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Abstract The use of three-dimensional conformal external beam accelerated partial breast irradiation
(3D conformal APBI) to deliver hypofractionated adjuvant radiation treatment to the region of the breast
at highest risk for developing a local recurrence after lumpectomy is reviewed. Potential advantages of a
3D conformal radiation therapy approach for APBI compared to brachytherapy include improved dose homo-
geneity within the target volume and a non-invasive method for treatment delivery. Data from several early
studies using 3D conformal APBI from New York University, William Beaumont Hospital, RTOG 0319, and
Massachusetts General Hospital demonstrate technical feasibility, satisfactory early cosmetic outcome, and
acceptable recurrence rates. To determine whether APBI provides equivalent local tumour control in the breast
compared to conventional whole breast irradiation in the local management of early stage breast cancer, the
first phase Ill randomized study of conventional whole breast irradiation vs. partial breast irradiation was
opened conjointly by the NSABP and RTOG in March 2005. The results of this study will determine future
directions in the treatment of early stage breast cancer, and, will help to define the role of APBI in breast

conservation therapy.
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Introduction

The equivalence of breast-conserving therapy with
surgery and adjuvant radiation therapy to mastec-
tomy for the treatment of early stage breast cancer
has conclusively been demonstrated in several
phase Il trials with long-term follow-up [1-3].
Accelerated partial breast irradiation (APBI) is an
adjuvant treatment option for patients undergoing
breast-conserving therapy for early stage breast can-
cer, who, due to co-morbid conditions, age, and/or
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logistics, are not suitable candidates for the stan-
dard course of 6-7 weeks of radiation therapy. APBI
has historically been delivered via brachytherapy tech-
niqgues employing multiple interstitial catheters [4]
and, later, the MammoSite™ balloon applicator [5].
More recently, three-dimensional conformal external
beam accelerated partial breast irradiation (3D con-
formal APBI) has allowed non-invasive delivery of an
abbreviated course of adjuvant radiation treatment
to the region of the breast at highest risk of develop-
ing local recurrence.

The potential advantages of a 3D conformal radi-
ation therapy approach to partial-breast irradiation
compared to brachytherapy include improved dose
homogeneity within the target volume and, therefore,
a likely better cosmetic outcome. In addition, elimina-
tion of an additional surgical procedure may reduce
complication rates and cost. While brachytherapy
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requires additional training, most radiation facilities
already have the technologic tools and experience
required to deliver 3D conformal accelerated partial-
breast treatment. The primary disadvantage is that
the breast represents a moving target, and as a
result, potentially larger volumes of normal breast
tissue may need to be irradiated to avoid a geo-
graphic miss. At the present time, the two ways of
delivering 3D conformal partial-breast irradiation dif-
fer primarily by patient positioning, either supine or
prone. This review will discuss the major studies of
3D conformal accelerated partial-breast irradiation
(Table 1), the technique of treatment delivery, poten-
tial challenges, and future directions.

Rationale

Data supporting the concept of partial-breast irradi-
ation results from major randomized studies that
have evaluated the role of standard, whole breast
adjuvant radiation therapy in breast conservation
[2,6,7]. These studies demonstrate that ipsilateral
breast tumor recurrences largely occur at the origi-
nal tumor bed. The ipsilateral breast ‘elsewhere’ fail-
ure (recurrences away from the tumor bed-generally
considered new primary cancers) rate is similar to
the contralateral breast new primary rate (1.5-4% at
13 years) [8,9]. Based on these data, the partial
breast target volume comprised of the lumpectomy
cavity with a margin may be adequate in reducing
the risk of local recurrence in women with small,
adequately resected tumors. With a reduced target
volume, hypofractionated radiation therapy, that is
giving fewer total doses, but more radiation per dose,
appears feasible. Goals are to reduce late toxicity,
and to allow more women access to this treatment,
since the time commitment becomes much less.

History (studies utilizing external beam
radiotherapy to deliver PBI)

Polgar et al. reported the 5 year results of a phase
[-II study assessing adjuvant brachytherapy alone
following breast-conserving therapy for stage | breast
cancer [10], in which 45 patients with stage | breast
cancer were prospectively selected to undergo adju-
vant tumor bed radiotherapy (TBRT) via interstitial
high dose rate (HDR) implants used to deliver either
4.33 Gy X 7 fractions or 5.2 Gy X 7 fractions. The 5-
year probability of cancer-specific, relapse-free and
local recurrence-free survival was 90%, 85.9%, and
95.6%, respectively. Cosmetic results were excel-
lent in 97.8% of patients and no toxicity greater than
Grade 2 was observed. Based on the technical fea-
sibility and results of the study, a phase Il study was
initiated and 126 further patients were randomized to
receive 50 Gy whole brain radiation therapy (WBRT)
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(n = 63) or TBRT (n = 63) alone consisting of inter-
stitial HDR brachytherapy delivering 5.2 Gy in 7 frac-
tions (n = 46) or electron beam irradiation used to
deliver 50Gy (n = 17). At a mean follow-up of 30
months, locoregional control was 100% in both arms
and the 3-year probability of cancer-specific and
relapse-free survival rates were similar in both arms.
Furthermore, radiation-related side effects were also
not statistically different in the treatment arms.

The Christie Hospital, Manchester, United Kingdom,
conducted the only other phase Il prospective ran-
domized trial comparing external-beam accelerated
partial-breast irradiation (EB-APBI) to whole breast
irradiation (WBI) [11,12]. The study included 708
patients with clinically palpable breast carcinomas
and no palpable axillary adenopathy, who under-
went lumpectomy (with no sentinel or axillary node
dissection). They were randomized to receive either
limited field (LF) partial-breast irradiation including
the tumor bed, or wide field (WF) radiation including
the whole breast and regional lymph nodes. In the
8-year update, overall survival rates were similar
between the groups (73% and 71% for the LF and
WF groups, respectively). The actuarial breast recur-
rence rates were 20% and 11% in the LF and WF
arms, respectively (P = 0.0008). However, when his-
tology was factored in the analysis, invasive lobular
histology appeared to account for a significant pro-
portion of the local recurrences in the LF group com-
pared to the WF group (34% and 8%, respectively).
The local recurrence with invasive ductal carcinomas
was similar in both arms (15% with LF, and 11% with
WF). Of note, the marginal miss/true recurrence (out-
side the treated field) of invasive ductal carcinoma in
the LF arm was 5.5%. The rate of fibrosis and telang-
iectasias was higher in the LF arm, with worse cos-
metic outcome, as can be expected with APBI
delivered via electron beams. Although the authors
conclude that LF irradiation results in higher recur-
rence rate, 3D conformal APBI may have a significant
role in the adjuvant treatment of early stage breast
cancer when implementing appropriate patient selec-
tion and standard of care.

Prone 3D conformal APBI

Patient positioning during treatment delivery is geared
toward optimizing daily reproducibility, limiting nor-
mal surrounding tissue dose, and ensuring appropri-
ate dose coverage to the target structure. With the
prone technique, patients who may benefit from the
displacement of the lumpectomy cavity away from
the chest wall, and thus, the heart and lungs, are
those who are physically able to tolerate lying prone
during simulation and treatment. The prone treat-
ment position has been used to reduce breast tissue
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Table 1. Accelerated partial breast irradiation: EBRT studies [23].

Ipsilateral
Tumor Median Tumor bed breast
Patients size N Dose follow-up Field definition Margin recurrence

Series (n) Age (y) (cm) stage EIC fractionation (mo) Technique arrangement (CTV) (cm) rate (%)
Christie 353 <70 <4 NO - 5Gy X 8in 10 days 96 Supine, Single electron Tumor bed 0 6 (21/355)
Hospital 10-MeV beam at surgery

electrons
NYU 47 Postmenopausal <2 NO Negative 6Gy X 5in 10 days 17 Prone, 6 MV 2 coplanar Architectural 1.5-2 0

photons minitangents distortion on CT
WBH 31 50 <3 NO Negative 3.4Gy X 10in 5 days 10 Supine, 6-, 3-5 non-coplanar Architectural 1-1.5 -

or3.85Gy X 10in 5 days

18 MV photons beams

distortion
and surgical clips
onCT

EBRT: external beam radiotherapy; NYU: New York University; WBH: William Beaumont Hospital.
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Figure 1.
Supine (A) and prone (B) patient postioning [15].

|

[ |
/ _
/Cranio-caudal

Right superior oblique

Left superior oblique

I

: Left Lat.

Figure 2.
Three-dimensional graphic reconstruction of five beam
eye views for prone 3D conformal APBI [24].

motion resulting from cardiac systole and respiratory
movement [13]. In such a position, excursion of the
chest wall can be reduced to 5 mm [14], minimizing
breast tissue motion and therefore target motion. Also,
if the breast is allowed to hang through an opening
in the table, this may allow the cavity to fall away
from the chest wall due to gravity [15] (Figs. 1 and 2)

https://doi.org/10.1017/51470903105003639 Published online by Cambridge University Press

Y. Hasan and F. Vicini

and results in exclusion of the heart and lung from
the treatment field [16].

Clinical results

Phase I/l Trial of Prone 3D Conformal APBI -
New York University

On the basis of the results of a pilot study, Formenti
et al. conducted a study of 47 post-menopausal
women with stage | TINO breast cancer, who were
treated to 30 Gy in 56 Gy fractions over 10 days [17].
Other eligibility criteria included negative margins
by at least 5mm. The patients were treated in the
prone position and the planning target volume (PTV)
was defined as the lumpectomy cavity with a 1.5cm
margin, with limitations anteriorly by skin and poste-
riorly by the chest wall. Computed tomography (CT)-
defined target volumes were treated with opposed
mini-tangents with wedges. Fifty percent of the ipsi-
lateral breast volume (BV) received less than 50% of
the prescribed dose (PD). The contralateral breast and
ipsilateral heart and lung were avoided completely
in the beam arrangement. At a median follow-up of
18 months, no patients had local recurrence. Sixty
percent of patients had Grade 1-2 erythema, which
was the most common acute toxicity. Late toxicity
was primarily Grade 1 and cosmetic results were
mostly ‘good’ to ‘excellent’. Only two patients had
‘fair’ cosmetic results and no patients had a worse
score after radiation when compared to their post-
operative baseline score.

The William Beaumont Hospital experience —
3D conformal APBI in supine position

Initial clinical experience at William Beaumont Hospital
(WBH) in utilizing 3D conformal radiation therapy to
deliver partial-breast irradiation in patients with early
stage breast cancer treated with breast-conserving
therapy supported technical feasibility of such treat-
ment delivery [18-20]. In this phase I/Il study, 23
patients were prospectively enrolled between August
2000 and December 2002. An additional five
patients were treated according to the guidelines of
the protocol for compassionate purposes. Eligibility
for the protocol included patient age =50, tumor
size <3.cm, invasive ductal histology, lumpectomy
with negative surgical margins by at least 2mm,
negative axillary lymph nodes with a minimum of six
sampled (or negative sentinel lymph node biopsy), and
no extensive intraductal component. All patients
underwent virtual CT breast simulation in the supine
position. The clinical target volume (CTV) was defined
as the lumpectomy cavity uniformly expanded by
10-15mm, limited by 5mm from the skin surface
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Table 2. Dosimetric findings: CTV, PTV, and ipsilateral breast
(protocol patients [n = 26]) WBH.

Dosimetric Mean Median
characteristics value(%) value(%) Range(%)
Maximum dose (% of PD) 109 109 100-112
CTV coverage

100% IDL 98 100 54-100
95% IDL 100 100 99-100
PTV coverage

95% IDL 100 100 97-100
Ipsilateral breast

coverage

100% IDL 23 21 14-39
75% IDL 36 35 26-53
50% IDL 47 46 34-60
25% IDL 60 60 39-92
PTV/total breast volume 17 17 11-22

CTV: clinical target volume; PTV: planning target volume; PD: pre-
scribed dose; IDL: isodose line.

and lung-chest wall interface. PTV was defined by
adding to the CTV 5mm for breathing motion and
another 5mm for set-up error. Beam arrangement
included 3, 4, 5, or 7 non-coplanar beams with 6 MV
photons alone in most patients. The initial dose-
fractionation schedule was 34 Gy delivered in 10
fractions of 3.4 Gy administered twice daily over 5
consecutive days with at least a 6-h interfraction
interval, as in the Radiation Therapy Oncology
Group (RTOG) 95-17 brachytherapy dose schedule.
After treating six patients, the fraction size was
increased to 3.85 Gy, giving a total dose to 38.5 Gy.
The heart and lung dose-volume histograms (DVHs)
were below that for whole breast tangents for left-
sided lesions. In all patients, a comparison was made
in the doses delivered to normal tissues between the
3D conformal APBI plan and standard tangents. The
goals were to accept plans that matched or prefer-
ably reduced doses to the heart and lung. Mean and
median values (as well as ranges) for doses to the
CTV, PTV, heart, and lung with the 3D conformal
APBI plans were calculated and the dosimetric finding
are summarized in Table 2. The mean and median
coverage of the PTV by the 95% isodose line (IDL)
was 100%. The mean and median volume of the
ipsilateral breast receiving 100% of the PD was 23%
and 21%, respectively. For all parameters examined,
unnecessary doses to the heart and lung delivered
with the APBI technique were less than equal to
those delivered with standard WBI. Patients were ini-
tially seen in follow-up 4-6 weeks after completing
treatment and then at 3-month intervals. The median
follow-up duration was 8 months and cosmetic results
and acute toxicity were assessed, revealing that
68% experienced Grade | toxicity and 11% had
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Grade Il in the first 6 weeks of follow up. Cosmetic
results were rated as good/excellent in all evaluable
patients at 6, 12, 18, and >18 months after treat-
ment. 6-month follow-up mammograms were nega-
tive in all evaluable patients (n = 12).

Ongoing William Beaumont Hospital
experience

The ongoing WBH experience has been reported by
Vicini et al. regarding 31 patients treated with 3D
conformal APBI (20). The CTV consisted of the
lumpectomy cavity plus a 10 mm or 15 mm margin,
and the PTV consisted of the CTV plus a 10mm
margin for breathing motion and treatment set-up
uncertainties. The PD was 34 or 38.5 Gy in 10 frac-
tions b.i.d. separated by 6 hours and delivered in
5 consecutive days. Patients were treated in the
supine position with 3-5 beams (mean 4) designed
to irradiate the CTV with <10% inhomogeneity and
a comparable or lower dose to the heart, lung, and
contralateral breast compared with standard whole-
breast tangents. The mean coverage of the PTV by
the 95% IDL was 100% (range: 97-100%). The
mean percentage of the breast receiving 100% of the
PD was 23% (range: 14-39%). The median follow-
up duration was 10 months (range: 1-30 months).
While all patients had none to minimal skin changes
during treatment, at the initial 6-week follow-up,
61% had Grade | toxicity and 10% had Grade Il toxic-
ity. The remaining 29% of patients had no observable
side effects and no Grade 3 toxicities were observed.
Cosmetic results were rated as good/excellent in all
evaluable patients at 6, 12, 18 months, and at >2
years after treatment. Based on these results, fur-
ther studies were conducted including RTOG 0319.

RTOG 0319 - Preliminary results

Activated in August of 2003, the RTOG 0319 study
was based upon the WBH experience. The same eli-
gibility criteria and treatment technique, doses and
fractionation schedule in RTOG 95-13 were employed
in this study. The accrual goal was 42 patients and a
total of 52 were treated by the completion of accrual
in April 2004. Only 4 of the first 42 evaluable treat-
ments were scored as unacceptable and the treat-
ment technique was shown to be reproducible, as
presented in the 2004 San Antonio Breast Cancer
Symposium.

Massachusetts General Hospital experience

The initial clinical data acquired from the first 22
patients who underwent similar treatment in Boston,
reported by Taghian et al. at 1-6 month follow-up,
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supports the feasibility and minimal acute toxicity
with 3D conformal APBI demonstrated in other stud-
ies. The eligibility criteria included histology of inva-
sive ductal carcinoma <2 cm, negative lymph nodes,
negative margins by at least 2 mm, and no lympho-
vascular space invasion or extensive intraductal
component. The PD was 32 Gy in 8 fractions b.i.d.
separated by 6 hours, delivered over 4-5 days. The
PTV consisted of the lumpectomy cavity with a
15-20mm margin. The dose inhomogeniety was
less than 10% across the PTV. The patients were
treated in the supine position with 3-4 beams of
mostly mixed photons and electrons. The mean doses
received by 20% (V20), 10% (V10), and 5% (V5) of
the ipsilateral lung volumes were 2.3 Gy, 4.5 Gy and
6.7 Gy, respectively. The mean V20, V10, and V5 of
the heart for left-sided lesions 1.5Gy, 2.2 Gy, and
3.2 Gy, respectively. Fifty percent of the non-target
BV was an average of 6.7 Gy. At the initial follow-up,
41% of patients had mild erythema and 9% had
moderate erythema, with no patients having moist
desquamation. Cosmetic results were good to excel-
lent in all patients.

Challenges and limiting factors in the
application of 3D conformal APBI

A primary potential disadvantage of 3D conformal
APBI relates to organ motion effects and patient set
up, which can necessitate a larger target volume in
order to avoid a geographic miss. Based on previously
published data [21], a 5mm CTV to PTV expansion
should account for normal breathing [18] and the
use of 10mm CTV to PTV margin also accounts for
random and systematic components of set-up error.
The final component of geometric uncertainty is the
potential for the lumpectomy cavity to change shape
and/or position independently of the surrounding
breast tissue. A potential method of accounting for
this motion involves on-line image guidance, which
may employ the use of surgical clips to serve as a
surrogate for the lumpectomy cavity [22] during the
abbreviated course of treatment. The WBH data was
analyzed to determine if certain variables could be
identified to predict whether a patient was techni-
cally suitable for the 3D conformal quadrant technique
[20]. Based on previously published PBI brachyther-
apy data, a ‘borderline acceptable’ plan was deter-
mined to have >50-60% of the BV covered by the
50% IDL. Based on this endpoint, several factors were
analyzed for their association with the probability of
a particular case being appropriate for 3D conformal
APBI, including cavity volume, CTV volume, PTV
volume, BV, CTV:BV ratio, PTV:BV ratio tumor loca-
tion, etc. The factor found to have the highest corre-
lation with the ability to meet the dose-volume
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constraints was the PTV:BV ratio, with ratios >0.2
unlikely to meet the requirements of the protocol.
Finally, as with the delivery of any form of irradiation,
the issue of verification of treatment delivery, when the
uncertainty factors have been accounted for in plan-
ning, must also be addressed. This is especially
important during EB-APBI as small inaccuracies
may be more clinically significant resulting in poten-
tial geographic miss. As described previously, surgical
clips have been used to delineate the lumpectomy
cavity and this may be assessed at some institutions
via CT scanning.

Future directions

To determine whether partial-breast irradiation limited
to the region of the tumor bed following lumpectomy
provides equivalent local tumor control in the breast
compared to conventional WBI in the local manage-
ment of early stage breast cancer, the first phase IlI
randomized study of conventional WBI vs. partial
breast irradiation (PBI) was opened conjointly by the
National Surgical Adjuvant Breast and Bowel Project
(NSABP) and RTOG in March 2005. This study
includes patients with stage 0, I, or Il breast cancer
resected by lumpectomy with tumor size <3 cm and
no more than three histologically positive axillary
lymph nodes. The stratification of patients is based
upon disease stage (ductal carcinoma in situ (DCIS)
only; invasive and node negative; invasive with 1-3
lymph nodes involved), menopausal status, hormone
receptor status, and intention to receive chemother-
apy. Randomization is completed after the patient is
determined to be an appropriate candidate for pos-
sible APBI based on CT criteria including lumpectomy
cavity shape, absolute volume, volume in reference
to the whole breast volume, location, and distance
from the skin surface. If the patient is determined to
be appropriate candidate, randomization places her
into either Group 1 (WBI) or Group 2 (PBI). WBI
involves the delivery of 45-50 Gy in 25 fractions of
1.8-2.0 Gy per fraction to the whole breast followed by
an optional boost to =60 Gy. If the patient is ran-
domized to Group 2, she will receive, as determined
by her physicians in addition to patient preference,
APBI via either of three modalities. The first two meth-
ods involve delivery of 34 Gy in 3.4 Gy fractions b.i.d.
over 5-10 days using multi-catheter brachytherapy or
the MammoSite balloon applicator. The third method
of APBI delivery is via 3D conformal external-beam
irradiation in which 38.5Gy is delivered b.i.d. over
5-10 days in 3.85 Gy fractions. The interfraction time
for all treatments is at least 6 hours. The results of this
study will determine future directions in the treatment
of early stage breast cancer, and, will help to define
the role of APBI in breast conservation therapy.
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