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Abstract

Breast conservation therapy (BCT), consisting of local excision of the breast tumor to achieve negative margins followed by whole breast
irradiation, is standard treatment for early-stage breast cancer. The conventional radiotherapy course treats the entire breast, typically followed
by a boost to the tumor bed over six to seven weeks. While the efficacy and cosmetic outcomes of conventionally fractionated whole breast
radiation are well-established, two strategies are being investigated to address the lengthy treatment time associated with adjuvant
radiotherapy for early-stage breast cancer. Accelerated partial breast irradiation (APBI) involves treatment to the tumor bed plus a small margin,
allowing completion of therapy in five days or less. A variety of techniques, each with unique advantages and disadvantages, is currently under
investigation for delivering APBI. Hypofractionated whole breast radiation ("WBRT) involves treating the entire breast with larger daily doses of
radiation over three to four weeks. This article reviews the principles behind APBI and hWBRT, the indications for each technique, and relevant

data supporting their use.
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One of the main achievements in the field of radiation oncology for breast
cancer has been preservation of the breast using breast conservation
therapy (BCT), classically defined as local excision of the primary tumor
to achieve negative margins followed by whole breast (WB) radiation
therapy (RT). Historically, all patients with early-stage breast cancer
(eBC) were treated with some form of mastectomy, requiring en bloc
removal of the breast, the underlying musculature, and axillary lymph
nodes. Multiple prospective, randomized studies have now demonstrated
that BCT has equivalent long-term outcomes to mastectomy for eBC.™*

Furthermore, the Early Breast Cancer Trialists Collaborative Group
meta-analysis of the randomized studies, with over 7,300 patients, has
demonstrated not only a significant decrease in ipsilateral breast tumor
recurrence (IBTR) with the use of radiation, but also that radiation therapy
can influence survival, changing the paradigm that radiation affects local
control only.* This meta-analysis has conclusively shown that adjuvant
WBRT for eBC provides a modest improvement in overall survival at
15 years.

The vast majority of patients treated in these trials were treated with

WBRT to doses of 45-50Gy, delivered once daily in 25-28 fractions, often
followed by a cone-down to boost the tumor bed. This proven
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conventional fractionation is as effective as mastectomy with relatively
minimal associated long-term morbidity, and has gained acceptance
internationally as the standard treatment for eBC. However, there are
several limitations associated with conventional fractionation that
sometimes restrict its utility. The six- to seven-week course of daily
treatments raises concerns in terms of access of care, particularly for
patients who live in locations far from radiation facilities. The prolonged
course increases medical costs and can be a major inconvenience for
some patients. Lastly, it may be unnecessary to radiate the uninvolved
portions of the breast and normal surrounding tissue.

Recently, two new strategies that address some of the limitations of
conventionally fractionated WB radiation therapy (CfWBRT) have gained
popularity. Accelerated partial breast irradiation (APBI) treats the
lumpectomy cavity plus a margin to definitive doses, typically delivered in
less than five days, often on a twice-daily schedule. Accelerated
hypofractionated WBRT (hWBRT) treats the WB with higher daily doses,
and therefore over a shorter overall treatment period, to total doses that
are biologically equivalent to those delivered by cfWBRT. This article will
review these two strategies, the current literature supporting their use,
the indications/patient selection criteria for each modality, and limitations
compared with cfWBRT.
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Table 1: ASTRO Consensus Recommendations In Terms of
Patient Selection for Accelerated Partial Breast Irradiation
Outside a Clinical Trial

Suitable Cautionary Unsuitable
Age (years) >60 50-59 <50
BRCA 1/2 mutation  Not present Present
Tumor size (cm) <2 2.1-3 >3
T stage T TO or T2 13-4
Margins Negative by Close (<2mm) Positive
at least 2mm
Grade Any
LVSI No Limited/focal Extensive
ER status Positive Negative
Multicentricity Unicentric only Present
Multifocality Unifocal Clinically unifocal  Clinically multifocal
with total size or microscopically
2.1-3cm multifocal >3cm
Histology Invasive ductal, Invasive lobular
mucinous,
tubular, or colloid
Pure DCIS Not allowed <3cm If >3cm in size
Extensive Not allowed <3cm If >3cm in size
intraductal
component
Associated LCIS Allowed
N stage PNO (i-, i+) pN1, pN2, pN3

Nodal surgery Sentinel lymph
node biopsy or
axillary lymph
node dissection

Not allowed

None performed

Neoadjuvant If used
therapy

BRCA = breast cancer; DCIS = ductal carcinoma in situ; ER = estrogen receptor, LCIS = lobular
carcinoma in situ, LVSI = lymphovascular space involvement.
Source: Smith et al., 2009.”

Accelerated Partial Breast Irradiation

Clinical bemand

As evidence supporting the use of BCT has accumulated, with long-term
follow-up from multiple randomized trials and several large meta-
analyses, BCT has become the standard of care for eBC. While cfWBRT
has gained worldwide acceptance for its efficacy, its utilization has not
been uniform across the US and there continues to be marked variation
in the use of BCT by geographic region.””

For example, it has been documented that up to one-third of patients
undergoing breast-conserving surgery do not receive post-operative
radiotherapy despite its well-established benefits.*¢** While foregoing
radiation may be reasonable in patients over 70 years of age owing to
the relatively small absolute benefit in terms of local control, all other
subgroups of patients appear to benefit from adjuvant radiotherapy
and, to date, no prospective studies with long-term follow-up
have been published that consistently identify patient subgroups in
which radiation can be withheld without increasing local relapse rates.™
The decision to omit radiotherapy is often multifactorial, resulting
from concerns related to length of treatment, convenience, cost, access
to care, geographic variations, ethnicity-based differences, and
physician/patient preferences. Indeed, it has been shown that the
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distance of the patient from the nearest radiotherapy center is inversely
proportional to the likelihood of receiving RT following breast-conserving
surgery.®"" It is quite possible that a shorter radiotherapy regimen would
increase the probability of patients receiving post-operative RT.

Scientific Rationale

APBI typically involves treating the lumpectomy cavity plus a 1-2cm
margin, thereby sparing a significant amount of normal, unaffected
breast tissue from high-dose radiation. When treating only a portion of
the breast, a theoretical concern is that occult foci of cancer located
remotely from the lumpectomy cavity will be left untreated, thus
increasing the risk of IBTR. However, both clinical and pathologic data
suggest that the benefit of radiotherapy results from the eradication of
microscopic disease immediately adjacent to the lumpectomy cavity.”
Data from several prospective and retrospective trials indicate that
most IBTRS occur within or immediately adjacent to the lumpectomy
bed."™* In fact, fewer than 4% of recurrences are found in an area of
the breast distant from the original tumor.™" Therefore, the benefit of
post-operative radiotherapy may still be attainable while treating a
smaller volume of tissue. By treating a partial breast volume to larger
daily fractions to achieve a biologically equivalent total dose, radiation
can be delivered over a much shorter time period, with the added
benefit of less normal, unaffected breast tissue receiving high doses
of radiation.

Current Status

Most of the existing published data on APBI come from retrospective,
single-institution, or single-arm prospective series. While there are
three published randomized prospective studies comparing APBI with
cfWBRT, only one of these trials showed equivalent local control
with the use of APBI (see the section on interstitial brachytherapy
techniques below)."* Notably, the patients treated in this study were
highly selected, low-risk patients. The other two studies both reported
increased IBTR for the patients treated with APBI. Although the existing
data are deficient in terms of randomized study design and long-term
follow-up regarding efficacy and toxicity, the available clinical data
collectively suggest that APBI may be a safe and effective therapy in
appropriately selected patients.

There are several techniques for delivering APBI, including interstitial
brachytherapy, single-lumen or multiple-lumen balloon brachytherapy,
3D conformal radiation therapy (3D-CRT), and intraoperative
radiotherapy (IORT). Owing to the recent development and marketing of
new devices manufactured to deliver APBI with relative ease, APBI is
being increasingly widely utilized, despite the limited phase Il data
supporting its use. The Radiation Therapy Oncology Group (RTOG)
0413/National Surgical Adjuvant Breast and Bowel Project (NSABP) B-39
phase Il trial is an ongoing prospective, randomized study comparing
APBI with cfWBRT, and has been one of the fastest accruing trials for
breast cancer owing to its appeal to both physicians and patients.
Patients are randomized to cfWBRT versus APBI, with the caveat that the
choice of APBI technigue (i.e. interstitial, lumen-based, or external-
beam-based) is left to the discretion of the treating physician. While
mature results are not expected for many more years, APBI is being
increasingly used in large academic centers, small community-based
hospitals, and private practice settings, both on and off protocol.
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In order to help guide patient selection and promote best practices
for APBI while awaiting results from the RTOG 0413/NSABP B-39 trial, the
American Society for Therapeutic Radiology and Oncology (ASTRO)
recently published consensus guidelines for appropriate patient
selection for APBIL.* The proposed criteria classify patients into one of
three groups: suitable, cautionary, or unsuitable (see Table 1). The
suitable group, based on data from phase Il studies supporting the use
of APBI, includes low-risk patients for whom WBRT would be unlikely to
confer a survival benefit. The cautionary and unsuitable groups
represent patients for whom minimal data exist supporting APBI and in
whom cfWBRT has a proven survival benefit.

Accelerated Partial Breast Irradiation Techniques
Interstitial Brachytherapy

The earliest APBI technique utilized interstitial brachytherapy catheters.
This technique therefore has the longest average published patient
follow-up (5.4 years) and the most patient-years of follow-up.? Available
data support that this technique provides acceptable tumor control and
toxicity in properly selected patients. This relatively complex technique
involves the insertion of approximately 10-20 afterloading catheters
intraoperatively into the tumor bed so that the lumpectomy cavity plus
a 1-2cm margin can be encompassed by the prescribed radiation dose.
The catheters are open at the skin and a radioactive isotope is inserted
into each catheter post-operatively with either low-dose-rate (LDR) or
high-dose-rate (HDR) sources. LDR requires an inpatient stay during
which 0.4-2Gy/hour is delivered over the course of two to five days. HDR
can be performed on an outpatient basis and typically involves twice-
daily treatment over four to five days, with each treatment typically
lasting less than 15 minutes. While this technigue has been shown to be
highly efficacious in experienced hands, there is a significant learning
curve for the 3D placement of these catheters.

The largest published experience with the longest follow-up using
interstitial brachytherapy comes from the William Beaumont Hospital
group. Vicini et al. reported on 199 patients with eBC treated with either
LDR (50Gy) or HDR (32Gy in eight fractions or 34Gy in 10 fractions). With
a median follow-up of 65 months for surviving patients, five IBTRs were
noted, giving a five-year actuarial IBTR rate of 1%. Three of these failures
occurred outside the irradiated volume.” A matched-pair analysis was
performed comparing the APBI patients with comparable patients who
had undergone WBI. No significant differences were identified in any of
the end-points evaluated.

RTOG 95-17 was a multi-institutional phase Il trial that enrolled 100
carefully selected women with eBC for APBI. Ninety-nine patients were
eligible and were treated with either HDR or LDR interstitial
brachytherapy. With a median follow-up of seven years, the estimated
five-year locoregional failure rate was 5% and the in-breast failure rate
was 4%, comparable to rates seen in historic cfWBRT controls.”

The only randomized trial to show efficacy of APBI compared with
cfWBRT was performed at the National Institute of Oncology in Hungary,
where 258 selected low-risk patients were randomized after breast-
conserving surgery to either standard cfWBRT or APBI. The partial breast
technique consisted of HDR multicatheter brachytherapy (36.4Gy in
5.2Gy fractions) in the majority of patients. With a median follow-up of

US ONCOLOGY & HEMATOLOGY

66 months for all patients, the actuarial IBTR rate for APBI and cfwBl did
not differ significantly (4.7 and 3.4%, respectively); the same was true of
the other end-points evaluated. In fact, the rate of excellent to good
cosmetic results was significantly better in the APBI arm compared with
the cfWBI group (77.6 and 62.9%, respectively; p=0.009).%

Single-lumen-catheter Balloon Brachytherapy

With early APBI interstitial brachytherapy data suggesting partial breast
radiotherapy as a potentially safe alternative to cfwBl for selected patients,
several devices were developed to reduce the technical expertise required
for interstitial delivery. The MammosSite (Hologic, Bedford, MA) balloon
catheter device allows for a simpler, less operator-dependent delivery of
APBI, with the cited advantage of reproducible dosimetry and potentially
improved comfort for patients. The device consists of a silicone balloon
connected to a catheter to pass an HDR iridium-192 (Ir-192) source after a
mixture of saline and contrast has been used to inflate the balloon.
Typically, the single-lumen catheter is placed into the lumpectomy cavity
intraoperatively after definitive surgery, the balloon is inflated, and a
computed tomography (CT) scan is performed to document adequate
device positioning to enable treatment planning. Post-operatively, an HDR
Ir-192 source is remotely afterloaded in the radiation department, with a
typical dose of 3.4Gy delivered twice daily over five days.

Since being introduced in 2002, the MammaoSite device has been rapidly
adopted, with more patients treated with MammosSite than any other
APBI technique.”” Recently, updated results were published from the
American Society of Breast Surgeons (ASBS) MammoSite Registry trial.
While this ‘trial" was not randomized, MammoSite users from 97
institutions entered patient information at any time before, during, or
after treatment for future analysis regarding parameters of MammosSite
delivery, local relapse, and cosmesis. A total of 1,449 breasts in 1,440
patients with eBC treated with the MammoSite device were entered into
this database. With a median follow-up of 54 months, the five-year
actuarial IBTR rate was 3.80% and the actuarial axillary recurrence
rate was 0.80%, with 90.6% of the patients reporting good to excellent
cosmetic results. Complications included seroma (28%) and fat
necrosis (2.3%).% Keisch et al. recently analyzed data from the subset of
patients with ductal carcinoma in situ (DCIS) in the ASBS MammoSite
brachytherapy trial. Although there is concern that DCIS has an
increased propensity for multifocality and therefore may be less
amenable to APBI, the authors reported acceptable rates of local control
in the 194 DCIS patients treated with MammoSite brachytherapy, with a
four-year actuarial IBTR rate of 2.45%.%%

Multiple-catheter Intracavitary Brachytherapy

While the single-lumen MammoSite is a simpler APBI technigue
compared with multicatheter brachytherapy, there are inherent
limitations in dose shaping using a single lumen, particularly with lesions
that are close to the skin or chest wall, where an increased risk of fat
necrosis and severe skin toxicity is reported. To address this issue,
devices have been developed that have multiple-lumen catheters, which
allow for improved dosimetry by providing more source-placement
options to improve dose conformation.

The first, the Strut-Adjusted Volume Implant (SAVI, Cianna Medical, Aliso
Viejo, CA), consists of a central strut surrounded by six to 10 peripheral
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Figure 1: Strut-adjusted Volume Implant

Strut-adjusted volume implant (SAVI) (Cianna Medical, Aliso Viejo, CA). A central strut is
surrounded by multiple peripheral struts, allowing multiple source placement options to better
regulate the dose and avoid radiating high-risk areas such as the skin and chest wall.
Reproduced with permission from Cianna Medical Corp.

struts (see Figure 1), thus allowing for multiple source-placement
options to avoid high doses to the skin and chest wall.? Early
clinical experience suggests that excellent dosimetry is achievable,
even for patients who would have otherwise been ineligible for
other brachytherapy owing to the proximity of the cavity to the skin or
chest wall.”? The second device, the Contura (SenoRx, Inc., Irvine, CA),
consists of a central catheter lumen plus four additional surrounding
lumens, each containing multiple dwell positions. Similar to SAVI,
early data suggest that the Contura device allows for adequate
coverage of the treatment volume while limiting doses to the skin
and chest wall.?* There is also now a multilumen MammoSite
balloon brachytherapy applicator with four lumens to allow for
dose optimization.

3D Conformal Radiation Therapy

More recently, 3D-CRT has been used to target the lumpectomy cavity
plus margin using external-beam radiation therapy (EBRT) delivered with
a conventional linear accelerator (see Figure 2). The advantages of this
technique include the non-invasive delivery method, the widespread
availability of linear accelerators compared with brachytherapy
methods, and the familiarity of EBRT delivery techniques for all
practicing radiation oncologists. One disadvantage of 3D-CRT is the
multiple-beam configuration, which causes a significant distribution of
low-dose radiation over a much larger volume, including the lungs, the
ribs, and the contralateral breast owing to the multiple, often
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co-planar, beams that are required to converge in the high-dose region
of the target volume; this has raised concerns regarding increased
long-term toxicity. Furthermore, a larger margin around the tumor bed
is required to take into account patient motion/set-up errors.
Interestingly, the majority of patients in RTOG 0413 were treated with
3D-CRT, despite the fact that this technique has the least amount of
clinical data on efficacy and toxicity and the shortest follow-up
compared with the other APBI techniques. Thus, the RTOG 0413/NSABP
B-39 trial will provide important information regarding 3D-CRT; while we
await mature data from this important trial, 3D-CRT APBI should be
utilized on-protocol only.

RTOG 0319 was a prospective, single-arm phase Il trial designed to
assess the reproducibility and technical feasibility of using 3D CRT, with
secondary end-points of efficacy and toxicity, with the anticipation of
being able to allow the technique to be used in RTOG 0413. This trial
utilized 38.5Gy in 10 fractions delivered twice daily (biologically
equivalent to 34Gy for brachytherapy). Initial efficacy results at a
median follow-up of 4.5 years for 52 evaluable patients revealed an
IBTR rate of 6% and an ipsilateral nodal failure rate of 2%, with 4% grade
Il toxicities.®

It is unclear how the toxicity and cosmetic outcome of 3D-CRT
compares with that of WBI or other APBI techniques. Wernicke et al.
reported the preliminary results of a prospective single-institution study
using ‘mini-tangents’ in a prone position to deliver 30Gy in five fractions
over 10 days. Ninety-two percent of patients reported good to excellent
cosmesis at 28-month follow-up.* By contrast, Jagsi et al. delivered
IMRT with deep-inspiration breath-hold to 34 patients in a prospective
study in which 38.5Gy in 10 fractions twice daily was used. They
reported early closure of the trial at a median of 2.5 years owing to the
high incidence (>20%) of compromised cosmesis with the use of
breath-holding.* Additional concerning toxicity data using 3D-CRT APBI
come from the Tufts group, where 64 patients were treated according
to the 3D-CRT technique specified in RTOG 0413. After a median
follow-up of only 15 months, grade 3-4 toxicity was noted in 8.3% of
patients, and 18.4% of patients reported either ‘fair’ (11.7%) or ‘poor’
(6.7%) cosmetic outcome.®*

Intraoperative Radiotherapy

IORT is a technique whereby electrons or low-energy X-rays are
generated by a mobile treatment machine and a single fraction of
approximately 20Gy is delivered intraoperatively to the tumor bed.
The advantages of intraoperative targeting include the reduction of the
possibility of a geographic miss, the convenience of one treatment, and
significant reductions in cost. However, a major disadvantage is the lack
of final pathology (i.e. margin status), which is critical in guiding
decisions regarding APBI.

The European Institute of Oncology has extensively used single
fractionated electron APBI, treating nearly 600 patients with 21Gy IORT.
With a median follow-up of 20 months, 1% of patients had IBTR (same
quadrant n=3, other quadrants n=3), with breast fibrosis (3.2%) being the
primary toxicity.¥ Recently, the international phase Il Targeted
Intraoperative Radiotherapy for Breast Cancer A (TARGIT-A) trial
reported a four-year IBTR rate of 1.2% with IORT compared with 0.95%
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Figure 2: Representative Dose Distribution Achieved with
3D Conformal Radiation Therapy

Figure 3: Theoretical Cell Survival Curves for Most Cancer
Cells and for Breast Cancer Cells

The lumpectomy bed plus a margin receives the full dose (depicted in red) while a significant
portion of the breast, chest wall and lung, and portions of infradiaphramatic normal tissue
receive lower doses (in blue and green). Dose distribution: red = 38.5Gy; yellow = 30Gy;
green = 20Gy; light blue = 10Gy; dark blue = 0.2Gy.

with EBRT, with no significant difference in toxicity.* While 14% of the
IORT patients received additional EBRT after APBI owing to adverse
pathologic features, these results are encouraging in that IORT was
comparable to cfWBRT in selected patients.
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A: Theoretic cell survival curves demonstrating the rationale for conventional fractionation.
The fraction of cells killed at 2Gy is greater for most tumors compared with normal tissue, but
as fraction size increases to 4Gy, the fraction of cells killed is greater for normal cells than for
tumor cells, significantly decreasing the therapeutic ratio (increasing toxicity relative to tumor
cell kill); B: Theoretic cell survival curves of breast tumor cells relative to normal tissue,
demonstrating the rationale for hypofractionation in breast cancer. Note that the cell survival
curves of normal tissue and breast tumor are similar, suggesting similar sensitivity to dose;
therefore, increasing fraction size has minimal effect on the therapeutic ratio, in breast cancer,
unlike in other tumors, where dose changes affect normal tissue more than tumor cells.

Hypofractionated Whole Breast Irradiation
Rationale for Fractionated Radiotherapy

The rationale for using conventional fractionation (small daily
fractions to a high total dose) is based on theoretic radiobiologic
modeling of the relative sensitivity to changes in the dose of normal
cells to that of cancer cells. Typically, most tumor types have
relatively low sensitivity to changes in fraction size, whereas normal,
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Table 2: ASTRO Consensus Recommendation for Use of
Hypofractionated Breast Radiotherapy—Evidence
Supports the Equivalence of hWBRT with cfWBRT for
Patients Who Satisfy All of these Criteria*

Age 50 years or older

Pathologic stage T1-2NO treated with breast-conserving surgery

Not treated with systemic chemotherapy

Within the breast along the central axis, minimum dose no less than 93%
and maximum dose no greater than 107% of the prescription dose (+7%)
(as calculated with 2-dimensional treatment planning without
heterogeneity corrections)

PN

*Patients should also be otherwise suitable for breast-conserving therapy (not pregnant, no
history of certain collagen-vascular diseases, no prior radiotherapy to the breast, no
multicentric disease).

late-reacting tissue has higher sensitivity. Since theoretically the goal
of radiation is to maximize the tumor cell kill while minimizing the cell
kill of normal tissue, the rationale for using low doses of conventional
fractionation (1.8-2.0Gy, see Figure 3A) was to limit the damage
to normal late-reacting tissue while maximizing cell kill for tumor
cells. While the exact sensitivity of breast tumor cells was not known
until recently, it was presumed that breast tumors, like most other
tumors, have low sensitivity compared with late-reacting tissue.
Recently, in a landmark trial of hypofractionated radiation therapy for
breast cancer, a radiobiologic surrogate for sensitivity (termed o/p
ratio) was calculated for breast tumors based on coefficients
estimated from the Cox multivariate model. Surprisingly, the
surrogate was found to be similar to the normal, late-reacting breast
tissue,* suggesting that breast tumors and normal tissue have similar
sensitivity to dose fraction size. Therefore, there may be little or
even no therapeutic advantage of using a smaller fraction size for
breast cancer to reduce cell kill in normal tissue relative to tumor cells
(see Figure 3B).

Clinical Data for Hypofractionated Whole Breast
Radiation Therapy

With the support of radiobiologic models and the increased demand for
shorter radiotherapy regimens, several preliminary reports using daily
fractions of 2.5-2.7Gy over approximately three weeks have
demonstrated low rates of local recurrence and acceptable toxicity.**
Based on these experiences, larger randomized phase Il trials were
initiated comparing hWBRT versus cfWBRT.

The strongest phase Il data supporting the use of hWBRT randomized
patients to 50Gy in 25 fractions versus 42.5Gy in 16 fractions for node-
negative tumors measuring <5cm (no DCIS) after breast-conserving
surgery. With a median follow-up of 12 years, there was no observed
difference between the groups in the risk for IBTR or cosmetic outcome.
Of note, this trial did not allow boost irradiation, which has since
become routinely used for eBC.* hWBRT has not yet been studied in a
prospective fashion for DCIS, although limited retrospective data
suggest that hWBRT may be safely used for in situ disease.*

Starting in the late 1990s, the UK Standardization of Breast
Radiotherapy Trialists (START) group initiated two parallel phase i
randomized trials comparing standard fractionation  with
hypofractionated regimens in pT1-3 pNO-1 patients. Early results from
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both trials supported the feasibility of hypofractionated regimens. In the
START-A trial, 50Gy in 25 fractions was compared with 41.6Gy in 13
fractions and 39Gy in 13 fractions. Approximately 60% of the patients in
each treatment arm received a 10Gy boost to the tumor bed in five
fractions. With a median follow-up of 5.1 years, the five-year IBTR rates
were not statistically different for the three arms. Patients who
received 41.6Gy had similar rates of late adverse effects to the control
group, whereas the 39Gy cohort had slightly fewer late sequelae based
on photographic and patient self-assessment.”

In the START-B trial, the randomization was 40Gy in 15 fractions
versus 50Gy in 25 fractions, with more than 40% of women receiving
a 10Gy boost to the tumor bed. After a median follow-up of six years,
there was no significant difference in IBTR (2.2 and 3.3%,
respectively). Again, a slightly lower rate of late adverse effects was
noted in the hypofractionated group.” Given the theoretically
increased risk for late effects with larger fraction sizes, long-term
follow-up of more than 10-15 years will be required to ensure the
safety of these particular regimens.

Based on the early success of the hypofractionated regimens outlined
above, the START investigators have initiated the FAST trial, which will
randomize women to conventional fractionation, 30Gy in five fractions,
or 28.5Gy in five fractions, given once per week using 3D-CRT or IMRT.
A variety of other hWBRT techniques and fractionation schedules are
being explored““* such as concurrent boost treatment (where the
boost dose is delivered at the same time as the WBRT, thus shortening
the overall duration of treatment) and combinations of IORT followed by
a hypofractionated external-beam course post-operatively.®*

Recently, a task force authorized by ASTRO performed a systematic
literature review of available data regarding hypofractionated radiation
for breast cancer and have generated a consensus statement. The
panel concluded that for patients with early-stage breast cancer
meeting the criteria specified in Table 2, the data support the use of
hWBRT. There were several patient groups for whom no consensus was
reached, due to lack of sufficient data (i.e. patients < 50 years of age,
receipt of chemotherapy, and >7% dose heterogeneity in the breast).
No consensus was reached regarding the use of a boost in conjunction
with hWBRT, since boost was not routinely delivered in the vast
majority of patients treated in these trials. Lastly, the task force
recommended that the heart be excluded from the primary treatment
fields when hypofractionation is used.*

conclusions

The benefits of cfWBRT as a component of BCT for eBC are well
documented and include substantially improved local control, a
modest survival benefit, and minimal toxicity. APBI and hWBRT are
under intense investigation as possible alternatives to cfWBRT that
would allow for expedited completion of radiotherapy. There are
maturing phase Il data suggesting that hWBRT is a safe and effective
alternative to cfWBRT for eBC. While preliminary data suggest that
APBI is feasible and safe for appropriately selected, low-risk patients,
results from randomized phase Il trials are eagerly awaited. Until
mature data are available to support APBI, providers should approach
its implementation cautiously. B

US ONCOLOGY & HEMATOLOGY



Accelerated Partial Breast Irradiation and Hypofractionated Whole Breast Radiation

Fisher B, Anderson S, Conservative surgery for the
management of invasive and noninvasive carcinoma of the
breast: Nsabp trials. National surgical adjuvant breast and
bowel project, World J Surg, 1994;18:63-9.

Veronesi U, Marubini E, Mariani L, et al., Radiotherapy after
breast-conserving surgery in small breast carcinoma: Long-
term results of a randomized trial, Ann Oncol, 2001;12:997-1003.
van Dongen J, Voogd A, Fentiman |, et al., Long-term results of
a randomized trial comparing breast-conserving therapy with
mastectomy: European organization for research and
treatment of cancer 10801 trial, J Nat/ Cancer Inst, 2000;92:
1143-50.

Clarke M, Meta-analyses of adjuvant therapies for women with
early breast cancer: The early breast cancer trialists’
collaborative group overview, Ann Oncol, 2006;(17 Suppl. 10):
X59-62.

Farrow D, Hunt W, Samet J, Geographic variation in

the treatment of localized breast cancer, N Engl J Med,
1992;326:1097-101.

Lazovich D, White E, Thomas D, Moe R, Underutilization of
breast-conserving surgery and radiation therapy among women
with stage i or ii breast cancer, JAMA, 1991;266:3433-8.

Samet J, Hunt W, Farrow D, Determinants of receiving breast-
conserving surgery. The surveillance, epidemiology, and end
results program, 1983-1986, Cancer, 1994;73:2344-51.

Athas W, Adams-Cameron M, Hunt W, et al., Travel distance to
radiation therapy and receipt of radiotherapy following breast-
conserving surgery, J Natl Cancer Inst, 2000;92:269-71.
Vinh-Hung V, Verschraegen C, Breast-conserving surgery with
or without radiotherapy: Pooled-analysis for risks of ipsilateral
breast tumor recurrence and mortality, J Nat/ Cancer Inst,
2004,96:115-21.

Hughes K, Schnaper L, Berry D, et al., Lumpectomy plus
tamoxifen with or without irradiation in women 70 years of age
or older with early breast cancer, N Engl J Med, 2004;351:971-7.
Schroen A, Brenin D, Kelly M, et al., Impact of patient distance
to radiation therapy on mastectomy use in early-stage breast
cancer patients, J Clin Oncol, 2005;23:7074-80.

Vicini F, Kestin L, Goldstein N, Defining the clinical target
volume for patients with early-stage breast cancer treated with
lumpectomy and accelerated partial breast irradiation: A
pathologic analysis, Int J Radiat Oncol Biol Phys, 2004,60:722-30.
Clark R, McCulloch P, Levine M, et al., Randomized clinical trial
to assess the effectiveness of breast irradiation following
lumpectomy and axillary dissection for node-negative breast
cancer, J Natl Cancer Inst, 1992,;84:683-9.

Smith T, Lee D, Turner B, et al., True recurrence vs. new
primary ipsilateral breast tumor relapse: An analysis of

clinical and pathologic differences and their implications

in natural history, prognoses, and therapeutic management,
Int J Radiat Oncol Biol Phys, 2000;48:1281-9.

Liliegren G, Holmberg L, Adami H, et al., Sector resection with
or without postoperative radiotherapy for stage | breast cancer:
Five-year results of a randomized trial. Uppsala-Orebro Breast
Cancer Study Group, J Natl Cancer Inst, 1994,86:717-22.

Clark R, Whelan T, Levine M, et al., Randomized clinical trial of
breast irradiation following lumpectomy and axillary dissection
for node-negative breast cancer: An update. Ontario Clinical
oncology Group, J Natl Cancer Inst, 1996,88:1659-64.

Veronesi U, Luini A, Del Vecchio M, et al., Radiotherapy after
breast-preserving surgery in women with localized cancer of
the breast, N Engl J Med, 1993;328:1587-91.

Ribeiro G, Dunn G, Swindell R, et al., Conservation of the breast
using two different radiotherapy techniques: Interim report of a
clinical trial, Clin Oncol (R Coll Radiol), 1990;2:27-34.

Dodwell D, Dyker K, Brown J, et al., A randomised study

US ONCOLOGY & HEMATOLOGY

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

of whole-breast vs tumour-bed irradiation after local

excision and axillary dissection for early breast cancer,

Clin Oncol (r Coll Radiol), 2005;17:618-22.

Polgér C, Fodor J, Major T, et al., Breast-conserving treatment
with partial or whole breast irradiation for low-risk invasive
breast carcinoma—5-year results of a randomized trial,

Int J Radliat Oncol Biol Phys, 2007,69:694-702.

Smith B, Arthur D, Buchholz T, et al., Accelerated partial breast
irradiation consensus statement from the American Society for
Radiation Oncology (ASTRO), J Am Coll Surg, 2009;209:269-77.
Vicini F, Antonucci J, Wallace M, et al., Long-term efficacy and
patterns of failure after accelerated partial breast irradiation: A
molecular assay-based clonality evaluation, Int J Radiat Oncol Biol
Phys, 2007;68:341-6.

Kuske R, Winter K, Arthur D, et al., Phase Il trial of
brachytherapy alone after lumpectomy for select breast
cancer: Toxicity analysis of RTOG 95-17, Int J Radiat Oncol Biol
Phys, 2006;65:45-51.

Vicini F, Beitsch P, Quiet C, et al., Five-year analysis of
treatment efficacy and cosmesis by the American Society of
Breast Surgeons mammosite breast brachytherapy registry trial
in patients treated with accelerated partial breast irradiation,
Int J Radliat Oncol Biol Phys, 2011,79(3):808-17.

Keisch M, Vicini F, Beitsch P, et al., American Society of Breast
Surgeons mammosite radiation therapy system registry trial:
Ductal carcinoma-in-situ subset analysis—4-year data in 194
treated lesions, Am J Surg, 2009;198:505-7.

Scanderbeg D, Yashar C, Rice R, Pawlicki T, Clinical
implementation of a new hdr brachytherapy device for partial
breast irradiation, Radiother Oncol, 2009;90:36-42.

Scanderbeg D, Yashar C, White G, et al., Evaluation of three
apbi techniques under nsabp b-39 guidelines, J Appl Clin Med
Phys, 2010;11:3021.

Yashar C, Blair S, Wallace A, Scanderbeg D, Initial clinical
experience with the strut-adjusted volume implant
brachytherapy applicator for accelerated partial breast
irradiation, Brachytherapy, 2009;8:367-72.

Arthur D, Vicini F, Todor D, et al., Improvements in critical
dosimetric endpoints using the contura multilumen balloon
breast brachytherapy catheter to deliver accelerated partial
breast irradiation: Preliminary dosimetric findings of a phase IV
trial, Int J Radiat Oncol Biol Phys, 2011;79(1):26-33.

Brown S, McLaughlin M, Pope K, et al., Initial radiation
experience evaluating early tolerance and toxicities in patients
undergoing accelerated partial breast irradiation using the
contura multi-lumen balloon breast brachytherapy catheter,
Brachytherapy, 2009;8:227-33.

Israel P, Robbins A, Shroff P, et al., Initial surgical experience
evaluating early tolerance and toxicities in patients undergoing
accelerated partial breast irradiation using the contura multi
lumen balloon breast brachytherapy catheter, Am Surg,
2009,75:1042-9.

Wilder R, Curcio L, Khanijou R, et al., A contura catheter offers
dosimetric advantages over a mammosite catheter that
increase the applicability of accelerated partial breast
irradiation, Brachytherapy, 2009,8:373-8.

Vicini F, Winter K, wong J, et al., Initial efficacy results of rtog
0319: Three-dimensional conformal radiation therapy (3D-CRT)
confined to the region of the lumpectomy cavity for stage I/1l
breast carcinoma, Int J Radiat Oncol Biol Phys, 2010;77:1120-7.
Wernicke AG, Gidea-Addeo D, Magnolfi C, et al., External

beam partial breast irradiation following breast-conserving
surgery: Preliminary results of cosmetic outcome of nyu 00-23,
Int J Radiat Oncol Biol Phys, 2006,66:S32.

Jagsi R, Ben-David M, Moran J, et al., Unacceptable cosmesis in
a protocol investigating intensity-modulated radiotherapy with

36

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

active breathing control for accelerated partial-breast
irradiation, Int J Radiat Oncol Biol Phys, 2010;76:71-8.

Hepel J, Tokita M, MacAusland S, et al., Toxicity of three-
dimensional conformal radiotherapy for accelerated partial
breast irradiation, int J Radiat Oncol Biol Phys, 2009,75:1290-6.
Veronesi U, Orecchia R, Luini A, et al., Full-dose intraoperative
radiotherapy with electrons during breast-conserving surgery:
Experience with 590 cases, Ann Surg, 2005;242:101-6.

Vaidya J, Joseph D, Tobias J, et al., Targeted intraoperative
radiotherapy versus whole breast radiotherapy for breast
cancer (targit-a trial): An international, prospective, randomised,
non-inferiority phase 3 trial, Lancet, 2010,376:91-102.

START Trialists” Group, Bentzen SM, Agrawal RK, et al., The UK
Standardisation of Breast Radiotherapy (START) trial a of
radiotherapy hypofractionation for treatment of early breast
cancer: A randomised trial, Lancet Oncol, 2008;9:331-41.

Ash D, Benson E, Sainsbury J, et al., Seven-year follow-up

on 334 patients treated by breast conserving surgery and
short course radical postoperative radiotherapy: A report of
the yorkshire breast cancer group, Clin Oncol (r Coll Radiol),
1995,7:93-6.

Olivotto I, Weir L, Kim-Sing C, et al., Late cosmetic results of
short fractionation for breast conservation, Radiother Oncol,
1996,41:7-13.

Shelley W, Brundage M, Hayter C, et al., A shorter fractionation
schedule for postiumpectomy breast cancer patients,

Int J Radiat Oncol Biol Phys, 2000;47:1219-28.

Whelan T, Pignol J, Levine M, et al., Long-term results of
hypofractionated radiation therapy for breast cancer,

N Engl J Med, 2010;362:513-20.

Williamson D, Dinniwell R, Fung S, et al., Local control

with conventional and hypofractionated adjuvant radiotherapy
after breast-conserving surgery for ductal carcinoma in situ,
Radiother Oncol, 2010;95:317-20.

Bentzen S, Agrawal R, Aird E, et al., The UK Standardisation

of Breast Radiotherapy (START) trial b of radiotherapy
hypofractionation for treatment of early breast cancer:

A randomised trial, Lancet, 2008;371:1098-1107.

Pinnaro P, Soriani A, Landoni V, et al., Accelerated
hypofractionated radiotherapy as adjuvant regimen

after conserving surgery for early breast cancer: Interim
report of toxicity after a minimum follow up of 3 years,

J Exp Clin Cancer Res, 2010;29:9.

Vicini F, Chen P, Wallace M, et al., Interim cosmetic results and
toxicity using 3D conformal external beam radiotherapy to
deliver accelerated partial breast irradiation in patients with
early-stage breast cancer treated with breast-conserving
therapy, Int J Radiat Oncol Biol Phys, 2007;69:1124-30.

Leonard C, Carter D, Kercher J, et al., Prospective trial of
accelerated partial breast intensity-modulated radiotherapy,
Int J Radiat Oncol Biol Phys, 2007,67:1291-8.

Kozak K, Smith B, Adams J, et al., Accelerated partial-breast
irradiation using proton beams: Initial clinical experience,

Int J Radiat Oncol Biol Phys, 2006,66:691-8.

Corvo R, Giudici S, Maggio F, et al., Weekly concomitant boost
in adjuvant radiotherapy for patients with early breast cancer:
Preliminary results on feasibility, Tumori, 2008;94:706-11.
Freedman G, Anderson P, Goldstein L, et al., Four-week
course of radiation for breast cancer using hypofractionated
intensity modulated radiation therapy with an incorporated
boost, Int J Radiat Oncol Biol Phys, 2007,68:347-53.

Smith B, Bentzen S, Correa C, et al., Fractionation for

whole breast irradiation: An american society for radiation
oncology (astro) evidence-based guideline. Available at:
http://astro.org/research/commentform/documents/
fractionationdraft.pdf

37



	US_Onc_FC
	US_Onc_IFC
	US_Onc_01
	US_Onc_02
	US_Onc_03
	US_Onc_04
	US_Onc_05
	US_Onc_06
	US_Onc_07
	US_Onc_08
	US_Onc_09
	US_Onc_10
	US_Onc_11
	US_Onc_12
	US_Onc_13
	US_Onc_14
	US_Onc_15
	US_Onc_16
	US_Onc_17
	US_Onc_18
	US_Onc_19
	US_Onc_20
	US_Onc_21
	US_Onc_22
	US_Onc_23
	US_Onc_24
	US_Onc_25
	US_Onc_26
	US_Onc_27
	US_Onc_28
	US_Onc_29
	US_Onc_30
	US_Onc_31
	US_Onc_32
	US_Onc_33
	US_Onc_34
	US_Onc_35
	US_Onc_36
	US_Onc_37
	US_Onc_38
	US_Onc_39
	US_Onc_40
	US_Onc_41
	US_Onc_42
	US_Onc_43
	US_Onc_44
	US_Onc_45
	US_Onc_46
	US_Onc_47
	US_Onc_48
	US_Onc_49
	US_Onc_50
	US_Onc_51
	US_Onc_52
	US_Onc_53
	US_Onc_54
	US_Onc_55
	US_Onc_56
	US_Onc_57
	US_Onc_58
	US_Onc_59
	US_Onc_60
	US_Onc_61
	US_Onc_62
	US_Onc_63
	US_Onc_64
	US_Onc_65
	US_Onc_66
	US_Onc_67
	US_Onc_68
	US_Onc_69
	US_Onc_70
	US_Onc_71
	US_Onc_72
	US_Onc_73
	US_Onc_74
	US_Onc_75
	US_Onc_76
	US_Onc_77
	US_Onc_78
	US_Onc_79
	US_Onc_80
	US_Onc_IBC
	US_Onc_FC



