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Abstract
Introduction: External radiation therapy has been the fundamental pillar when treating breast
cancer. Partial radiation therapy and intraoperative radiation treatment have created modifications that allow the irradiation of the breast to be performed at the surgical act delivering a single
large fraction or a “boost” dose directly at the tumor bed. We will discuss patients treated with
INTRABEAM (Carl Zeiss Surgical Oberkochen, Germany) at the “Mastology Unit at Leopoldo Aguerrevere Clinic”. Materials and Methods: The selection of patients is crucial for the success of the
treatment, same protocol of treatment has been applied to every patient at the surgical act. Since
September 2013 until February 2015, we have treated a total of 148 patients with the INTRABEAM
unit, we will discuss the 114 patients treated by the team at the “Mastology Unit at Leopoldo
Aguerrevere Clinic” with ages between 31 and 87 years in which 46% were single treatments and
54% were treated as a “boost” for external radiation therapy. Results: The procedure has been
well tolerated with only a 17% of transient fibrosis and a 12% of seromas. We have had none
mayor complications like dehiscence of the wound or necrosis of the borders. Conclusion: With
this preliminary presentation, we would like to demonstrate that the technique and protocol used
at our mastology unit with the intraoperative radiation treatment is safe and has many advantages
to the patients including better comfort, cost-effective and with results comparable to external radiotherapy.
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1. Introduction

External radiotherapy applied to the whole mammary gland has been one of the fundamental pillars for conservative breast cancer treatment [1], with a significant decrease in local recurrence and mortality [2] [3]. Omission
of radiotherapy even in well selected patients increases risk of recurrence [4].
Intra-Operative Radiation Treatment (IORT) can substitute 1 week of external radiotherapy with a Boost dose
or the complete 6 weeks of radiotherapy with a single treatment session with an equivalent dose during surgery.
Recurrence rate (80% - 90%) with or without radiotherapy is localized on the tumor bed or adjacent to it, independently of multicentre foci, therefore it suggests that the administration of the dose directly to the tumor bed
would achieve a local tumor control comparable to the external radiotherapy to the whole breast in well selected
patients [5]. Further than the evident advantages, it facilitates treatment for patients living far away from radiotherapy units, there is no need for daily consults and complements the lack of external radiotherapy equipments.
Whole irradiation to the breast has secondary side effects such as dermatitis, hyperpigmentation, cutaneous
atrophy, osteoradionecrosis, pneumonitis and cardiac toxicity, this last one for left breast radiant treatment.
IORT allows direct local radiation dose delivery to the tumor bed and decreases exposure to healthy tissues and
adjacent organs. The present paper wishes to introduce the application technique used with the INTRABEAM
by the “Mastology Unit at Leopoldo Aguerrevere Clinic”.

2. Methods
Since September 2013 we have used the INTRABEAM unit (Carl Zeiss Surgical Oberkochen, Germany)
(Figure 1) for IORT, it is a mobile miniaturized photon radiosurgery system that accelerates electrons through a
10 cm drift tube onto a gold target and generates low energy X rays (~50 kV) that are emitted isotopically
(Figure 2).

Figure 1. Intrabeam unit.
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The tip of the generator becomes a radiation source that undergoes a quality assurance previous to each treatment that involves checks of the probe straightness, adjustment of the bending current, verifying the symmetry
(isotropy) of the dose distribution and the dose output.
The selection of patients is crucial for the success of the treatment. Our selection protocol for single dose
IORT consists of the following requisites (Table 1).
Patients that do not fulfill the requisites included in Table 1. Classify for a Boost dose treatment.
A partial oncological mastectomy (lumpectomy) is performed with adequate margins, the sample is sent to the
pathology anatomy laboratory to verify that the margins are disease free and sentinel node biopsy is performed.
In subclinical lesions, tumor is localized with placement of Iodine_125 seed (ROLL) or wire, the sample is then
sent to the radiology department to confirm resection of the tumor.
After verifying margins with pathology, resecting more if necessary, undermining the edges at tumor bed cavity is performed (Figure 3); purse-string suture is applied and tested to ensure complete coverage around the applicator (Figure 4).
A spherical applicator with the adequate diameter is selected and attached to the source, it is inserted into the
surgical cavity to fill the area of the tumor bed and deliver a homogeneous dose to all margins. Applicators sizes
range from 1.5 cm to 5 cm with 0.5 cm increment (Figure 5). Skin edges are separated from the applicator with
a cheek retractor, wet gauss or stay sutures (Figure 6).
Tungsten-filled drapes are placed on the chest of the patient for shielding. Low energy X rays interact with
soft tissue delivering their complete energy resulting in a quick attenuation of exposure rate that allows treatment to be performed in a standard operating room with no additional shielding required (Figure 7).
Time of treatment is individually calculated depending on prescribed dose, cavity size and by consequence
the diameter of the applicator (each applicator has an attenuation transfer function that takes into account attenuation and scatter due to the size). For an example of a single dose treatment prescription with a 3.5 cm diameter
applicator refer to Table 2 (Graphic 1).
For Boost treatments the dose prescribed is of 20 Gy to the surface of the tumor bed and 45 Gy in 28 sessions
of EBRT to the whole breast (Table 3, Graphic 2).
Treatment is delivered, INTRABEAM is removed from the patient, and titanium clips are located at the tumor
bed and axilla. Tumor bed is reconstructed, the wound is closed which completes the procedure.

Figure 3. Undermining the edges.
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Figure 4. Testing applicator.

Figure 5. Applicators.

Figure 6. Applicator at tumor bed.
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Figure 7. INTRABEAM and Tungsten-filled drapes
placed on patient.
Table 1. Requisites for single dose IORT.
Age

>45

Histologic type

Ductal infiltrating

Sentinel node

Negative

Hormonal receptor

at least one positive

Herb2-neu

Negative

Tumor size

<2 cm

Margins

Negative

Linfovascular infiltration

None

Intraductal component

<25%

Table 2. Prescribed single dose (for 3.5 cm applicator).
Depth (mm)

Dose (Gy)

0

28.2

2

20

5

12.8

10

6.9

15

4.2

20

2.6
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Table 3. Prescribed boost dose (for 3.5 cm applicator).
Depth (mm)

Dose (Gy)

0

20

2

14

5

9.1

10

5

15

2.9

20

1.9
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Graphic 1. Depth Dose curve for 20 Gy at 2 mm depth
for a 3.5 cm applicator.
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Graphic 2. Depth dose curve for 20 Gy at 0 mm depth
for a 3.5 cm applicator.

3. Material
We have treated 114 patients, with ages between 31 and 87 (Table 4).
There were 53 single dose treatments and 61 as boost for EBRT (Table 5)
For single dose treatments ages were between 46 and 87 years of age (Table 6).
And for Boost treatments ages were between 30 and 85 years (Table 7).

4. Results
We cannot establish a statistically significant result in life spam since there hasn’t been enough time for follow
ups. The most relevant secondary effects have been 12% seromas and 17% of light fibrosis (Table 8). No necrosis at the borders or dehiscence of the wound.
No complications on patients with prosthesis in single dose treatments. Esthetics results have been excellent
(Figure 8, Figure 9), patients response to satisfaction and quality of life have been very positive, as shown by
an inquiry made to a group of patients treated with external radiotherapy or INTRABEAM that concluded:
“factors as tattoo discomfort, pain on the breast or wound, skin burn, pain in the arm and difficulties returning to
their daily routine or jobs are almost un-existent to patients treated with INTRABEAM in comparison with external radiation patients” [6].
There has been no need of reoperation due to compromised margins at the final biopsy.
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Table 4. Age range of patients treated with INTRABEAM.
Total Treatments
Age

Number

Percent (%)

30 - 40

6

5.26

41 - 45

13

11.4

46 - 50

18

15.79

51 - 55

12

10.53

56 - 60

15

13.16

61 - 65

19

16.67

66 - 70

9

7.89

71 - 75

14

12.28

76 - 80

5

4.39

>80

3

2.63

Total

114

Age average

58

Table 5. Percentage of patients treated with single dose or boost.
Type of Treatment

Number

Percent (%)

Single treatment

53

46.5

Boost treatment

61

53.5

Total

114

Table 6. Ages of patients treated with single dose.
Single Dose Treatment
Age

Number

Percent (%)

30 - 40

0

0

41 - 45

0

0

46 - 50

10

18.9

51 - 55

6

11.3

56 - 60

10

18.9

61 - 65

11

20.7

66 - 70

5

9.4

71 - 75

7

13.2

76 - 80

2

3.8

>80

2

3.8

Total

53

Age average

58
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Table 7. Ages of patients treated with boost dose.
Single Dose Treatment
Age

Number

Percent (%)

30 - 40

6

9.8

41 - 45

13

21.3

46 - 50

8

13.1

51 - 55

6

9.8

56 - 60

5

8.2

61 - 65

8

13.1

66 - 70

4

6.6

71 - 75

7

11.5

76 - 80

3

4.9

>80

1

1.7

Total

61

Age average

58

Table 8. Complications.
Type of Complication

Number of patients

Percentage

Seroma

14

12%

Fibrosis

19

17%

Figure 8. Photo of patient esthetics follow up.

Figure 9. Photo of esthetics follow up.
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5. Discussion

In the last decade, there have been dramatic changes on the management for local breast cancer, from radical
surgery to more conservative surgical therapies with use of postoperative radiotherapy, which showed that survival rates with conservative surgery followed by radiotherapy were equivalent to more radical surgical procedures [7]-[9].
Routine whole-breast radiotherapy comprises of 45 - 50 Gy in daily fractions for 5 weeks, the additional application of an external boost of 10 - 16 Gy to the tumor bed leads to excellent local tumor control with local
recurrence rates around 6% after a median of 10 year follow up. However, in view of the low and focal recurrence rates, the concept of accelerated partial-breast irradiation has gained widespread interest with various methods [10] [11]. This fact has lead to new approaches focusing the radiation therapy to just the portion of the
breast considered to be high risk of developing local recurrence.
Intraoperative radiotherapy is one method that offers the advantage of excellent delineation of the tumor bed
under visual control, very good dose-homogeneity and high sparing of normal tissue [12] [13], it is delivered
before the tumor cells had time to proliferate and at the moment of surgery the tissue has better vascularity and
aerobic metabolism which makes it more radiosensitive that it would be after several weeks of surgery when
vascular alterations phenomena’s and fibrosis occur diminishing oxygen availability in the area [14]. Targeted
radiotherapy significantly diminishes cardiac and lung irradiation lowering risks of late sequel.
Histopathological studies on selected women for conservative surgery of the breast have demonstrated that
it’s improbable that the microscopic extension of the malignant cells reaches more than 1 cm [15] therefore local
recurrence very probably develops from the cells that surround the primary tumor and not from additional cancer foci, this suggests that the primary target that requires adjuvant treatment with radiotherapy following a
lumpectomy (with negative margins) it’s probably limited by a 2 cm area around the borders of the cavity [16][18]. Taking that into account to avoid risks of recurrence for single dose treatments we deliver a dose of 20 Gy
prescribed at 2 mm, that for instance for a 3.5 cm diameter applicator will deliver a 6.9 Gy at a depth of 1 cm,
plus the margins given at the lumpectomy it broadens the area of treatment to include the volume desired.
In selected patients, these methods result in a reduction in the volumes treated and duration of radiation without a reduction in survival. Factors for local recurrence were established by proposing a model starting with patients treated in nine randomized trials. The most significant factors were age < 40 (45) years (hazard ratio (HR)
2.03) margin invasion (2.19), positive RHs (0.73) and grade −3 tumors (HR 1.55) [19]. Vaidya et al. showed the
absence of a significant difference in terms of focal recurrence ≤ 4 years in 2232 randomized patients between
external radiotherapy and intraoperative radiotherapy with 50 kV intrabeam photons [20]. Other methods of accelerated partial-breast irradiation using brachytherapy and external radiotherapy for early breast cancer (ELIOT)
have confirmed the safety of this type of treatment [21] [22]. In the G3S cohort, survival without locoregional
recurrence at 5 years was 98% and 97.6% respectively, for patients eligible for TARGIT according to the criteria
of the IORT and TARGIT-A trials. In the IPC cohort, survival without local recurrence at 5 years was 98.6%
and 96.6% respectively for the two groups. Therefore we would expect comparable values for local recurrence if
the patients had been treated effectively by TARGIT.
Although significant, the difference in 5 years locoregional recurrence between T1E and T1nE (97.6% versus
97%) was small in absolute terms (0.6%). However, the number of patients still exposed to the risk at 5 years is
acceptable (1921/4031 = 46.6% and 1800/3540 = 50.8%, respectively, in T1E and T1nE subgroups).
Her2 overexpression has been reported to be an aggravating factor for local recurrence, though its value as a
factor independent of other criteria [23].
In 2014 Vaidya et al., reported 5 years results for local recurrence and the first analysis of overall survival.
Randomization occurred either before lumpectomy (pre-pathology stratum, TARGIT concurrent with lumpectomy) or after lumpectomy (post-pathology stratum, TARGIT given subsequently by reopening the wound). Patients in the TARGIT group received supplemental EBRT (excluding a boost) if unforeseen adverse features
were detected on final pathology. The primary outcome was absolute difference in local recurrence in the conserved breast, with pre-specified non-inferiority margin of 2.5% at 5 years. Their findings were that supplemental EBRT after TARGIT was necessary in 15.2% of patients who received TARGIT (21.6% pre-pathology, 3.6%
post-pathology). The 5 year risk for local recurrence in the conserved breast was 3.3% (95%) for TARGIT versus 1.3% for EBRT. TARGIT concurrently with lumpectomy (pre-pathology, n = 2298) had much the same results as EBRT 2.1% versus 1.1%. With delayed TARGIT (post-pathology, n = 1153) the between group differ-
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ence was larger than 2.5% (TARGIT 5.4% vs EBRT 1.7%). Overall, breast cancer mortality was much the same
between groups (2.6% for TARGIT vs 1.9% for EBRT) but there were significantly fewer non breast cancer
deaths with TARGIT (1.4% vs 3.5%), attributable to fewer deaths from cardiovascular causes and other cancers.
Overall mortality was 3.9% for TARGIT versus 5.3% for EBRT. Wound related complications were much the
same between the groups, but there were significantly fewer grade 3 or 4 radiotherapy related complications
with TARGIT than with EBRT [24].
In accordance with the findings mentioned above it is important to emphasize that is it crucial that the selection of patients must follow the eligibility criteria and favor the pre-pathology approach over the delayed approach.
The high percentage of boost treatments in our experience 53.5% shows that there is still much to be done to
increase the early diagnosis.
It is also important to mention the potential economic incentive of this method is undeniable because intraoperative radiotherapy provides the best possibility for treatment limited to a single day in an outpatient setting.
A recent study of 59,396 patients showed an increase in the use of partial accelerated irradiation of the breast
from 3.4% in 2003 to 12.8% in 2008 [25].
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