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Alternatives to whole breast irradiation in early breast cancer
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Abstract: Partial breast irradiation (PBI) when added to lumpectomy demonstrates equivalent local

recurrence and survival when compared to whole breast radiation. However, PBI can be delivered in much

shorter time (5 days as compared to 6 weeks) and even intraoperatively as an one time dose. This article

describes the many alternative techniques available for delivering PBI.
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Introduction

Breast cancer is a leading cause of non-skin cancer in
women with an estimated 1.2 million new cases each year
and 500,000 deaths worldwide with an incidence in China
of 18.7 per 100,000 and 5.5 deaths per 100,000 (1,2).
The current standard of care is to offer breast conservation
therapy (BCT) to patients with early stage disease. BCT
includes excision of the tumor with a rim of normal tissue
(i.e., lumpectomy) and adjuvant treatments including
radiation therapy, most commonly whole breast radiation
therapy (WBXRT), to treat residual disease. BCT
offers equivalent survival to mastectomy (removal of the
whole breast) with similar local recurrence rates (3-6).
Furthermore, BCT is less invasive and has favorable
cosmetic and psychological outcomes compared to
mastectomy (7,8).

However, BCT has limitations. Approximately 24% of
BCT patients undergo at least one additional surgery due to
inadequate negative margins on the initial lumpectomy (9)
[83.2% of these additional surgeries are mastectomies (10)]
at a total cost of $234 million/year to the United States
(US) healthcare system (11). Additionally, BCT patients
undergo 25-30 adjuvant WBXRT sessions over 3—6 weeks,
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introducing adverse effects, high costs, and inconvenience
(12-15). For example, radiation dermatitis, breast shrinkage,
pneumonitis/pulmonary fibrosis, edema, secondary
solid cancers, and ischemic heart disease are known
WBXRT complications and sequelae (16-20). Patients
also often endure lengthy travel and significant expenses
($13,000-$47,000) (13,14) to access WBXRT facilities,
leading many that may prefer breast conservation to elect
mastectomy (14,15). Unfortunately, 36% of women that
elect mastectomy are actually eligible for BCT. Additionally,
due to the challenges of WBXRT, 14-26% of BCT patients
skip WBXRT entirely, and an additional 22% of women
do not complete their treatment (21-23). Patients refusing
completion radiation led to trials testing whether older
patients (>70 years old) with favorable tumors received
significant benefit from radiation. While the initial results
looked favorable, the most recent follow-up of the Cancer
and Leukemia Group B (CALGB) 9343 demonstrated at
10 years that 98% of patients receiving Tamoxifen plus
WBXRT were free from local and regional recurrence
compared to only 90% of those receiving tamoxifen
alone (24). Survival was equivalent. This is tempered,
however, with the fact that the Early Breast Cancer Trialist
Group who reviewed data from over 42,000 women from 78
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randomized studies demonstrated that at 15-year follow-up,
for every four recurrences there was an associated increase
of one death that could be avoided (6).

These issues have led to the development of several
alternatives to WBXRT; unfortunately, these also have
inherent limitations. Accelerated partial breast irradiation
(APBI) technologies deliver biologically equivalent doses of
radiation twice daily for five days to the 1-cm region around
the lumpectomy site where up to 90% of recurrences occur
(25-27). These technologies include a number of techniques
and a plethora of devices developed for delivery of shorter
courses of radiation administered only to the pericavitary
breast tissue including interstitial catheters(not in use in more
modern practice) (28), applicator-based brachytherapy (29),
and external-beam XRT (30).

Accelerated partial breast irradiation (APBI)
External-beam XRT

One option for avoiding whole breast irradiation after breast
conserving surgery is the use of 3-dimensional conformal
external beam radiation therapy (3D-CRT) to deliver
noninvasive APBI. This modality may be advantageous to
brachytherapy in comparison due to its noninvasive nature,
widespread availability of necessary resources, knowledge
of final pathology at the time of treatment planning, and
potential decrease in seroma formation and infection
associated with catheter-based treatment. APBI is most
commonly administered in a 38.5-Gy regimen divided into
10 fractions given twice per day for 5 days. Rodriguez et al.
reported on the five-year outcomes of 102 patients with
early stage breast cancer randomized to receive WBXRT
or APBI (31). A median follow-up of § years found no
local recurrences in either group, and physician assessment
reported that >75% of patients had excellent or good
cosmesis and remained stable over time (31). An interim
analysis of the RAPID (randomized trial of APBI) trial was
performed by Peterson and colleagues to evaluate cosmetic
outcomes of APBI compared to WBRT (32). The RAPID
trial enrolled 1,108 patients; 539 were randomized to 3-D
external beam APBI and 569 were randomized to WBRT.
Baseline post-treatment nurse assessment for adverse
cosmesis was 19% in the APBI arm and 17% in the WBRT
arm with 3 year evaluations increased to 29% with adverse
cosmetic outcomes for APBI, but remained 17% for WBRT
(P<0.001) (32). The National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-39/Radiation Therapy Oncology
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Group (RTOG) 0413 trial that randomized 3,000 patients
to WBXRT or partial breast irradiation (PBI) has not yet
matured. Most of the patients on the non-WBXRT arm
have received 3D-CRT (33).

The American Society for Radiation Oncology (ASTRO)
released a consensus statement in 2009 that stratified
patients into suitable, cautionary, and unsuitable groups in
terms of APBI stating that 3D-CRT offers excellent target
coverage and dose homogeneity, but may have increased
doses to the surrounding uninvolved tissues and inferior
conformality. Intensity-modulated radiotherapy (IMRT)
and tomotherapy (Tomo-Therapy Incorporated, Madison,
WI, USA) for CT guidance may assist in resolving these
issues (34). In 2012, an evaluation of the consensus
statement recommendations reviewed 2,127 cases of APBI,
with 206 of those patients having 3D-CRT. There was no
statistically significant difference in the stratified ASTRO
groups in terms of ipsilateral breast tumor recurrence
(IBTR) (P=0.2). At a median follow-up of 6.7 years, the
recurrence rate in the tumor bed was 1.1% in the suitable
group, 1.2% in the cautionary group and 1.2% in the
unsuitable group (P=0.99), supporting the safety of this
method (35). Although 3D-CRT has been readily accepted,
there is much more reported experience in catheter-based
radiation. Most of that experience is in the form of single-
institution experience or registries.

Catbheter based radiation therapy (brachytherapy)
MammoSite™ (Hologic, Marlborough, MA, USA) the first

balloon-based catheter was Food and Drug Administration
(FDA) approved in 2002. It consists of a single treatment
lumen and is available in different sizes (4-5 and 5-6 cm)
and shapes (spherical versus elliptical) (Figure 14). The
device delivers 34 Gy in 10 divided doses over a 5-day
period. The Mammosite Registry of the American Society
of Breast Surgeons has the largest collection of data with
this device which demonstrates comparable results to
historical controls receiving WBXRT (37). The registry
has 1,449 patients with a median follow of 63.1 months as
published in 2013. The 5-year actuarial IBTR rate is 3.8%
and axillary recurrence rate is 0.6% which is comparable
to the rates for whole breast irradiation. The main
disadvantages are the minimum distance of skin required
from skin to cavity which is about 7 mm and the need for
the balloon to approximate the excision cavity (Figure 1B).
Cosmetic results are good to excellent in about 90% of the
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Figure 1 Mammosite catheter placement. (A) Mammosite balloon-based catheter placement using ultrasound guidance [permission to

reproduce Figure 23-7 from page 389 in (36)]; (B) ultrasound of mammosite balloon demonstrating fit of balloon into the cavity and the

distance of the balloon edge to the skin [permission to reproduce Figure 23-8 from page 389 in (36)].

Figure 2 Contura balloon catheter demonstrating multiple
catheters within the balloon [permission to reproduce Figure 23-13b
from page 395 in (36)].
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Figure 3 SAVI brachytherapy catheter demonstrating central
lumen with multiple outer lumens [permission to reproduce

Figure 23-14 from page 395 in (36)].
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patients. Contura™ (SenoRx, Inc. Aliso Viejo, CA, USA) is
a similar balloon catheter that has multiple catheters within
the balloon and also comes in similar sizes. The multiple
catheters offer a total of 40 dwell positions that allow more
precise treatment planning and thus the skin to cavity
distance can be narrower (Figure 2). This balloon also has
vacuum ports that enable the removal of fluid and air. The
main disadvantage of this catheter is its stiffness and thus
is more uncomfortable for the patient. Mammosite also
introduced a multi-lumen catheter in 2009. The SAVI™
(Cianna Medical, Inc., Aliso Viejo, CA, USA) device which
also has multicatheters (6, 8, or 10) has the advantage that it
can be custom fitted to the lumpectomy cavity. Each device
consists of a central lumen and then multiple outer lumens
(Figure 3), allowing better tailoring of radiation to the
cavity. Like the Contura, the SAVI is very stiff. ClearPath™
(Renata Medical, Irvine, CA, USA) makes a similar device
with multiple catheters and is advantageous in that it has a
lower profile laying flush with the skin, minimizing external
exposure of the catheter, and is better tolerated by the
patient (Figure 4). Xoft, Inc. (Sunnyvale, CA, USA) has
developed the Axxent® electronic brachytherapy system that
is an iridium seed-based single catheter balloon impregnated
with barium that emits low energy and can be turned on
and off such that it can be used in the office setting. The
applicator design includes drainage lumens which allow
better approximation of the catheter to the excision cavity
(Figure 5). There is a separate port for insertion of the X-ray

Chin Clin Oncol 2016;5(3):39



Page 4 of 10

/(

Figure 4 ClearPath demonstrating multiple cathethers that have
a lower profile minimizing external exposure of the catheter

[permission to reproduce Figure 23-12 from page 395 in (36)].
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Figure 5 Axxent electronic brachytherapy system that is an iridium

«— Drain

seed-based single catheter balloon which is radiolucent [permission

to reproduce Figure 23-15 from page 397 in (36)].

source and the balloon is radiolucent to improve visibility
on breast radiographs and CT images and therefore unlike
the other balloons does not require contrast. The inter-
societal Electronic Xoft Intersocietal Brachytherapy Trial
(EXIBT) registry recruited 400 patients and at one year
follow-up demonstrated the safety and efficacy of Xoft as an
adjuvant radiation therapy for early-stage breast cancer (38).

In general multi-lumen applicators offer the advantages
of more flexibility in planning and the ability to overcome
dose constraints better than single lumen applicators.
The other advantage of brachytherapy in general is that
the radiation therapy can be completed prior to systemic
therapy although the initiation of chemotherapy should be
delayed for ~three weeks to avoid radiation recall and skin
wall necrosis and damage. Disadvantages with multi-lumen
applicators (excluding SAVI which can be locked into place)
are that they can rotate leading to incorrect dose delivery;
increased seromas are seen more with intraoperatively
versus post-operative placed balloon applicators; skin to
applicator surface can decrease over treatment course
leading to the need to scan the applicator daily to assure
tissue to applicator approximation and as with WBXRT
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high dose regions can be significantly large and lead to fat
necrosis and poor cosmetic result.

Recent ASTRO guidance states that APBI is suitable for
a subset of BCT patients with tumors <3 cm when margin
width exceeds 2 mm, but the supporting data have been
controversial (34,39-41). Most significantly, APBI has been
associated with a 4-fold higher rate of patients developing a
palpable mass at the lumpectomy site and a 42% incidence
of telangiectasia and/or other side effects (42).

Intraoperative radiation therapy

A recent 5-year study of another partial breast treatment
method, intra-operative radiation therapy (IORT),
demonstrated that local therapy can provide effective long-
term local control with equivalent recurrence rates to
WBRT (43). IORT is more wide spread in Europe than
in the US or China. IORT delivers a single large fraction
over 2 minutes directly into the wound for increased dose
delivery and decreased normal tissue exposure. IORT
is more expensive because it requires radiation delivery
equipment not available at most hospitals. However, as the
equipment becomes more available and the costs go down,
more surgeons and radiation oncologists will offer it as a
safe alternative to WBXRT (44).

The Mobetron IORT device is a self-shielded,
magnetron-driven, X-band linear accelerator specifically
designed for intraoperative use (45). The breast tissue is
mobilized over a lead/aluminum shield placed posteriorly
to protect the underlying chest wall and viscera. The
applicators as shown in Figure 6 are of a different design
and come in sizes that range from 3 to 10 cm in diameter.
The applicator is placed inside the incision and the skin
dissected to some extent to minimize skin dosage. Then
the applicator and patient are placed under the Mobetron
and laser alignment is used to position the gantry. The
operating room team then leaves the operating room while
the radiation is delivered. Then the devices are removed
and the wound closed. Philippson and colleagues recruited
200 patients to a phase II trial who had breast cancer less
than or equal to 2 ¢cm and no lymph node involvement,
lymphovascular invasion or extensive ductal carcinoma
in situ (DCIS) received 21 Gy intraoperatively (47).
At a median follow-up of 23 months the local regional
recurrence was 0.5%, acute toxicity was 5.4%, and the late
toxicity was 17.1%. Cosmetic outcome was good or very
good in 92.5% of patients. Some of the major disadvantages
to Mobetron-based IORT are the lack of knowledge as
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to the margin status intraoperatively and the cost of the
system at well over a million dollars in the US in addition
to the need for dedicated space and multiple disciplines to
be present in the operating room requiring coordination of
services.

The ELIOT trial also uses intraoperative electrons
(IOERT) (48,49). After tumor excision, the breast tissue is
mobilized over a lead/aluminum shield to protect the ribs
and underlying viscera. The peri-cavitary tissue is then
approximated via purse string around a collimator (4-9 cm).
The linear accelerator is then used to deliver 21 Gy to
the tumor bed. The ELIOT trial compared WBXRT to
IOERT in a trial in which 1,205 patients presented with
tumors 2.5 cm or smaller. In the intent-to-treat analysis
the 5-year IBTR was 4.7% for ELIOT versus 0.5% for
WBXRT. For low risk women the 5-year IBTR was 1.7%.
For patients with one or more high risk features (tumor
size, receptor status, nodal positivity and grade) the rate of
S-year IBTR was significantly higher at 11.3%. ELIOT did
report less skin and pulmonary damage but a higher rate
of regional failure (1.0% vs. 0.3%, P=0.03). There was no
difference in terms of pain, retraction or fibrosis. Overall
survival was the same between the two arms.

Zeiss (Carl Zeiss Meditec, Jena, Germany) has developed
a low energy electronic radiation source (IntraBeam™) for
intraoperative PBI that is much more similar than Mobetron
to the balloon catheters (Figure 7). The applicators are
solid and rounded and come in different sizes to place into
the wound. After the lumpectomy is performed a purse

© Chinese Clinical Oncology. All rights reserved.

Ccco.amegroups.com

Page 5 of 10

string is placed and ultrasound is used to confirm that the
applicator is juxtaposed to the tissue of the excision cavity.
Skin edges are sutured out of the field to avoid skin damage.
A 20-Gy one time dose is delivered at the surface of the
applicator such that a dose of 5 Gy is delivered at a depth
of lem from the cavity. Shielding is required to reduce
radiation scatter. The radiation oncologist must calculate
the time of treatment based on the size of the applicator.
The IntraBeam shares some of the same disadvantages
as the IOERT devices but is much less expensive and has
long-term data demonstrating non-inferiority to WBXRT
as well as a two percent survival advantage for cardiac
events thought attributable to radiation (43). Silverstein
and colleagues recently published a critical analysis and
comparison of the two studies (51).

Intraoperative radiofrequency ablation (RFA)

The successful demonstration of local therapy alternatives
to WBXRT opens new opportunities for BCT patients to
achieve positive outcomes without the cost, inconvenience,
and morbidities associated with WBXRT or APBI. Our
group hypothesized that radiofrequency ablation (RFA)
of breast tissue around the post-lumpectomy cavity would
reduce re-excision rates for patients with close or positive
margins, as well as potentially provide local tumor control
without radiation (52,53). Similar to other methods of
local control, RFA of the margin avoids damage to nearby
organs including the heart and the lung that can occur
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Figure 7 Targeted intraoperative radiation therapy (TARGIT) of the IntraBeam device [permission to reproduce Figure 25-8A,B from page

423 and Figure 25-14 from page 427 in (50)].

with WBXRT. RFA is a method of inducing thermal tissue
necrosis by using an applied sinusoidal voltage, oscillating
between 400-800 kHz between electrodes and a dispersive
grounding pad (in monopolar RFA) to generate ionic
heating, and is currently utilized for the treatment of liver,
lung, kidney, and bone tumors (54,55).

We initially investigated our RFA by performing
lumpectomies in donor mastectomy samples, followed with
RFA of the cavity to temperatures of 100 °C. The procedure
involves purse-string suturing the cavity to a ~1.0 cm
volume, then the electrode tines of the radiofrequency
probe are deployed into the cavity walls to achieve a
circumferential ablation zone averaging 5-10 mm in depth
from the cavity wall (53). This preliminary investigation led
to a five-year 100-patient pilot trial including 22 patients
with close or positive margins. Of these, 15 did not require
re-excision per protocol. Upon follow-up, two of 68 patients
who received a wide excision followed by RFA alone had a
true in-breast recurrence (i.e., two elsewhere recurrences)
and three had needle biopsy skin tract recurrences that
were not classified as in-breast recurrence, but there were
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no tumor bed recurrences. The 5-year disease free survival
rate was 88% (53). The post-operative complication rate
was 6% (wound dehiscence, hematomas, or infection), and
the cosmetic outcome on four-point scale was graded as
excellent or good in 92% of patients. Furthermore, we have
just completed a 250 patient multi-center trial. Results will
be reported as the trial matures (56).

One of the issues that had limited adoption of RFA was
the initial inability to determine the progression and size of
the ablation zone. Doppler ultrasound is currently utilized
to observe nitrogen off-gassing from tissue motion (57)
in the tissue during ablation and therefore gives an
estimation of the ablated zone (Figure 8). This is an
essential component to the success of breast tumor ablation
both primarily and secondarily that is excision followed by
ablation. Accurate imaging of the ablated region is necessary
for evaluating the clinical endpoint of these procedures
which is achieving a lem region of necrosis around a tumor
to avoid re-excision in case of close or focally positive
margins as well as to mirror the equivalent area of radiation

given during brachytherapy.
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Figure 8 Intraoperative monitoring with color doppler for intraoperative RFA progression after excision of intraoperative ultrasound

visualized lesion (original figure). RFA, radiofrequency ablation.

Experimental percutaneous ablation techniques

There is a desire to eventually be able to percutaneously
ablate tumors. Promising yet experimental percutaneous
techniques include RFA, cryoablation, laser, microwave
therapy, focused microwave thermotherapy, percutaneous
microwave coagulation, high-intensity focused ultrasound
ablation (HIFU). Most trials have less than 100% ablation
of whole breast tumors and especially larger lesions and
those that contain DCIS (58).

RFA of breast cancer tumors without surgical removal
has also been investigated (59-61). However, percutaneous
RFA of primary breast tumors has met resistance and has
found limited adoption by oncologists, breast surgeons,
and patients because ablation of the primary tumor does
not allow for complete histological examination of the
tumor and its margin, essentially eliminating tissue banking
for molecular profiling and other future therapeutic and
prevention options.

Klimberg et al. used percutaneous excision of lesions
less than or equal to 1.5 cm by vacuum-assisted device
followed by percutaneous RFA versus laser as an alternative
treatment to open lumpectomy. Twenty-one patients were
enrolled onto a pilot trial with fifteen receiving RFA after
percutaneous excision. In this manner 100 percent ablation
and negative margins were achieved. However, the laser
arm was stopped secondary to unreliable ablation zones (62).
Further follow-up studies are needed to determine if this is
a reliable option for small favorable breast cancers.

Summary

There is no doubt that radiation therapy reduces the risk of
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recurrence but only in the peri-cavitary bed. Thus it makes
sense that PBI or treatment through whatever method
should be effective in maintaining local control with
decreased toxicity. Thus the treatment of breast cancer by
BCT continues to evolve as do the methods of delivery of
radiation and other methods to the tumor bed.
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