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Abstract

Purpose—Determine cosmetic outcome and toxicity profile of intraoperative radiation delivered
prior-to tumor excision for patients with early stage breast cancer.

Methods—~Patients age 48 or older with ultrasound-visible invasive ductal cancers <3 cm and
clinically negative lymph nodes were eligible for treatment on this IRB approved phase |1 clinical
trial. Treatment planning ultrasound was used to select an electron energy and cone size sufficient
to cover the tumor plus a 1.5-2.0 cm circumferential margin laterally and a 1 cm deep margin with
the 90% isodose line. The dose was prescribed to a nominal 15 Gy and delivered using a
Mobetron electron irradiator prior to tumor excision by segmental mastectomy. Physician and
patient assessed cosmetic outcome and patient satisfaction were determined by questionnaire.

Results—From March 2003 to July 2007, seventy-one patients were treated with IORT. Fifty-six
patients were evaluable with a median follow-up of 3.1 years (minimum 1 year). Physician and
patient assessment of cosmesis was “good or excellent” (RTOG-cosmesis scale) in 45/56 (80%)
and 32/42 (76%) of all patients, respectively. Eleven patients who received additional whole breast
radiation had similar rates of good or excellent cosmesis (40/48 or 83% and 29/36 or 81%,
respectively). Grade 1 or 2 acute toxicities were seen in 4/71 (6%) patients. No grade 3 or 4
toxicities or serious adverse events have been seen.

Corresponding Author: David Ollila, david_ollila@med.unc.edu, Telephone: 919-966-5221, Fax: 919-966-8806.
Meeting presentation: ASCO 2008 Annual Meeting
Conflicts of Interest: The authors report no potential conflicts of interest related to this manuscript.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kimple et al.

Page 2

Conclusion—Intraoperative radiotherapy delivered to an in situ tumor is feasible with
acceptable acute tolerance. Patient and physician assessment of the cosmetic outcome is good to
excellent.
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Introduction

The standard of care for women undergoing breast conservation therapy (BCT) is segmental
mastectomy followed by whole breast radiotherapy (WBRT). Yet, 15-20% of women
undergoing BCT in the United States do not receive WBRT (1,2) due to the high cost of
treatment (3), logistical difficulties involved in daily radiotherapy (4), and difficulty with
transportation from home to treatment centers (5,6). Multiple randomized trials demonstrate
that the addition of WBRT following lumpectomy reduces the risk for in-breast relapse and
improves overall survival (reviewed in (7)). Accelerated partial breast irradiation (APBI),
which delivers a high dose of radiation per fraction over a shorter time frame may increase
the proportion of women receiving BCT-related radiation by minimizing barriers to therapy.

Multiple techniques for delivering APBI exist including three-dimensional conformal
radiotherapy, stereotactic body radiotherapy, interstitial catheter-based brachytherapy,
endocavitary brachytherapy, or intraoperative radiotherapy (IORT). Each has advantages
and disadvantages and requires a substantial clinical expertise such that the optimal
technique remains uncertain. All rely on limiting the irradiated volume to the region of the
breast felt to be at highest risk for local failure.

IORT can be used to deliver APBI in a single fraction at the time of tumor excision.
Veronesi and colleagues have the largest experience with IORT. They perform a standard
quadrantectomy, reapproximate the breast parenchyma using sutures, and deliver IORT with
a mobile linear accelerator (8,9). While originally used to deliver the “boost” radiation, they
have used IORT as the sole modality for small, low risk tumors. Other approaches to IORT
that have been employed include using a spherical applicator to irradiate the post-operative
wound cavity using low energy photons (10) or using an iridium-192 source and a
quadrangular silastic breast applicator to deliver intraoperative brachytherapy (11).

These approaches to IORT have been criticized for problems regarding radiation dose
distribution and confirmation of target coverage. To address these issues, we modified the
Veronesi technique to deliver radiation prior to tumor excision. Using a preoperative
ultrasound we define the target and optimize the dosimetry. We have previously reported
our initial experience and described our technique (12,13). We now report the primary
outcome, cosmesis, of our single-institution, prospective phase Il trial.

Materials and Methods

Patient Selection

Patients age 48 or older with clinically node negative, infiltrating ductal carcinoma less than
three centimeters in greatest diameter and visible by pre-operative breast ultrasound were
eligible for this prospective study (Figure 1). Patients with multicentric disease, bilateral
breast cancer, contraindications to BCT, skin or chest wall involvement, ductal carcinoma in
situ, invasive lobular carcinoma, or who had received neoadjuvant chemotherapy or prior
irradiation to the involved breast were not eligible. The primary endpoint was to determine
the rate of Good or Excellent cosmesis as measured by the RTOG cosmetic rating scale. We
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also wanted to demonstrate acceptable toxicities and that IORT is not inferior to
brachytherapy APBI in cosmetic outcome. Ipsilateral breast recurrence was evaluated as a
secondary endpoint and will be reported separately.

Pre-operative, Surgical and Intra-operative Methods

Briefly, ultrasound simulation is performed at the time of ultrasound-guided needle
localization to determine the optimal angle of approach, minimize the skin-to-tumor
distance, and maximize the tumor-to-lung distance. A cone necessary to encompass the
tumor plus a 1.5-2.0 cm radial margin is selected. The depth from the skin to: 1) anterior
tumor edge; 2) posterior tumor edge; and, 3) pleural surface are measured and an electron
energy sufficient to deliver 1,500 cGy to the tumor is chosen (Figure 2). Chest wall dose
was initially limited to 10 Gy, but revised to 15 Gy after Reitsamer reported no chest wall
toxicity in patients treated with 10 Gy IORT electron boost and WBRT (14) and when our
initial experience showed no acute toxicities following 10 Gy.

Following lymphatic mapping and sentinel lymphadenectomy, breast tissue overlying the
tumor is exposed by making very thin skin flaps to adequately allow placement of the
radiation cone. Skin edges are retracted from the radiation field and the radiation cone is
positioned based on the angle of approach pre-determined by ultrasound guidance so that the
edge is just abutting the breast tissue taking care not to compress or distort the breast tissue.
Moist Raytek sponges are placed between the cone and the skin to act as a tissue-equivalent
barrier able to absorb the low energy electrons scattered by the applicator itself.. The tumor
is centered in the radiation field and placement is verified by the surgical and radiation
oncologist. A mobile, self-shielded, linear accelerator (Mobetron, Intraop Medical,
Norcross, GA) delivers the radiation following which the lumpectomy is performed in the
standard fashion.

Post-operative treatment

Follow-up

Pathologic review confirming a priori defined features results in a recommendation for
additional therapy. Patients with positive margins are recommended to undergo re-excision
to negative margins or mastectomy. If an extensive intraductal component is present (i.e.,
DCIS representing >25% of the tumor and admixed-with and away-from the invasive
component), tumor size is greater than 3 cm, or histology demonstrates infiltrating lobular
carcinoma either WBRT (with IORT serving as boost) or mastectomy is recommended.
Sentinel lymph-node positive patients underwent completion axillary lymph node dissection
and either mastectomy or WBRT. Systemic therapy was recommended independent of the
local therapy delivered.

Acute toxicity was evaluated 1 week and 3 months following IORT. Patients were evaluated
every 3 months for the first 2 years, every 6 months for years 2-5, and annually thereafter
for complications and recurrence. Cosmesis was assessed by both patient and physician
written questionnaires using the RTOG breast toxicity scale and photographs taken at 6
months and annually.

Cosmesis and Toxicity Assessment

Cosmesis was assessed using a global cosmetic score that has been described by Wazer (15):
EXCELLENT = perfect symmetry, no visible distortion or skin change; GOOD = slight skin
distortion, retraction, or edema, any visible telangiectasia or mild hyperpigmentation; FAIR
= moderate distortion of the nipple or breast symmetry, moderate hyperpigmentation, or
prominent skin retraction, edema, or telangiectasia; POOR = marked distortion, edema,

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2012 February 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kimple et al.

Page 4

fibrosis, or severe hyperpigmentation. Cosmetic scoring was performed by a radiation
oncologist, surgeon, or clinic nurse and scored as excellent, good, fair, or poor. Patient self-
assessed cosmetic outcome was assessed by a similar scale. Patient satisfaction was assessed
as: 1) totally satisfied, 2) not totally satisfied but would choose IORT again, 3) not totally
satisfied and wound not choose IORT again, or 4) dissatisfied with IORT. Skin and
subcutaneous toxicity were graded by a radiation oncologist according to common
terminology criteria for adverse events (CTC-AE) version 3.0 (16). Toxicities directly,
probably, or possibly related to the radiation were included.

Statistical Methods

Results

The primary endpoint was to determine the physician assessment rate of Good or Excellent
cosmesis as measured by the RTOG cosmetic rating scale. Patient assessment of cosmesis
was also of interest. We were interested in comparing our cosmetic in situ IORT physician
rate to the estimate of 85% for Good or Excellent outcomes, as reported in other trials of
ABPI, to possibly demonstrate non-inferiority. We also monitored toxicity. In our study, we
report on patients who required additional therapy, either mastectomy or WBRT, as well as
patients who received only IORT, (given the somewhat slower than expected accrual).

To evaluate non-inferiority we set, a priori, a delta of 0.20 (or 20%), with a one-sided alpha
level of 0.025. Therefore, to demonstrate non-inferiority, the lower bound of a 95%
confidence interval for the difference in percentages needed to be greater than —20%. Exact
95% confidence intervals were calculated for each rate of interest (reported as percentages).
Finally, we also report the weighted kappa statistic that measured the amount of agreement
between physician and patient ratings at the 1 year time point. Statistical analyses were
performed with SAS statistical software, Version 9.2, SAS Institute Inc., Cary, NC.

This study was approved by the University of North Carolina at Chapel Hill (UNC)
Committee on the Protection of the Rights of Human Subjects, UNC Institutional Review
Board, and the Lineberger Comprehensive Cancer Center Protocol Review Committee.

Patient characteristics

From March 2003 to July 2007, seventy-one patients underwent IORT on LCCC 0218
(Figure 1). As of June 30, 2009 median follow-up time was 3.1 years. Baseline demographic
and clinical characteristics are reported (Table 1). Eighteen patients received additional
therapy; eleven WBRT and seven mastectomy. Fifty-three patients were treated with IORT
alone. Of those patients who received IORT, 32 were age 65 or older, 29 were ages 55-65,
and 10 were ages 48-55. Our patient population had a similar age distribution to that of the
comparison group from RTOG 95-17. In addition, we had slightly more patients with
clinical T2 tumors (16/71 or 23% vs. 12%) and slightly fewer patients with lymph node
positive disease than in the multi-institutional trial (7/71 or 10% vs. 20%) (17).

Treatment Delivery

Treatment characteristics are shown in Table 2. Maximum prescribed dose to provide
adequate target coverage was 23.7 Gy. Median dose delivered was 15 Gy. Median tumor
diameter on ultrasound was 1.2 cm corresponding to the median cone size of 5.5 cm. Seven
patients were found to have metastatic breast cancer in the sentinel node. Twenty women
were recommended to undergo re-excision for close or positive margins (Table 3). Thirty-
three received adjuvant hormonal therapy and 17 received adjuvant chemotherapy.
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Cosmetic Outcome

The primary endpoint of this study, cosmetic outcome was measured by both physician
subjective evaluation and patient subjective evaluation. Representative examples of Good or
Excellent and Fair or Poor outcomes are shown (Figure 3). At the 1 year follow-up visit,
cosmetic outcome as assessed by physician was Good or Excellent in 45/56 or 80% (95%
Cl: 68-90%) of evaluable patients (Table 4). We expected that there would be somewhat
worse cosmetic outcomes in the patients who received both IORT and WBRT. However, the
rate of Good or Excellent cosmetic outcome in the entire cohort was not significantly
different from that seen in those patients who received no WBRT, 40/48 (83%, 95% CI: 70—
93%), or from those who did not undergo a re-excision 35/41 (85%, 95% CI: 71-94%).
Cosmetic outcomes at the 2 year follow-up visit were similar to those at the 1 year visit
(24127, 89% G/E, 95% CI: 71-98%). While no statistically significant difference in cosmetic
outcome over time was seen several patients subjectively demonstrated improved outcomes
over time. We failed to detect a significant difference in cosmesis based on receipt of
chemotherapy.

Patient-assessed cosmetic outcome was Good or Excellent in 32/42 or 76% (95% CI: 61—
88%) of all patients (Table 4). Again, no significant difference between women who did not
receive WBRT (29/36 G/E, 81%, 95% CI: 64-92%) or those who did not need a re-excision
(26/31 G/E, 84%, 95% CI: 66—95%) was seen. No significant difference in cosmetic self-
assessment over time was seen (data not shown). Physician and patient assessments of
cosmetic outcomes showed moderate to almost substantial agreement as measured by the
weighted kappa statistic of 0.60 (95%CI: 0.42-0.77).

We were able to demonstrate the non-inferiority in physician assessment of Good or
Excellent outcomes, both in 1 year and 2 year rates, when compared to the ‘a priori’
hypothesized rate of 85%. The 1 year rate was 45/56 or 80%. The 2 year rate was 34/39 or
87%. The difference in percentages (this study’s the 1 year and 2 year rates, with 85%) were
—5% (95% CI: —15-6%) and 2% (95% CIl: —8-13%) respectively. To demonstrate non-
inferiority, the lower bound of a 95% confidence interval for the difference in percentages
needed to be greater than —20%. Both were, with the 1 year lower bound of —15, and the 2
year lower bound of —8 being larger than —20. (Figure 4)

Patient satisfaction

Toxicities

At 1 year follow-up, 35/40 or 88% (95% ClI: 73-95%) of patients reported that they were
“totally satisfied” with the IORT experience and only 2/40 patients or 5% (95% CI: 1-17%)
stated that they would not choose IORT again (Table 5). The rate of totally satisfied patients
was similar for those who received only IORT (32/35 or 91%, 95% CI: 77-98%) and those
who did not require a re-excision (27/30 or 90%, 95% CI: 73-98%).

There were no grade 3 or 4 toxicities and no serious adverse events related to the IORT.
Grade 1 or 2 toxicity was seen in 4/71 or 6% (95% CI: 2-14%) of all patients (Table 6).
Difficulty with wound healing and rib fractute was assessed prospectively. No patient had
difficulty with wound healing noted, and no rib fractures have been observed in either the
group that received IORT or the group that received IORT + WBRT. One of two women
who underwent subsequent mastectomy with reconstruction had failure of a deep inferior
epigastric perforator reconstruction necessitating an additional surgical procedure before
obtaining a satisfactory reconstruction.
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Discussion

There are several potential techniques for giving IORT for early stage breast cancer. A
spherical applicator delivering 30 to 50 kV x-rays (Intrabeam) has resulted in good or
excellent cosmetic results in over 90% with tumor bed fibrosis noted in 27% of patients in
one study (18,19). A second method utilizes high dose rate brachytherapy with a custom
applicator and has been pioneered by Sacchini and colleagues (11). Using a more
quantitative photography based scoring system, about two-thirds of patients in this study had
good cosmetic outcomes (20).

APBI with intraoperative electrons is based on work initially done giving an intraoperative
boost treatment (21,22). The Milan group, led by Veronesi, adopted this approach (23), but
began using higher doses as a sole modality (9). Their technique differs in several important
ways from ours. First, the surgical approach used is quadrantectomy an approach requiring
significant clinical expertise to juxtapose the circumferential resection margins and other
areas of subclinical disease into the target area prior to radiation delivery. In our study, the
majority of patients underwent segmentectomy, an approach usually associated with better
cosmetic outcomes than quadrantectomy (24). We have chosen to irradiate the tumor in situ
using an approach that we believe allows better targeting of the tumor and normal tissues.
Finally, they mobilize the remaining mammary gland to place an aluminum shield posterior
to the tumor bed to minimize the dose of radiation received by the lung. Due to our desire to
avoid manipulation of the tumor prior to radiation, we opted to treat without placement of a
retromammary shield instead limiting the chest wall dose to 15 Gy. Clinical results on nearly
600 patients who received only IORT with a median follow-up of 2 years showed mild
fibrosis in 3% of patients and lyponecrosis in 2.5% (8). Toxicity of our method (6% grade 1
or 2) is comparable to those described by Veronesi and colleagues.

Although nearly a quarter of our patients received subsequent systemic chemotherapy
following surgical management and IORT we have not seen any patients with radiation
recall reactions and did not note worse cosmetic outcomes as has been reported following
other APBI techniques (25,26). We have not seen any patients with lyponecrosis, perhaps
due to limiting the volume of normal breast tissue irradiated by performing IORT prior to
resection of the tumor.

Cosmetic outcomes with WBRT can be highly variable. The Danish Breast Study reported
72% excellent/satisfactory results while the Lyon and EORTC trials reported 85-90%
excellent/good results (27-29). The most widely available technique for APBI is three-
dimensional conformal radiotherapy (3D-CRT). In several published series, good/excellent
cosmesis has been seen in about 90% of patients (30,31). Interstitial catheter-based
brachytherapy results in highly variable cosmesis; some groups report good/excellent
cosmesis in most patients (17,26,32,33) while others note poor cosmesis in up to 50% of
patients (34,35). Endocavitary brachytherapy, a technique popularized by the Mammosite
device results in a good/excellent cosmetic result in 85-95% of patients (36,37).

One difficulty in trials assessing cosmetic outcome is that there are no globally accepted,
objective, quantifiable determinants of breast aesthetics. To allow valid comparisons to the
RTOG studies we used the RTOG global cosmetic score as assessed by the treating
physician (15). Because patient preference is an important factor in choosing among
possible treatments, we also assessed patient satisfaction using a similar scale. Overall,
about 90% of patients had a good or excellent cosmetic result after two years of follow-up.
Consistent with what others have reported (19), we saw moderate to substantial agreement
between physician and patient assessment of cosmetic outcome. In contrast to what has been
reported by others (32,38), no significant change in cosmetic outcome over time was seen;
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although some individual patients did have changes in cosmesis. This may be due to the
smaller volume of irradiated tissue remaining after the completion of the surgical procedure.

An important aspect of APBI is patient convenience, comfort, and acceptance of the
outcome. In our study, nearly all patients reported that they would choose IORT again, and
over 80% of patients reported being totally satisfied with the process.

No wound healing complications were seen following IORT. Delivering radiation prior to
tumor excision results in a relatively small volume of treated breast tissue that remains in
situ. While this may result in better cosmesis, it may also result in an increased risk of local
recurrence, an issue we continue to study and which will be reported separately.

There are several advantages to our technique of delivering IORT. We are able to directly
visualize the target volume, avoid excessive irradiation of normal tissues, and minimize
irradiation of healthy lung. The lack of perturbation of the tumor bed minimizes the risk of
tumor dissemination along tissue planes, enabling us to use a small margin, reminiscent of
pre-operative vs. post-operative radiotherapy of sarcomas. We can take advantage of a
theoretical radiobiological advantage of a short treatment course (39) and deliver radiation
on the day of surgery, avoiding the need for 4 to 6 weeks of post-operative radiation. A
technique with such good patient acceptance and cosmetic outcomes may encourage more
women to undergo BCT and to complete all recommended therapy if it proves as efficacious
as standard therapy.

There are several disadvantages associated with our approach. First, because we perform
IORT at the time of surgery some women will need additional surgical therapy and/or will
not be appropriate candidates for APBI and/or BCT. Women were told of this possibility as
part of the consent process. In all, seven women underwent a mastectomy and eleven
received standard WBRT with the IORT serving as the boost, thus shortening the time
required for external beam radiation by 5-8 days. Women who required a re-resection
typically underwent this procedure within 3—4 weeks of IORT, before radiation fibrosis had
a chance to make the procedure more technically difficult.

We have reported here the cosmetic results of our trial of IORT of in situ tumors for women
with early stage breast cancer. Regarding the primary endpoint of our trial, cosmetic
outcome was not inferior in our study to that expected based on the RTOG 95-17 trial. We
eagerly await the results of the large randomized trial of APBI vs. BCT. While this will shed
light on the role of APBI, it is not designed to determine an optimal treatment method.
Instead, it is likely that each of the techniques will be used based on institutional resources
and clinical expertise. Targeting the tumor in situ results in: immediate completion of BCT
for the majority of women and acceptable cosmetic results.
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Figure 1.
Patient flow diagram.
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Figure 2.
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Treatment delivery schematic. Target tissue is exposed by retracting the skin around the
electron cone. An electron energy is chosen to provide 90% coverage to a point 1 cm deep to

the tumor.
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Figure 3.

Representative photographs of three patients who received only IORT (A and C) or IORT +
WBRT (B) taken at the time of their 6 month, 1 year, and 2 year follow-up visit. Ratings
shown represent physician (left) and patient (right) cosmetic outcome assessment.
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Figure 4.

Non-inferiority has been demonstrated by when comparing this study’s 1 and 2 year
physician cosmetic assessment to the hypothesized rate of 85%. The lower bounds of the
95% confidence interval are above the ‘a prior’ set boundary of —20%.
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Table 1

Patient characteristics.

Characteristic

Received IORT n=71 (%)

Median age (range) 64 (48-92)
Clinical Staging
cTla 2 (2.8%)
cTib 18 (25%)
cTic 35 (49%)
¢T2 (<3cm) 16 (23%)
cNO 71 (100%)
Grade
1 25 (35%)
1l 24 (34%)
1l 22 (31%)
Markers
ER+ 54 (76%)
PR+ 50 (70%)
HER2+ 8 (11%)
ER+, PR+, HER2— 46 (65%)
“triple negative” 12 (17%)
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Treatment characteristics (n=71).

Characteristic Median  Range
Tumor diameter on ultrasound (cm) 1.2 05-24
Skin to anterior tumor depth (cm) 1 0.3-26
Skin to posterior tumor depth (cm) 2.2 0.15-5.1
Skin to pleura depth (cm) 3.9 16-6.7
Dose (GY) dmax 15 14.3-23.7
energy (MeV) n

6 MeV 1

9 MeV 26

12 MeV 44

Cone Size (cm)
4.0 cm cone
4.5 cm cone
5.0 cm cone
5.5 cm cone
6.0 cm cone

7.0 cm cone

22
15
21
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Table 3

Additional treatment received.

Characteristic n (%)

Re-excision 20 (28%)
Systemic chemotherapy 17 (24%)
Hormonal therapy 39 (55%)
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Table 4
Twelve month cosmetic outcome.
Physician Patient
All, % (n=56) | no WBRT, % (n=48) | All, % (n=42) | no WBRT, % (n=36)
Excellent 59% (33) 64% (31) 43% (18) 50% (18)
Good 21% (12) 19% (9) 33% (14) 31% (11)
Fair 18% (10) 17% (8) 14% (6) 11% (4)
Poor 2% (1) 0% (0) 10% (4) 8% (3)
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Twelve month patient satisfaction.
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Table 5

Patient Satisfaction, % (n=40)

Totally satisfied

87% (35)

Not totally satisfied would choose IORT again

8% (3)

Not totally satisfied would NOT choose IORT again

5% (2)

Dissatisfied

0% (0)
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Table 6
Toxicity profile associated with IORT

Toxicity # of patients  Grade

hematoma 3 1

breast pain 1 2
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