported a 5-year IBTR rate of 6.6% [20]. A sum-
mary of photon IORT trials is shown in Supple-
mentary File — Table S2 [18, 20–25].

On univariate analysis, non-IDC histology (i.e., 
pure DCIS or ILC) was statistically significant in 
predicting higher IBTR rate. In a retrospective re-
view evaluating adjuvant IORT for treatment of 
DCIS at a single institution, the 2-year IBTR rate 
was 4.9% [26]. Notably, the TARGIT and ELIOT 
trials excluded DCIS patients from enrollment. 
While histology appeared to be the only significant 
IBTR predictor in our cohort, the ELIOT trial also 
identified the negative prognostic factors of tumor 
size > 2 cm, nodal positivity (> 4 lymph nodes), 
high grade, and estrogen-negative (triple-negative) 
status that almost double the risk of IBTR [12]. 

Our current institutional inclusion criteria 
(which has changed from the TARGIT trial in-
clusion criteria used initially) select favorable pa-
tients based on available clinical information from 
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initial imaging, physical examination, and biopsy. 
While 75% of patients in this cohort met our cur-
rently defined suitability criteria, most patients in 
this series still had favorable clinical tumor char-
acteristics as previously outlined above. Of note, 
the TARGIT-A study allowed for patients > 45 
years old, any histological grade, tumors < 2.5 cm 
(T1 and small T2), and clinical N1 disease, which 
was less restrictive than the suitability criteria from 
the ASTRO 2009 APBI Consensus Statement limit-
ing suitable candidates to women of at least 60 years 
of age who were ER+ with T1N0 disease [11, 15]. 
Additionally, TARGIT-A defined a close margin as 
within 1 mm, whereas the ASTRO guidelines both 
in 2009 and in 2016 defined a close margin as with-
in 2 mm. Ultimately, when compared to the current 
expanded ASTRO 2016 APBI Consensus Guide-
lines, our institutional guidelines remain more 
conservative in regard to excluding grade 3 disease 
and Her2-positive disease. 

It is also notable that, in our experience, 69% 
of patients initially considered suitable by pre-
operative clinical criteria remained suitable on 
final pathological criterial. A disadvantage of IN-
TRABEAM and other forms of IORT is that final 
pathological details, such as final margin status 
and final tumor grade, are not known at the time 
of radiotherapy. Therefore, our results are useful 
for informing counseling of future patients eligible 
for breast-conserving surgery with IORT. This re-
sult confirms the prior institutional experience at 
Moffitt Cancer Center, which demonstrated that 
adjuvant whole-breast radiotherapy may be rec-
ommended in 30 to 33% of cases after lumpectomy 
and IORT [27].

Per the TARGIT trial design, adjuvant 
whole-breast radiation was planned for patients 
who did not meet trial suitability criteria and, 
thus, IORT was treated as a lumpectomy bed boost 
[11, 18]. Currently, a similar risk-adapted regi-
men is used at our institution to determine when 
whole-breast EBRT is recommended following 
IORT based on final pathological details. As our 
current institutional guidelines were not defined 
until later in this study, only 32–36% of patients 
who were considered unsuitable by either our cur-
rent institutional criteria or the ASTRO consensus 
criteria on final pathology underwent indicated 
EBRT, which is similar to another institutional 
experience reporting that, while 46% of their pa-

tients treated with IORT had indications to receive 
whole-breast EBRT, 19% did not [28]. Reasons why 
EBRT may have been omitted include additional 
surgery, such as undergoing completion mastecto-
my, meeting CALGB 9343 or PRIME II eligibility 
criteria for omission of radiotherapy without meet-
ing IORT suitability criteria [16, 29], and patient 
refusal. For future studies examining only patients 
treated in the era of our current institutional guide-
lines, it will be useful to document how many pa-
tients refuse additional EBRT when indicated af-
ter IORT. Regardless, no significant difference in 
IBTR, OS, or RFS was observed for patients who 
received all recommended radiation therapy versus 
those who did not (ie, unsuitable patients who did 
not receive additional EBRT). 

In regard to toxicity outcomes, our experience 
is congruent to the published TARGIT experience, 
which reported only 4 of 1721 patients with grade 
3 or 4 skin complications [11], with only 0.6% of 
patients (n = 1) experiencing grade 3 radiation 
dermatitis. The 1 patient who experienced grade 3 
fibrosis also had a preceding grade 3 seroma man-
aged by two re-excisions; this patient also received 
adjuvant whole-breast radiation. Our findings 
are comparable to those of the GEC-ESTRO trial, 
which reported grade 3 fibrosis with whole-breast 
radiation whereas patients who underwent APBI 
alone exhibited no grade 3 fibrosis [10]. Our in-
cidence of wound infection and seroma requiring 
intervention was similar to that of a recently pub-
lished phase II study evaluating acute toxicities af-
ter breast IORT delivered as a boost before EBRT 
[30]. In this study, 2.0% of patients experienced in-
fection and 13.6% experienced seroma needing as-
piration. In another study evaluating 120 patients, 
3.9% of patients who received IORT alone and 20% 
who received both IORT and WBRT underwent 
seroma evacuation [31]. Similarly, analyzing 102 
patients with a median follow up of 29.2 months, 
Tejera Hernandez et al. reported similar rates of fi-
brosis (17%), seroma (11%), and infection (5.8%) 
(23). Of the 167 evaluable patients in our cohort, 
the highest CTCAE toxicity grade reported was 
grade 1 in 80 patients (48%), grade 2 in 23 patients 
(14%), and grade 3 in 11 patients (7%). These rates 
are comparable to those of the NSABP-B39 experi-
ence, which reported the following highest toxicity 
grades after APBI: grade 1 in 845 (40%), grade 2 in 
921 (44%), and grade 3 in 201 (10%) patients. 



Fantine Giap et al.  Intraoperative radiotherapy for breast cancer

675https://journals.viamedica.pl/rpor

Our study has its limitations. First, there were 
few recurrence events, limiting the study of prog-
nostic factors for IBTR on our univariate analy-
ses, and there were too few events for multivariate 
analyses. Additionally, owing to the retrospective 
nature of our study, our conclusions regarding 
toxicity may be limited by a lack of data regarding 
the timing of the adverse events, and interpretation 
biases due to post hoc toxicity grading. Neverthe-
less, our institutional experience provides more 
granular toxicity outcomes than other published 
photon IORT studies. Our study is also strength-
ened by a median follow-up of 5.1 years.

Conclusions

IORT for select patients with early-stage breast 
cancer followed by risk-adapted therapy has led to 
acceptable outcomes in regard to IBTR and toxic-
ity in our single-institution series with long-term 
follow-up. 
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