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Abstract

Purpose—To report the 5-year results of a prospective trial of three-dimensional conformal
external beam radiotherapy (3D-CRT) to deliver accelerated partial breast irradiation in the prone
position (P-APBI).

Methods—Post-menopausal patients with Stage | breast cancer with non palpable <2 cm tumors,
negative margins, and negative nodes, positive hormonal receptors, and no extensive intraductal
component (EIC) were eligible. The trial was offered only once eligible patients had refused to
undergo standard whole-breast radiotherapy. Patients were simulated and treated on a dedicated
table for prone set-up. The 3D-CRT delivered was 30 Gy in five 6 Gy/daily fractions over 10 days
with port film verification at each treatment. Ipsilateral breast, ipsilateral nodal, contralateral
breast, and distant failure (IBF, INF, CBF, DF) were estimated using the cumulative incidence
method. Disease-free, overall, and cancer-specific survival (DFS, OS, CSS) were recorded.

Results—One hundred patients accrued to this IRB- approved prospective trial, one with
bilateral breast cancer. One patient withdrew consent after simulation and another elected to
interrupt radiotherapy after receiving two treatments. Ninety-eight patients are evaluable for
toxicity and, in one case, both breasts were treated with PBI. Median patient age was 68 years
(range 53-88 years); in 55% the tumor size was <1 cm. All patients had hormonal receptor
positive cancers: 87% underwent adjuvant anti-hormonal therapy.

At a median follow-up of 64 months (range, 2-125 months), there was one local recurrence (1%
IBF) and one contralateral breast cancer (1% CBF). There were no deaths due to breast cancer by
5 years. Grade 3 late toxicities occurred in 2 patients (1 breast edema, 1 transient breast pain).
Cosmesis was rated good/excellent in 89% of patients with at least 36 months follow-up.

Conclusions—TFive-year efficacy and toxicity of 3D-CRT to deliver prone-PBI are comparable
to other experiences with similar follow-up.
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INTRODUCTION

Different methods to deliver accelerated regimens of partial breast irradiation (PBI) have
been developed that result in excellent 5-year outcomes with respect to local tumor control
and acceptable cosmesis, as systematically reviewed by Offersen et al. (1) While the results
of several prospective randomized trials that compare PBI to whole-breast radiotherapy are
maturing, a consensus panel of experts has defined a set of clinical guidelines to select
patients best suitable to PBI (2). There is, however, debate over the choice of the best
technique for PBI. Interstitial brachytherapy has been the most widely investigated PBI
technique to date and has the longest follow-up (3) (4) but recent reports suggest that
mammosite or an external beam delivery technique may be as effective (5) (6). In addition,
evidence is emerging with regard to the efficacy of intra-operative radiotherapy. (7)

Since the early 1990s, we have chosen the prone set-up to study external beam partial breast
irradiation. Initially pilot-tested at the Anonymous University (Anon U) (8) as part of a grant
from the Anon Program, these studies were continued at Anon U, supported by a grant from
the Department of Defense, as Anon Trial, a prospective trial of prone accelerated partial
breast irradiation (P-APBI), delivered by 3D-CRT. The choice of dose and fractionation and
the feasibility and acute toxicity results of the first 47 patients were previously reported
(9,10).

Details on planning and dosimetry results are reported in a companion paper that compares
the Anon Utechnique to that applied in the NSABP/RTOG trial. (11) This report focuses on
the results related to local control, cosmesis, and treatment-associated toxicities at 5 years
for the 98 patients evaluable for toxicity who were treated with this technique.

METHODS AND MATERIALS
Study population

The study population consisted of 100 consecutive women who were referred for
postoperative RT after lumpectomy and were offered access to the protocol, following their
documented refusal to undergo standard whole-breast radiotherapy. Post-menopausal
women with newly diagnosed breast cancer were eligible if tumors were originally detected
by mammaography (i.e. non-palpable), found to be pT1 breast cancers, excised with negative
margins (defined as at least a 5 mm margin either at initial surgery or at re-excision), NO or
sentinel node negative, and hormone receptor-positive. Between June 2000 and September
2005, one hundred patients signed an informed consent to participate in this IRB-approved
prospective trial: one patient withdrew consent after simulation, before planning was
performed (before starting PBI) and another elected to interrupt radiotherapy after receiving
two treatments. One patient had bilateral breast cancer and underwent bilateral PBI. This
report focuses on the dosimetry of 101 planned cases (including a patient with bilateral
breast cancer), the treatment outcomes of all 100 patients based on intent-to-treat analysis,
and the treatment toxicities of the 98 patients who completed treatment and were evaluable
for toxicity (including one patient with bilateral breast cancer).

Simulation and treatment planning

The details of the prone PBI treatment technique have been previously reported. (8)(10)
Specifically, each patient underwent CT simulation for treatment planning positioned prone
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on a specially designed breast table that allowed the indexed breast tissue to fall freely
below the table with no obstruction to the radiation beams. An orthogonal laser alignment
was used to identify a plane likely to intersect the tumor cavity, based on mammography
and/or surgical description of the location (reference plane). On the reference plane, five
radio-opaque markers were placed on the skin, the back of the patient, bilaterally on mid-
axillary lines, and midline to the sternum and lateral breast. After CT verification of the
plane, the five markers were replaced with permanent tattoos, as landmarks for daily
treatment positioning. CT imaging started at the level of the mandible and extended below
the infra-mammary fold, to include the entire lungs, with 2.5 or 3.75 mm CT slice thickness,
using a GE Light speed helical CT scanner.

CT images were transferred to a Varian Eclipse™ treatment planning system (Varian
Medical Systems, Palo Alto, CA). The surgical cavity, identified as the area of architectural
distortion in the breast tissue, defined the clinical target volume (CTV). When necessary,
information obtained from the surgical report, mammography, and other available imaging
test results were incorporated. Although not intentionally included by the CTV, the surgical
incision was outlined by a wire placed over the incision before CT scanning. Adding a 2 cm
margin to the CTV created the planning target volume (PTV). After uniform expansion, the
PTV was limited anterior by the skin and posterior by the chest wall. An additional 7 mm
margin was added to the PTV to the field edge to account for beam penumbra, for a total
margin of approximately 2.7 cm. For dosimetric reporting, the PTV_EVAL was generated
from the PTV by cropping 0.5 cm from the skin edge and excluding the chest wall. The
ipsilateral lung and heart were outlined. The normal ipsilateral breast tissue volume was
defined by applying radio-opaque wires in the supine position at the site of the medial,
lateral, inferior, and superior borders of the classic opposite tangent breast fields to define
the volume that would have been treated by classic whole-breast tangents in the supine
position.

Dose-volume constraint guidelines

Treatment planning was performed using the CT-defined volumes, most often through an
opposed pair of mini-tangents. When required to increase dose distribution homogeneity,
wedges were used. The isocenter was located approximately 5-7 cm from the midline along
an axis passing through the center of the PTV. The dose was normalized to 100% at the
isocenter before choosing an isodose volume that encompassed the PTV, typically 95%.
Dose inhomogeneity was maintained at <110%.

Additional normal tissue dose guidelines included limiting 50% of the ipsilateral breast
volume to receive <50% of the prescribed dose. In addition, the volume of heart and lung
included in the treatment fields was expected to be <10%. Field arrangements were designed
to avoid the contralateral breast and ipsilateral lung and heart tissue completely. No specific
guidelines with regards to the dose allowed to the contralateral breast were defined in the
protocol. The dose fractionation schedule was 30 Gy delivered in five fractions of 6 Gy to
the 95% isodose surface, given within 10 days (Monday, Wednesday, Friday, Monday,
Wednesday).

Treatment room lasers were used to verify consistent positioning of the patient on the table.
Daily set-up reproducibility was ensured by leveling marks on the torso and triangulation
marks placed on the back, ipsilateral side, and breast tissue. The set-up was designed to
identify a plane orthogonal to the table that also crossed the tumor cavity. Before each
fraction, portal films of each field verified treatment positioning. Accepted variance was
limited to 5 mm from the isocenter position indicated on the digitally reconstructed
radiographs.
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Cosmesis and toxicities

Cosmetic results were evaluated by the patient who was asked to classify her global
cosmetic result after breast conservation treatment as excellent, good, or poor. Toxicity was
reported based on LENT/SOMA classification of late effects. (12)

Statistical methods

RESULTS

An optimal two-stage Simon design was used to conduct this Phase Il study. The study was
designed to test the null hypothesis that the 3-year local recurrence rate is = 9% vs. the
alternative that the 3-year local recurrence rate is < 3% (a 0.05; power of 0.80). Thirty-one
patients were to be enrolled in the first stage and up to 99 patients if the trial continued
through the second stage. If two or fewer local recurrences had developed in the first 31
patients who completed at least 1 year of follow-up, accrual would continue up to
completion of the second stage. If five or more local recurrences were observed at any point,
the trial would have been stopped. The primary study endpoint was defined to be any
ipsilateral breast local recurrence (whether a true local recurrence within the radiation field
or breast local recurrence outside the field) including both isolated recurrence and
concomitant with distant disease.

Study accrual and follow-up

One hundred patients enrolled in the trial: one withdrew consent before treatment (she
changed her mind and underwent whole-breast radiotherapy), one elected to stop treatment
after two fractions, and one had both breasts treated by PBI. One hundred patients were
evaluable for treatment outcome with an intent-to-treat analysis. Observations from 98
patients who completed treatment were evaluable for late toxicity and cosmetic assessment.
The median follow-up was 64 months (range, 2-125).

Patient and treatment-related characteristics

Patient and treatment-related characteristics for all eligible patients are shown in Tables 1 (a
and b). The median patient age was 68 years, and the median tumor size was 0.9 cm (range
0.1mm-19mm). Tumor size was <10 mm in 56 patients (one patient with bilateral breast
cancer had a 2 mm tumor in one breast and a 15 mm tumor in the other) and >10 mm < 20
mm in 45. All patients had negative margins pathologically (in 20 patients after re-excision).
All patients were hormonal receptor positive (HR+) and were prescribed anti-hormonal
therapy: 87% received anti-hormonal therapy. In 78 cases a Ki67 assessment of proliferation
was available, and resulted to be <14 in 69/78.

One hundred and one treatment plans from 100 patients were evaluable for dosimetric
information. Median volume of PTV_EVAL was 161.7cc with a range of 46.8cc—900.3cc.
Median PTV/total breast volume was 17% with a range of 6%—46%. Median coverage by
the 95% isodose line of the CTV and PTV were 99% and 97%, respectively. The 25% and
75% isodose lines covered a median of 48% and 38% of the whole breast volume,
respectively. Median maximum dose to the breast was 3210cGy with a range of 3000cGy-
3960cGy. Table 2 provides a comparison of these results with those of conformal PBI in the
supine position published by Chen et al. (13) (with the permission of the corresponding
author).

Treatment efficacy

Five—year results of treatment are presented in Table 3. One patient had a local recurrence
(in breast failure, IBF) resulting in a 5-year cumulative incidence rate of isolated IBF

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2013 November 01.



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

1duasnuey Joyiny vd-HIN

Formenti et al.

Page 5

(without concurrent distant failure) of 1%. The in breast failure was detected at routine
mammography and occurred in another quadrant of the breast, 33 months from accrual to
the study: this new cancer was invasive lobular, while the first cancer was invasive ductal.
One patient developed contralateral breast cancer 47 months from accrual to the trial. No
cases of ipsilateral nodal failure (INF) were observed. No distant failure had occurred at the
5-year mark. There were two deaths (one from non-small cell lung cancer and one from
Alzheimer’s disease). The overall DFS is 95% (95% CI: 87%—-98%) at 5 years.

A total 6 deaths and 3 failures occurred during the entire study period. The three failures
consist of the already mentioned isolated breast cancer failure and the contralateral breast
cancer and of a systemic failure that occurred at 67 months. In addition to the 2 deaths
during the first five years of follow-up, four additional patients have died after 5 years
follow-up (1 of heart disease, 1 of multiple sclerosis, and 2 of unknown causes, at 89, 94, 98
and 108 months, respectively). Figures 1 displays the cumulative overall survival for this
series.

Treatment-related toxicities

A detailed analysis of treatment-related toxicities is presented in Table 4. The most frequent
toxicities observed (Grade 1 or higher) were hyper-pigmentation (29%), fibrosis (8%),
telangiectasia (3%) breast pain (13%), and breast edema (9%). Grade 3 toxicities were
observed in two patients during follow up (1 transient breast pain and 1 breast edema).

Cosmetic results

Table 5 presents the cosmetic results of the study population over time. Seventy-four
patients provided an assessment of their cosmetic result at least 36 months after treatment: in
89% of these patients, the cosmetic result was rated as excellent (47%) or good (42%).

DISCUSSION

This trial was specifically directed to a clinical subset of breast cancer patients at a very low
risk for local recurrence as the best group to safely test the role of partial breast
radiotherapy. This selection demonstrated to be successful, as confirmed by the observed
1% local recurrence rate at five-year follow-up. Since the pattern of local recurrence
elsewhere in the breast tends to be later than that at the original site, a longer follow-up
remains necessary to prove the long-term validity of these findings.

The prone approach of partial breast radiotherapy confirmed to be readily feasible and to
achieve excellent dose-sparing of adjacent normal tissues, with results comparable to those
reported for supine set-up by the investigators at Beaumont (Table 2). In a separate
publication we have reported the reproducibility results of the prone technique as part of our
current trial of prone PBI that includes cone beam CT for daily position verification. (14) In
that report we confirm the adequacy of a 1.5 cm margin from the CTV (the contoured
surgical cavity) to the PTV, an expansion that is approximately 1 cm inferior to that required
by RTOG 0413. This issue is relevant, since approximately a third of patients who had
consented to participate in RTOG 0413 could not be randomized because the PTV was
greater than about 25% of the total breast volume, resulting in an inability to achieve the
dose-volume constraints of the trial. (15) A more widespread adoption of a prone set-up may
enhance compliance to the constraints of PBI trials.

The choice of dose/fractionation of the original trial was designed based on BED
calculations (9)(10) that predicted a possible increase in incidence of late toxicity, like
fibrosis and telangiectasia. Consequently, accrued patients underwent blood sampling for
genome-wide analysis of genes potentially associated with this risk to identify specific
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patients’ profiles for future exclusion from hypo-fractionated, accelerated radiotherapy
protocols. The observed limited clinical incidence of late effects has led us to measure the
tissue changes after prone PBI with a more sensitive, objective, and quantitative approach,
by using the MoistureMeter D, a device to measure subtle skin and subcutaneous tissue
changes after radiotherapy.(16) This approach will enable us to develop a more reliable
phenotype of late radiation effects in the breast to correlate with the genomic studies.

The favorable characteristics of the patients in this series, in terms of their age and tumor
characteristics likely explain the excellent outcome. Similar to the patients in the CALGB/
ECOG/RTOG Elderly Trial, local recurrence after radiotherapy and tamoxifen was 1%. This
trial prospectively randomized patients older than 70 to tamoxifen alone versus tamoxifen
and radiotherapy. In this study omission of radiotherapy, that consisted of 30-32 fractions in
that study, resulted in a relatively low but still significantly higher local recurrence rate
(4%). (17) Moreover, modern breast cancer management is based on molecular as well as
stage-related characteristics of the primary tumor. (18) For instance, the risk of local and
regional relapse associated with each breast cancer molecular subtype was determined in a
study of 2,985 patients with early invasive breast cancer. (19) Previous work demonstrated
that immuno-histochemical analysis of a limited panel of six over-expressed protein
biomarkers can adequately classify breast cancer into the major subtypes, and predict
recurrence similar to genetic signatures: these markers are ER/PR receptors, Ki-67, HER2,
EGFR, and cytokeratin 5/6. Based on their pattern of expression, patients were classified
into the following categories: luminal A, luminal B, luminal-HER2, HER?2 enriched, basal-
like, or triple-negative phenotype—non basal. Multivariable analysis was used to determine
the risk of local or regional relapse associated with the intrinsic subtypes, after adjusting for
standard clinico-pathologic factors. At a median follow-up time of 10 years, carriers of
Luminal A tumors (ER or PR positive, HER2 negative, Ki-67 <14%) treated by breast
conservation and radiation had the best prognosis and the lowest rate of local and regional
relapse, 8% and 3%, respectively (19).

Some investigators have interpreted the results of this study and those from the Elderly Trial
as sufficient evidence to justify avoidance of adjuvant radiotherapy in carriers of luminal A
tumors, particularly if elderly. We believe a more cautious approach could consist of
offering /ess treatment, like the five- fractions schedule of PBI utilized in this trial. While
Ki67 proliferation was available only in 78% of the patients in this trial, most of them were
likely to carry luminal A tumors. In this cohort, with the exception of two patients, the
remaining 98 demonstrated optimal compliance to the prescribed radiotherapy regimen and
tolerated well a prone set-up. Similarly, the majority of the patients reported to be very
satisfied with the cosmetic result obtained by the prone PBI approach.

In conclusion, in view of the recent evidence of the general benefit patients derive from
breast radiotherapy (20), the five-fractions course tested in this study is a valid option for
women at low risk of recurrence, particularly in post-menopausal women whose tumors
satisfy the immuno-histochemical criteria for being carriers of luminal A cancers.
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Patients characteristics (N=100)

Age (years)
Median 68
Range 53-88
Post M enopausal 100
Tumor Side
Right Breast 48 (48%)
Left Breast 51 (51%)
Bilateral 1 (1%)
Hormonal Therapy*
None 13 (13%)
Yes 85 (87%)

*
Information available for 98 cases
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Tumor characteristics (N=101, 1 patient with bilateral breast cancer)

Table 1b

Tumor dimension (cm)

Median 9mm
Range 1.2mm -19mm
<lcm 56 (55%)
>1cm and <2 cm 45 (45%)
Histology

Invasive ductal 74 (75%)
Invasive lobular 16 (16%)
Invasive tubular 6 (6%)
Invasive Ductal+Lobular 1(1%)
Invasive colloid 2 (2%)
N/A™ 1
Nodal Status

NO 101 (100%)
pNO at sentinel node or axillary dissection 96 (96%)
No nodal assessment because of <Smm primary 5 (5%)
ER+ 99 (99%)
ER- 1 (1%)
PR+ 65 (65%)
PR- 35 (35%)
HER2 (+)

AC 57 (5%)
No 93 (95%)
N/A 2
Ki67 (available in 78/100)

Proliferation <14% 68 (87%)
Proliferation >14% 9 (11%)

*
insufficient tissue to perform the test

Hok

one patient with bilateral breast cancer

Ak
1pt received trastuzumab
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Formenti et al.

Treatment Outcomes @ 5 years (100 patients, intent-to-treat)

Table 3

No. Failures
Endpoint All Follow-up | At5Years
All IBF 1 1
IBF w/o concurrent distant failure 1 1
Ipsilateral Nodal failure 0 0
Contralateral Breast failure 1 1
Distant failure 1 0
Disease-free survival 9 4
Overall survival 6 2
Cause-specific survival 0 0
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Formenti et al.

Treatment late toxicities per LENT/SOMA classification(98 patients)

Table 4

GradeO | Gradel | Grade2 | Grade3

Breast, Subjective:

Pain 85(87%) | 11(11%) | 1(1%) | 1(1%)
Breast Objective:

Skin, pigmentation change | 69 (70%) | 29 (29%) 0 (0%) 0 (0%)
Edema 89 (91%) | 7 (7%) 1(1%) | 1(1%)
Telangiectasia 95(97%) | 3 (3%) 0(0%) | 0(0%)
Fibrosis 90 (92%) | 8 (8%) 0(0%) | 0(0%)
Fat necrosis* 79 (81%) | 19%(19%) | 0(0%) | 0(0%)

Aok

Asymptomatic, incidental finding at mam
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Formenti et al.

Cosmetic results over time

Table 5

Page 16

Cosmetic results

Cosmesis at last follow-

>12 months follow-up

>24 months follow-up

>36 months follow-up

up (n=87) (n=90) (n=86) (n=74)
Excellent 45 (529%) 45 (52%) 42 (51%) 35 (47%)
Good 33 (38%) 33 (38%) 33 (40%) 31 (42%)
Total Excellent/Good 78 (90%) 78 (90%) 75 (90%) 66 (89%)
Fair 8 (9%) 8 (9%) 7 (8%) 7 (9%)
Poor 1(1%) 1(1%) 1 (1%) 1 (1%)
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