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Introduction

Breast conserving surgery (BCS) and adjuvant whole 
breast radiation therapy (WBRT) is the standard of care 
for early breast cancer (1). American societies recommend 
omission of WBRT in women older than 70 years old 
(yo) with stage I, ER + breast cancer who plan to receive 
hormone therapy (2). Long-term prospective studies 
are still ongoing. Classical WBRT is a long treatment 
[usually 50 Gray (Gy) in daily fractions for 5 consecutive 
weeks with an external beam boost of 10 to the tumor 
bed] and has acute side effects and long-term toxicities. 

An ipsilateral breast tumor recurrence occurs most often 
(85%) in the tumor bed (within 2 cm of lumpectomy) (3). 
Furthermore, accelerated partial-breast irradiation (APBI) 
is a technique that can decrease treatment time and give 
a better quality of life by potential reduction in treatment 
toxicity. Hence, the European and American Societies for 
Radiation Oncology made recommendations for selected 
patients for APBI after breast-conserving surgery (4,5). 
For the European Society, APBI can be proposed if women 
are over 50 yo with a tumor (size under 3 cm), whereas for 
the American Society APBI can be proposed for women 
over 60 yo with a tumor size under 2 cm. According to 
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both Societies, it is necessary to have a favorable histology 
profile: verified invasive-ductal breast cancer, Scarf Bloom 
Richardson (SBR) grade ≤2, Erb2-negative, hormone 
receptor-positive, node-negative. Multiple techniques 
can be used for APBI, including accelerator with or 
without intensity modulated radiotherapy (6), interstitial 
brachytherapy (7,8), mammosite (9,10) and intra-operative 
radiotherapy (IORT) with either electrons or low dose 
X-rays (11,12). These techniques have large differences 
in dose rate and dose distribution and are not strictly 
comparable. Therefore, we will report our results with 
IORT only with Intrabeam device.

This study aims to report acute and late toxicities, 
cosmetic outcome, local and distant control after IORT 
using kV X-rays in a monocentric French center.

Methods

We performed a descriptive retrospective exhaustive cohort 
study in our center (Léon Bérard Oncology Center, Lyon, 
France) to observe clinical outcomes after IORT in terms 
of local and distant control, acute and chronic toxicities, 
complementary radiotherapy and cosmetic results, between 
April 2012 and September 2017.

Population

All the patients who received IORT in our center from the 
beginning were includable, from January 2012 to August 2017. 

At the beginning, IORT was performed in our center 
through two studies: RIOP for INCA and TARGIT E. 
RIOP study was a French randomized multicentric medico-
economical study managed by INCA in 2011, which 
compared IORT versus WBRT. The aim of this study was 
to evaluate the cost of the two techniques. TARGIT E was a 
multicentric European study for elderly women (over 70 yo)  
who were treated with IORT (Intrabeam system) (13). 
The purpose of this single-arm trial was to investigate the 
efficacy of a single IORT treatment in elderly low-risk 
patients.

As these studies finished, we continued to offer IORT 
to patients who had inclusion criteria for RIOP INCA. 
Therefore, in our study, we separated patients at inclusion 
into two groups: patients with inclusion criteria for RIOP 
INCA (in the protocol, in the arm IORT only, and non-
protocol) in group A and patients with inclusion criteria for 
Targit E in group B. Inclusion criteria for group A were: 
menopausal women aged 55 and over, with no history of 

breast cancer, BRCA-wild type, presenting unifocal, ≤20 mm  
in size (clinically and by ultrasound), grade SBR ≤2,  
Erb2-negative, hormone receptor-positive, node-negative, 
histologically verified invasive-ductal breast cancer. 
Inclusion criteria for group B were: women aged 70 and 
over, BRCA-wild type, presenting unifocal (mammography 
and ultrasound), ≤35 mm in size, node-negative, without 
clinical signs of distant metastases or lymph vessels invasion, 
histologically verified invasive-ductal breast cancer.

Data collection

Patients were included and the first data were collected 
at the moment of IORT, and then outcomes were 
retrospectively collected in August 2017, using a database 
“Access” with CNIL (Information and Freedom National 
Committee) approval on 2012/11/14.

Treatment

IORT with Intrabeam device was delivered during BCS to 
the tumor bed after primary histological analysis of margins 
and sentinel nodes. Dose was 20 Gy at the applicator 
surface, with low energy X-rays (50 kV). The size of the 
spherical applicator was decided by the surgeon and the 
radiation oncologist according to the size of the tumor bed 
and was correlated to the duration of radiation. About half 
of the patients received antibiotics during the surgery (14). 

After definite pathological results, adjuvant treatments 
were done according to a multidisciplinary staff . 
Complementary WBRT without boost on tumor bed was 
recommended in case of risk factors on the final results. 
In group A, risk criteria were: embolus, ganglion invasion, 
lobular or extensive intraductal component histology, 
insufficient margins (<1 mm), grade SBR 3, multifocal 
tumor, size larger than required by the study (>2 cm). In 
Group B, they were: extensive intraductal component, 
lymph vessels invasion, multifocality/-centricity, larger 
diameter (>3.5 cm), other histology or too small free 
resection margins (<2 mm). We delivered 50 Gy in  
25 fractions to the whole breast in group A and 46 Gy in  
23 fractions in Group B (or 50 Gy in 25 fractions in the 
breast and the nodes area in case of pN+), following 
instructions of these trials. In case of large breast size, the 
fractionation could be changed to 50.4 Gy in 28 fractions 
at the discretion of the clinical physician. We performed 
WBRT including irradiation of the lymphatic drainage 
areas with 50 Gy in ≥ pN1 situations. 
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Outcomes 

Acute toxicities were defined by toxicities occurring 
at day 15 after IORT or within 3 months from IORT; 
they were reported at inclusion and graded using 
Common Terminology Criteria for Adverse Events 
scale v4 (CTCAEv4) (15). Late toxicities were reported 
retrospectively for patients with more than 3 months 
of follow-up, and were reported retrospectively using 
medical records, at 4–6 months, 1 year and then every 
year until September 2017; they were graded using 
modified Late Effects of Normal Tissues-Subjective, 
Objective, Management, Analytic (LENT-SOMA) scale 
(16-18). Cystosteatonecrosis was identified radiologically 
(mammography or ultrasound). Pain was evaluated using 
modified LENT-SOMA scale. Local and distant recurrence 
was reported retrospectively at the date of the analysis, 
and the date of recurrence was the date of pathological 
confirmation. The physicians and patients reported 
separately the cosmetic outcomes at day 15, at 6 months 
and then every year, using a 5 items grade, on consistency, 
sensitivity, breast and mammillary symmetry and global 
aspect. Final cosmetic results are defined as the cosmetic 
result at last evaluation by each patient. We evaluated 
chronic toxicities and cosmetic results in the long follow-

up group (over 3 years of follow-up) to evaluate long-
term toxicities, separating patients treated with IORT and 
complementary WBRT or IORT only.

Results

Participant flow and recruitment

Ninety-four patients (95 tumors) received IORT by 
Intrabeam device in our center between April 2012 and 
August 2017. One patient (group A) had bilateral breast 
cancer and received IORT in each breast. Four were 
performed in other protocols (TARGIT-B and RE-IORT01) 
with other inclusion criteria and tumor characteristics and 
were not analyzed (Figure 1). RE-IORT01 (Intraoperative 
Radiotherapy after Local Recurrence in Breast Cancer) is a 
multicentric French protocol which aims to determine the 
feasibility of reirradiation with IORT (19). TARGIT B is a 
European multicentric randomized protocol that compares 
IORT boost versus external radiotherapy boost (20). We 
analyzed outcomes for 90 patients, meaning 91 tumors,  
66 in group A and 25 in group B, as shown on Figure 1.

Median follow-up after IORT was 27.4 months (range, 
3–51 months). Three patients were lost to follow-up  
(no follow-up for 18 months at the date of the study), 

Figure 1 Flowchart.

Assessed for eligibility: 
received IORT (n=95)

Excluded (n=4):

	Other protocol (RE-IORT 
or Targit B; n=4) 

Included (n=91)

Group A (n=66) Group B (n=25)

Lost to follow-up (n=3) Lost to follow-up (n=0)

Analyzed (n=66)
Chronic outcomes (n=59)
Long follow-up (more than 3 years) (n=21)

Analyzed (n=25)
Chronic outcomes (n=25)
Long follow-up (more than 3 years) (n=7)
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and 7 had less than 3 months of follow-up, so they didn’t 
have chronic toxicities and cosmetic outcome evaluation. 
Twenty-eight tumors (30.8%) had a long follow-up  
(over 3 years).

Baseline data

Patient characteristics are summarized in Table 1. Average 
age was 73.1 yo (range, 56.0–87.0 yo) and was comparable 
between two groups. Ten tumors (11.0%) had neoplastic 
history (4 had history of contralateral breast cancer, 5 had 
other cancer history, see details in Table 1). There were  
87 T1 tumors (from TNM breast cancer staging) (95.6%), 
50 (54.9%) with size ≤10 mm and 37 (40.7%) measuring 10 
to 20 mm. There was only 1 (1.1%) tumor over 30 mm, and 
no tumor over 50 mm (T3). Probe size was 20 to 45 mm,  
83.5% of the population had probe size between 30 and 
40 mm, and average duration of the application was  
24.3 minutes (range, 11.0–40.0 minutes).

All the tumors had invasive component, and 59 of them 
(64.8%) had in-situ component. The main histology type 
was invasive ductal carcinoma (IDC) (83 tumors, 91.2%). 
The other tumors’ pathologies were: lobular, mixt (ductal 
and lobular), papillary and colloid.

On the initial biopsy, only one tumor (1.1%) was 
hormone receptor-negative, and all were Erb2-negative, in 
immunohistochemistry (IHC), or after fluorescence in-situ 
hybridization (FISH) check. Ultimately, 87 tumors (95.6%) 
received adjuvant hormone therapy, and 1 (1.1%) adjuvant 
anti-Erb2 therapy (trastuzumab). Four tumors (4.4%) had 
criteria for adjuvant chemotherapy and received docetaxel 
and cyclophosphamide.

As  inc lus ion cr i ter ia  were  d i f ferent ,  pat ients ’ 
characteristics seemed to be slightly different between two 
groups. There was one tumor (1.5%) T2 (range, 20–50 mm) 
in group A vs. 3 (12.0%) in group B, with 1 (4.0%) over  
30 mm. Sixty-two tumors (93.9%) were ductal in group 
A vs. 21 (84.0%) only in group B, with 16% of other 
pathology. Four tumors (6.1%) had adjuvant chemotherapy 
in group A, none in group B, and 64 (97.0%) had adjuvant 
hormone therapy in group A, vs. 23 (92.0%) in group B. 
Finally, median follow-up was 22.1 months in group A vs. 
39.8 months in group B.

Local recurrence rate and overall survival

Overall survival was 100%. Two local recurrences out of 84 
tumors (2.4%) were reported, one in each group. Among 

long follow-up group, these two recurrences were 7.1% of 
the group.

The first one (group A) occurred after 15 months. The 
first biopsy showed an 8-mm IDC, grade SBR 2, positive 
hormone-receptor, in a 71-yo patient, allowing IORT 
according to RIOP INCA criteria. The final pathology 
showed a 10-mm IDC, positive hormone-receptor, Erb2 
positive, grade SBR 3, pT1bN0, with rare ductal in-situ 
carcinoma, sentinel node negative, without embolus or peri-
nerve sheating. The patient had adjuvant chemotherapy 
(taxol) and trastuzumab for one year, and hormonal therapy, 
but did not have complementary radiotherapy. No radiation 
oncologist (specialized in Intrabeam) was present at the 
multidisciplinary staff and unfortunately adjuvant WBRT 
was not proposed for this patient. Recurrence happened on 
same localization (left intern quadrants junction) with an 
8-mm IDC, positive estrogen-receptor, Erb2 positive, grade 
SBR 3, without in-situ carcinoma, embolus or perineural 
invasion. She had second lumpectomy and axillary node 
dissection, which was negative, WBRT and another 
hormone therapy. She has now 36 months of follow-up and 
no local or distant recurrence.

The second recurrence (group B) occurred after  
33 months. The first biopsy showed a 7-mm IDC, 
grade SBR 3, hormone-receptor and Erb2 negative, in a  
70-yo patient, allowing IORT according to Targit E criteria. 
Final pathology showed a 7-mm IDC, with high grade in-
situ carcinoma with inframillimetric external margin, grade 
SBR 3, hormone-receptor and Erb2 negative, sentinel 
node negative, pT1bN0. The patient refused adjuvant 
chemotherapy, and didn’t have complementary WBRT, 
according to Targit E protocol. Recurrence happened 
on same localization (left internal quadrants junction, on 
the lumpectomy scarf), with a 13-mm IDC, grade SBR 3, 
hormone-receptor and Erb2 negative. She refused every 
second treatment proposal and is still on follow-up at  
42 months without local or distant metastasis.

Complementary radiotherapy

Thirty-one tumors had WBRT after IORT (34.1%),  
22 in group A (33.3%), 9 in group B (36.0%) (Table 2). The 
major indications were: ganglion invasion (45.2%) which 
was more frequently micrometastasis (32.3%), insufficient 
margins (32.3%), and lobular histology (12.9%). Other 
indications were SBR grade 3 (9.7%), multifocal tumor 
(6.5%), size (6.5%), embolus (3.2%), and 1 (3.2%) had 
family background of ovarian and breast cancer before 50 yo.
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Table 1 Patients’ and tumors’ characteristics 

Characteristics
Total 

(N=91 
tumors)

Group 
A (N=66 
tumors)

Group 
B (N=25 
tumors)

Age (years)

Average 73.1 71.8 75.8

Min 56.0 56.0 70.0

Max 87.0 87.0 87.0

Neoplastic history†, N (%)

No 81 (89.0) 58 (87.9) 23 (92.0)

Yes 10 (11.0) 8 (12.1) 2 (8.0)

T stage, N (%)

T0 0 0 0

T1 87 (95.6) 65 (98.5) 22 (88.0)

T2 4 (4.4) 1 (1.5) 3 (12.0)

T3 0 0 0

Tumor size (mm), N (%) 

≤10 50 (54.9) 39 (59.1) 11 (44.0)

10–20 37 (40.7) 26 (39.4) 11 (44.0)

20–30 3 (3.3) 1 (1.5) 2 (8.0)

>30 1 (1.1) 0 1 (4.0)

Probe size (mm), N (%)

20 1 (1.1) 1 (1.5) 0

25 4 (4.4) 4 (6.1) 0

30 16 (17.6) 12 (18.2) 4 (16.0)

35 30 (33.0) 23 (34.8) 7 (28.0)

40 30 (33.0) 21 (31.8) 9 (36.0)

45 10 (11.1) 5 (7.6) 5 (20.0)

Duration of the application 
(min)

Average 24.3 23.8 25.6

Min 11.0 11.0 17.0

Max 40.0 40.0 37.0

Hormone receptor

+ 90 (98.9) 65 (98.5) 25 
(100.0)

− 1 (1.1) 1 (1.5) 0

Table 1 (continued)

Table 1 (continued)

Characteristics
Total 

(N=91 
tumors)

Group 
A (N=66 
tumors)

Group 
B (N=25 
tumors)

Erb2

+ 0 0 0

− 91 
(100.0)

66 
(100.0)

25 
(100.0)

++ in IHC but <6 copies 
in FISH

14 (15.4) 9 (13.6) 5 (20.0)

Pathology

Ductal 83 (91.2) 62 (93.9) 21 (84.0)

Lobular 4 (4.4) 3 (4.5) 1 (4.0)

Purely in situ 0 0 0

Mixt (ductal + lobular) 1 (1.1) 1 (1.5) 0

Papillary 2 (2.2) 0 2 (8.0)

Colloid (mucinous) 1 (1.1) 0 1 (4.0)

In-situ component

Yes 59 (64.8) 42 (63.6) 17 (68.0)

No 32 (35.2) 24 (36.4) 8 (32.0)

Adjuvant chemotherapy

Yes 4 (4.4) 4 (6.2) 0

No 87 (95.6) 62 (93.9) 0

Adjuvant anti-Erb2‡ therapy (trastuzumab)

Yes 1 (1.1) 1 (1.5) 0

No 90 (98.9) 65 (98.5) 0

Adjuvant hormone therapy

Yes 87 (95.6) 64 (97.0) 23 (92.0)

No 4 (4.4) 2 (3.0) 2 (8.0)

Follow-up (months)

Median 27.4 22.1 39.8

Min 3.0 3.0 31.0

Max 51.0 51.0 51.0

No patient had neoadjuvant chemotherapy. †, neoplastic history: 
4 contralateral breast cancers, 5 other cancer histories: multiple 
myeloma, 2 thyroid cancer, 1 appendix neuro-endocrine cancer, 
1 chondrosarcoma and melanoma; ‡, Erb2: Erb2 status was 
confirmed by FISH if IHC showed Erb2++ (15 patients). IHC, 
immunohistochemistry; FISH, fluorescence in-situ hybridization.
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They received 50 Gy in 25 fractions for 74.2% of them 
on all breast, 46 Gy in 23 fractions for 16.1% of them and 
9.7% of the entire population received another dose (50.6, 
46.8 or 36 Gy), at the appreciation of the physician or 
because of early stop for toxicities. Details are listed on Table 2.

Acute toxicities

Among 91 tumors with early follow-up, 15 (16.5%) had 
infection, 15 (16.5%) had seroma, and 23 over the 89 
reported (25.8%) had breast pain grades 1–2. Eight-point-
eight percent (8.8%) had bleeding and 2.2% had wound 
dehiscence. We reported 8.8% grade >2 toxicity with no 
grade 4, 3.3% grade 3 infection, 4.4% grade 3 seroma, 
and 1.1% grade 3 wound dehiscence. Acute toxicities are 
summarized in Table 3.

Chronic toxicities

Among 84 tumors with over 3 months of follow-up, 
59 (70.2%) had fibrosis at least once in the follow-up, 
40 (47.6%) cystosteatonecrosis, 39 (46.4%) breast pain 
grades 1–2; 14.3% had retraction, 10.7% edema, 8.3% 
hyperpigmentation and 1.2% had telangiectasia and at least 
once. We had 6% grade >2 toxicities, with no grade 4, 3.6% 
grade 3 fibrosis and 2.4% grade 3 edema. Chronic toxicities 
are summarized in Table 4.

Cosmetic outcomes

Cosmetic results were excellent with a good to very good 
subjective global aspect of 94% (patients’ evaluation). 
When we observed the answers in detail, we observed that 

Table 2 Complementary radiotherapy: indications and characteristics

Indications and 
characteristics

Total, N (%) (N=31, 34.1%) Group A, N (%) (N=22, 33.3%) Group B, N (%) (N=9, 36.0%)

Indications

Embolus 1 (3.2) 1 (4.5) 0

Ganglion invasion 14 (45.2) 12 (54.5) 2 (22.2)

Micrometastasis 10 (32.3) 8 (36.4) 2 (22.2)

Macrometastasis 4 (12.9) 4 (18.2) 0

Lobular histology 4 (12.9) 3 (13.6) 1 (11.1)

Diffuse in-situ histology 0 0 0

Insufficient margins 10 (32.3) 6 (19.4) 4 (44.4)

SBR grade 3 3 (9.7) 0 3 (33.3)

Multifocal tumor 2 (6.5) 2 (9.1) 0

Size 2 (6.5) 1 (4.5) 1 (11.1)

Other† 1 (3.2) 1 (4.5) 0

Characteristics

Dose 50 Gy 23 (74.2) 19 (86.4) 4 (44.4)

Dose 46 Gy 5 (16.1) 1 (4.5) 4 (44.4)

Other 3 (9.7) – –

36 Gy 1 (3.2) – 1 (11.1)

46.8 Gy 1 (3.2) 1 (4.5) –

50.6 Gy 1 (3.2) 1 (4.5) –
†, family background of ovarian and breast cancer before 50 years old. SBR, Scarf Bloom Richardson.
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Table 3 Acute toxicities after IORT

Complication type Total, N (%) (n=91) Group A, N (%) (N=66) Group B, N (%) (N=25)

Infection 15 (16.5) 11 (16.7) 4 (16.0)

Grades† 1–2 12 (13.2) – –

Grade 3 3 (3.3) – –

Seroma 15 (16.5) 13 (19.7) 2 (8.0)

Grades† 1–2 11 (12.1) – –

Grade 3 4 (4.4) – –

Bleeding 8 (8.8) 5 (7.6) 3 (12.0)

Grades† 1–2 8 (8.8) – –

Grade 3 0 – –

Wound dehiscence 2 (2.2) 2 (3.0) 0

Grades† 1–2 1 (1.1) – –

Grade 3 1 (1.1) – –

Pain N=89 N=64 N=25

Breast pain 23 (25.8) 15 (23.4) 8 (32.0)

Grade 1 19 (21.3) – –

Grade 2 4 (4.5) – –

Grade 3 0 – –

Axillary pain 5 (5.6) 4 (6.3) 1 (4.0)

Grade 1 2 (2.2) – –

Grade 2 3 (3.4) – –

Grade 3 0 – –

Arm pain 6 (6.7) 4 (6.3) 2 (8.0)

Grade 1 4 (4.5) – –

Grade 2 2 (2.2) – –

Grade 3 0 – –
†, using CTCAEv4 scale. IORT, intra-operative radiotherapy.

three topics had more than 5% bad to very bad answers: 
sensitivity (7.1%), breast symmetry (7.1%) and nipple 
symmetry (7.1%). Physicians’ evaluations were notably 
similar, with 96.4% good to very good global aspect. 
Cosmetic results are summarized in Table 4.

Results for long follow-up

Long follow-up results are summarized in Table 5. Among 
28 tumors with over 3 years of follow-up (7 in group A 
and 21 in group B), at their last follow-up, 19 (67.9%) had 

fibrosis, 11 (39.3%) had cystosteatonecrosis, 4 (14.3%) 
had breast pain, 1 (3.6%) had edema, and 1 (3.6%) had 
hyperpigmentation; there was neither retraction nor 
telangiectasia. There was only 1 (3.6%) grade >2 toxicity: 
one fibrosis grade 3. 

Among these tumors, 18 had only IORT and 10 had 
IORT and complementary WBRT. Patients who had IORT 
only seem to have had less fibrosis: 11 (61.1%) vs. 8 (80.0%), 
with no grade 3 fibrosis in IORT only group, less breast 
pain: 2 (11.1%) vs. 2 (20.0%), less edema: 0 vs. 1 (10.0%), 
less hyperpigmentation: 0 vs. 1 (10.0%). 
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Table 4 Chronic toxicities after IORT

Complication type Total, N (%) (n=84) Group A, N (%) (N=59) Group B, N (%) (N=25)

Fibrosis 59 (70.2) 40 (67.8) 19 (76.0)

Grades† 1–2 56 (66.7) – –

Grade 3 3 (3.6) – –

Cystosteatonecrosis 40 (47.6) 27 (45.8) 13 (52.0)

Grades† 1–2 40 (47.6) – –

Grade 3 0 – –

Retraction 12 (14.3) 8 (13.6) 4 (16.0)

Grades† 1–2 12 (14.3) – –

Grade 3 0 – –

Edema 9 (10.7) 8 (13.6) 1 (4.0)

Grades† 1–2 7 (8.3) – –

Grade 3 2 (2.4) – –

Hyperpigmentation 7 (8.3) 5 (8.5) 2 (8.0)

Grades† 1–2 7 (8.3)

Grade 3 0

Telangiectasia 1 (1.2) 1 (1.7) 0

Grades† 1–2 1 (1.2)

Grade 3 0

Pain 

Breast pain 39 (46.4) 27 (45.8) 12 (48.0)

Grade 1 28 (33.3) – –

Grade 2 11 (13.1) – –

Grade 3 0 – –

Axillary pain 9 (10.7) 6 (10.2) 3 (12.0)

Grade 1 6 (7.1) – –

Grade 2 3 (3.6) – –

Grade 3 0 – –

Arm pain 10 (11.9) 8 (13.6) 2 (8.0)

Grade 1 7 (8.3) – –

Grade 2 3 (3.6) – –

Grade 3 0 – –

Cosmetic aspect (global aspect)

Good to very good 79 (94.0) 56 (94.9) 23 (92.0)

Very good 4 (4.8) 2 (3.4) 2 (8.0)

Good 75 (89.3) 54 (91.5) 21 (84.0)

Bad to very bad 5 (6.0) 3 (5.1) 2 (8.0)

Bad 5 (6.0) 3 (5.1) 2 (8.0)

Very bad 0 0 0
†, using LENT-SOMA scale. Incidence of toxicities occurring at least once in follow-up (LENT-SOMA scale, CTCAEv4 scale for pain), at 
least 3 months after IORT: 84 tumors with more than 3 months of follow-up. IORT, intra-operative radiotherapy.
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Table 5 Long-term toxicities after IORT

Complication type Total, N (%) (n=28) IORT only, N (%) (N=18) IORT + WBRT, N (%) (N=10)

Fibrosis 19 (67.9) 11 (61.1) 8 (80.0)

Grades 1–2 18 (64.3) 11 (61.1) 7 (70.0)

Grade 3 1 (3.6) 0 1 (10.0)

Cystosteatonecrosis 11 (39.3) 7 (38.9) 4 (40.0)

Grades 1–2 11 (39.3) 7 (38.9) 4 (40.0)

Grade 3 0 0 0

Retraction 0 0 0

Grades 1–2 0 0 0

Grade 3 0 0 0

Edema 1 (3.6) 0 1 (10.0)

Grades 1–2 1 (3.6) 0 1 (10.0)

Grade 3 0 0 0

Hyperpigmentation 1 (3.6) 0 1 (10.0)

Grades 1–2 1 (3.6) 0 1 (10.0)

Grade 3 0 0 0

Telangiectasia 0 0 0

Grades 1–2 0 0 0

Grade 3 0 0 0

Pain 

Breast pain 4 (14.3) 2 (11.1) 2 (20.0)

Grades 1–2 4 (14.3) 2 (11.1) 2 (20.0)

Grade 3 0 0 0

Axillary pain 1 (3.6) 0 1 (10.0)

Grades 1–2 1 (3.6) 0 1 (10.0)

Grade 3 0 0 0

Arm pain 0 0 0

Grades 1–2 0 0 0

Grade 3 0 0 0

Cosmetic aspect (global aspect)

Good to very good 26 (92.9) 18 (100.0) 8 (80.0)

Very good 3 (10.7) 2 (11.1) 1 (10.0)

Good 23 (82.1) 16 (88.9) 7 (70.0)

Bad to very bad 2 (7.1) 0 2 (20.0)

Bad 2 (7.1) 0 2 (20.0)

Very bad 0 0 0

IORT, intra-operative radiotherapy; WBRT, whole breast radiation therapy.
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Regarding cosmetic aspect, 26 tumors (92.9%) had good 
to very good global aspect. It seemed better in IORT only 
group than in IORT + WBRT group: 18 (100.0%) vs. 8 
(80.0%) good to very good aspect. 

Discussion

This study is one of the first studies reporting acute and late 
toxicities, cosmetic outcomes, and local and distant control 
after IORT using kV X-rays. Some studies focus on acute 
toxicities (21,22), or on late toxicities (23). Vinh-Hung et al. 
reported their experience at Geneva University Hospitals (24)  
with 52 women receiving IORT treatment.

Our follow-up is short (median 27.4 months) but  
we followed 28 tumors (30.8%) over 3 years. Two 
randomized phase III studies, ELIOT trial (25) and 
TARGIT-A trial (26,27) have been developed regarding the 
use of IORT with results at a medium follow-up of 5.8 and 
2.4 years respectively. In our study, local recurrence rate is 
2.2%. In TARGIT-A trial, local recurrence rate at 5 years 
in the IORT group was 3.3%, while in ELIOT trial it was 
4.4%. In our study, two local recurrences occurred in the 
same localization 15 and 33 months after surgery and IORT. 
Both patients didn’t have WBRT despite the SBR 3 grade in 
both recurrences. One patient had adjuvant chemotherapy 
with Herceptin and the other one refused chemotherapy.

In our study, 34.1% of the patients had adjuvant breast 
radiotherapy. Thirty-five percent of patients received post-
operative radiotherapy in the Vinh-Hung study because 
of unfavorable histology (if the 2009 recommendations 
of the GEC-ESTRO were not validated in the post-
operative pathological examination) (24). In the TARGIT-A 
trial, the rate of additional WBRT was only 21.6% in 
the prepathology stratum because of different criteria for 
WBRT (embolus and hormone receptor-negative were 
exclusion criteria both in our and in Vinh-Hung study) (27). 

Acute toxicities were usual after BCS, with 16.5% 
infection, 16.5% seroma, and 25.8% breast pain grades 
1–2: Heneghan et al. showed that after breast conservative 
surgery there was 11.8% infection (28). Severe acute 
toxicities were low: 3.3% of infection grade 3, 4.4% of 
seroma grade 3 and 1.1% of wound dehiscence grade 3. 
Our results are comparable to Key’s study (23), which found 
16% of delayed healing (over 1 month), with ulceration of 
the tumor bed in one patient out of three. In Key’s study, 
42% of patients had hematoseroma, 16.3% had erythema 
and 36% had grade 1 pain. In TARGIT A study, the 
severe acute toxicities were similar with 1% of hematoma 

needing surgical aspiration, 2.1% of seroma needing more 
than 3 aspirations, 1.8% of infections needing intravenous 
antibiotics or surgical intervention, 2.8% of skin breakdown 
or delayed wound healing (12).

Our chronic toxicity rate appears to be significant, 
but we reported the toxicity as present if it occurred at 
least once in the follow-up. That’s why we also analyzed 
the results for the 28 long follow-up tumors (more than  
3 months follow-up). The severe toxicities were low 
with 3.6% of fibrosis grade 3. If we consider only the 
women who had IORT without WBRT, there was no 
fibrosis grade 3 and only 11% of breast pain (grade 1). In 
TARGIT A study, the results are available only for skin 
complications, which are less important in IORT group than 
WBRT (27). Our results are similar to Key’s study (23), 
which reported 4.8% of grade 2 or higher toxicities with 
one grade 2 fibrosis and one grade 4 infection (resulting 
in breast ulceration). A majority of patients experienced 
grade 1 toxicities, with 46.3% grade 1 fibrosis and 41.5% 
grade 1 skin retraction; 14.6% of patients reported grade 
1 breast pain, 7.3% of patients had grade 1 breast edema, 
14.6% of patients had grade 1 telangiectasia, and 9.8% of 
patients had grade 1 pigmentation. In Deneve’s study, after 
Intrabeam procedure for 42 patients, there was 11% of 
asymptomatic palpable seroma, 2% of scar retraction, 9.5% 
of noninfectious localized hyperemia (29).

Cosmetic results were excellent with 94.0% of good 
to very good global aspect. In Key’s study, objective and 
subjective scores were very good (8.87 and 8.89 out of 10), 
vs. 6.96 and 6.51 in IORT + WBRT group (23). 

Conclusions

Retrospective or prospective studies on accelerated 
partial breast irradiation (APBI) in adjuvant setting report 
promising results, both in terms of tolerance (saving healthy 
tissue) and local control (74% to 100% at 5 years). 

IORT belongs to APBI techniques. It’s important 
to respect ASTRO’s guidelines with the size of tumor  
(<2 cm). The technique can be easily applied with minimal 
increase in operative length. The acute and late toxicities 
are low. It is important to inform patients that, in case of 
unfavorable histology, a WBRT must be done to ensure 
local control. WBRT is recommended to supplement 
IORT if there are adverse prognostic factors: tumor-free 
margin smaller than 1 mm, extensive in-situ component, 
or unexpected invasive lobular carcinoma, positive nodes 
(micro or macro metastasis), extensive lymph vascular 
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invasion or grade SBR 3. 
Nevertheless, it is important to continue to follow up 

with patients to be sure it is a safe way of treatment. 
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