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Abstract 
Accelerated partial breast irradiation (APBI) has been proposed as an alterna-
tive to whole breast radiotherapy in select patients undergoing post lum-
pectomy radiation therapy as part of a breast conserving approach. This com-
prehensive review attempts to assess the current literature and identify ap-
propriate patients as well as supportive data. 
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1. Introduction 

Preservation of normal appearance of the breast is an important objective in the 
treatment of breast cancer. Breast conserving surgery (BCS), either partial mas-
tectomy or lumpectomy, followed by radiation therapy is now a well-established 
treatment of early stage breast cancer. The clinical outcome of breast conserva-
tion therapy (BCT) is equivalent or superior to either radical or modified radical 
mastectomy without adjuvant radiation therapy [1] [2] [3] [4]. The typical 
course of treatment consists of whole breast irradiation (WBI) delivered daily, 5 
days a week, over 5 - 6 weeks and is often followed by a 1 - 2-week reduced field 
boost with electron beam, photons, or brachytherapy to the primary site. Local 
disease control and survival rates comparable to total mastectomy without radia-
tion therapy are attained [5] [6]. 
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The current standards for comparison of end-results in the local management 
of early stage breast cancer are mastectomy and BCS followed by WBI [1] [2] [3] 
[7]. Despite the efficacious alternative, a large proportion of women with breast 
cancer elect to undergo either a total mastectomy or BCS without the recom-
mended adjuvant radiotherapy [8]-[13]. Patient preference may account for 
some cases, but many women appear to make this choice due to the logistical 
and personal difficulties associated with completing the standard 6 - 7 weeks 
course of radiotherapy. As a consequence, local tumor control is suboptimal and 
the need for salvage mastectomy is higher than necessary. Although the predo-
minant value of postoperative radiation therapy is local tumor control, some 
studies suggest that survival may also be enhanced [14]. 

Given the established efficacy of BCS, the current trend in radiation therapy 
for early stage breast cancer is to decrease the time in which the radiation is ad-
ministered (hypofractionation), or decrease the volume treated (partial breast 
irradiation). Accelerated partial breast irradiation (APBI) encompasses both 
modifications to standard treatments, as both the volume and duration of treat-
ment are reduced. The intent is to deliver radiation to those tissues that are at 
most risk of having residual cancer, while sparing uninvolved normal tissue. The 
entire course of radiation can be safely delivered in one week because the target 
volume is small, and only moderate doses of radiation are applied. This makes 
APBI a convenient alternative to WBI, allowing more women to complete adju-
vant treatment, which has potential to increase breast preservation rates, and 
avoid the cost and morbidity of salvage mastectomy. This potential was recog-
nized in the early 1990s, when APBI was introduced. The concept that breast 
cancer progresses from an index lesion in one part of the breast, and when de-
tected early, only a part of the breast needs to be treated because this primary 
tumor site is, by far, the most common site of recurrence also supported devel-
opment of this treatment technique [15]. Pioneering work in the modern era was 
first conducted at the Ochsner Medical Institutions in a phase II study utilizing 
multi-catheter volume interstitial brachytherapy, to compare with the standard 
use of external beam WBI. The study concluded that brachytherapy as the sole 
method of radiation therapy following segmental mastectomy had similar out-
comes in regards to complication rates, cosmesis, and local control when com-
pared to external beam radiation therapy [16]. 

A substantial body of literature supports the safety and efficacy of mul-
ti-catheter APBI [17]-[23]. Subsequently, a single entry site balloon catheter 
(MammoSite) was developed to simplify the applicator insertion process and 
mimic the multi-catheter dosimetry. Based upon favorable results in properly 
selected cases, brachytherapy APBI is a safe and effective treatment. These same 
APBI concepts were adapted to external beam techniques and pilot studies have 
shown promising results as well. 

At the present time, there are two large scale phase III randomized trials un-
derway designed to refine the indications and to compare the safety and efficacy 
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of various APBI techniques to WBI. They are: 1) National Surgical Adjuvant 
Breast Project (NSABP) B-39/Radiation Therapy Oncology Group (RTOG)-0413 
and 2) Group Europèen de Curiethèrapie-European Society of Therapeutic Rad-
iation Oncology (GEC-ESTRO). The American Brachytherapy Society (ABS) 
and the American Society of Breast Surgeons (ASBS) have issued updated selec-
tion criteria for the general clinical application of brachytherapy APBI in the 
community [24] [25]. These criteria are not universally accepted. A consortium 
of German Oncology Societies consensus was APBI should be offered through a 
clinical trial [26]. The California Technical Assessment Forum (CTAF) has in-
dicated that breast brachytherapy is the only form of radiation which does not 
meet their criteria for use in women with early breast cancer [27]. 

The prerequisites for the widespread adoption of APBI are: 
1) Rationale is supported by patterns of local failure. 
2) Reliable treatment methods are generally achievable. 
3) Outcome data convincingly demonstrate tumor control equivalence to 

WBI. 
4) Morbidity and cosmetic results are equivalent to WBI. 

2. Patterns of Disease Recurrence within the Breast 

The rationale for APBI comes from contemporary pathologic studies and pat-
terns of failure following breast conservation treatment. For the majority of cases 
with small primary lesions, microscopic extension of disease beyond the index 
lesion is less than 1 cm [28] [29] [30] [31]; this falls within the range of the APBI 
techniques. Equally convincing are the clinical studies that show that most 
in-breast failures occurring in patients treated without radiation therapy are in 
the immediate vicinity of the lumpectomy cavity, and are referred to as “true 
recurrences” [6] [32] [33] [34]. Patterns of failure derived from 20 year follow up 
of the breast conservation studies from the European Institute of Oncology and 
the NSABP reveal that failure in the same breast remote from the site of lum-
pectomy (i.e. “elsewhere failures”), are infrequent (<5%), despite the omission of 
postoperative WBI [5] [6] In other words, elsewhere failures are not reduced by 
WBI compared to no radiation therapy at all [35] [36] [37]. This generates a 
simple question: what is the role of WBI? For early breast cancers, the main ef-
fect of postoperative radiation is the prevention of local tumor recurrence at the 
site of the primary tumor [38]. These observations buttress the development and 
incorporation of APBI in the management of select breast cancer patients in or-
der to minimize the likelihood of a local recurrence as well as radiation to 
healthy tissues. 

3. Treatment Methods 

The two requirements for success with APBI are accurate identification of the 
treatment target and achievement of dosimetry sufficient to control microscopic 
residual disease within the breast. Five approaches to partial breast irradiation 

https://doi.org/10.4236/abcr.2018.71004


N. K. Sharma et al. 
 

 
DOI: 10.4236/abcr.2018.71004 36 Advances in Breast Cancer Research 
 

have been developed with these goals in mind; four of them are APBI (multiple 
catheter, balloon catheter or similar derivative applicator, electronic brachythe-
rapy, and external beam), and one of them is partial breast irradiation, but it is 
not “accelerated” (i.e. permanent seeds). 

Multiple Catheter Tube and Button (Multi-Catheter) 
There are two dose rate formats for breast brachytherapy: low dose rate (LDR) 

and high dose rate (HDR). The first experience with APBI in the United States 
was with multi-catheter low dose rate (LDR) inpatient brachytherapy [15] [39]. 
In this method, the prerequisite multi-catheter multi-plane implant is placed 
percutaneously into breast tissue in and around the resection site to create a 
3-dimensional treatment volume that encompasses suspected residual micro-
scopic disease. Local or regional anesthesia with sedation, or general anesthesia 
is needed for multi-catheter implants. LDR multi-catheter brachytherapy neces-
sitates several inpatient hospital days to manage the indwelling radioactive 
sources. Continuous radiation safety precautions and restrictions are also re-
quired. Multi-catheter interstitial brachytherapy was used for many years as an 
LDR boost following whole breast radiotherapy [1]. It was adapted as a method 
of APBI when it was hypothesized that only part of the breast needed irradiation 
for small tumors. The major difference between the boost and definitive APBI is 
that APBI involves larger target volumes, shorter courses, and higher doses. 

LDR brachytherapy has been largely replaced by HDR. HDR is the temporary 
insertion of a single, high activity radiation source by a computerized robotic de-
livery device. Unlike LDR, where there are continuous radiation safety concerns 
for medical personnel and family, with HDR, the radiation is confined to the pa-
tient. Because it is typically administered in a series of treatments over approx-
imately 1 week, HDR can be conveniently performed in an outpatient setting 
[40]. 

Unlike the balloon catheter and related methods described below, the timing 
of the multi-catheter method is flexible because it does not depend upon a sero-
ma cavity. The absence of the cavity, however, can make accurate targeting of 
the catheter placement less certain. Analysis of pretreatment images, surgical 
pathology, and image guidance of catheter placement is, therefore, paramount. 

Multiple-catheter interstitial brachytherapy requires procedural skill and at-
tention to target anatomy for optimal placement. The benefits of this modality 
are that it offers the most flexibility and highest level of dosimetry control due to 
the hundreds of potential source dwell positions created by the catheter matrix. 
The use of image guidance (CT, MRI and stereotactic mammography), template 
guides for catheter insertion, and 3D dosimetry have led to the opportunity for 
higher quality catheter placements [39] [41] [42] [43]. In addition the control 
over dwell positions and times (the duration the source remains at a given loca-
tion along the catheter), offers an added dimension in dosimetry, resulting in 
one of the highest degrees of dose distribution control. Multicatheter APBI 
achieves high tumor control rates and has low complications rates. It is the APBI 
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method with the longest follow-up [21] [22] [44]. 
Balloon Catheter and Similar Multi-Channel Applicators 
The MammoSite™ Radiation Therapy System (MammoSite™) developed by 

Proxima Therapeutics, Inc, is a single channel intracavitary balloon treatment 
device designed to simplify the brachytherapy procedure while maintaining the 
radiation dosimetry needed for APBI [45] [46] [47]. A deflated balloon catheter 
device is inserted into the resection site through the skin and then it is inflated to 
fill the lumpectomy cavity. The treatment target is 1 cm of compressed tissue 
adjacent to the surface of the balloon [45]. To achieve the proper dosimetry, the 
applicator must fit correctly into the surgical cavity without major air or fluid 
gaps. Furthermore, the balloon surface should be at least 7 mm beneath the sur-
face of the skin. Correctly fitted applicators are believed to have dose distribu-
tions similar to those achieved with a fully encompassing multiple catheter im-
plant [18] [45]. Once the device is appropriately placed, treatment is delivered 
with an HDR source which is inserted near the center of the balloon. Due to the 
relative ease of insertion, and the office-based site of service, balloon brachythe-
rapy has become a common form of APBI. 

Subsequent to the approval of the MammoSite™ a number of similar mul-
ti-channel alternative devices have been designed. The Contura device made by 
SenoRxhas multiple channels within the balloon [48]. There are also applicators 
available that lack the balloon component, but have multiple channels: Clear 
Path and Saviby (Cianna Medical [49] [50] [51]. These multi-channel devices 
with multiple source positions permit asymmetric distribution of radiation 
around the applicator. There are two specific advantages of these types of devices 
in comparison to single-lumen implants. First, applicators positioned too close 
to the skin (and perhaps the chest wall) that stress normal tissue tolerances can 
be dosimetrically adjusted to spare dose to these regions. Second, they can better 
accommodate irregular lumpectomy cavities or excision sites. Multi-channels 
applicators involve more complex computer planning and they are somewhat 
more bulky for patients to wear than the MammoSite. They require rotational 
orientation checks for proper treatment delivery. 

The various brachytherapy applicator delivery systems, including mul-
ti-catheter, single channel balloon, and multi-channel devices, are all satisfactory 
approaches to breast brachytherapy. The radiation dosimetry, for example, is 
similar for balloon and interstitial methods [45] [52]. They are functional va-
riants of interstitial brachytherapy when the sources are placed in optimal ana-
tomic relationship to the surgical cavity, and if correct use of the inverse square 
principles of brachytherapy is made to deliver a high dose to the target, while 
maintaining relatively lower doses to surrounding normal tissue. 

External Beam 
APBI has been developed using external beam in various forms, including 

three-dimensional conformal radiation therapy (3D-CRT), intensity modulated 
radiation therapy (IMRT), Tomotherapy, and Proton Beam Therapy (PBT) 
[53]-[58]. The distribution of radiation typically involves a larger portion of the 
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breast tissue than with breast brachytherapy, but the fractionation scheme is 
similar to HDR brachytherapy regimens. The appeal of EBRT for this particular 
treatment is the potential to make APBI accessible to more patients, since LDR 
and HDR techniques are not universally available. It is also a non-invasive alter-
native. These issues have provoked interest in examining EBRT as a means of 
delivering APBI. 

In a multi-institution prospective study examining 3D-CRT dosed to 38.5 Gy 
10 twice daily fractions, efficacy, cosmesis and toxicity at four years appear to be 
comparable to other APBI modalities [59] [60]. Subsequent single institution 
trials dosed to 49.95 Gy in 15 once daily fractions produced similar results at 
three years [61]. This technique certainly needs further exploration in a phase III 
trial as there are many factors to consider when comparing external beam with 
insertional devices. There is the potential to cause more normal tissue irradia-
tion with EBRT because of the use of multiple beams and the inherent motion of 
the target with respiration [59] [62]. These concerns apply to IMRT-based APBI 
as well. A phase II prospective trial has reported correlation of volumes of 
treated chest wall and lung to post-treatment pain [62]. There are small single 
institution experiences with 3D-CRT and IMRT which have suggested unac-
ceptable cosmetic outcomes and a high rate of late toxicity, mostly in the form of 
subcutaneous fibrosis [63] [64]. Results from more recent Phase II studies indi-
cate improved normal tissue sparing offered by IMRT in comparison to 
3D-CRT, which may lead to improved clinical outcomes in pain and cosmesis 
[65]. It is important to keep in mind uncertainties of dose, fractionation, dosi-
metry and outcomes when considering implementing EBRT for APBI until 
long-term data is available. 

Electronic Brachytherapy 
The newest form of APBI is electronic brachytherapy (XOFT Axxent™, Xoft 

Inc., Sunnyvale, CA, USA). It follows the same basic principles as balloon bra-
chytherapy, but uses a small kilo-voltage X-ray source rather than a radionuc-
lide. The electronic source of radiation has been miniaturized so that it can be 
inserted into the center of a breast brachytherapy balloon. As with HDR-based 
APBI techniques, electronic brachytherapy allows for significant dosimetric ma-
nipulation of dose through the use of various dwell positions. The major benefit 
of this modality over interstitial brachytherapy lies within the differences of 
shielding requirements. Use of HDR with Iridium-192 requires adequate shiel-
ding of treatment rooms to protect medical personnel and other patients in the 
surrounding areas. For facilities without such accommodations, electronic bra-
chytherapy is a feasible alternative to offer to patients. There is multicenter ob-
servational data to suggest that satisfactory toxicity profile, cosmesis, device 
performance and local-regional recurrence rate can be achieved with this form 
of APBI [66]. 

Permanent Seeds 
Permanent seed implantation is a form of LDR brachytherapy that has been 

https://doi.org/10.4236/abcr.2018.71004


N. K. Sharma et al. 
 

 
DOI: 10.4236/abcr.2018.71004 39 Advances in Breast Cancer Research 
 

used as a form of partial breast irradiation [67]. This technique is similar in 
concept to prostate brachytherapy, though the margins of the target are less well 
defined. This type of treatment offers convenience, as it can be completed in one 
day as an outpatient. Limitations of seed implantation include lack of precise 
control over seed distribution and increased radiation exposure to medical staff. 
Permanent seeds must also account for the heterogeneity of breast composition 
when calculating dosimetry. Factors such as increasing breast adipose propor-
tion can decrease dose to the PTV while increasing dose to the skin [68]. 

Intraoperative radiation therapy (IORT) 
Other approaches to APBI involve intraoperative radiation therapy (IORT), 

where radiation is delivered in the operating room immediately following the 
surgical excision. The target tissues are surgically exposed and normal tissues 
may be protected by shielding inserts. The disadvantages of such an approach 
are that only a single large dose (fraction) of radiotherapy is delivered to the sur-
gical bed so the benefits of fractionation are not feasible and the final pathology 
report is not available for review of the extent of disease, margin analysis, and 
lymph node status. There are two forms of IORT. One is true external beam with 
electrons or photons delivered in the operating suite (Mobetron by Intraop 
Medical Corp) [69] [70] and the other is a form of electronic brachytherapy 
where a 50 kV orthovoltage X-ray source is inserted into direct contact with the 
operative cavity (Intrabeam by Carl Zeiss Meditec) [71] [72]. Finally, there is 
another approach to HDR where an external applicator is placed directly on the 
surface of the skin and treatment to the target is imaged guided daily with a 
mammogram. It is currently being used as a boost therapy with WBI, but has the 
potential for use as APBI [AccuBoost™, Advanced Radiation Therapy, LLC, 
Billerica, MA, USA]. 

3.1. Multiple Catheter Tube and Button 

Table 1 illustrates that properly standardized multi-catheter APBI achieves high 
tumor control rates and cosmetic outcomes comparable to 5 - 6 weeks of whole 
breast irradiation. The first long term outcome was reported from the Oschner 
clinic who reported 6 year follow up on 51 patients (26 HDR and 25 LDR) [16]. 
Local control in the breast was 98%. This experience was used to develop RTOG 
95-17 [22]. In that national study 99 patients were followed with a median follow 
up of 84 months. There were 66 HDR (34 Gy in 10 BID fractions of 3.4 Gy) and 
33 LDR (45 Gy at 50 cGy/hour) cases. Ipsilateral breast tumor control was 
achieved in 96%. Only four (4%) patients had true local recurrences and only 
one HDR patient failed within the treatment field. 

The largest published multi-catheter APBI in the US comes from William 
Beaumont Hospital [44] [73] [74]. APBI was used on 199 patients from 
1993-2001 in one of three different institutional review board approved proto-
cols using either LDR (120 patients, 50 Gy at 52 cGy/hr) or HDR (71 treated 
with 400 cGy × 8 and 8 with 340 cGy × 10). The median follow-up was 8 years.  
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Table 1. APBI Multiple Catheter with selection criteria and quality assurance. 

Author f/u* (mo’s) Treatment n Breast Failure (%) Cosmesis 

    Total True** Elsewhere Good Excellent 

Fodor 120 WBI      

Arthur [22] 84 LDR 45 Gy 33 12% 10% 3% 
Not stated 

RTOG  HDR 34Gy 66 3% 1.5% 1.5% 

King [16] 75 LDR 45 Gy 26 
8% 1% 3% 75% 

Ochsner Clinic  HDR 32 Gy 26 

Vicini [44] [73] [74] 
96 

LDR 50 Gy 120 
3% 1.5% 1.5% 99% 

William Beaumont HDR 32 - 34 Gy 79 

Ott. [20] 
32 

HDR 32 Gy, 4 Gy bid × 8 99     

German-Austrian PDR 50 Gy 5days 175 0.7% <1% <1% 94% 

Patel [19] 
49 

Low vs high risk disease 183 low 2.2%  

Univ. Wisc***** HDR 32-34 Gy 90 high 4.4% Not available 

Arthur [40] 
42 

LDR 45 Gy 13 
0% 0% 0% 80% 

Virg. Commonwealth HDR 34 Gy 31 

Kaufman [21] 
Tufts/Brown Univ 

84 HDR 34, Gy 33 9% 6% 3% 88% 

Lawenda [82] 

Mass General 
23 LDR 50-60 Gy 48 0% 0% 0% 92% 

Polgar C, et al. [77] 
NIO Hungary 

81 HDR 30.3 Gy, 4.33 × 7      

 
HDR 36.4 Gy, 5.2 Gy × 7 45 6.7% 0% 6.7% 84% 

HDR 36.4, 5.2 Gy × 7      

83 Wide-vol electrons 50Gy 80 10% 3.8% 6.3% 68% 

Polgar et al. [77] [78] 
NIO Hungary 
Randomized 

67ds 

HDR 36.4, 5.2 Gy × 7      

Limited vo electrons 50 Gy 128 4.7% 2.3% 2.3% 77% 

Whole breast, 50 Gy 130 3% 1.5% 1.5% 69% 

Strnad [79] 
GEC-ESTRO 

60 

WBI 50.0 - 50.4 Gy/25 - 28 F 673 0.92% - - 63% 

with 10Gy/5F boost      

APBI 32 Gy/8 F or 30.3 Gy/7 F 675 1.44% - - 81% 

Yashar [81] 
Strut Study 

59.5 
Strut APBI 34 Gy/10 F  

(twice daily) 
250 - 2.3% 3.6% 85.9% 

*Median follow-up in months; **Breast Failures divided into true (local at site primary) or elsewhere same breast; ***LDR dose rates typically 50c Gy/hr; 
****HDR 32 Gy in 8 fractions or 34 Gy in 10 fractions or unless specified otherwise; *****26 Cases of MammoSite. 

 
Six breast failures (5 breast only and 1 with axillary adenopathy) were observed 
giving a ipsilateral breast tumor recurrence (IBTR) rate 1.6% at 5 years and 3.8% 
at 10 years. All six patients underwent successful salvage mastectomy. There 
were 3 additional supraclavicular regional lymph nodal failures resulting in a 
1.6% 10-year nodal failure rate. The 10 year survival rates were 94% disease-free 
survival (DFS), 96% distant metastasis free survival (DMFS), and 95% cause spe-
cific survival (CSS). Overall survival (OS) at 5 and 10 years was 87% and 73%. 
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Good to excellent cosmetic results achieved were 99%. There were no serious 
complications; 4% had asymptomatic fat necrosis, 4% had grade II fibrosis, and 
6% had grade I/II persistent edema. Long-term results with multi-catheter APBI 
demonstrated excellent long-term local and regional control rates and good to 
excellent cosmetic results. 

A molecular clonality loss of heterozygosity assay was also performed on these 
patients to assess the relationship of local recurrences to the primary tumor [73] 
[75]. These genetic tests of tumor cells indicated that 5 of 6 (83%) cases of local 
recurrences were clonally related to the original tumor (all successfully achieved 
local control with mastectomy). In contrast, only 1/7 patients who developed 
distant metastases was found to be clonally related to the IBTR. With the low 
rate of local recurrences, and confirmation that the major source of those occur-
ring in patients were of the primary tumor, this point further illustrates further 
the extent APBI control over the primary tumor. 

In order to compare the rate of local control in patients with similar prognos-
tic factors treated with WBI, n a matched pair analysis was performed [74]. The 
199 APBI cases were matched from a reference group of 1388 patients treated 
with WBI at William Beaumont Hospital. Patients were matched for age, tumor 
size, histology, resection margin, the absence of extensive intraductal compo-
nent, nodal status, tamoxifen use and follow-up. Between APBI and WBI no sta-
tistically significant differences were noted in the rates of local recurrence (both 
1%) regional failure (both 1%) distant metastases (3% vs. 5%) disease free sur-
vival (87% vs. 91%), overall survival (87% vs. 93%), or cause specific survival 
(both 97%). To supplement, related retrospective comparisons have concluded 
that APBI is an effective radiation treatment modality at least equivalent to 
whole breast external beam radiation therapy (EBRT) [41] [76]. 

The largest published results with multi-catheter interstitial brachytherapy 
APBI from outside the US are from the German-Austrian multi-center trial [20]. 
This phase II trial consisted of 274 patients between 2000 and 2005 with tumors 
≤ 3 cm, resection margins ≥ 2 mm, pN0 or pN1mic, no evidence of contralateral 
breast cancer or distant metastases, ER+ and ≥35 years old. Sixty four percent 
(175/274) received pulsed-dose-rate (PDR) 49.8 Gy in 83 fractions of 0.6 Gy each 
hour and 36% (99/274) received HDR 32 Gy in eight fractions. The median 
treatment time was 5 days and median follow-up was 32 months (range 8 - 68). 
IBTRs were observed in 2 (0.7%) patients. The distant metastases free and over-
all survival rates were both 99%. The cause specific survival was 100%. Cosmetic 
results were excellent in 257/274 (94%) by physician and 251/274 (92%) by the 
patients. Morbidity was low; 4.7% fat necrosis, 0.45% grade 3 fibrosis, and 1.1% 
grade 3 telangiectasia. 

Another significant APBI study (247/273 multicatheter brachytherapy; 26 
MammoSite™) with 5 year results (median 49 months follow-up) used the 
NSABP/RTOG intergroup criteria to define “high and low risk groups” by hav-
ing one or more of the following features: age < 50 years, estrogen receptor neg-
ative, or one to three positive nodes without extra-capsular spread [19]. Impor-
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tantly, there were no significant differences in actuarial IBTR-free rates between 
the low and high risk groups (97.3% and 93.6%) and these findings are compa-
rable to WBI. Three other studies listed in the table with 2 - 3 years follow up 
had no IBRT and a breast local control rate of 99%. 

Results from a prospective non-randomized study from the National Institute 
of Oncology Hungary demonstrated high local tumor control. IBTR was lower 
with APBI using HDR multi-catheter interstitial brachytherapy (6.7%) than with 
electron beam WBI (10%) after 81 months follow up. Cosmetic ratings for the 
HDR and WBI groups were good or excellent 84.4% and 68.3% respectively [77]. 
The axillary rate was 6.7% at a median follow-up of 57 months [78]. 

A randomized phase III trial from the same institution compared APBI (n = 
128) to WBI (n = 130) [23]. Eligibility included negative surgical margins; un-
ifocal tumor ≤ 20 mm; cN0, pN0, or pN1mic and ≤ Grade 2. The APBI arm re-
ceived either HDR 7 × 5.2 Gy bid 88/128 (68.8%) or limited field electron beam 
to 50 Gy in 25 fractions 40/128 (31.2%) if the case was considered technically 
unsuitable for brachytherapy. WBI was median 50 Gy in 25 fractions. The me-
dian follow-up was 67 months. The 5-year IBTR were not significantly different; 
4.7% for APBI and 3.4% for WB-EBRT (p = 0.50). Overall, disease free, distant 
metastasis free, and cancer-specific survival rates at 5 years for APBI versus WBI 
were 95% vs. 92%, 88% vs. 90%,93% vs. 93%, and 98% vs. 96%. The 5-year 
probability for developing contralateral breast cancer after APBI was 7.1% and 
WB-EBRT was 2.4% (not significant at p = 0.12).The rate of excellent to good 
cosmetic result was 78% in the APBI arm and 63% in the WBI arm (p = 0.009). 
Therefore, in this study, APBI did not increase the risk of IBTR, elsewhere fail-
ure in the breast, and there were no differences in OS, DFS, DMFS, or CSS. The 
cosmetic result for APBI was better than for WBI [78]. 

At this time, a five-year analysis of the randomized phase III trial, 
GEC-ESTRO has been published [79]. The study which aims to compare WBI 
with tumor-bed boost (n = 673) to APBI (n = 675) is further convincing of the 
efficacy and safety of APBI. The study recruited 1184 women with low-risk inva-
sive carcinoma or low-risk DCIS (stages 0, I, IIa). Inclusion criteria were as fol-
lows: ≥age 40, ≤3 cm lesions without invasion or metastasis, and 2 mm resection 
margins. WBI utilized 50.0 - 50.4 Gy of photon beams at 25 - 28 fractions. The 
boost was 10 Gy at five fractions with electrons. APBI utilized 32 Gy at 8 frac-
tions or 30.3 Gy at 7 fractions and had a safety margin of 20 mm with a coverage 
index ≥ 0.9. Local recurrence occurred in five women of the WBI with boost arm 
and nine in the APBI arm (difference 0.52%, 95% CI –0.72 to 1.75; p = 0.42). 
The primary endpoint was met, non-inferiority. Late skin side effects of a grade 
2 - 3 were 5.66% for WBI and 3.23% for APBI (difference –2.43%, 95% CI –5.06 
to 0.20; p = 0.0807). In addition, APBI showed greater disease free-mortality and 
overall mortality. 

A 2016 review article analyzing 67 publications furthers the argument of 
non-inferiority in APBI v. WBI with regards to multi and single-entry catheters. 
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Whilst only two studies have published inferiority of APBI (intraoperative trials 
ELIOT and TARGIT), many phase II and III trials continue to gather evidence 
contrary to this conclusion [80]. The highly anticipated trial, A Randomized 
Phase III Study of Conventional Whole Breast Irradiation (WBI) Versus Partial 
Breast Irradiation (PBI) for Women with Stage 0, I, or II Breast Cancer (NSABP 
B-39/RTOG 0413), will further elucidate the safety and efficacy of APBI in 2018. 

A new advancement in brachytherapy is the use of strut-based applicators. 
Results of a 2016 retrospective study show that the first 250 participants have 
comparable local recurrence and cosmesis results to other major trials such as 
GEC-ESTRO. 34 Gy/10 F (twice daily) were used and showed true recur-
rence/marginal miss at 2.3% and ipsilateral breast tumor recurrence at 3.6%. 
Good to excellent cosmesis was reported in 85.9% of the participants [81]. 

3.2. Balloon Catheter 

Table 2 presents the MammoSite™ balloon catheter published results in cases 
with proper patient selection criteria and quality assurance. Since the balloon 
catheter was designed to achieve target coverage goals established with mul-
ti-catheter brachytherapy, it is believed that if properly applied and with good 
case selection the balloon catheter method will achieve comparable good long 
term outcomes as multi-catheter brachytherapy. It was approved for use by the 
FDA in May 2002 based on results from a phase I/II observational HDR trial (43 
patients treated at 8 institutions) at 2 years reported little or no toxicity [46]. 
Morethan 50,000 patients have been treated with MammoSite™ devices since 
FDA approval was granted (data provided by Cytyc Surgical Products;  
http://www.mammosite.com/). 

There are 5 observational balloon brachytherapy APBI trials available for re-
view. The typical course of HDR brachytherapy consisted of 34 Gy in 10 frac-
tions (3.4 given twice daily over 5 - 7 days). 

 
Table 2. APBI MammoSite Balloon with selection criteria and quality assurance. 

Author 
f/u 

(mo’s) 
Treatment n Breast Failure (%) Cosmesis 

    Total True** Elsewhere 
Good 

Excellent 

Keisch [46] Proxima 21 HDR 34Gy* 43 0% 0% 0% 88% 

Shah [88] ASBS 63 HDR 34Gy* 1449 2.8 <1% 2% 91% 

Benitez [17] 
William Beaumont 

66 HDR 34 Gy 36 0% 0% 0% 83% 

Cuttino [84] 
Multi-institutional 

24 HDR 34 Gy 483 1% <1% <1% 91% 

Belkacemi [86] 
Lille II Univ. 

13 HDR 34 Gy 25 0% 0% 0% 84% 

Chao [87] 
William Beaumont 

22 HDR 34 Gy 80 2.5% 2.5% 0% 88% 

*HDR is 34G in 10 fractions twice daily. 
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The American Society of Breast Surgeons (ASBS) sponsored amul-
ti-institution registry trial of MammoSiteTM APBI. The final analysis was per-
formed by Shah et al. on treatment performed on patients treated between May 
2002 and June 2004 [18] [47] [83] [84]. With a total of 1449 cases, in a total 1440 
patients 87% had invasive breast cancer and 13% had ductal carcinoma in situ 
(DCIS). Median follow up was 63 months. The 5-year actuarial IBTR rate was 
3.8% (3.7% for invasive and 4.1% for DCIS). In a multivariate analysis, invasive 
patients, estrogen receptor negativity (10.2 vs. 3.1%, OR = 3.6, p = 0.0003) was 
associated with more frequent IBTRs. For DCIS patients only, age younger than 
50 years (19.0 vs. 5.8 %, OR = 3.8, p = 0.04) was associated with more frequent 
IBTRs. The percentage of breasts with good/excellent cosmetic results at 60 
months was 91%. Toxicity rates compared favorably to other APBI and WBI 
methods with infections, symptomatic seromas, and fat necrosis occurring at 
10%, 13%, and 2.5% respectively [85]. 

Amulti-institutional prospective MammoSite™ series enrolled 70 patients (≥45 
years old) with T1, N0 invasive ductal carcinoma with negative surgical margins 
during 2000-2001 [17]. Forty-three cases were selected for treatment and 27 cas-
es were excluded on technical criteria (16 cases with cavity sizes <3 cm or exten-
sive intraductal component) and 11 cases of poor cavity conformance led to re-
moval of the catheter without treatment. Seven patients were unavailable long 
term follow up (3 died or sent to hospice for unrelated illnesses, 2 had distant 
metastasis, 2 lost to follow up). There were no local or contralateral breast cancer 
failures in the 36 patients followed a median of 5.5 years. Cosmetic results were 
good to excellent in 83% in patients with 5-year follow up. 

A large multi institution APBI balloon brachytherapy study enrolled 483 pa-
tients between 2000 and 2005. They received HDR 34Gy in 10 fractions over 5 
days [81]. At a median follow-up of 24 months, there was 99% local control and 
0.2% IBTR. Cosmesis was good to excellent/good in 91%. Cause specific survival 
was 99.8%. 

A phase II study from Europe enrolled 43 patients 2003 to 2005 with T1N0 
breast cancer [86]. The median age was 72 years. Twenty-five (58%) patients 
were treated with high-dose rate brachytherapy using the MammoSite™ applica-
tor to deliver 34 Gy in 10 fractions. Publication of their early results (13 months 
median follow up) had no IBTRs and the rate of “good to excellent” cosmetic 
results was 84%. 

The William Beaumont Hospital treated 80 patients with MammoSite™ be-
tween 2000 and 2006 [87]. The 3-year IBTR was 2.9%. There were no regional 
failures. Amolecular-based clonality assay indicated both recurrences were de-
rived from the original primary tumors. Younger age was associated with IBTR. 
An 88.2% good to excellent cosmetic results were achieved at 36 months. 

3.3. External Beam Radiotherapy 

The most recent technique to be investigated as a method of APBI is external 
beam radiation therapy. Pilot studies have shown it is technically feasible and 
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preliminary tumor control results were favorable [53] [89] [90]. Good dosimetry 
is a basic requirement for external beam APBI. Both 3D-CRT and IMRT tech-
niques have been employed. Measures to optimize dosimetry include IMRT and 
cone-beam CT image guidance to improve precision and accuracy [91] [92]. In 
another study the dosimetry of 3 types of EBRT and multi-catheter interstitial 
APBI were compared (n = 13) [93]. It was concluded that PTV coverage was ex-
cellent with all techniques, but multi-catheter interstitial and prone tomotherapy 
resulted better normal tissue sparing than supine EBRT 3D-conformal or supine 
tomotherapy. 

A randomized prospective phase III study in 1234 women with invasive breast 
cancer treated by lumpectomy with pathologically clear resection margins and 
negative axillary nodes were assigned to receive whole breast irradiation of 42.5 
Gy in 16 fractions over 22 days (arm A) or 50 Gy in 25 fractions over 35 days 
(arm B). The IBTR at 10 years was 6.2% in arm A and 6.7% in arm B [94]. This 
regime with larger dose per fraction resulted in 70% of patients in arm A and 
71% in arm B reported good to excellent cosmetic results. There were no statis-
tically significant differences in toxicity. 

There are 4 observational studies of external beam APBI. The typical course of 
therapy consists of between 32 - 38.5 Gy delivered twice daily over the course of 
one week. The results are summarized in Table 3. 

A small 3D-CRT pilot study on 10 patients that delivered 25 - 30 Gy in 10 
days achieved a 100% local tumor control after 36 months of follow up [73]. A 
larger series consisting of 61 patients with T1N0, margin-negative breast tumors 
received 3D-CRT APBI between 2003 and 2005 [95]. The dose was 32 Gy in 8 
fractions given twice daily. A combination of photons and electron beam was 
used in 85% of patients. Mean percent of the planning target volume (PTV) that 
received 100% dose was 93% +/− 7%. Dose in homogeneity exceeded 10% in 7 
cases. Mean doses were 1.8 Gy to the ipsilateral lung and 0.8 Gy to the heart. The 
authors concluded that 3D-CRT APBI is feasible. 

Another 3D-CRT APBI study of 91 patients used a target volume of the lum-
pectomy cavity plus 10 - 15 mm [96]. The prescribed dose was 34 or 38.5 Gy in 
10 twice daily fractions. The median follow-up was 24 months. There were no 
local recurrences. Cosmetic results were rated as good/excellent in 91% at 2 years 
(n 21). Morbidity consisted of Grade I/II telangiectasia 9%, fibrosis 18%, fat ne-
crosis 9% and transient grade III breast pain 3%. 

A more recent 3D-CRT APBI study of 98 patients used a planning target vo-
lume (PTV) by expanding on the lumpectomy cavity by 1.5 - 2 cm. The total 
dose was 32 Gy using 4 Gy fractions given twice daily. The median follow up was 
71 months. There were 5 IBTRs. All IBTRs were located more than 3 cm from 
the site of the primary tumor and had the same histology and receptor status as 
the initial tumors. Triple negative status was the only significant predictor of 
IBTR, with a hazard ratio of 15.4 (range, 2.6 - 92.9; p = 0.0537). 

While 3D-CRT relies on physical wedges to reduce the dose delivered to adja-
cent healthy tissue, IMRT allows rapid re-blocking during patient treatment  
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Table 3. APBI External Beam with patient selection criteria and quality assurance. 

Author 
f/u* 

(mo’s) 
Treatment n Breast Failure (%) Cosmesis 

    Total True** Elsewhere 
Good 

Excellent 

Formenti S [89] 
NYU 

>36 
Prone 

*25 - 30 Gy 5  
fx 10 days, 

10 0% 0% 0% 100% 

Taghian [95] 
Harvard 

N.S. *32 Gy 4 Gy bid × 8 61 N.S. 

Vicini et al. [96] 
William  

Beaumont 
24 

*34 or 38.5 Gy  
in 10 bid fx 

91 0% 0% 0% 90% 

Vicini et al. [107] 
William  

Beaumont 
10 

*Supine 
*38.5 Gy – 3.85 Gy  

bid × 10 
31 0% 0% 0% 100% 

Pashtan [108] 71 *32 Gy – 4Gy bid fx 8 98 5% 5% 0% N.S. 

Lei et al. [65] 
Institutional 

Review Board 
60 **38.5 Gy - 3.85 bid fx 136 <1% 0% <1% 90.5% 

Bergom et al. 
[103] 

20 **38.5 Gy - 3.85 bid fx 19 0% 0% 0% 95% 

Polgar [104] 122 

WBI 50 Gy 130 4.6% - - 
63% 

 

PBI HDR 7 × 5.2 Gy       

or EB 50 Gy 128 5.5%   81% 

Livi [105] 
U. Florence 

60 

WBI 50 Gy/25 F with 
10 Gy boosts/5 F 

260 1.4% 1.9% 0% 99.2% 

IMRT 30 Gy/5 F 260 1.5% 1.5% 1.5% 100% 

Coles [106] 
IMPORT LOW 

68.3 

WBI 40 Gy/15 F 675 1.1% - - - 

WBI 36 Gy/15 F and 674 0.2% - - - 

APBI 40 Gy/15 F      

APBI 40 Gy/15 F 669 0.5% - - - 

N.S. = Not Stated; fx = fractions; * = 3D-CRT; ** = IMRT. 

 
which allows the provider to vary the size and intensity of treatment beams and 
deliver spatially non-uniform doses to allow a more homogenous dose distribu-
tion to the target site [65]. The higher degree of control has led to superior clini-
cal outcomes using IMRT compared to 3D-CRT in tumors of various organs 
[97]-[102]. Although there are many advantages IMRT offers, there are relatively 
few groups that have investigated its use to deliver APBI. Two such studies are 
discussed. 

A Phase II study gathered data on the efficacy of APBI using IMRT on 136 pa-
tients across 6 facilities, with stage 0/1 breast cancer following breast-conserving 
therapy [65]. Patients received 38.5 Gy in 10 fractions delivered twice daily while 
supine. The clinical target volume was defined as 1 cm around the lumpectomy 
cavity. At four years there were promising efficacy results of IBTR (0.7%), con-
tralateral failures (0%), OS (96.8%), and Cancer Specific Survival (100%). Physi-
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cian rated cosmesis was good to excellent in 90.5% of cases. While these results 
were comparable to other APBI methods, late toxicities comparing IMRT to 
other APBI techniques still requires further study. 

Image guided IMRT was employed in a phase I/II trial of 20 patients to eva-
luate the feasibility of IMRT in the prone position [103]. Patients were given 38.5 
Gy delivered in 10 fractions over 5 days, with a PTV of 2 cm around the lum-
pectomy cavity. With a median follow up of 19 months there were no recur-
rences and 95% of patients had good to excellent cosmesis. Dosimetric confor-
mality and toxicity profiles were comparable to other APBI methods. 

The Budapest randomized trial released 10-year results comparing APBI to 
WBI [104]. A total of 258 women were assigned to 50 Gy WBI (n = 130), 5.2 
Gy/7 F multicatheter brachytherapy (n = 88), or 50 Gy electron beam irradia-
tion. Inclusion criteria included unifocal tumor (≤20 mm) resected with wide 
negative margins and <2 mm nodal micrometastases. Exclusion included pre-
vious malignancy, ductal or lobular carcinoma in situ, and extensive intraductal 
disease. APBI had 5.5% local recurrence vs. 4.6% in the WBI arm (p = 0.77). 
Good to excellent cosmesis was seen in 63% of WBI versus 81% in APBI (p < 
0.01). The results show a non-inferiority of APBI to WBI and also a better out-
come in regards to cosmesis. 

A five-year analysis of a randomized phase III trial out of the University of 
Florence shows that utilizing APBI with Intensity-modulated radiotherapy 
(IMRT) has comparable results to WBI with boost [105]. The study recruited 
520 women, and divided them equally into the two arms (n = 260). Inclusion to 
the study required early breast cancer at ≥ 40 years of age and a tumor diameter 
≤ 2.5 cm. Exclusion criteria included previously diagnosed solid tumors, mul-
tiple foci, cardiovascular disease, margins < 5 mm, or extensive intraductal dis-
ease. WBI patients received a total of 50 Gy at 25 fractions with 10 Gy boosts at 5 
fractions using direct external electron beam. IMRT utilized 30 Gy over five 
fractions in two weeks. The study showed that by intention to treat, local recur-
rence of breast cancer is not significantly higher in IMRT (1.5%) when com-
pared to WBI (1.4%). A hazard ratio of 1.16 (95% CI 0.23 - 5.75) is calculated 
along with a p = 0.86 when comparing APRI vs. WBI. Other significant findings 
included number of deaths in WBI (n = 8) v. APBI (n = 1) with p = 0.057. Ac-
counting for any grade of injury in each category, acute skins toxicity (p = 
0.0001), late skin toxicity (p = 0.004), and physician-rated cosmesis (p = 0.045) 
were superior in APBI. The authors make note that continued follow-up is war-
ranted due to the low occurrence of adverse effects. 

An abstract emerging from the United Kingdom further supports the evidence 
of non-inferiority when comparing APBI v. WBI. The IMPORT LOW trial is a 
phase III randomized trial comparing the two modalities in regards to local re-
currence [106]. Inclusion criteria for the 2018 patients included ≥ 50 years of 
age, ≤ 3 cm mass, and margins ≥ 2 mm. Randomization occurred in a 1:1:1 ratio 
(n = 675 WBI controls at 40 Gy/15 F, n = 674 to both WBI 36 Gy/15 F and APBI 
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40 Gy/15 F, and lastly n = 699 at 40 Gy/15 F of APBI. At the end of 5 years, local 
control was seen in the respective arms (1.1% (95% CI 0.5, 2.3), 0.2% (95% CI 
0.02, 1.2) and 0.5% (95% CI 0.2 - 1.4). The authors also report low rates of cos-
metic injury in all arms without statistical data. A 10-year follow-up will be the 
next publication. 

3.4. Intra-Operative Radiotherapy (IORT) 

Intraoperative radiotherapy (IORT) in various forms has primarily been inves-
tigated mostly in Europe [109] [110] [111]. Two institutions are performing 
prospective randomized trials comparing IORT with WBI. At the University 
College of London (UCL) a low energy x-ray device, the Photon Radiosurgery 
System (PRS™) developed by Photoelectron Corporation, is inserted into the 
lumpectomy cavity at the time of lumpectomy to deliver 21 Gy to a 2 mm depth 
[105]. After a median follow-up of 24 months on a pilot study there were no re-
currences or major complications [111]. 

The European Institute of Oncology (EIO) EIO is performing targeted intra-
operative trial (TARGIT) through 33 international centers in 11 countries [112]. 
It compares one fraction of 20 Gy with INTRABEAM™ (Photoelectron Corpora-
tion, Lexington, MA, USA) to a standard fractionated course of 50 Gy WBI us-
ing EBRT [113]. In November, 2013 5-year results for local recurrence were re-
ported with an analysis of overall survival for 1721 patients treated with 
TARGIT and 1730 treated with EBRT [112]. There were no significant differ-
ences in risk of local recurrence or cause-specific mortality in patients treated 
with TARGIT vs. EBRT. There were significantly fewer grade 3 or 4 radiothera-
py-related complications with TARGIT however. 

The Instituto Europeo di Oncologia (IEO) has experience with electron 
intraoperative therapy (ELIOT) in over 3000 patients (>2000 as APBI). Local 
control on 1246 patients treated 1999 to 2005 with single fraction 21 Gy APBI 
was 97% with 2 - 7 years follow up [104]. They also contributed 1306 cases to the 
EIO randomized trial Tumors were ≤2.5 cm, some node positive cases were in-
cluded, age ≥ 48. The cosmetic results were good in the majority of the patients 
both as evaluated by the patients themselves and by physicians. The frequency of 
local recurrences observed was similar to that of patients treated with conven-
tional conservative surgery and WBI. 

Two pilot IORT studies are underway in the United States [114] [115]. Me-
morial Sloan-Kettering Cancer Center has treated 50 women over 60 years of age 
with tumors T1 and clinically N0 [116]. A 20 Gy dose was administered to a 
depth of 1 cm immediately following wide local excision. A high rate of compli-
cations prompted dose reduction to 18 Gy. Treatment volumes ≤ 47 cm3 and the 
low dose were associated with better cosmetic results. AIORT feasibility study is 
also underway at the University of North Carolina [115]. Selection criteria in-
clude age ≥ 55, infiltrating ductal carcinoma, T ≤ 3 cm. A dose of 15 Gy is deli-
vered with a magnetron linear accelerator (Intraop Corp, Santa Clara, CA, USA). 
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Treatment will be given prior to lumpectomy through a standard partial mas-
tectomy incision to the 90% isodose line using 1 cm. anteroposterior and 2 cm. 
lateral margins (Table 4). 

3.5. Proton Beam 

Preliminary experience with proton beam APBI in 20 patients has been reported 
[56]. There were no local failures within the first 12 months of follow up but 
acute skin reactions prompted the authors to modify the technique. 
Good-to-excellent cosmetic results were noted after 12 months in all cases. 

Proton beam therapy (PBT) has also been shown to reduce the expression of 
Cyclooxygenase-2(COX-2) and Matrix Metalloproteinase-9 (MMP-9) which 
have been shown to increase cell migration and proliferation in various cancers 
including colon, lung and breast cancer [117]. The study revealed that external 
PBT prevented the phosphorylation of Protein Kinase B (PKB) a regulator of 
COX-2 and MMP-9 and thus prevented their expression. 

Intensity modulated proton beam therapy (IMPT) for APBI is delivered via a 
scanning proton pencil beam, which paints the treatment target spot-by-spot, 
using scanning magnets to control lateral spot location while varying initial 
proton energy to control spot depth [118]. IMPT significantly was show to sig-
nificantly reduce the dose to normal tissue compared with 3 DCRT [119]. While 
studies have indicated that PBT, as well as IMPT using scanning beams produces 
superior dose distribution for multiple disease sites, IMPT is sensitive to delivery 
uncertainties [120] [121] [122]. The large variation in dose from these uncer-
tainties can result in under-dosing of target tissues, or overdosing normal tis-
sues. 

A phase I trial examined relative toxicities in patients treated with APBI com-
paring 3D-CRT photon based techniques and PBT [123]. 98 patients with stage I 
breast cancer were given 32 Gy in 8 fractions twice daily, of which 19 were 

 
Table 4. APBI Intraoperative with patient selection criteria and quality assurance. 

Author 
f/u* 

(mo’s) 
Treatment n Breast Failure (%) Cosmesis 

    Total True** Elsewhere 
Good 

Excellent 

Vaidya [111] 
U College of  

London 
24 

kV photons 
21 Gy (0.2 cm 

depth) 
25 0% 0% 0% N.R. 

Veronesi [110] 
European Inst Onc 

19 
Electrons 

17 - 21 Gy, one fx 
237 1.4% 0% 1.4% N.R. 

Instituto Europeo 
di Oncologia [110] 

(ELIOT) 
21 

Electrons 
20 Gy one fx 

1246 3.3 2.4 0.9 N.R. 

Instituto Europeo 
di Oncologia [111] 

[112] [116] 
(TARGIT) 

29 
50 kV x-rays 
20 Gy one fx 

1721 3.3 N.R N.R. N.R. 
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treated using PBT and 79 were treated with 3D-CRT photons. At a median fol-
low up of 83 months local recurrences were similar between the groups (6% and 
4% in PBT and photon groups respectively). Physician rating of overall cosmesis 
was good or excellent for 62% of PBT patients, compared to 94% for photons 
patients (p = 0.03). PBT also caused higher rates of long-term telangiectasia, skin 
toxicities, and skin color changes. More advanced techniques for PBT may yet be 
required for it to achieve cosmetic and toxicity profiles comparable with other 
techniques. Proton beam therapy is also more costly than conventional treat-
ment and potential benefits must be weighed with the consideration of the asso-
ciated costs to the health-care system [124]. 

3.6. Permanent Seeds 

The first report of permanent breast seed implants (PBSI) using Pd-103 seeds 
came from Sunnybrook and Women’s College Health Sciences Centre. There 
were 16 patients with early-stage breast cancer referred to the hospital for adju-
vant breast irradiation after breast-conserving surgery that underwent PBSI 
[125]. An average of 70 seeds were used (range, 44 - 90 seeds), and planning tar-
get volume (PTV) receiving at least 100% of the prescribed dose (V100) was 
95.0% on average. The procedure was well tolerated in regards to pain, and acute 
skin toxicity was minimal during the 2 months after the implantation. All pa-
tients had complete healing at 2-month follow-up. 

A subsequent Phase I/II trial performed included 67 patients with infiltrating 
ductal carcinoma treated with a Pd-103 permanent breast seed implant as adju-
vant radiation therapy after breast-conserving surgery [126]. The trial aimed for 
post-implant dosimetry coverage similar to prostate brachytherapy, with the 
PTV receiving a V100 of greater than 90%. A median of 71 seeds were implanted 
per patient (range, 33 - 102 seeds). The first half of patients study received a 
mean post-implant V100 of 82% compared with 89% for the second half of the 
patients. After a median follow-up of 32 months, no patient developed a breast 
recurrence. Overall, treatment with PBSI was well tolerated, with less than 5% of 
patients experiencing significant pain during the procedure and without any 
immediate perioperative complications [67]. The prescription dose of 90 Gy to 
the target volume was based on a time-dose fractionation schedule equivalent to 
50 Gy in 25 fractions of external beam radiation [127]. However, the ideal pre-
scription dose is currently unknown. 

4. APBI Results in Cases without Strict Selection Criteria or 
Quality Assurance 

Table 5 shows results of studies without clear or limited selection criteria and 
poor quality assurance measures. Unlike the results in patients with well-defined 
selection criteria and quality assurance measures which compare favorably to 
whole breast radiotherapy, those without selection criteria and quality assur-
ances are unsatisfactory. Proper case selection and quality control of the specific 
technique must be applied if good outcomes are to be expected. 
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Table 5. APBI without patient selection criteria and quality assurance. 

Author 
f/u* 
(mo) 

Treatment n Breast Failure (%) Cosmesis 

    Total True* Elsewhere 
Good 

Excellent 

Fentiman [128] 
Guy’s Hospital 

72 
Multi-cath, LDR 

55 Gy (40c Gy/hour) 
27 37 83% No No 

Magee [129] 
Christie Hospital 

96 
Limited field  

electron 
40 - 42.5 Gy × 8 fx 

353 25 na No No 

Perera [130] 
London Reg Ca 
Centre Canada 

91 
Multicath HDR 
37.2 Gy × 10 fx 

39 15.4 90% +Yes No 

5. Patient Selection Criteria 

Patient selection criteria for APBI have been defined by the American Brachy-
therapy Society and the American Society of Breast Surgeons as shown in Table 
6. The intent of the criteria is to identify the subgroup of women that have a li-
mited risk of elsewhere failures and therefore are the best candidates for this 
treatment approach. Patients with infiltrating lobular carcinoma and those pa-
tients with 1 - 3 positive nodes have previously been excluded from general ap-
plication of APBI techniques. Pathologic findings such as multi-centric tumor 
and extensive intraductal carcinoma should be viewed in the context of the other 
clinical features. 

The use of radiation therapy of any kind requires special consideration for pa-
tients with autoimmune disorders such a systemic lupus erythematosis or scle-
roderma. The indications for APBI may at some point be expanded if the results 
of clinical trials such as NSABP B-39/RTOG 0413 show that they can be as safely 
and effectively treated with APBI as with WBI. 

The American Society for Radiation Oncology (ASTRO) has defined three 
subsets of patients when considering APBI as treatment; “suitable”, “cautio-
nary”, and “unsuitable” groups. All patients being considered for APBI should 
be candidates for BCT with no prior radiotherapy, history of collagen vascular 
diseases, and should not be pregnant. Patients should be committed to long term 
follow-up to check for recurrences, other primary cancers, and toxicity from 
treatment [133]. A Surveillance Epidemiology and End Results (SEER) analysis 
calculated that 44,797 (41.2%) women treated for breast cancer between 
2010-2012 showed eligibility for APBI according to ASTRO guidelines [134] 
(Table 7). 

6. Randomized Prospective Clinical Trials 

There are three approaches to APBI in general use; multi-catheter, balloon ca-
theter and similar devices, and 3D-CRT. Outcome data indicates that mul-
ti-catheter brachytherapy is comparable to WBI for properly selected cases. 
When correctly administered balloon brachytherapy offers similarly satisfactory 
dosimetry. Although there is less follow up studies with proper case selection  
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Table 6. Selection criteria for accelerated partial breast irradiation. 

 
American Brachytherapy Society 

[131] 
American Society of Breast Surgeons 

[132] 

Age ≥50 years ≥45 years 

Histology Invasive Ductal Carcinoma 
Invasive Ductal Carcinoma 
Ductal Carcinoma In Situ 

Stage/Size T1 and T2 ≤ 3 cm T1 or T2 ≤ 3 cm 

Margin Status 
Negative 

No tumor at inked margin 
Negative 

at least 2 mm in all directions 

Lymph Nodal 
Status 

Negative (N0) 
Axillary dissection orsentinel lymph 

node evaluation required 

Negative (N0) 
Axillary dissection orsentinel lymph 

node evaluation required 

Distant Metastases None None 

 
Table 7. ASTRO selection criteria for accelerated partial breast irradiation. 

Patient factors Suitable Cautionary Unsuitable 

Age ≥60 y 50 - 59 y <50 y 

BRCA 1/2 mutation Not present  Present 

Pathologic factors    

Tumor size ≤2 cm* 2.1 - 3.0 cm >3 cm 

T stage T1 T0 or T2 T3-4 

Margins Negative by at least 2 mm Close (<2 mm) Positive 

Grade Any   

LVSI No** Limited/focal Extensive 

ER status Positive Negative  

Multicentricity Unicentric only  Present 

Multifocality 
Clinically unifocal with 

total size ≤ 2.0 cm‡‡ 
Clinically unifocal with 
total size 2.1 - 3.0 cm‡‡ 

If microscopically  
multifocal > 3 cm in 

total size or if clinically 
multifocal 

Histology 
Invasive ductal or other 

favorable subtypes 
Invasive lobular  

Pure DCIS Not allowed ≤3 cm If > 3 cm in size 

EIC Not allowed ≤3 cm If > 3 cm in size 

Associated LCIS Allowed   

Nodal factors    

N stage pN0 (i−, i+)  pN1, pN2, pN3 

Nodal Surgery SN Bx or ALNDII II  None Performed 

Treatment Factors    

Neoadjuvant 
Therapy 

Not allowed  If used 

*Size of the invasive tumor component as defined by the American Joint Committee on Cancer [135]; 
**The finding of possible or equivocal LSVI should be disregarded; ‡‡ Microscopic multifocality allowed, 
provided the lesion is clinically unifocal and the total lesion size (including foci of multifocality and inter-
vening normal breast parenchyma) falls within the allotted range. 
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and quality measures demonstrate outcomes similar to multi-catheter. APBI 
with 3D-CRT also has a favorable study profile and patterns of care suggest it is 
valid though less tested alternative. Several randomized clinical trials are in 
progress. The NSABP B-39/RTOG 0413) prospective randomized trial results 
are much anticipated since it compares APBI directly to WBI. Unfortunately, the 
trial does not randomize to various forms of APBI and there appears to be a se-
lection bias toward 3D-CRT (approximately 70% of the APBI cases were so 
treated). The other important aspect of the trial is determination of the indica-
tions for APBI. The GEC-ESTRO APBI trial opened in 2004 also compares in-
terstitial APBI to WBI in low risk invasive cancer and ductal carcinoma in situ. 
Since analysis must await full accrual the results of both these studies will not be 
available for some time to come. The long term results of the Hungarian which 
finished accruing in 2004 demonstrates that multi-catheter APBI is safe and ef-
fective treatment for properly selected cases [23]. IORT has accumulated consi-
derable prospective supportive data. The result of the randomized IORT versus 
WBI trial is pending. 

7. Socioeconomic and Practical Considerations 

There are many reasons to have APBI available as a treatment option. 
1) Supporting Data: There is sufficient outcome and safety data to support 

applications in early breast cancer. 
2) More convenient: A short course of radiation is more convenient than a 

long one. 
3) Improved access: According to the SEER database, upwards of 40% of 

lumpectomy patients do not receive adjuvant radiation therapy. In effect, a large 
proportion of women with breast cancer lack access to standard radiation ther-
apy. Under utilization of radiation therapy leads to higher local failure rates, 
more salvage mastectomies, and it may in some cases result in decreased surviv-
al. APBI with its short course makes it possible for more women undergo the 
recommended adjuvant radiation therapy. Offering APBI would improve health 
outcomes for the population of women with breast cancer. 

4) Improved breast conservation rates: APBI would improve the breast con-
servation rates. It has been shown that the percentage of women getting mastec-
tomies as initial treatment is proportional to the distance from a radiation ther-
apy center. Although it may not be the only factor, the obvious conclusion is that 
many women choose mastectomy because they are unable to access the facility 
or afford the transportation, lodging or time away from home or work. APBI 
would allow many of these women to select breast preservation. 

5) Potentially less toxic: Whole breast radiation may be more toxic to sur-
rounding tissues that APBI particularly in women with certain underlying car-
diopulmonary or systemic illnesses due to less tissue irradiated with APBI. 

Approximately two years ago, the NSABP B39/RTOG 0143 clinical trial of 
partial breast irradiation changed eligibility criteria to exclude “low risk” pa-
tients by limiting enrollment to women under the age of 50 or those who were 
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found to be ER negative and/or node positive so that patients with more aggres-
sive disease could be studied. Similarly, the ASBS registry is currently closed to 
accrual. We support entry of patients who do not meet the ABS or ASBS selec-
tion criteria on treatment protocols but many patients are no longer eligible and 
many patients cannot or do not want to be part of a study. Patients who meet the 
selection criteria have access to APBI. 

A detailed decision analysis for partial breast irradiation versus whole breast 
radiation therapy for early stage breast cancer was performed by the Institute for 
Technology Assessment at the Massachusetts General Hospital and Harvard 
University [136]. A comparison was performed of the quality-adjusted life ex-
pectancy between women treated with partial breast radiation versus whole 
breast radiation therapy for estrogen receptor positive early stage breast cancer. 
This analysis showed that partial breast radiation was superior to conventional 
whole breast radiation therapy in quality-adjusted life expectancy and that par-
tial breast irradiation was the preferred treatment modality. At a minimum, pa-
tients should have reasonable access to such treatment. 

8. Conclusions and Summary Recommendations 

APBI has an established role in early breast cancer. Proper case selection and 
quality control measures of the treatment process are key ingredients for a suc-
cessful outcome. Randomized clinical trials will clarify selection and exclusion 
criteria. 

The following guidelines are recommended: 
1) Established selection criteria should be used; 
2) The target volume should include the 1 - 2 cm margin of tissue surround-

ing the lumpectomy cavity; 
3) One of the accepted techniques familiar to the practitioner should be em-

ployed; 
4) The target volume and normal tissue dosimetry should be consistent with 

accepted standard parameter, such as using with RTOG 95-17 or NSABP 
B-39/RTOG 0413; 

5) The applicator to target relationships should be verified by imaging prior to 
treatment delivery. 
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