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Abstract

Purpose: To update the accelerated partial breast irradiation Consensus Statement published in 2009 and
provide guidance on use of intraoperative radiation therapy (IORT) for partial breast irradiation in early-
stage breast cancer, based on published evidence complemented by expert opinion.

Methods and materials: A systematic PubMed search using the same terms as the original Consensus
Statement yielded 419 articles; 44 articles were selected. The authors synthesized the published evidence
and, through a series of conference calls and e-mails, reached consensus regarding the recommendations.

Supplementary material for this article (doi:10.1016/j.prr0.2016.09.007) can be found at www.practicalradonc.org.
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research funding from Varian Medical Systems. MCL holds position of the National Coordinator of IORT Working Group on behalf of the Italian Society
of Radiation Oncology and is the co-investigator in an ongoing boost IORT followed by extreme hypofractionation to whole breast with IMRT in
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Results: The new recommendations include lowering the age in the “suitability group” from 60 to 50 years
and in the “cautionary group” to 40 years for patients who meet all other elements of suitability (Table 1).
Patients with low-risk ductal carcinoma in situ, as per Radiation Therapy Oncology Group 9804 criteria, were
categorized in the “suitable” group. The task force agreed to maintain the current criteria based on margin
status. Recommendations for the use of IORT for breast cancer patients include: counseling patients regarding
the higher risk of ipsilateral breast tumor recurrence with IORT compared with whole breast irradiation; the
need for prospective monitoring of long-term local control and toxicity with low-energy radiograph IORT
given limited follow-up; and restriction of IORT to women with invasive cancer considered “suitable.”
Conclusion: These recommendations will provide updated clinical guidance regarding use of accelerated partial
breast irradiation for radiation oncologists and other specialists participating in the care of breast cancer patients.
© 2016 American Society for Radiation Oncology. Published by Elsevier Inc. All rights reserved.

Introduction

Accelerated partial breast irradiation (APBI) is a localized
form of radiation delivered after lumpectomy to only the part
of the breast where the tumor was removed. This procedure
requires close collaboration between the surgeon and the
radiation oncologist. When compared with whole breast
irradiation (WBI), APBI offers several benefits, including
reducing treatment time and sparing healthy tissue. Initial
research indicates APBI can be as effective as WBI in terms of
survival and controlling local recurrences in select patients.
Recently, interest has also grown in intraoperative radiation
therapy (IORT), which treats the partial breast with a single
dose of radiation using either low-energy radiographs or
electrons, most commonly delivered at the time of surgery.

The American Society for Radiation Oncology (ASTRO)
consensus statement on APBI was originally published in
2009. The Board of Directors approved the proposal to partially
update consensus statement in January 2015. This update
addresses key question (KQ) 1 from the original guideline:
Which patients may be considered for APBI outside of a
clinical trial? It also considers a new KQ: Which patients may
be considered for intraoperative partial breast irradiation (PBI)?
This update is endorsed by the Society of Surgical Oncology.

Methods

For information on the literature review, the grading of the
recommendations and evidence, and the consensus method-
ology, please see the full version (supplementary materials at
www.practicalradonc.org).

Results

KQ1: Which patients may be considered for APBI
outside of a clinical trial?

Age
Recommendation Statements:

A. Include age greater than or equal to 50 years in the
“suitable” group (moderate quality of evidence [MQE],
recommendation rated as “Weak,” 100% Agreement).

B. Patients who are aged 40 to 49 years and who meet
all other elements of suitability are considered
“cautionary” (lower quality of evidence, recommen-
dation rated as “Weak,” 100% Agreement).

C. Retain patients with age younger than 40 years or
those who are 40 to 49 years without meeting other
elements of suitable in the “unsuitable” group (no
evidence rating, recommendation rated as “Weak,”
100% Agreement).

Three randomized trials evaluating APBI versus WBI
have been published or updated since the original ASTRO
consensus statement. In the Groupe Européen de Curiethér-
apie of the European Society for Radiotherapy and
Oncology (GEC-ESTRO) trial, 1184 patients were enrolled
in a phase 3, noninferiority trial and were randomized to
WBI plus a tumor bed boost or APBI delivered with
multicatheter interstitial brachytherapy.!' The 5-year risk of
ipsilateral breast tumor recurrence (IBTR) was less than 2%
in both treatment arms, and the study concluded that APBI
was not inferior to WBI. In addition, there were no
differences in toxicity through 5 years. The lower limit of
age on the GEC-ESTRO trial was 40 years, and there was no
evidence of increased risk of IBTR with APBI for women in
their 40s. However, only 14% of women enrolled were
<50 years of age.! In the National Institute of Oncology
Budapest trial in which 128 received primarily multicatheter
brachytherapy APBI, 23% of patients were younger than age
50. In this trial, patients younger than age 40 were excluded
after 2001 because of an early analysis that reported
unacceptably high IBTR risk in these patients.? At a median
follow-up of 10.2 years, 5.5% had an in-breast recurrence,
but no further analysis by age was done.? In the University
of Florence trial, 15.8% of the 260 randomized to intensity
modulated radiation therapy (IMRT) APBI were <50 years
old. With a median follow-up of 5 years, 1.5% had an
in-breast recurrence and age was not a significant factor
associated with recurrence.* In each trial, roughly 90% or
more of enrolled patients had T1, NO and hormone-sensitive
disease. Data from other large randomized phase 3 trials
evaluating APBI, including the National Surgical Adjuvant
Breast and Bowel Project B39/Radiation Therapy Oncology
Group (RTOG) 0413 trial®> and Randomized Trial of
Accelerated Partial Breast Irradiation trials,© are pending.
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Updates to institutional prospective studies of APBI
cited in the original Consensus Statement have also been
reviewed. The Austrian Multi Institutional study has
reported its findings specifically for age.” In this phase 2
study of 274 stage I, hormone-sensitive breast cancer
patients who received multicatheter APBI, 5-year local
recurrence for patients <50 years of age was 7.5%, and for
patients >50 years was 1.1% (P = .030). Younger women
were more likely to have received chemotherapy, and
those with chemotherapy less likely to have had
anti-hormone therapy (AHT). Five-year local recurrence
for hormone-sensitive patients (n = 264) with AHT was
1.1%, and without AHT was 12% (0.0087). In an analysis
from 3 prospective trials studying mostly brachytherapy
delivery of APBI at William Beaumont Hospital, the lack
of adjuvant tamoxifen therapy use, age <50, and estrogen
receptor(-) status were significantly associated with the
development of in-breast recurrence.® In the Massachu-
setts General Hospital phase 2 trial of 3-dimensional (3D)
conformal radiation therapy (3D-CRT) APBI, an IBTR
occurred in 2 of 15 women aged 40 to 49 (14% actuarial
risk) compared with 3 of 83 in those age >50 years (3%
actuarial risk), with median follow-up 71 months, although
this difference was not statistically significant.” The 2
patients less than 50 years of age who had an IBTR both
had triple negative disease.

Among APBI registry studies that have updated results,
Shah reported no difference by age in invasive ductal
patients treated with APBI in the American Society of
Breast Surgeons MammoSite registry trial final analysis,
although in ductal carcinoma in situ (DCIS) patients, the
S-year IBTR rate was 19% in those aged <50 compared
with 5.8% for aged >50 years.'°

Margins

Recommendation statement

A. Maintain the current selection criteria for “suitable,”
“cautionary,” and “unsuitable” patients based on margin
status (no evidence rating, recommendation rated as
“Weak,” 75% Agreement).

Pure DCIS

Recommendation statement:

A. Include patients with low-risk DCIS as per RTOG 9804
criteria (ie, screen-detected, low to intermediate nuclear grade,
less than or equal to 2.5 cm size, resected with margins
negative at >3 mm), in the “suitable” group (MQE,
recommendation rated as “Weak,” 100% Agreement).

The RTOG 9804 randomized clinical trial included
women with screen-detected DCIS, low to intermediate
nuclear grade, <2.5 cm size, resected with margins
negative at >3 mm.!! With a median follow-up of 7.2
years, risk of IBTR was 6.7% risk in the observation arm

compared with 0.9% in the WBI arm. Similar results were
noted in the initial publication of the Eastern Cooperative
Oncology Group (ECOG) 5194 trial among patients
meeting similar criteria, with observation yielding a
6.1% risk of IBTR at 6.7 years’ median follow-up and
14.4% risk at 12 years.!>!® These inclusion criteria
therefore define a group of patients with low-risk DCIS
for whom observation confers a low absolute risk of IBTR
and for whom the addition of WBI confers a small but
measurable absolute benefit in prevention of IBTR. When
applied to APBI, 41 patients in the MammoSite registry
met the low-risk enrollment criteria for the ECOG 5194
study and experienced a 5-year risk of an IBTR of 0%. 4
The 5-year rate of IBTR among all 194 DCIS patients in
the MammoSite registry was 3.4%. '3 A pooled analysis of
300 women with DCIS from the MammoSite registry and
a single institution similarly showed a 2.6% 5-year risk of
IBTR.'® In addition, a single-institution study evaluating
99 DCIS patients treated with either balloon brachyther-
apy, interstitial brachytherapy, or 3D-CRT external beam
radiation therapy (EBRT) APBI demonstrated a 1.4%
5-year risk of IBTR.!7 When analyzed by the ECOG 5194
risk criteria, the risk was 2% for patients meeting these
low-risk criteria. Other series similarly showed a 0%
5-year IBTR risk among 32 women with DCIS treated
with multicatheter brachytherapy. '®

In contrast, one single-institution investigation reported
a trend toward higher risk of time to IBTR among pure
DCIS tumors compared with invasive ductal carcinomas at
4 years after MammoSite (hazard ratio, 3.57; P = .06).'°
One prospective multicenter trial using MammoSite in 41
DCIS patients showed a 9.8% 5-year risk of IBTR, all
outside the treatment field.>°

Data from randomized trials of APBI versus WBI with
selection criteria including patients with DCIS are
pending. However, given the low risk of IBTR in
low-risk DCIS with wide local excision alone, coupled
with favorable results following APBI for low-risk DCIS
in several series, the task force recommends inclusion of
low-risk DCIS patients in the “suitable” group. The work
group notes that hormonal therapy alone or observation
may also be appropriate therapy for certain patients in this
favorable subset.

New key question: Which patients may be
considered for intraoperative PBI?

Recommendation statements:

A. Patients interested in cancer control equivalent to
that achieved with WBI postlumpectomy for breast
conservation should be counseled that in 2 clinical
trials the risk of IBTR was higher with IORT (high
quality of evidence, recommendation rated as
“Strong,” 87.5% Agreement).
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Table 1

Comparison of patient groups in original and updated consensus statements

Patient group Risk factor Original

Update

Suitability Age =60y
Margins
T stage T1
DCIS Not allowed

Negative by at least 2 mm

>50y

No change

Tis or T1

If all of the below:

® Screen-detected

® [ ow to intermediate nuclear grade

® Size <2.5 cm

® Resected with margins negative at >3 mm

Cautionary Age 50-59 y

Margins Close (<2 mm)
DCIS <3 cm

® 40-49 y if all other criteria for ”suitable” are met

® >5( y if patient has at least 1 of the pathologic factors
below and does not have any “unsuitable” factors
Pathologic factors:

® Size 2.1-3.0 cm *

o T2

® Close margins (<2 mm)

e Limited/focal LVSI

® ER(-)

e Clinically unifocal with total size 2.1-3.0 cm”

® [nvasive lobular histology

® Pure DCIS <3 cm if criteria for suitable” not fully met
® EIC <3 cm

No change

<3 cm and does not meet criteria for “suitable”

Unsuitable Age <50 years

Margins Positive
DCIS >3 cm

® <40y

® 40-49 y and do not meet the criteria for cautionary
No change

No change

# The size of the invasive tumor component.

° Microscopic multifocality allowed, provided the lesion is clinically unifocal (a single discrete lesion by physical examination and ultrasonography/
mammography) and the total lesion size (including foci of multifocality and intervening normal breast parenchyma) falls between 2.1 and 3.0 cm.

B. Electron beam IORT should be restricted to women with
invasive cancer considered “suitable” for PBI (Table 1)
based on the results of a multivariate analysis with
median follow-up of 5.8 years (MQE recommendation
rated as “Strong,” 100% Agreement).

C. Low-energy x-ray IORT for PBI should be used within
the context of a prospective registry or clinical trial, per
ASTRO Coverage with Evidence Development (CED)
statement. When used, it should be restricted to women
with invasive cancer considered “suitable” for partial
breast irradiation (Table 1) based on the data at the time of
this review (MQE, recommendation rated as “Weak”).

Clinical trials

Two large phase 3 trials, the Intraoperative radiother-
apy with electrons (ELIOT) trial and the TARGIT trial,
compared WBI with IORT PBI using either electron beam
(ELIOT)?! or low-energy x-rays (Intrabeam device,
TARGIT).?? Both trials reported increased risk of IBTR
after IORT. In ELIOT, the 5-year IBTR risk was 4.4%
(35/651) after IORT versus 0.4% (4/654) after WBI.

ELIOT has a median of 5.8 years follow up (n =1305).
However, ELIOT patients with invasive cancer fitting the
“suitability” criteria had a very low rate of IBTR.%3
Among these patients, the 5-year occurrence of IBTR was
approximately 1.5%, pointing out the importance of
patient selection.>?

In TARGIT, the 5-year IBTR risk was 3.3% (23/3375)
in the low-energy x-ray IORT arm compared to 1.3%
(11/3375), (P = .042) in the WBI arm.??> The overall
median follow up for TARGIT is 2.4 years (n =3451). The
task force acknowledges that the initial 1222 patients have
a median follow up of five years, however notes the
five-year IBTR risk is based on the overall short follow up
of the TARGIT trial, which limits precision of the
five-year risk estimates. Although there was no statisti-
cally significant difference in IBTR risk for patients treated
with IORT versus WBI in the TARGIT prepathology
subgroup (2.1% (10 of 2234) with IORT vs 1.1% (6 of
2234) with WBI),?? the task force thought greater weight
should be placed on evaluation of the efficacy of IORT in
the prespecified primary analysis population that included
all patients. The task force also noted concerns from the
chair of the TARGIT Data Monitoring Committee
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regarding misuse of the noninferiority criterion and the
responses from the authors.?#2> For these reasons, the task
force felt low-energy x-ray IORT should continue to be used
within the context of a prospective registry or clinical trial to
ensure long-term local control and toxicity outcomes are
prospectively monitored. Further, given the increased risk of
IBTR, the task force advised that low-energy x-ray IORT,
when used, be confined to patients with the lowest risk of
IBTR, specifically those in the “suitable” group (Table 1).
Since there are no data on the use of IORT with DCIS, the
task force recommended its use be limited to patients with
invasive breast cancer. These statements will be reconsid-
ered and revised as appropriate when important new
evidence warrants modification of the recommendation.

Adverse effects

Adverse effects are different after [ORT compared with
WBI. In the available trials, fat necrosis 2%’ was increased
with IORT, whereas skin side effects were lower.242¢
Mild breast fibrosis?®?%2° occurred with electron beam
radiation on ELIOT, with no significant difference
compared with WBI in the ELIOT trial.?® IORT
techniques may allow improved critical organ sparing
compared with WBI. Lung fibrosis in the ELIOT trial3°
and deaths from cardiovascular causes in the TARGIT trial
were lower in the IORT groups.?

In some studies, low-energy radiographs followed by
WBI was associated with double the risk of breast fibrosis
(to 37.5%), increased patient-reported pain, and decreased
patient-reported quality of life compared with WBI
alone.3%33 In contrast, other studies have reported
outcomes with IORT followed by WBI that appear
acceptable and comparable to either WBI alone or WBI
with a conventional EBRT boost.33-3% As such, the task
force felt the combination of IORT and WBI should be
used only with caution and limited to women with higher
risk features on final pathology.

Additional considerations

Patients meeting criteria for treatment with [ORT generally
have a low absolute risk of IBTR, yet this risk persists over a
long period, likely at least 10 years. These biologic
considerations, coupled with the current follow-up reported
from the ELIOT and TARGIT trials, it is recommended that
patients treated with IORT undergo routine long-term
follow-up for at least a 10 years to screen for IBTR.

Comment on external beam APBI

Since 2009, several key studies have provided
important new data on the complication profile of APBI
delivered with EBRT 3D-CRT or IMRT. Most important,

the Randomized Trial of Accelerated Partial Breast
Irradiation trial randomized 2135 patients to WBI or
3D-CRT APBI.¢ Although the IBTR risk has not yet been
reported, cosmetic outcome, as assessed separately by
patients, nurses, and physician panels, was consistently
worse at 3 and 5 years in patients randomized to 3D-CRT
APBI. '3 In contrast, the University Florence phase 3 trial
reported that IMRT APBI resulted in improved
physician-rated cosmetic outcome compared with WBL#
Single-arm studies have also reported higher rates of fair to
poor cosmetic outcomes in approximately 20% of patients
treated with EBRT-based APBI.29:3%37 However, other
clinical series of APBI delivered with 3D-CRT or IMRT
reported acceptable cosmetic outcomes. 384> These
conflicting studies raise the hypothesis that subtle
variations in planning techniques and/or dose constraints
may substantially modify the therapeutic ratio of
EBRT-based APBIL.#*% In light of ongoing research,
particularly the National Surgical Adjuvant Breast and
Bowel Project B-39/RTOG 0413 trial,> which has yet to
report cosmetic outcomes for patients treated with
3D-CRT APBI, the task force opted not to make a specific
recommendation either for or against the use of
EBRT-based APBI at this time.

Conclusion

APBI has been tested in a limited number of trials with
more than 1000 patients over the past 10 years. These trials
show that, in properly selected breast cancer patients,
APBI has provided outcomes similar to WBI. In light of
new literature, the suitability criteria for APBI have now
been updated, as summarized in Table 1. It is hoped that
this update will provide ongoing direction for radiation
oncologists and other specialists participating in the care of
breast cancer patients.
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treatment in every situation. Furthermore, this guideline
should not be deemed inclusive of all proper methods of
care or exclusive of other methods of care reasonably
directed to obtaining the same results. The ultimate
judgment regarding the propriety of any specific therapy
must be made by the physician and the patient in light of
all circumstances presented by the individual patient.
ASTRO assumes no liability for the information, conclu-
sions, and findings contained in its guidelines. In addition,
this guideline cannot be assumed to apply to the use of
these interventions performed in the context of clinical
trials, given that clinical studies are designed to evaluate or
validate innovative approaches in a disease for which
improved staging and treatment are needed or are being
explored. This guideline was prepared on the basis of
information available at the time the task force was
conducting its research and discussions on this topic.
There may be new developments that are not reflected in
this guideline update, and that may, over time, be a basis
for ASTRO to consider revisiting and updating the
guideline.
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Long-term primary results of accelerated partial breast
irradiation after breast-conserving surgery for early-stage
breast cancer: a randomised, phase 3, equivalence trial

Frank A Vicini, Reena S Cecchini, Julia R White, Douglas W Arthur, Thomas B Julian, Rachel A Rabinovitch, Robert R Kuske, Patricia A Ganz,
David S Parda, Michael F Scheier, Kathryn A Winter, Soonmyung Paik, Henry M Kuerer, Laura A Vallow, Lori | Pierce, Eleftherios P Mamounas,
Beryl McCormick, Joseph P Costantino, Harry D Bear, Isabelle Germain, Gregory Gustafson, Linda Grossheim, Ivy A Petersen, Richard S Hudes,
Walter ) Curran Jr, John L Bryant*, Norman Wolmark

Summary

Background Whole-breast irradiation after breast-conserving surgery for patients with early-stage breast cancer
decreases ipsilateral breast-tumour recurrence (IBTR), yielding comparable results to mastectomy. It is unknown
whether accelerated partial breast irradiation (APBI) to only the tumour-bearing quadrant, which shortens treatment
duration, is equally effective. In our trial, we investigated whether APBI provides equivalent local tumour control after
lumpectomy compared with whole-breast irradiation.

Methods We did this randomised, phase 3, equivalence trial (NSABP B-39/RTOG 0413) in 154 clinical centres in the
USA, Canada, Ireland, and Israel. Adult women (>18 years) with early-stage (0, I, or II; no evidence of distant
metastases, but up to three axillary nodes could be positive) breast cancer (tumour size <3 cm; including all histologies
and multifocal breast cancers), who had had lumpectomy with negative (ie, no detectable cancer cells) surgical margins,
were randomly assigned (1:1) using a biased-coin-based minimisation algorithm to receive either whole-breast
irradiation (whole-breast irradiation group) or APBI (APBI group). Whole-breast irradiation was delivered in 25 daily
fractions of 50 Gy over 5 weeks, with or without a supplemental boost to the tumour bed, and APBI was delivered as
34 Gy of brachytherapy or 38-5 Gy of external bream radiation therapy in 10 fractions, over 5 treatment days within an
8-day period. Randomisation was stratified by disease stage, menopausal status, hormone-receptor status, and
intention to receive chemotherapy. Patients, investigators, and statisticians could not be masked to treatment
allocation. The primary outcome of invasive and non-invasive IBTR as a first recurrence was analysed in the intention-
to-treat population, excluding those patients who were lost to follow-up, with an equivalency test on the basis of a
50% margin increase in the hazard ratio (90% CI for the observed HR between 0-667 and 1-5 for equivalence) and a
Cox proportional hazard model. Survival was assessed by intention to treat, and sensitivity analyses were done in the
per-protocol population. This trial is registered with ClinicalTrials.gov, NCT00103181.

Findings Between March 21, 2005, and April 16, 2013, 4216 women were enrolled. 2109 were assigned to the whole-
breast irradiation group and 2107 were assigned to the APBI group. 70 patients from the whole-breast irradiation
group and 14 from the APBI group withdrew consent or were lost to follow-up at this stage, so 2039 and 2093 patients
respectively were available for survival analysis. Further, three and four patients respectively were lost to clinical
follow-up (ie, survival status was assessed by phone but no physical examination was done), leaving 2036 patients
in the whole-breast irradiation group and 2089 in the APBI group evaluable for the primary outcome. At a
median follow-up of 10-2 years (IQR 7-5-11-5), 90 (4%) of 2089 women eligible for the primary outcome in the
APBI group and 71 (3%) of 2036 women in the whole-breast irradiation group had an IBTR (HR 1-22, 90% CI
0-94-1-58). The 10-year cumulative incidence of IBTR was 4-6% (95% CI 3-7-5-7) in the APBI group versus
3-9% (3-1-5-0) in the whole-breast irradiation group. 44 (2%) of 2039 patients in the whole-breast irradiation group
and 49 (2%) of 2093 patients in the APBI group died from recurring breast cancer. There were no treatment-related
deaths. Second cancers and treatment-related toxicities were similar between the two groups. 2020 patients in the
whole-breast irradiation group and 2089 in APBI group had available data on adverse events. The highest toxicity
grade reported was: grade 1 in 845 (40%), grade 2 in 921 (44%), and grade 3 in 201 (10%) patients in the APBI
group, compared with grade 1 in 626 (31%), grade 2 in 1193 (59%), and grade 3 in 143 (7%) in the whole-breast
irradiation group.

Interpretation APBI did not meet the criteria for equivalence to whole-breast irradiation in controlling IBTR for
breast-conserving therapy. Our trial had broad eligibility criteria, leading to a large, heterogeneous pool of patients
and sufficient power to detect treatment equivalence, but was not designed to test equivalence in patient subgroups or
outcomes from different APBI techniques. For patients with early-stage breast cancer, our findings support whole-
breast irradiation following lumpectomy; however, with an absolute difference of less than 1% in the 10-year
cumulative incidence of IBTR, APBI might be an acceptable alternative for some women.
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Introduction

Breast-conserving therapy for patients with early-stage
breast cancer conventionally includes adjuvant whole-
breast irradiation after lumpectomy to eliminate potential
residual microscopic disease in the breast and to yield
cancer outcomes comparable to mastectomy.”” Whole-
breast irradiation has been traditionally delivered over
several consecutive weeks, making access to effective
breast-conserving therapy problematic for women who
work, live far from a radiotherapy facility, care for children,
or have other socioeconomic barriers.** The preference
of patients to receive short-course radiation has become
evident since the introduction of hypofractionated whole-
breast irradiation, which reduces treatment duration to
3—4 consecutive weeks.” Omitting radiotherapy might
be an option for some older (=75 years) patients with
breast cancer who are at low risk of recurrence® but
generally this practice results in increased ipsilateral
breast-tumour recurrence (IBTR), which in some cases
is associated with worse breast-cancer mortality than
in patients with recurrence-free disease.” Recurrence
patterns after breast conservation suggest that adjuvant

Research in context

Evidence before this study

We did a comprehensive literature search for articles published
in any language between Jan 1, 1990, and Dec 31, 2003, using
PubMed and MEDLINE for any prospective studies and
ClinicalTrials.gov for ongoing or completed trials, in which
accelerated partial breast irradiation (APBI) alone was
investigated as an adjuvant radiotherapy modality after
breast-conserving surgery, compared with whole-breast
irradiation. Search terms included: “partial breast irradiation”,

“early breast cancer”, “breast-conserving therapy”, “radiation

therapy”, “accelerated partial breast irradiation”,
“brachytherapy”, “multicatheter brachytherapy”, “balloon-based
brachytherapy”, “intraoperative irradiation”, “IORT", and

“"adjuvant therapy”. At that time, nearly all evidence was from
prospective phase 2, single-institution, and some multi-
institution trials that showed low cancer recurrence after breast-
conserving therapy and APBI compared with historical
whole-breast irradiation data. These studies were done in highly
specific patient populations with low-risk, short follow-up, and
using only a single irradiation technique. One ongoing phase 3
trial was studying whether brachytherapy APBI in a similarly well
defined, low-risk population and found that it was non-inferior
to whole-breast irradiation. Questions remained, particularly on
the applicability of APBI to a broader patient population
undergoing breast-conserving therapy and whether recurrence
equivalent to whole-breast irradiation would be seen with
modern adjuvant systemic and local therapy techniques and in a

whole-breast irradiation could be most beneficial in the
breast tissue adjacent to the post-excision lumpectomy
cavity because IBTRs occur predominantly at this site.” As
an alternative, accelerated partial breast irradiation (APBI)
delivers radiotherapy to only the tumour-bearing quadrant
over 5 treatment days within an 8-day period, a treatment
interval that further reduces the burden of care and
potentially improves access to breast-conserving therapy.
In the NRG Oncology/NSABP B-39/RTOG 0413 trial, we
compared APBI to whole-breast irradiation following
lumpectomy for patients with early-stage breast cancer to
determine if APBI provided equivalent local tumour
control.

Methods

Study design and participants

NSABP B-39/RTOG 0413 was a randomised, phase 3,
equivalence trial done in 154 clinical centres in the USA,
Canada, Ireland, and Israel. Eligible patients had to be
older than 18 years and to have received lumpectomy
for stage 0 cancer (ie, ductal carcinoma in situ
[DCIS]) or stage I or II (tumour size <3 cm) invasive

more diverse patient population. Additional uncertainty
remained about the other techniques of APBI.

Added value of this study

To our knowledge, NSABP B-39/RTOG 0413 is the first

phase 3 trial testing all forms of APBI compared with whole-
breast irradiation, enrolling a heterogeneous group of patients
with early-stage breast cancer and undergoing breast-
conservation therapy, including the largest number of patients,
and providing the longest follow-up reported to date. Our trial
was designed to include a more representative cross-section of
patients than previous trials and to be powered to detect
whether APBI could become a standard approach for all patients.
We found that our prespecified study criteria for equivalence of
APBI and whole-breast irradiation were not met. These findings
contrast with those reported in the IMPORT LOW, GEC-ESTRO,
and RAPID trials, which showed non-inferiority of APBI versus
whole-breast irradiation, but studied narrow patient
populations, and used only a single irradiation technique.

Implications of all the available evidence

The findings of NSABP B-39/RTOG 0413 support whole-breast
irradiation. However, the absolute differences in ipsilateral
breast-tumour recurrence were small, such that APBI might be
an acceptable treatment in some patients similar to those
enrolled in other trials. The shortened irradiation course reduces
the burden of radiotherapy and could therefore improve access
for certain patients who choose breast conservation.
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adenocarcinoma of the breast with no evidence of distant
metastases. Their life expectancy had to be at least
10 years, excluding the breast cancer diagnosis but
including any comorbidities. Surgical resection margins
needed to be free of cancer, including DCIS. The primary
tumour must have been tested for oestrogen receptor
and, in some cases, for progesterone receptor. Up to three
axillary lymph nodes could be positive for metastases.
Patients with all histologies and multifocal breast cancers
were eligible and had to be randomly assigned to groups
within 42 days of the most recent surgery.

Approximately 20 months after the study opened,
recruitment was closed in two low-risk groups because of
high accrual: patients with DCIS who were aged 50 years
and older, regardless of hormone-receptor status, and
patients with negative lymph nodes, invasive disease, and
positive for hormone receptor who were aged 50 years
and older. Accrual was continued for all other patients.
This study was approved by institutional review boards at
the participating clinical centres, and all participants
provided written informed consent.

Randomisation and masking

Patients were randomly assigned (1:1) to receive either
whole-breast irradiation (whole-breast irradiation group)
or APBI (APBI group) using a biased-coin-based mini-
misation algorithm" and were stratified according to
disease stage (DCIS only, invasive disease with negative
axillary nodes, invasive disease with 1-3 positive nodes),
menopausal status, hormone-receptor status (oestrogen-
receptor-positive or progesterone-receptor-positive vs neg-
ative for both), and intention to receive chemotherapy.
Randomisation was done centrally by the statistical and
data management centre (Pittsburgh, PA, USA). Online
patient entry was done through a National Surgical
Adjuvant Breast and Bowel Project server, which provided
treatment assignment to the investigator for enrolment.
Patients, investigators, and statisticians could not be
masked to treatment allocation.

Procedures

External beam radiotherapy was used to deliver whole-
breast irradiation doses of 50 Gy per day in 25 total
fractions spread over 5 weeks. Boost therapy was
permitted and was left to the discretion of the radiation
oncologist. For APBI, delivery was 34 Gy with
brachytherapy or 38-5 Gy with external beam, three-
dimensional conformal radiation therapy (3DCRT) in
10 fractions, given twice daily at least 6 h apart, on
5 treatment days within an 8-day period. Brachytherapy
included high-dose-rate (HDR) multi-catheter or HDR
single-entry (MammoSite single-lumen, MammoSite
multi-lumen, Contura multi-lumen balloon [all three
from Hologic, USA], and SAVI Brachy [Cianna Medical,
USA]) methods. The APBI method was selected by the
treating radiation oncologist. Every institution’s radio-
therapy facilities were quality-assessed and each case of

APBI was centrally reviewed for radiotherapy quality. The
use of chemotherapy, hormonal therapy, or both was at
the discretion of the treating medical oncologist. Chemo-
therapy was delivered before radiotherapy for patients in
the whole-breast irradiation group and after radiotherapy
for patients in the APBI group. Patients were followed up
by physical examination or phone contact every 6 months
for years 1-5 and every 12 months thereafter or at the
occurrence of a protocol event. They were assessed for all
local, regional, or distant recurrences and new primary
cancers. Bilateral mammograms were required annually.
Outcomes were diagnosed and reported by the study
sites and were confirmed by a central medical review of
supporting documentation.

Outcomes

The primary endpoint for analysis was IBTR (invasive
and non-invasive) as a first recurrence. Other local
(ipsilateral chest wall), regional, or distant breast cancer
recurrences and death before IBTR were treated as
competing risks. Secondary endpoints were recurrence-
free interval, distant disease-free interval, overall sur-
vival, quality of life, and any treatment toxicities. The
definition for recurrence-free interval was the time from
randomisation to first diagnosis of a local, regional, or
distant recurrence; for distant disease-free interval, it
was the time to first diagnosis of distant disease; and
for overall survival it was deaths due to all causes.
Although it was not a protocol-specified secondary
endpoint, for completeness, the endpoint of disease-free
survival, define as the time from randomisation to breast
cancer recurrence, second primary malignancy, or death,
was also assessed.

Adverse events as assessed by treating physician were
reported on the basis of the descriptions and grading
scales from the revised National Cancer Institute’s
Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0. They were documented at baseline,
end of radiotherapy, 1 month, 6 months, and 12 months
after completion of radiotherapy, and every 12 months
thereafter.

Statistical analysis

The primary analysis of IBTR was through an equivalence
test. A margin of 50% increase in the relative risk (RR)
was selected as acceptable. Formally, we defined ABPI
as inferior to whole-breast irradiation if the ratio of
the risk of IBTR after ABPI relative to the risk of IBTR
after whole-breast irradiation was equivalent to or
greater than 1-5, and we defined whole-breast irradiation
as inferior to ABPI if this RR (<1:1-5) was 0-667
We defined APBI as equivalent to whole-breast irradiation
if neither of these conditions were true. We estimated
the risk of IBTR after APBI versus after whole-breast
irradiation using a Cox proportional hazard model
stratified for disease stage, menopausal status, hormone-
receptor status, and intention to receive chemotherapy.
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We followed an intention-to-treat principle. However, as
a sensitivity analysis, we tested a per-protocol population
for equivalence of IBTR that excluded patients who did
not receive any of their randomly assigned treatment.
We also estimated the cumulative incidence of IBTR
accounting for competing risks.

The definitive analysis was planned after 175 IBTR
events had been reported in patients receiving their
randomly assigned treatment to provide a statistical
power of 85% to reject either inferiority hypothesis if
the risk of IBTR after APBI versus after whole-
breast irradiation was 1. Assuming a 10-year cumulative
incidence of IBTR of 4- 3% in the whole-breast irradiation
group, we estimated that sufficient power could be
achieved by enrolling 4214 patients equally allocated
among the radiotherapy groups. Because we observed
that the overall hazard for IBTR as a first event was not
constant as anticipated at trial design and decreased over
time, the protocol was amended to allow reporting either
when the target number of events was achieved or
when the median time of follow-up of patients for vital
status was 10 years, whichever came first. Study accrual,
adverse events, and interim results were monitored by an
independent data monitoring committee. Three formal

| 4216 patients enrolled and randomly assigned

v

v

irradiation

2109 assigned to whole-breast

2107 assigned to accelerated
partial-breast irradiation

64 withdrew consent -
6 lost to follow-up*

14 withdrew consent

A 4

A 4

2039 analysed for survival

2093 analysed for survival |

3 lost to clinical follow-up* |

—b| 4 lost to clinical follow-up*

_,|

A

v

endpoints

2036 analysed for primary
outcome and disease-free

A

2004 included in the per-protocol
sensitivity analysis

A

2089 analysed for primary
outcome and disease-free
endpoints
32 excluded 70 excluded
19 did not receive the 66 did not receive the
assigned radiotherapy assigned radiotherapy
11 did not receive any 4 did not receive any
radiotherapy g radiotherapy
2 withdrew consent before
radiotherapy status was
reported

2019 included in

sensitivity analysis

the per-protocol

Figure 1: Trial profile

*Clinical follow-up required a physical examination, whereas follow-up to assess survival status was permitted via

phone contact.

interim analyses were prespecified in the statistical
analysis plan when 44, 88, and 132 IBTR events were
observed. For all interim analyses, each one-sided hypo-
thesis was done with an alpha of 0-001. The alpha for
final analysis was 0-0493, adjusted to control for interim
analysis testing.

For the secondary endpoints of distant disease-free
interval, recurrence-free interval, overall survival, and
disease-free survival, distributions of time-to-event for
each treatment group were estimated by the Kaplan-
Meier method and were compared between treatments
by stratified log-rank tests. Hazard ratios (HRs) and
95% Cls were calculated from stratified Cox proportional
hazards models. Forest plots were used to summarise
the results of various exploratory subgroup analyses.
Ten characteristics were examined for IBTR and
recurrence-free interval outcomes, which would result in
up to one significant interaction test (p<0-05) expected
by chance alone. Secondary analyses followed an
intention-to-treat principle and used a significance level
of 0-05. The frequencies of adverse events were reported
only for patients for whom such data were available.
Analyses were done using SAS version 9.4. The trial was
registered with ClinicalTrials.gov, NCT00103181.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all of the data in the study and had final responsibility for
the decision to submit for publication.

Results
Between March 21, 2005, and April 16, 2013, 4216 patients
were enrolled in the trial, with 2109 randomly assigned to
the whole-breast irradiation group and 2107 to the APBI
group (figure 1). As of July 31, 2018, the median time of
follow-up was 10-2 years (IQR 7-5-11.5), initiating the
reporting of primary results. At that time, 4132 (98%) of
all randomly assigned patients had follow-up or contact
information available to establish survival status and
4125 (98%) had follow-up information available on
recurrence and disease-free endpoints, and so were
evaluable for the primary outcome (2036 in the whole-
breast irradiation group and 2089 in the APBI group).
Patient and tumour characteristics of all randomly
assigned patients at baseline were similar in the two
treatment groups (table). The median age of patients
was 54 years (IQR 47-64), 2587 (61%) were post-
menopausal, 3788 (90%) were white, and 299 (7%) were
black. 3185 (76%) patients had invasive breast cancer and
1031 (24%) had DCIS. 2518 (79%) of patients with invasive
breast cancers and 908 (88%) with DCIS were positive
for oestrogen receptor, progesterone receptor, or both. In
patients with invasive cancers, the histological grade
was 1 (low) in 1039 (33%), 2 (intermediate) in 1247 (39%),
and 3 (high) in 839 (26%). In patients with DCIS, the
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histological grade was 1in 148 (14%), 2 in 260 (25%), and
3 in 289 (28%). The grade was unknown in 60 (2%) of
patients with invasive cancers and 334 (32%) of those
with DCIS.

Of patients enrolled in the APBI group, 1536 (73%)
indicated 3DCRT as their intended APBI technique,
451 (21%) indicated single-entry brachytherapy, and
120 (6%) indicated multi-catheter brachytherapy. Of
patients enrolled in the whole-breast irradiation group,
1697 (80%) received an optional 1-week sequential
surgical-cavity boost to at least 60 Gy. Treatment adher-
ence was high in both groups, with 4006 (95%) randomly
assigned patients completing their assigned radiotherapy
per protocol. 1149 (27%) patients received chemotherapy.
In 3426 patients with oestrogen-receptor-positive or
progesterone-receptor-positive cancers, 1399 (82%) of
1716 in the whole-breast irradiation group underwent

WBI group APBI group WBI group APBI group

(N=2109) (N=2107) (N=2109) (N=2107)
Age at entry, years (Continued from previous column)
<50 810 (38%) 811 (38%) Histological grade
50-70 1054 (50%) 1026 (49%) Grade 1 (low) 601 (28%) 586 (28%)
>70 245 (12%) 270 (13%) Grade 2 (intermediate) 734 (35%) 773 (37%)
Race Grade 3 (high) 570 (27%) 558 (26%)
White 1886 (89%) 1902 (90%) Unknown 204 (10%) 190 (9%)
Black 154 (7%) 145 (7%) Index tumour focality
Asian 39 (2%) 24 (1%) Unifocal 1913 (91%) 1935 (92%)
Other 9 (<1%) 11 (1%) Multifocal 176 (8%) 160 (8%)
Unknown 20 (1%) 23 (1%) Unknown 20 (1%) 12 (1%)
Multiracial 1(<1%) 2 (<1%) Invasive histological type
Ethnicity DdIS 513 (24%) 518 (25%)
Non-Hispanic 1912 (91%) 1912 (91%) Ductal 1289 (61%) 1276 (61%)
Hispanic or Latino 80 (4%) 92 (4%) Lobular 89 (4%) 101 (5%)
Unknown 117 (6%) 103 (5%) Other 43 (2%) 42 (2%)
Intent to receive chemotherapy Unknown 175 (8%) 170 (8%)
No 1498 (71%) 1498 (71%) Invasive pathological tumour size
Yes 611 (29%) 609 (29%) DCIS 513 (24%) 518 (25%)
Menopausal status <10 mm 584 (28%) 586 (28%)
Premenopausal 813 (39%) 816 (39%) 11-20 mm 637 (30%) 644 (31%)
Postmenopausal 1296 (61%) 1291 (61%) >20 mm 199 (9%) 186 (9%)
Hormone receptor status Unknown* 176 (8%) 173 (8%)
Positive for ER, PR, or both 1716 (81%) 1710 (81%) Risk groupt
Negative for ERand PR 393 (19%) 397 (19%) DCIS 513 (24%) 518 (25%)
Disease stage Low-risk invasive 389 (18%) 378 (18%)
DCIS 513 (24%) 518 (25%) Other invasive 1028 (49%) 1032 (49%)
Invasive node-negative 1376 (65%) 1371 (65%) Unknown 179 (8%) 179 (8%)
Invasive node-positive 220 (10%) 218 (10%) Data are n (%). Percentages might not add up because of rounding.
Number of positive nodes APBl=accelerated partial breast irradiation. ER=oestrogen receptor. DCIS=ductal
DCIS or invasive node-negative 1889 (90%) 1889 (90%) carcinoma in situ. PR=progesterone receptor. WBI=whole-breast irradiation.

*Exact pathological tumour size is unknown but was required to be <3 cm for
1 166 (8%) 160 (8%) eligibility. tRisk group was patterned from the American Society of Radiation
2 33(2%) 38 (2%) Oncology’s consensus guidelines for APBL.*
3 9 (<1%) 12 (1%)
Table: Patient, treatment, and tumour-related characteristics for all
Unknown 12 (1%) 8 (<1%) enrolled patients
(Table continues in next column)

adjuvant hormonal therapy, as did 1458 (85%) of
1710 patients in the APBI group.

71 (3%) of 2036 patients in the whole-breast irradiation
group and 90 (4%) of 2089 in the APBI group who
were evaluable for the primary outcome had IBTR. To
declare APBI and whole-breast irradiation equivalent
regarding the risk of IBTR, the 90% CI for the observed
HR comparing APBI to whole-breast irradiation had to be
entirely between 0-667 and 1-5. We observed an HR
of 1-22 with a 90% CI of 0-94-1-58, which did not meet
the equivalence criteria and favoured whole-breast irra-
diation. The 10-year cumulative incidence of IBTR was
3:9% (95% CI 3-1-5-0) in the whole-breast irradiation
group and 4-6% (3-7-5-7) in the APBI group for an
absolute difference of 0-7% (figure 2). The primary
equivalence analysis was repeated using the per-protocol
population of 4023 patients and vyielded consistent
findings. 67 (3%) of 2004 patients in the whole-breast
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See Online for appendix

irradiation group and 88 (4%) of 2019 in the APBI group
in the per-protocol population had IBTR. The HR was
1-29 (90% CI 0-99-1-69), again not meeting the criteria
for equivalence and favouring whole-breast irradiation.

Significantly more evaluable patients in the APBI group
had recurrence-free interval events than patients in the
whole-breast irradiation group (figure 3). The 10-year
point estimate of recurrence-free interval for the whole-
breast irradiation group was 93-4% (95% CI 92-1-94-6),
and in the APBI group it was 91-8% (90-4-93 - 0; figure 3).
There were no significant differences between APBI and
whole-breast irradiation for distant disease-free interval
or overall survival (figure 3). The 10-year point estimate
for distant disease-free interval in the whole-breast
irradiation group was 97-1% (96-2-97-8), and in the
APBI group it was 96-7% (95-7-97-4). There were
174 deaths reported in the whole-breast irradiation
group and 199 in the APBI group. The 10-year point
estimate for overall survival was 91-3% (89-8-92-6) in
the whole-breast irradiation group and 90-6% (89-1-91-9)
in the APBI group. There were 93 (2%) deaths due to
breast cancer (n=4132), with 44 (2%) of 2039 patients
in the whole-breast irradiation group and 49 (2%) of
2093 patients in the APBI group. There was no significant
difference between radiotherapy groups for disease-free
survival. 376 (18%) of 2036 patients in the whole-breast
irradiation group and 435 (21%) of 2089 patients in the
APBI group had a disease-free survival event (HR 1-12,
95% CI 0-98-1-29, p=0-10), with 10-year point estimates
of 79-7% (77-7-81-6) for the whole-breast irradiation
group and 78-1% (76-0-80-0) for the APBI group. The
number of participants by the site of first disease-free
survival event is shown in the appendix (p 2).

We did exploratory analyses in the intention-to-treat
population to determine if there were any variations

100 b2

10

Cumulative incidence (%)

- WBI
— APBI

Number at risk
WBI 2036
APBI 2089

o
oo

2 4 10
Time since randomisation (years)
1920 1759 1557 1236 869
1993 1834 1608 1269 876

Figure 2: Cumulative incidence of in-breast tumour recurrence
APBl=accelerated partial breast irradiation. WBI=whole-breast irradiation.

in treatment effects for whole-breast irradiation and
APBI between subgroups previously identified as
prognostic for IBTR. In addition to the stratification
factors, we included subgroups defined by invasive
tumour size and risk group. Low-risk invasive disease
was defined as unifocal, hormone-receptor positive, with
tumours 2 cm in diameter or smaller, infiltrating ductal,
node-negative, and affecting patients aged 50 years and
older, on the basis of the American Society of Radiation
Oncology’s consensus guidelines for APBIL.” There were
no differences in the treatment effects between any of
the subgroups except invasive pathological tumour size,
for which APBI was favourable in patients with invasive
tumours sized 10 mm or smaller (figure 4). There was an
increase in the point estimates of the HRs for severity of
disease stage but they were not significantly different
from each other, as shown by the overlapping Cls.
Results were similar when considering recurrence-
free interval events; however, the interaction between
treatment and invasive pathological tumour size was not
significant (appendix p 3).

Adverse event information was available for 4109 (97%)
of all enrolled patients, with 2020 in the whole-breast
irradiation group and 2089 in APBI group. The highest
CTCAE toxicity grade reported from APBI was grade 1in
845 (40%), grade 2 in 921 (44%), and grade 3 in 201 (10%)
patients. The highest toxicity reported from whole-breast
irradiation was grade 1in 626 (31%), grade 2in 1193 (59%),
and grade 3 in 143 (7%) patients. Grades 4 and 5 toxicities
were low, in ten (<1%) patients in the APBI group and
six (<1%) in the whole-breast irradiation group. There
were no significant differences in the number of patients
with second primary cancers reported between the two
groups. Of the 4125 patients with clinical follow-up data
available, there were 392 (10%) with at least one second
primary cancer reported, 200 (10%) of 2036 in the whole-
breast irradiation group and 192 (9%) of 2089 in the APBI
group (HR 0-93, 95% CI 0-76-1-13, p=0-46). Of the
392 patients with at least one second primary cancer,
135 (34%) reported contralateral breast cancers and
ipsilateral breast sarcomas, 72 (36%) in the whole-breast
irradiation group and 63 (33%) in the APBI group
(HR 0-83, 0-59-1-17, p=0-29).

Discussion

In this trial, we investigated whether a several-day course
of radiotherapy (APBI) to the surgical cavity region was
equivalent to several weeks of radiotherapy to the entire
breast (whole-breast irradiation) in preventing IBTR after
lumpectomy for patients with early-stage breast cancer.
APBI did not meet the criteria for equivalence to whole-
breast irradiation in controlling IBTR on the basis of
the upper limit of the hazard ratio’s CI. However, the
absolute difference in the 10-year cumulative incidence
of IBTR was less than 1%. The risk of a recurrence-
free interval event was significantly higher for APBI than
whole-breast irradiation but the absolute difference
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between 10-year recurrence-free estimates was also small
(<1-6%). Distant disease-free interval, overall survival, and
disease-free survival were not different for APBI versus
whole-breast irradiation.

In the three decades since the 1991 National Cancer
Institute Consensus Statement supporting breast con-
servation for patients with early-stage disease," numerous
clinical trials and meta-analyses have confirmed the
importance of adjuvant radiotherapy for tumour control
in the treated breast.”” These data reflect outcomes
from adjuvant whole-breast irradiation. Because more
than 50% of patients with breast cancer each year
are diagnosed with early-stage disease,® approximately
100 000 women annually would have to consider radiothe-
rapy for breast conservation in the USA alone. It is
important that women know whether new radiotherapy
approaches that might be more convenient are equally
effective as whole-breast irradiation. The primary end-
point of the NSABP B-39/RTOG 0413 trial was, therefore,
to ensure that the outcomes with short-course APBI
would be equivalent to those with whole-breast irradiation
for women who want breast-conserving therapy. To that
end, the trial was designed to include a representative
population of patients with early-stage breast cancer
undergoing breast conservation and was powered to
detect whether APBI could become an equivalent
standard approach for all patients.

Our finding that APBI was not equivalent to whole-
breast irradiation for in-breast tumour control contrasts
with results from other randomised trials that enrolled
more narrowly selected patient populations. The Ontario
Clinical Oncology Group RAPID trial,” for example,
sought to show whether APBI was non-inferior to whole-
breast irradiation, enrolling 2135 patients who had
received lumpectomy and had node-negative breast
cancers smaller than 3 cm. They excluded women who
were younger than 40 years or who had lobular or
multifocal breast cancer. With 84% of these patients
having hormone-sensitive breast cancers and their
median age being 61 years, the IBTR at 8 years from APBI
was 3% versus 2-8% from whole-breast irradiation, thus
APBI was non-inferior. Two other randomised trials®*
with similar non-inferiority designs in comparable
populations (mostly patients with node-negative breast
cancer, at least 95% of whom had hormone-sensitive
disease, and with median age >60 years), also showed
that APBI was non-inferior to whole-breast irradiation
when measuring IBTR incidence at 5 years post-
lumpectomy. Likewise, the UK IMPORT LOW trial”

Figure 3: Kaplan-Meier estimates of (A) recurrence-free interval, (B) distant
disease-free interval, and (C) overall survival

HRs, 95% Cls, and p values are based on the Cox proportional hazards model,
stratified on disease stage, menopausal status, hormone receptor status,

and intention to receive chemotherapy. APBl=accelerated partial breast
irradiation. HR=hazard ratio.

A
100
80
g
E
g 60
£
g
bl
2 40+ HR 133 (95% C11:04-1-69); p=0-02
[
s
&
204 Treatmentgroup n Events 10-yearrate
---- WBI 2036 117 93-4%
— APBI 2089 159 91-8%
0 T T T T 1
0 2 4 6 8 10
Number at risk
WBI 2036 1933 1783 1585 1261 886
APBI 2089 2002 1856 1637 1296 892
B
e
80
&
=
<4
d)
£ 60
g
bl
a
3 404 HR 1-31 (95% C1 0-91-1-91); p=0-15
2
5
8 204 Treatmentgroup n Events 10-yearrate
---- WBI 2036 49 971%
— APBI 2089 65 96-7%
0 T T T T 1
0 2 4 6 8 10
Number at risk
WBI 2036 1952 1817 1629 1296 916
APBI 2089 2020 1895 1687 1351 935
C
80
<~ 604
B
=
2
2
A 404 HR 1-10 (95% C1 0-90-1-35); p=0-35
204 Treatmentgroup n Events 10-year rate
---- WBI 2039 174 91-3%
— APBI 2093 199 90-6%
0 T T T T 1
0 2 4 6 8 10
Number at risk Time since randomisation (years)
WBI 2039 1977 1861 1682 1368 1010
APBI 2093 2040 1945 1762 1438 1027
7

www.thelancet.com Published online December 5,2019 https://doi.org/10.1016/5S0140-6736(19)32514-0

Downloaded for Anonymous User (n/a) at Allegheny General Hospital from ClinicalKey.com by Elsevier on December 09, 2019.

For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.






Articles

Number of patients Number of events Hazard ratio (95% Cl) 10-year cumulative Pinteraction
incidence
WBI APBI WBI APBI WBI APBI
Menopausal status
Premenopausal 780 808 30 47 . 1-47(0-93-2-34) 4-8% 6-4% 028
Postmenopausal 1256 1281 41 43 »— 103 (0-67-1-58) 35% 3-5%
Intent to receive chemotherapy
No 1449 1487 56 66 o— 1.14(0-80-1-63) 41% 45% 038
Yes 587 602 15 24 —— 1:51(079-2-88) 37% 4.8%
Disease stage
DCIS 498 514 29 32 >— 1.01(0-61-1-68) 6-5% 6-0% 048
Invasive NO 1330 1359 38 50 L — 1:31(0-85-2-00) 32% 41%
Invasive N1 208 216 4 8 ¢ 1.91 (0:57-634) 2-8% 47%
Hormone receptor status
Positive ER, PR, or both 1655 1699 48 68 +o— 1-32(0:91-1.92) 32% 4-2% 0-30
Negative for ER and PR 381 390 23 22 > — 0-98(0:54-1.77) 72% 6-5%
Invasive path tumour size
<10 mm 567 581 20 1 - 0-58 (0-27-1-22) 3:9% 20% 001
11-20 mm 620 641 9 26 <> 2:66 (1.24-5-68) 1.9% 5-0%
>20 mm 192 185 8 10 —— 1-34 (0-52-3-46) 51% 5-6%
Invasive cancer risk group
Low-risk invasive 384 376 9 10 >—— 112 (0-46-2-76) 2:3% 27% 0-81
All other invasive 993 1025 28 37 lo— 1.26(0:77-2-08) 3-8% 4:2%
0 2 4 6 8
+— —»
Favours APBI  Favours WBI

Figure 4: Exploratory post-hoc analysis using forest plots for IBTR
DCIS=ductal carcinoma in situ. IBTR=ipsilateral breast-tumour recurrence. APBl=partial breast irradiation. WBI=whole-breast irradiation.

found that protracted APBI (delivered over 15 treatments
daily for 3 weeks) was also non-inferior to whole-breast
irradiation with the same delivery schedule when the
outcome was IBTR. The trial recruited patients with
invasive, mostly node-negative (97%) breast cancer, a
median age of 62 years, and tumours that were 90%
grade I-1I and 95% hormone-sensitive. By comparison,
the large population enrolled in our study had a median
age of 54 years and included subgroups known to
have both worse and better incidence of IBTR that is
more broadly representative of all patients with breast
cancer who undergo breast radiotherapy after lumpec-
tomy. However, our exploratory post-hoc analysis showed
no difference in the treatment effect in any of the risk
categories or stratification factors, except for invasive
pathological tumours 10 mm in diameter or smaller,
for which APBI was favourable. This interaction with
treatment was not significant in any of the other
subgroups. Our findings, therefore, support whole-breast
irradiation post-lumpectomy for all patients who have
breast conservation.

When we designed our trial, the influence of breast
cancer subtype on IBTR after breast-conserving therapy
was unknown. One of the limitations of our trial is the
absence of human epidermal growth factor receptor 2
(HER2) information for the enrolled patients with

invasive breast cancer. Furthermore, our study was
not designed to assess whether whole-breast irradiation
and APBI following breast-conserving surgery are
equivalent in different subgroups of patients, or to test
for differences in outcomes from the various APBI
techniques. Therefore, even the predefined subgroups
included in the exploratory analyses were not adequately
powered to draw definitive conclusions regarding the
treatment effect. Differences in outcomes among the
various forms of APBI, as well as quality of life (including
patient-reported outcomes and cosmetic results), and
quality assurance analyses are reported in separate
works.?>#

The protracted time required to deliver whole-breast
irradiation has been associated with greater use of
mastectomy or underuse of radiotherapy after lump-
ectomy.”® Hypofractionated whole-breast irradiation has
reduced treatment duration to 3—4 weeks but still re-
quires daily commuting, days off work, childcare, or
other arrangements, so patients would prefer an even
shorter radiation course.* APBI was developed as an
alternative to potentially improve access to effective
breast conservation therapy by reducing treatment
duration to several days to further lessen burden of care.
Although equivalence to whole-breast irradiation was not
shown in our study, the small difference in 10-year IBTR
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and recurrence-free interval without a significant
difference in distant disease-free interval, disease-free
survival, and overall survival might be acceptable to small
breast cancer populations similar to those enrolled in
other trials.”” The safety of APBI might consequently
become an important factor for selecting radiotherapy
methods. The RAPID trial” reported worse grade 2 acute
toxicity with whole-breast irradiation and worse grade 2-3
late toxicity from APBI. A similar pattern was not seen in
our trial. Other trials evaluating different partial breast
irradiation methods have reported similar toxicity to that
of whole-breast irradiation.””

To our knowledge, our study represents the largest and
most comprehensive trial investigating the efficacy of
APBI compared with whole-breast irradiation after lump-
ectomy in a broad population of patients with breast
cancer. Our findings support whole-breast irradiation but
the absolute outcome difference compared with APBI is
small, so partial breast irradiation might also be an
acceptable treatment for some patients.
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External beam accelerated partial breast irradiation versus
whole breast irradiation after breast conserving surgery in
women with ductal carcinoma in situ and node-negative
breast cancer (RAPID): a randomised controlled trial

Timothy ) Whelan, Jim A Julian, Tanya S Berrang, Do-Hoon Kim, Isabelle Germain, Alan M Nichol, Mohamed Akra, Sophie Lavertu,
Francois Germain, Anthony Fyles, Theresa Trotter, Francisco E Perera, Susan Balkwill, Susan Chafe, Thomas McGowan, Thierry Muanza,
Wayne A Beckham, Boon H Chua, Chu Shu Gu, Mark N Levine, Ivo A Olivotto, for the RAPID Trial Investigators*

Summary

Background Whole breast irradiation delivered once per day over 3-5 weeks after breast conserving surgery reduces
local recurrence with good cosmetic results. Accelerated partial breast irradiation (APBI) delivered over 1 week to the
tumour bed was developed to provide a more convenient treatment. In this trial, we investigated if external beam
APBI was non-inferior to whole breast irradiation.

Methods We did this multicentre, randomised, non-inferiority trial in 33 cancer centres in Canada, Australia and
New Zealand. Women aged 40 years or older with ductal carcinoma in situ or node-negative breast cancer treated by
breast conserving surgery were randomly assigned (1:1) to receive either external beam APBI (38-5 Gy in ten fractions
delivered twice per day over 5-8 days) or whole breast irradiation (42-5 Gy in 16 fractions once per day over 21 days,
or 50 Gy in 25 fractions once per day over 35 days). Patients and clinicans were not masked to treatment assignment.
The primary outcome was ipsilateral breast tumour recurrence (IBTR), analysed by intention to treat. The trial was
designed on the basis of an expected 5 year IBTR rate of 1-5% in the whole breast irradiation group with 85% power
to exclude a 1-5% increase in the APBI group; non-inferiority was shown if the upper limit of the two-sided 90% CI
for the IBTR hazard ratio (HR) was less than 2-02. This trial is registered with ClinicalTrials.gov, NCT00282035.

Findings Between Feb 7, 2006, and July 15, 2011, we enrolled 2135 women. 1070 were randomly assigned to receive APBI
and 1065 were assigned to receive whole breast irradiation. Six patients in the APBI group withdrew before treatment,
four more did not receive radiotherapy, and 16 patients received whole breast irradiation. In the whole breast irradiation
group, 16 patients withdrew, and two more did not receive radiotherapy. In the APBI group, a further 14 patients were
lost to follow-up and nine patients withdrew during the follow-up period. In the whole breast irradiation group,
20 patients were lost to follow-up and 35 withdrew during follow-up. Median follow-up was 8-6 years (IQR 7-3-9-9).
The 8-year cumulative rates of IBTR were 3-0% (95% CI 1-9-4-0) in the APBI group and 2-8% (1-8-3-9) in the whole
breast irradiation group. The HR for APBI versus whole breast radiation was 1-27 (90% CI 0-84-1-91). Acute radiation
toxicity (grade =2, within 3 months of radiotherapy start) occurred less frequently in patients treated with APBI
(300 [28%)] of 1070 patients) than whole breast irradiation (484 [45%)] of 1065 patients, p<0-0001). Late radiation toxicity
(grade =2, later than 3 months) was more common in patients treated with APBI (346 [32%)] of 1070 patients) than
whole breast irradiation (142 [13%] of 1065 patients; p<0-0001). Adverse cosmesis (defined as fair or poor) was more
common in patients treated with APBI than in those treated by whole breast irradiation at 3 years (absolute difference,
11-3%, 95% CI 7-5-15-0), 5 years (16-5%, 12-5-20-4), and 7 years (17-7%, 12-9-22.-3).

Interpretation External beam APBI was non-inferior to whole breast irradiation in preventing IBTR. Although less
acute toxicity was observed, the regimen used was associated with an increase in moderate late toxicity and adverse
cosmesis, which might be related to the twice per day treatment. Other approaches, such as treatment once per day,
might not adversely affect cosmesis and should be studied.

Funding Canadian Institutes for Health Research and Canadian Breast Cancer Research Alliance.
Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction

Whole breast irradiation after breast conserving surgery
reduces local recurrence, improves survival, and provides
good cosmetic results for women with early-stage breast
cancer.”* Whole breast irradiation is usually delivered once

per day over 3-5 weeks, and so accelerated partial breast
irradiation (APBI), delivered over 1 week or less to the
tumour bed, was developed to provide a more convenient
treatment.’ After breast conserving surgery, most local
recurrences occur at or near the primary site of the cancer,”*
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Research in context

Evidence before this study

Radiotherapy to the whole breast for 3-5 weeks duration has
been the standard treatment after breast conserving surgery.
Accelerated partial breast irradiation (APBI) techniques were
developed to reduce treatment time. An underlying premise
of APBI was that the smaller volume of breast tissue could be
treated with larger fractions over a shorter period with
acceptable toxicity. The limiting of treatment to the primary
tumour site was on the basis of previous studies that had
shown that this was where most local recurrences occurred.

Before initiating the trial, we did a systematic review of breast
irradiation using MEDLINE from Jan 1, 1966 to Jan 31, 2005.
Search terms included: “breast neoplasms”, “lumpectomy”,
“breast conservation”, “radiotherapy”, “partial breast irradiation”,
“clinical trials”, “practice guidelines”, and “meta-analysis”.

We identified 20 prospective, phase 1-2 trials evaluating different
techniques for partial breast radiotherapy including single or
multicatheter brachytherapy, intraoperative therapy, and external
beam radiotherapy using 3D conformal or intensity modulated
techniques. All techniques were promising, with little local failure
or toxicity. We chose to evaluate CT-guided, external beam
radiotherapy in our trial because it was non-invasive and was not
resource intensive as it used existing widely available
radiotherapy technology.

Added value of this study

Several randomised trials of different techniques of partial
breast irradiation have been published with conflicting results.
Two trials of intraoperative radiotherapy reported higher rates

which could be treated effectively with partial breast
radiotherapy. Moreover, the smaller breast volume could
be treated with larger radiotherapy fractions in a shorter
period with similar toxicity to whole breast irradiation.’

Several different techniques for APBI have been
developed, including single or multicatheter brachyther-
apy; intraoperative therapy with electrons or photons,
and external beam radiotherapy using 3-dimensional
conformal radiotherapy (3DCRT) or intensity modulated
radiotherapy (IMRT). External beam radiotherapy is non-
invasive and uses modern CT planning systems and
linear accelerators that are widely available, whereas other
methods are invasive and resource intensive, requiring
surgical procedures and specialised radiotherapy delivery
systems. We did a pilot study” of external beam APBI in
104 women with early-stage breast cancer. At a median
follow-up of 37 months, only one local recurrence and one
grade 3 toxicity were observed.

On the basis of these results, we initiated a randomised
controlled trial (RAPID) in February 2006. The primary
objective of the trial was to find out if external beam
APBI delivered in 1 week was non-inferior to whole
breast irradiation with respect to preventing local
recurrence after breast conserving surgery. An important

of local recurrence compared with conventional whole breast
irradiation. A trial of interstitial brachytherapy and another of
non-accelerated (over 3 weeks) external beam partial breast
radiotherapy reported similar rates of local recurrence
compared with whole breast irradiation, but median follow-up
was 6-6-6 years and few events were observed. This report of
the RAPID trial provides longer-term outcomes (8-6 years
median follow-up) and more events for an accelerated

(twice daily for 5 days) partial breast external beam technique
compared with whole breast irradiation for women with ductal
carcinoma in situ and node-negative breast cancer. The results
show similar rates of local recurrence and reduced acute toxicity
(within 3 months of treatment) for APBI compared with whole
breast irradiation. The twice per day dose prescription regimen
caused more grade 2 or higher late toxic effects and worse
cosmetic outcomes.

Implications of all the available evidence

Our results show that although the APBI regimen in RAPID was
non-inferior to whole breast irradiation in terms of local
recurrence, it was associated with increased late toxicity and
adverse cosmesis. Hence, we are not able to recommend the
twice per day regimen used in RAPID for routine clinical
practice. This study in conjunction with previous trials supports
the importance of radiotherapy technique, dose, and
fractionation on outcomes after breast conserving surgery.
Accelerated external beam partial breast irradiation given once
per day might not be associated with increased toxicity and is a
subject of ongoing investigation.

secondary objective was to evaluate the late radiation
toxicity associated with APBI compared with whole
breast irradiation. At a planned interim analysis after a
median follow-up of 2-5 years, we observed an increase
in adverse cosmesis associated with APBIL." The results
of the planned primary efficacy and long-term toxicity
analyses are now reported.

Methods

Study design and participants

We did this multicentre, randomised, non-inferiority
trial in 33 cancer centres in Canada, Australia, and
New Zealand (appendix pp 2—4). Eligible patients were
women aged 40 years or older with ductal carcinoma
in situ (DCIS) or invasive ductal carcinoma who had
undergone breast conserving surgery. Eligible patients
had microscopically clear margins and negative axillary
lymph nodes, measured by sentinel node biopsy or
axillary dissection for those with invasive disease, and by
clinical examination for those with DCIS alone. Patients
with isolated tumour cells or micrometastases 2 mm or
smaller in the lymph nodes were eligible. Exclusion
criteria included tumour size larger than 3 cm, lobular
carcinoma, more than one primary tumour in different
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quadrants of the breast, or a radiotherapy plan that did
not meet protocol-defined dose volume constraints for
APBI (appendix p 5). Ethics approval was obtained by the
institutional review board of each participating centre,
and written informed consent was obtained from all
patients.

Randomisation and masking

At random assignment, patients were stratified for
age (<50 years, 250 years), histology (DCIS alone or inva-
sive breast cancer), tumour size (<1-5 cm, =1-5 cm),
oestrogen receptor (positive, negative) if invasive disease,
and treatment centre. Eligible patients were randomly
allocated (1:1) by the Ontario Clinical Oncology Group
coordinating centre in Hamilton, ON, Canada, using a
centralised minimisation procedure, to whole breast
irradiation (control arm) or APBI. Due to treatment
administration, patients and clinicians could not be
masked to treatment assignment.

Procedures

All patients were CT-planned and treated with external
beam radiotherapy in the supine position. Patients
assigned to whole breast irradiation were treated with
42-5 Gy in 16 fractions once per day or 50 Gy in
25 fractions once per day using a pair of opposed fields
tangentially arranged across the chest. The longer
fractionation was permitted for large breast size at the
discretion of the treating radiation oncologist. Wedges
or limited forward planning with IMRT (field-in-field
technique) were permitted. Other radiotherapy planning
details are provided in the appendix (p 6). Additional
boost radiation to the primary site of 10 Gy in
4-5 fractions once per day was permitted for patients
deemed at moderate to high risk of local recurrence as
per local centre policy.

Patients allocated to APBI were treated with 3-5 non-
coplanar, conformal fields. The clinical target volume
was the tumour bed including surgical clips, plus a 1 cm
margin excluding chest wall, pectoralis major, and 5 mm
from skin. The planning target volume was the clinical
target volume plus an additional 1 cm expansion.
3DCRT or IMRT was permitted. The prescribed dose was
38:5 Gy in 10 fractions administered twice per day,
separated by 6-8 h over 5-8 days. Boost radiation was
not permitted. Other radiotherapy planning details are
provided in the appendix (p 6). Adjuvant chemotherapy,
if used, was given before radiotherapy. Endocrine therapy
was initiated either concurrently or after radiotherapy.
Trastuzumab was recommended for patients with
human epidermal growth factor receptor 2 positive
disease. There was a comprehensive radiotherapy quality
assurance (RTQA) programme to ensure radiotherapy
was administered according to protocol. Before a study
site was opened for accrual, physicians’ contouring of the
tumour bed and each centre’s APBI planning were
credentialled. After opening, each centre completed a

pretreatment review of at least ten patients who received
APBI (appendix p 6). A final RTQA review was done on
all randomised patients. Patients were followed up
according to a prescribed schedule (appendix p 6).

Outcomes

The primary outcome was ipsilateral breast tumour
recurrence (IBTR), defined as histological evidence of
invasive or in situ disease in the ipsilateral breast. IBTR
was described as a true or marginal recurrence if it
recurred within 2 cm of the tumour bed, or as an else-
where recurrence. Secondary outcomes were disease-free
survival (defined as time from random assignment to
documented recurrence in the ipsilateral breast, regional
lymph nodes, or distant sites), event-free survival (defined
as time from random assignment to documented recur-
rence, contralateral breast cancer, second cancer, or death),
overall survival, radiation toxicity, adverse cosmesis, and
quality of life. All events (recurrences, second cancers,
and deaths) were adjudicated by two physicians unaware
of treatment allocation. If there was disagreement, a
third physician reviewed the event.

Toxicity was assessed with the National Cancer Institute
Common Terminology Criteria for Adverse Events v3.
Adverse cosmesis was defined as the proportion of
patients with a fair or poor global cosmetic score using
the European Organisation for Research and Treatment
of Cancer Breast Cancer Cosmetic Rating System.”
Nurses compared the treated breast with the untreated
breast and graded characteristics including the size and
shape of the breast, location of the areola and nipple,
presence of telangiectasia, appearance of the surgical
scar, and global cosmetic score. Characteristics were
graded on a four-point scale: O=excellent or no difference,
1=good or small difference, 2=fair or moderate difference,

2135 patients enrolled

v v

1070 patients assigned to accelerated

partial-breast irradiation irradiation

1065 patients assigned to whole-breast

6 withdrew
4 did not receive radiotherapy
16 received WBI

> b

16 withdrew
2 did not receive radiotherapy

A A

1044 received APBI | | 1047 received WBI

14 lost to follow-up
9 withdrew during follow-up

20 lost to follow-up
35 withdrew during follow-up

A A

1070 included in intention-to-treat

analysis analysis

1065 included in intention-to-treat

Figure 1: Trial profile
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and 3=poor or large difference. Only the global cosmetic
outcome is reported. Nurses were trained with an online
guide and standardised photographs. Patients were also
asked to provide a self-assessment of cosmetic outcome
using a similar questionnaire.

APBI WBI
All patients
n 1070 1065
Age at entry, years; median (IQR) 61 (54-68) 61 (54-68)
Histology
Invasive disease 879 (82%) 875 (82%)
DCIS only 191 (18%) 190 (18%)
Tumour size
<1:5¢cm 758 (71%) 734 (69%)
>1-5¢cm 312 (29%) 331 (31%)
Patients with invasive disease
n 879 875
Age at entry, years; median (IQR) 62 (55-68) 62 (54-68)
Tumour size
<1-5cm 613 (70%) 587 (67%)
>1.5cm 266 (30%) 288 (33%)
Oestrogen receptor
Positive 803 (91%) 779 (89%)
Negative 76 (9%) 96 (11%)
Her2neu status
Positive 56 (6%) 44 (5%)
Negative 794 (90%) 802 (92%)
Unknown 29 (3%) 29 (3%)
Nodal status
pNoO 874 (99%) 865 (99%)
pNO(i+), pN1mi 5(<1%) 10 (1%)
Nodal assessment
Sentinel node biopsy 643 (73%) 651 (74%)
Axillary node dissection 229 (26%) 224 (26%)
Unknown 7 (1%) 0
Overall grade
1 387 (44%) 362 (41%)
2 353 (40%) 361 (41%)
3 133 (15%) 143 (16%)
Unknown 6 (1%) 9 (1%)
Lymphovascular invasion
Present 60 (7%) 51(6%)
Not present 819 (93%) 824 (94%)
Adjuvant therapy
Endocrine therapy 540 (61%)* 510 (58%)*
Chemotherapy 109 (12%)* 115 (13%)*
No adjuvant therapy 300 (34%) 319 (36%)
Data are n (%) unless otherwise specified. APBl=accelerated partial breast
irradiation. WBI=whole breast irradiation. DCIS=ductal carcinoma in situ.
pNO=no regional node metastasis identified histologically. pNO(i+)=malignant
cells identified in regional nodes no larger than 0-2 mm. pN1mi=micrometastasis
larger than 0-2 mm and no larger than 2 mm. *70 APBIl and 69 WBI patients
received both endocrine and chemotherapy.
Table 1: Patient characteristics by treatment

Statistical analysis

The study was designed to assess the non-inferiority of
APBI relative to whole breast irradiation. Originally, we
estimated an IBTR risk of 4% at 5 years on the basis of our
previous trial of hypofractionated whole breast irradiation
in node-negative breast cancer.” Based on a non-inferi-
ority margin of 2.75% (HR <1-71), one-sided a 5% and
power 90%, 124 events were required in 2128 patients.
By September, 2010, less than half of the IBTR events
expected had occurred and we did not consider it practical
or cost-effective to extend follow-up or accrue more
patients. Blinded to treatment allocation, we adjusted
the sample size on the basis of an expected 5-year IBTR
rate of 1-5%, a revised non-inferiority margin of 1-5%
(HR <2-02), and 85% power, which required 64 events in
a similar number of patients. The inferiority margin was
small clinically and was deemed acceptable. Two interim
analyses for efficacy were done after 30 and 50 events
using the Peto-Haybittle rule.

The two radiotherapy regimens were compared using
the estimate of the HR from a Cox proportional hazards
model with treatment as the single predictor, and
stratified on age, tumour size, histology, and oestrogen
receptor status (for invasive disease only). Non-inferiority
was declared if the upper bound of the two-sided 90% CI
for HR was less than 2-02. The Kaplan-Meier method
was used to describe the IBTR rates. Disease free
survival, event-free survival, and overall survival were
analysed similarly. For these, HRs with 95% CIs were
calculated and non-inferiority tests were not considered.
Data censoring details are provided (appendix p 6).
The number of IBTRs that were a true or marginal
recurrence, or an elsewhere recurrence, were reported
for each treatment group. Heterogeneity of the treatment
effect according to prespecified subgroups were exa-
mined using Cox modelling (including only treatment
with each factor and their interaction) for each of the
following categorical variables: the stratification factors
(age, histology, tumour size, oestrogen receptor), tumour
grade for invasive disease patients (grade 3 vs other),
adjuvant therapy (yes vs no), and the American Society of
Radiation Oncology APBI Suitability Criteria (suitable vs
not suitable).”* All analyses were based on the intention-
to-treat principle. A per protocol analysis including only
patients who received study treatment as allocated was
done for IBTR as a sensitivity analysis.

The proportion of patients with radiation-related toxic
effects in each treatment group were compared by grade
using Fisher’s exact test. The proportion of patients in each
treatment group with an adverse (fair or poor) cosmetic
outcome based on the nurse assessments was compared
at 3, 5, and 7 years using the Fisher’s exact test. For
these multiple comparisons, statistical significance was
defined as p<0-01. A similar approach was used for patient
self-assessments of cosmetic outcome. All analyses were
done with the use of SAS software, version 9.4. This trial
was registered with ClinicalTrials.gov, NCT00282035.
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Role of the funding source

The funders of the trial had no role in the study design,
data collection, data analysis, data interpretation or
writing of the report. The corresponding author had full
access to all the study data and had final responsibility
for the decision to submit for publication. JA] and MNL
also had full access to the study data.

Results

Study participants

Between Feb 7, 2006, and July 15, 2011, 2135 patients
were enrolled in the trial, with 1070 patients assigned
to APBI and 1065 to whole breast irradiation. 26 APBI
patients did not receive the assigned treatment:
16 received whole breast irradiation, six withdrew from
the study, and four did not receive radiotherapy. In the
whole breast irradiation group, 18 patients did not
receive the assigned treatment: 16 withdrew, and two did
not receive radiotherapy (figure 1). 23 patients receiving
APBI and 55 patients receiving whole breast irradiation
had incomplete follow-up due to withdrawal or loss to
follow-up.

Baseline characteristics were similar between treatment
groups (table 1). Median age was 61 years (IQR 54-68);
82% had invasive cancer and 18% had DCIS only.
For invasive cancers, 68% of tumours were <1-5 cm,
90% were oestrogen receptor positive, 60% received
endocrine therapy, and 13% received chemotherapy. APBI
was delivered using 3DCRT in 934 (87%) of 1070 patients
and IMRT in 110 (10%). Whole breast irradiation was
delivered as 42-5 Gy in 16 fractions in 873 (82%) of
1065 patients, and 224 (21%) of 1065 patients received
boost radiation. On final radiotherapy review, protocol
deviations were observed in 44 (4-1%) of 1070 patients
treated with APBI and in nine (0-8%) of 1065 patients
treated with whole breast irradiation. Median follow-up
was 8-6 years (IQR7-3-9-9).

65 IBTRs were observed, 37 in the APBI group, and
28 in the whole breast irradiation group. In patients
treated with APBI, the 5 year cumulative rate of IBTR
was 2-3% (95% CI 1-4-3-2) and the 8 year cumulative
rate was 3-0% (1-9—4-0). In patients treated with whole
breast irradiation, the 5 year cumulative rate of IBTR was
1-7% (0-9-2-5) and the 8 year cumulative rate was
2-8% (1-8-3-9; figure 2). The HR for APBI versus whole
breast irradiation was 1-27 (90% CI 0-84-1-91). Thus,
the upper bound of the estimated 90% CI did not exceed
the non-inferiority margin of 2.02. A per protocol
analysis provided similar results (appendix p 7). 37 (57%)
of 65 IBTRs were at or near the primary site (17 in the
APBI group, 20 in the whole breast irradiation group)
and 28 (43%) occurred elsewhere in the breast (20 in
the APBI group, eight in the whole breast irradiation
group). The treatment effect was homogeneous across
different subgroups (appendix p 10).

Cancer outcomes as a first event are shown in
table 2. No statistical differences were observed between

100 Group Events 5-year 8-year 4
— APBI 37 23%  3.0%
— WBI 28 17%  2-8%

804 HR127,90% Cl 0-84-1.91

60

40

20

1 2 3 4 5 3

Number at risk Years since randomisation
APBI 1070 1048 1034 1016 998 979 954
WBI 1065 1040 1025 1002 978 960 930

~—
0o
-

827 609 407
809 591 389

Figure 2: Rates of IBTR over time

1 minus Kaplan-Meier estimates for IBTR. The insert shows the same graph but with the y-axis truncated at 4%.
IBTR=ipsilateral breast tumour recurrence. APBl=accelerated partial breast irradiation. WBI=whole breast irradiation.

HR=hazard ratio.

APBI WBI
Total patients 1070 1065
Ipsilateral breast tumour recurrence 37 (3-5%) 28 (2:6%)
Regional recurrence 4 (0-4%) 2 (0-2%)
Distant recurrence 20 (1-9%) 18 (1.7%)
Contralateral breast cancer 29 (2:7%) 38 (3:6%)
Non-breast second cancer* 84(7-9%) 57 (5-4%)
Death 25 (2:3%) 27 (2:5%)
Any event 199 (19%) 170 (16%)
Data are n (%) unless otherwise specified. APBl=accelerated partial breast
irradiation. WBI=whole breast irradiation. *Site of second cancers are provided in
the appendix (p 8).
Table 2: Event types as a first event by treatment group

treatment groups for disease free survival (HR 1-20,
95% CI 0-83-1-76; appendix p 11) or for event-free
survival (1-16, 0-95-1-43; appendix p 12). There were
140 deaths in total (76 in the APBI group, 64 in the
whole breast irradiation group) and no differences were
detected in overall survival (1-18, 0-84-1-64; appendix
p 13). In the APBI group, 24% of deaths were due to
breast cancer, 42% to other cancers, and 8% to cardiac
disease; in the whole breast irradiation group, 25% of
deaths were due to breast cancer, 27% to other cancers,
and 14% to cardiac disease (appendix p 9).

Acute radiation toxicity (within 3 months of radio-
therapy start) was less in patients treated with APBI
than whole breast irradiation (grade =2: 300 [28%)] of
1070 APBI vs 484 [45%)] of 1065 whole breast irradiation,
p<0-0001; grade 3: 19 [1-8%] APBI vs 18 [1-7%] whole
breast irradiation, p=0-99). The difference was largely
due to a decrease in radiation dermatitis and breast
swelling with APBI (table 3). Late radiation toxicity
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APBI (n=1070) WBI (n=1065) Baseline 3years Syears 7 years
Grade 2 Grade 3 Total Grade 2 Grade 3 Total Nurse assessment APBI
Acute period Excellent 354 275 231 148
Radiation 101(94%)  1(<05%) 102(9-5%)  322(302%)  6(0-6%)  328(30-8%) Good 434 413 360 291
dermatitis Fair 180 240 225 196
Fatigue 130(121%)  9(0-8%)  139(130%) 146 (137%)  5(0-5%) 151 (14-0%) Poor 16 35 57 55
Breast 63 (5:9%) 1(<0-5%) 64 (6:0%) 90 (8:5%) 1(<0-5%)  91(8:5%) Fair + poor 196 (19%)  275(29%)  282(32%)  251(36%)
swelling Total 1034 963 873 690
Breast pain 69 (6:4%) 2 (<0-5%) 71(6-6%) 78 (7:3%) 4 (<0-5%) 82 (7:7%) Nurse assessment WBI
Pneumonitis 2 (<0-5%) 0 2 (<0-5%) 7 (0-7%) 1(<0-5%) 8(0-8%) Excellent 373 389 335 246
Any acute 281(263%) 19(1-8%)  300(28:0%) 466 (43-8%) 18(17%) 484 (454%) Good 474 377 363 263
toxicit
’ . Fair 161 149 115 101
Late period
i Poor 12 11 16 16
Indurationor 214 (20-0%)  31(2:9%) 245 (22:9%) 48 (4-5%) 1(<0:5%) 49 (4-6%)
fibrosis Fair + poor 173 (17%) 160 (17%) 131 (16%) 117 (19%)
Telangiectasia 86 (8:0%) 13 (1:2%) 99 (9:3%) 39 (3:7%) 0 39 (3:7%) Total 1020 926 829 626
Breast pain 48 (4-5%) 3(<0-5%) 51 (4-8%) 19 (1-8%) 1(<0-5%) 20 (1-9%) Patient self-assessment APBI
Chest wall 26(24%)  4(<05%)  30(2-8%) 3(<05%) 0 3(<0-5%) Excellent 314 313 244 175
pain Good 469 387 358 294
Fatty necrosis 24 (2-2%) 5 (0-5%) 29 (2:7%) 2(<05%)  2(<0-5%) 4 (<0-5%) Fair 203 188 189 158
Any late 298 (27-9%) 48(45%) 346 (323%)  131(123%)  11(1-0%) 142 (13-3%) Poor 42 64 66 56
toxicity Fair + poor 245(024%)  252(27%)  255(30%) 214 (31%)
Data are n (%) unless otherwise specified. APBl=accelerated partial breast irradiation. WBI=whole breast irradiation. Total 1034 963 873 690
*Worst grade experienced by patients in the acute period (within 3 months from start of radiotherapy), and in the patient self-assessment WBI
late period (beyond 3 months).
Excellent 289 370 329 250
Table 3: Radiation toxicity* by treatment and period Good 518 378 343 279
. ) ) Fair 184 131 119 71
(beyond 3 months) was greater in patients treated with boor . 3 2 -
APBI (grade =2: 346 [32%] APBI vs 142 [13%] whole ;
\ T Fair +poor 221(22%)  162(18%) 114 (18%) 92 (15%)
breast irradiation, p<0-0001; grade 3: 48 [4-5%] APBI vs Total 1028 910 816 601
11 [1-0%] whole breast irradiation, p<0-0001). The
observed differences were primarily due to an increase !)atalarfznorn(%).APBI:a'cceIeratedpartlaI breast|rradlat|on.WBI=whoIe‘breast
. . N . . . . irradiation. *Global cosmetic outcome assessed by the nurse and by the patient
in breast induration and skin telangleCtaSIa with APBI using the European Organisation for Research and Treatment of Cancer Breast
(table 3) . Cancer Cosmetic Rating System.
Table 4 shows the cosmetic outcome assessed by trial Table 4: Cosmesis outcome rating* by treatment over time

nurses at baseline, 3, 5, and 7 years. Patients treated by
APBI had similar cosmetic scores at baseline but a
higher proportion of APBI patients had adverse cosmesis
(defined as fair or poor) than did those treated by whole
breast irradiation at 3 years (absolute difference, 11-3%,
95% CI 7-5-15-0), 5 years (16-5%, 12-5-20-4), and
7 years (17-7%, 12-9-22-3). The comparison of cosmesis
between groups was similar when measured by patient
self-assessment (table 4). There was a trend for cosmesis
in the APBI group to worsen over time (appendix p 14).

Discussion

In the RAPID trial, external beam APBI was non-inferior
to whole breast irradiation in preventing IBTR in women
with DCIS or node-negative breast cancer. The risk of
local recurrence was low in both treatment groups and
the absolute differences over 8 years were small. The risk
of local recurrence in the RAPID trial was lower than
observed in our previous trials of whole breast irradiation,
probably as a result of the inclusion of patients with
smaller cancers, better imaging and surgical techniques,
and improved adjuvant systemic therapy.**

Partial breast irradiation represents a new paradigm
for the local treatment of breast cancer, and our extended
follow-up enabled us to look at the impact of this
approach. Partial breast irradiation was based on the
observation that most recurrences in the treated breast
occurred at the site of the primary tumour."* Although
the rates of IBTR were relatively similar between
treatment arms, the distribution of events in the
ipsilateral breast were different. In patients treated with
whole breast irradiation, the majority of recurrences
occurred in the area of the primary surgical site (a true/
marginal recurrence). By contrast, in the APBI group,
more of the in-breast events were away from the primary
surgical site (deemed an elsewhere recurrence). This
observation is unexpected and needs to be confirmed in
other trials. We are mindful of the limitations in
identifying the site of recurrence in an irradiated breast.
Nonetheless, this result challenges the previously held
belief that following local treatment, most ipsilateral
breast cancer events will occur at or near the primary
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surgical site. The inference is that the part of the breast
not radiated is at a higher risk of developing either
recurrence or a new cancer. Molecular clonality studies
may also help in determining what is a true local
recurrence versus a new ipsilateral primary cancer.

The number of distant metastases and breast cancer
deaths were similar between treatment groups. This is
reassuring and suggests that there was little negative
effect of APBI with respect to systemic recurrence in
this patient population. APBI results in less radiation
exposure to surrounding organs and it has been
hypothesised that the radiation-induced second cancer
risk would be reduced.” We observed fewer contralateral
breast cancers with APBI compared with whole breast
irradiation, and an increase in other second cancers, but
event-free survival was not statistically different between
groups. The increased incidence of second cancers
included lung and other non-thoracic cancers not nor-
mally attributable to thoracic radiotherapy (melanoma,
colorectal, and gynaecological). We used strict criteria to
reduce radiation exposure to the underlying lung' and
no relationship was observed between sidedness of the
breast cancer treated and lung cancers observed. We
postulate that the observed increase in second cancers is
probably related to chance.

Acute radiation toxicity, which is more dependent on the
total dose received rather than fraction size, was less in
patients treated with APBI compared to whole breast
irradiation. In keeping with the results of the interim
analysis,” we observed an increase in late subcutaneous
tissue fibrosis and skin telangiectasia in patients treated
with APBI compared with whole breast irradiation. This
increase was largely due to an increase in grade 2 toxic
effects. These toxic effects contributed to a deterioration in
the appearance of the breast that worsened over time,
which was consistent with a late effect of radiotherapy.
Cosmetic deterioration was observed by both nurse and
patient self-assessment and was due primarily to an
increase in fair rather than poor cosmesis. Late radiation
toxicity may be related to the volume of breast treated,
fraction size, or interval between fractions. Radiobio-
logical models suggest that the dose per fraction used in
this trial is less likely to contribute to the toxicity observed”
as the total dose was reduced, and we were unable to show
a major effect of treatment volume on the toxicity observed
in the trial.”® Studies now suggest that an interval between
external beam fractions of 6 h is not adequate for repair of
radiation injury to healthy tissues” and studies of external
beam partial breast irradiation report less late toxicity
when inter-fraction intervals are 24 h or more.?

Several randomised trials of different techniques of
partial breast irradiation have been published with
conflicting results.”” Two trials of intraoperative
radiotherapy reported higher rates of local recurrence
compared with conventional whole breast irradiation,”*
which might reflect therapy that was too targeted or
conformal, leading to geographic miss of the area at

risk or an increase in elsewhere recurrences. A trial
of interstitial brachytherapy” and another of non-
accelerated external beam partial breast irradiation®
reported similar rates of local recurrence compared with
whole breast irradiation, but median follow-up was
6-6-6 years and few events were observed. Late toxicity
associated with partial breast irradiation was not increased
in those trials. In the brachytherapy trial, radiotherapy
was delivered twice per day for 4 days. The insertion of
active sources in the breast results in a smaller volume of
tissue treated to a higher dose, which could explain why
less toxicity was observed. In the trial of non-accelerated
external beam radiotherapy,” treatment was given once
per day over 3 weeks, which reduced the risk for late
toxicity. Recently, results of NSABP B-39/RTOG 0413,”
which compared APBI using external beam (3DCRT) or
brachytherapy (single or multicatheter) techniques to
whole breast irradiation in 4216 women with DCIS, node-
negative, or 1-3 node-positive disease were reported at a
median follow-up of 10 years. Investigators were unable
to show the non-inferiority of APBI compared with whole
breast irradiation, which might be related to the inclusion
of higher risk node-positive patients or the use of multiple
APBI techniques.

We identified a number of potential limitations of our
trial. During the conduct of the study, the overall IBTR
event rate was lower than expected. Constrained by the
predetermined sample size, we decided to increase the
non-inferior boundary for the tolerable HR and lower
the power slightly. This increase was justified because
the absolute event rate of IBTR was very low, and fewer
events were needed to ensure that the final analysis was
adequately powered. In the trial, it was not practical to
mask nurses and patients to the type of study radiation
treatment, which could have led to a bias in the
assessment of cosmesis. Cosmetic assessments were
performed independently by patients and nurses, and
physicians unaware of treatment allocation performed a
cosmetic assessment using photographs of the treated
and untreated breasts." There was a high degree of
agreement between the three approaches that cosmesis
was worse with APBI. Another potential limitation
relates to the generalisability of the study findings. In
the whole breast irradiation group, additional boost
radiation to the primary site was optional and used in
only 21% of patients. This was appropriate, as most
patients were low risk. Whole breast irradiation without
boost radiation is increasingly used for low risk patients.?

RAPID is one of the largest APBI trials to date with
mature follow-up. We focused on a broad group of
DCIS and node-negative patients and evaluated external
beam radiotherapy techniques that are less invasive and
resource intensive than other techniques. We incor-
porated an extensive RTQA programme assuring high
compliance with the protocol. The APBI regimen used
was shown to be non-inferior to whole breast irradiation
in preventing local recurrence supporting external beam
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radiotherapy for partial breast treatment. Although less
acute toxicity was observed, the regimen was associated
with an increase in moderate late toxicity and adverse
cosmesis, which might be related to the twice per day
regimen used. As such, it is difficult to recommend the
twice per day regimen for routine use. It is possible that
once per day APBI treatment with a longer interval
between fractions would not adversely affect cosmesis,
and this is a subject of ongoing investigation.”
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Purpose: This consensus statement from the Breast Cancer Working Group of Groupe Européen de
Curiethérapie of European Society for Radiotherapy and Oncology (GEC-ESTRO) aims at generating prac-
tical guidelines for multi-catheter image-guided brachytherapy in the conservative management of
breast cancer patients used for either Accelerated Partial Breast Irradiation (APBI) or for a breast boost.
Methods: Recent advances in techniques of multi-catheter brachytherapy were summarized and all the
relevant literature was reviewed by a panel of experts. Panel members of the GEC-ESTRO experts partic-

i?g;vord: ipated in a series of conferences, supplemented their clinical experience, were surveyed to determine
Guideline their current practices and patterns, performed a literature review, and formulated recommendations
GEC-ESTRO for implementing APBI with multi-catheter brachytherapy, focusing on treatment planning issues, cathe-

ter insertion, dosimetry and quality assurance. This document was reviewed and approved by the full
panel, the GEC-ESTRO executive board and by the ACROP (Advisory Committee on Radiation Oncology
Practice).
Results: Three-dimensional (3D) treatment planning, catheter insertion techniques, dosimetry and meth-
ods of quality assurance for APBI and boost with multi-catheter image-guided brachytherapy after breast
conserving surgery are described. Detailed recommendations for daily practice including dose constraints
are given.
Conclusions: Recent standards and guidelines for the use of APBI with different multi-catheter image-
guided brachytherapy techniques have been defined. Different techniques are used to insert the cathe-
ters. Guidelines are mandatory to assure precise catheter insertion for coverage of the target volume
and to guarantee high-quality dosimetry. The same rules apply for brachytherapy based boost irradiation
for breast cancer after whole breast irradiation as well as for partial breast re-irradiation.
© 2018 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology 128 (2018) 411-420 This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Interstitial multi-catheter brachytherapy in the context of
breast conserving therapy (BCT) represents one of the most highly
published irradiation techniques for Accelerated Partial Breast Irra-
diation (APBI) alone, Salvage-APBI and Boost after whole breast
irradiation (WBI) [1-4]. Generally, this technique delivers a high-
dose to a precise, strictly limited in-breast target volume, avoiding
to the greatest possible extent, exposure of adjacent organs at risk
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E-mail address: vratislav.strnad@uk-erlangen.de (V. Strnad).

https://doi.org/10.1016/j.radonc.2018.04.009
0167-8140/© 2018 The Authors. Published by Elsevier B.V.

(OARs) thus resulting in excellent local control with low rates of
side effects [1,5-12]. To date, APBI wusing multi-catheter
brachytherapy is the only method of breast irradiation with a
treatment duration of merely 4-5days with level 1 evidence
showing it to be a valid treatment alternative to WBI after breast
conserving surgery (BCS) for low-risk breast cancer patients which
is used in clinical routine [1,4,9-12]. Sole APBI based on multi-
catheter brachytherapy is intended first to shorten treatment dura-
tion compared with the WBI regimen (40-50 Gy over 3-6 weeks)
and second to reduce late side effects to OARs such as the heart,

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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lung and skin while achieving similar rates of local control,
disease-free survival and overall survival. As a consequence, sole
APBI with multi-catheter brachytherapy is also a unique treatment
technique for re-irradiation after re-excision (Salvage-APBI, Accel-
erated Partial Breast Re-Irradiation — APBrl) after previous BCS and
WBI with an exceptionally low rate of side effects and with local
recurrence rates comparable to salvage mastectomy alone [2].

Recently, guidelines for patient selection and target definition
for APBI after both breast conserving closed and open cavity sur-
gery as well as dose recommendations according to risk factors
were provided by the Breast Cancer Working Group of GEC-
ESTRO [13-15]. Similar guidelines for patient selection were also
published by numerous USA societies [ 16-18]. Guidelines for treat-
ment planning using different techniques for APBI were provided
by the National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-39/Radiation Therapy Oncology Group (RTOG) 0413
Protocol [19]. The NSABP B-39 protocol included criteria for target
coverage as well as for sparing OARs.

The aim of this consensus statement of the GEC-ESTRO Breast
Cancer Working Group is to generate detailed practical guidelines
for APBI, boost after WBI or APBrl with multi-catheter image-
guided brachytherapy for the conservative management of breast
cancer patients in daily practice.

Methods

The authors evaluated the relevant literature, identified estab-
lished and controversial topics via working conferences, circular
emails, meetings, conference calls and supplemented this informa-
tion with their clinical experience to formulate the current guide-
lines. A consensus decision was made to incorporate strategies
using 3D image guidance for interstitial brachytherapy based APBI.
Specific commercial equipment, instruments, and materials are
described only when necessary. Such identification does not imply
recommendation or endorsement by the presenter nor imply that
the identified material or equipment is necessarily the best avail-
able for these purposes.

This report document was reviewed and approved by the full
panel, the GEC-ESTRO executive board and by ACROP.

Results

Technical recommendations

General issues related to multi-catheter HDR-/PDR-brachytherapy

We recommend that APBI with image-guided multi-catheter
brachytherapy after breast conserving surgery (BCS) should be
completed preferably in less than 12 weeks and no longer than
20 weeks, as better local tumour control and survival can probably
be expected than with a longer time frame [20-27]. Nevertheless a
recent analysis illustrated that starting of radiation therapy shortly
after BCS seems not to be associated with a better long-term out-
come [28]. In Europe, the most common HDR-brachytherapy regi-
men used for APBI prescribes 2 fractions per day for a total of 7-10
fractions.

Patient selection for APBI alone after BCS in patients with early
breast cancer should be performed according to the GEC-ESTRO- or
the ASTRO guidelines [13,29]. The GEC-ESTRO panel of members
holds the view that until the results of the NSABP B-39/RTOG
0413 APBI trial are available, GEC-ESTRO selection criteria should
remain unchanged, particularly because current published data
of phase 3 trials [1,11,30-33] so far do not allow one to analyse
corresponding subgroups of interest. As far as patient selection cri-
teria for APBrl, we suggest using the criteria as published by
Hannoun-Levi et al. [2]. Furthermore we advise using criteria as

analysed and described previously for patient selection for boost
[34-38].

Furthermore we advise defining the target in accordance with
current published guidelines [14,15].

Treatment planning and catheter insertion

Pre-implant treatment planning may be performed either in a
separate procedure as in a pre-plan approach, or on the day of
the procedure in the operating room as intra-operative preplan-
ning. Whatever the pre-implant treatment planning and mode of
catheter insertion as listed below, the following information must
be available at the time of preplanning and at the time of catheter
insertion: surgical report, pathological report including size of
resection margins in 6 directions, knowledge about number and
position of surgical clips, images of preoperative mammography,
ultrasound and, if necessary, magnetic resonance imaging (MRI).

The standard procedure for catheter insertion is to use a tran-
scutaneous approach usually in week 4 to 12-20 after BCS under
computed tomography (CT) or ultrasound (US) or X-ray monitoring
and template guidance (if needed). According to the Paris System, a
square or triangular arrangement is reasonable [39]. Boost
brachytherapy should follow WBI as soon as possible within 4
weeks depending on the extent and grade of skin inflammation
after WBI. Patient positioning should coincide with the pre-
implant planning study as closely as possible when a preplan
approach is used. If US equipment is used a high-resolution system
is recommended. When the surgeon leaves the cavity open, the
seroma can easily be identified during needle insertion [40], and
thus the needles cover the shape of the cavity (Image-guided
Brachytherapy). After closed cavity surgery, a pre-implant CT with
radiopaque marks on the skin scar and nipple is useful in order to
locate the surgical scar and/or the clips. If no clips are in place and
a surgical scar cannot be identified, a CTV is difficult to define so an
APBI or boost cannot be easily and securely performed. Fluo-
roscopy (as X-ray based guidance) as a complementary imaging
modality can only be used if surgical clips are present.

CT-based pre-implant treatment planning and insertion of catheters
after open cavity surgery

According to timing and number of CT imaging, various policies
exist, but the catheter positions are always determined using the
3D rendering of the target volume and patient anatomy. Planning
the catheter positions can be done using a plastic template on
the breast during pre-implant CT imaging [41,42]. Then, using 3D
rendering of patient anatomy and virtual simulation the appropri-
ate catheter positions can be defined. A few needles (e.g. in deep
plane - close to the thoracic wall) can be inserted freehand, and
the remainder with a template. The template is made of plastic;
it has two plates with holes arranged in regular geometry with a
triangular pattern. The distance between the holes is between 12
and 20 mm (Fig. 1). Ideally, two CT image series (pre-implant
and post-implant) are used for the implantation and treatment
planning [41,42]. First, one day before implantation a CT-
compatible plastic template is placed over the breast skin taking
into account the scar position on the skin and other relevant clin-
ical information about the tumour location. Distance between the
template plates is recorded and their positions are marked on
the skin. Pre-implant CT imaging is performed, the cavity is out-
lined in axial slices, and the target volume is created according
to the contouring protocol. Using 3D rendering in the treatment
planning system, the patient’s image data are then rotated to the
“needle’s eye view”, i.e. viewing in the direction of the needles,
and the target volume is projected on to the rendered template
with the holes (Fig. 2). By visual inspection the holes covering
the target volume are identified, and their coordinates are
recorded. On the following day, another more rigid template,
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Fig. 1. Template-based insertion of needles and replacement with plastic catheters.

Fig. 2. Three-dimensional rendering of patient surface and template in needle’s eye
view showing the target volume projected to one of the plates of the template.

which is geometrically identical to the first one, is placed in the
same position as the day before using the skin marks and template
parameters as guides. Then, using the predefined coordinates the
needles are inserted into the breast and later replaced with plastic
catheters. Another CT data set is acquired for treatment planning
and the target volume definition with organs at risk [14,15]. Where
no appropriate target coverage is detected, a few additional cathe-
ters should be implanted by free hand - without use of a template.
Obviously, in this case new CT imaging is required for planning.

CT-based pre-implant treatment planning and catheter insertion after
closed cavity surgery

In case of closed-cavity surgery, the pre-implant CT-scanning
procedure is the same as in the open cavity situation presented
above. While the target volume is outlined and checked in the
three main views (axial, coronal and sagittal), the physician places
virtual vectors in order to cover the target volume properly leaving
12-20 mm between vectors and planes (Fig. 3). Then, the virtual
implant 3D reconstructions, including sagittal and frontal views,
are printed (with specific measures helping vector placement);
specific breast skin marks are drawn at the entry and exit points
of vector placement (Fig. 4).

Ultrasound based pre-implant treatment planning and catheter
insertion after open cavity surgery

Before brachytherapy, all patients should undergo a CT scan to
identify the surgical bed, the clips [14,15] and, in an open cavity

Fig. 3. Pre-implant virtual vectors in order to cover properly the PTV.

case, the seroma and the skin scar. With the aid of US, it is useful
first to inject the radiological contrast agent (dilute barium) into
the existing surgical cavity, so that it is easy to identify this cavity
any time with US, CT or X-ray. When inserting metal implant nee-
dles, we recommend using US to check each needle position in
relation to the seroma. The deepest implant plane should be dorsal
the seroma and the most ventral between the skin and the seroma.
Special care must be taken that the needles are positioned at a dis-
tance of at least 1 cm from the skin to avoid late skin side effects.
When the seroma is completely surrounded by needles, the nee-
dles are replaced by plastic catheters and the insertion procedure
is finished. Finally, the symmetry and parallelism of the implant
should be checked with the US probe.
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Fig. 4. 3D reconstructions of the virtual implant used before vector placement.

Ultrasound based pre-implant treatment planning and catheter
insertion after closed cavity surgery

After closed cavity surgery it is not easy to detect the surgical
bed with US. Nevertheless it is often possible to visualize some
areas of the surgical scar that can be seen as white tracts instead
of the dark normal lobular structure of the breast (Fig. 5). As
opposed to this chest wall and ribs are easily identified. Before
catheter insertion a clinical assessment of the CTV-position is

Fig. 5. US view in a closed cavity case, with three plastic tubes and a white area
corresponding to the absence of lobular normal tract due to the surgical scar. The
chest wall is also well defined.

required, by means of palpation (if possible), locating the quadrant
with the help of cranio-caudal and oblique mammograms consid-
ering the relative distance to the nipple, and the description by
the surgeon. The implant depth and plane levels should be chosen
while inserting the needles. The distance of needles to the skin can
be measured steadily taking care not to press too hard on the skin
with the probe. Before the insertion of the first implant needle, the
estimated position and area of CTV must be projected and drawn
on the skin and also visualized continual with US to confirm appro-
priate, precise and definitive implant volume.

X-ray based pre-implant treatment planning and catheter insertion
after closed cavity surgery

An important precondition for X-ray guided catheter insertion
is, that the resection margins of the surgical bed inside the breast
are labelled with surgical marker clips (at least 4, ideally 6 clips),
which are easily distinguished with a C-arm X-ray-device or with
CT.

With simultaneous consideration of the surgical scar on the skin
and of the deepest part of the surgical scar inside the breast (sur-
gical clips), the radiation oncologist can project the surgical bed
on to the skin and define the target volume inside the breast.
The first step in the insertion of plastic catheters is the insertion
of the guide needle (Fig. 6). The insertion point of the first (guide)
needle and desired direction of the insertion should first be marked
on the skin (CT- or C-arm guided) and should guarantee that the
position of the guide needle corresponds to the deepest point dor-
sal the centre of the surgical bed. The guide needle usually repre-
sents the centre of the deepest plane of the whole implant. In
addition, during this first step as well as during the whole insertion
procedure, it is important to take into account not only the position
of the clips the surgical scar inside the breast and the skin scar but
also the location of the tumour inside the breast as shown in the
preoperative imaging. After insertion of the guide needle, we rec-
ommend that a template of appropriate size is taken over the guide
needle in order to guarantee that all the following needles will be
inserted parallel and equidistant to the guide needle, which makes
it easier to meet quality parameters. The appropriate size of the
template also allows the tumour bed and the surgical scar inside
the breast to be encompassed with an adequate safety margin
[14] in all directions. An acceptable alternative is free-hand inser-
tion of catheters (without template) which is safe in experienced
hands. Thus, the corresponding number of needles will be
implanted, the position of needles in relation to the surgical scar
verified with CT or C-arm and as a final step the needles are
replaced by plastic catheters (Fig. 1).

Intraoperative insertion of catheters

Here the surgical bed is well defined, because the cavity is at
time of catheter insertion still open and the surgeon or the radia-
tion oncologist can point to the exact former position of the
removed tumour to insert the first catheter. The catheters are
inserted immediately as the lumpectomy is performed. Metal clips
(cranial, caudal, ventral, dorsal, medial, lateral) mark the surgical
bed, that is, the area of the tissue removed by the surgeon.
Although the tumour location inside of surgical bed can be eccen-
tric, the perioperative procedure allows consider exactly this fact.
As consequence the central needle should be considered as the ref-
erence needle to define the position of the tumour bed (“guide
needle”). All needles can be inserted using a template or free-
hand as the surgical cavity is still open, or the surgeon can close
the cavity and skin after inserting the “guide needle”. The next par-
allel needles are inserted to create the 2-3 planes around the
guide-needle. As soon as the insertion of all needles is finished,
the needles are replaced by plastic catheters, and secured on both
sides with buttons.
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Fig. 6. X-ray based insertion of guide needle.

The CT planning is done the next day. Treatment can be initi-
ated once the pathology report (usually the same day or 2-3 days
after surgery) is available. A good collaboration with the patholo-
gist allows keeping the total number of days the catheters remain
implanted to a minimum. If multi-catheter brachytherapy is used
as a boost with this perioperative method, the treatment can start
on the same day.

Treatment with rigid needles

The interstitial multi-catheter technique was used for a many
years in selected cases of breast carcinoma to deliver a boost dose
by means of rigid needles with LDR Iridium-192 wires [43-45]. The
calculation of the dose and dosimetry was based on isodose curves
according to the Paris system, without an image-related target vol-
ume [39]. Clinical assessment of the tumour bed and location of
clips and needles using only an X-ray C-arm is now standard.
The use of needles instead of plastic tubes is a matter of tolerance
by the patient during a treatment that lasts at least four days. In
these cases, the homogeneity that can be achieved with parallel
needles is very high and this allows increasing the total dose and
dose per fraction (HDR-brachytherapy).

Catheter reconstruction

Since the dose distribution depends on the source dwell posi-
tions in the catheters, their 3D arrangement must be known. As a
first step, the catheters have to be reconstructed in space using
cross-sectional imaging. CT is the recommended imaging method
for treatment planning including catheter reconstruction. Using a
slice thickness of 3 mm or less is recommended. As dwell times
inside the catheters will vary, clear and unequivocal catheter num-
bering (on the CT data set) and labelling (of the real catheters) is

very important during the reconstruction, especially when the
planning data are transferred to the control unit of the afterloading
machine. For better visualization, special markers can be inserted
into the catheters before imaging, but in most cases the internal
air in the catheters can be a surrogate for the markers, and with
proper windowing, the reconstruction can be properly performed.
The CT-marker can show the first possible dwell position in the
catheter, but the equivalence of the planned and real source posi-
tions must be known and has to be verified - at least once or peri-
odically - by measurement. When markers are not used, the
fixation button at the distal end of each catheter must be visible
on the CT images, because the first possible dwell position has to
be related to it. The catheter reconstruction can be performed in
any of the main orthogonal planes (axial, sagittal, and coronal).
Furthermore, oblique planes parallel with, or orthogonal to, the
catheters can be created in many TPSs by defining an extra coordi-
nate system (ECS) which helps in the reconstruction process. Hav-
ing reconstructed all possible source dwell positions, the actual
active source length must be determined. This is done taking into
account the expansion of the PTV and OAR structures. In the first
step, active source positions could be set within the PTV (from sur-
face to surface). The final arrangement of active source positions
depends on the type of optimization and ultimately the resulting
dose distribution and DVH values. If needed, the active lengths
can extend beyond the PTV by a few mms.

Normalization of dose distribution, dose specification and prescription

In order to select an appropriate isodose for which a certain
absolute dose value should be prescribed, the dose distribution
has to be uniquely normalized. For a reproducible normalization
procedure, we recommend distributing four to ten dose reference
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points in the central implant plane midway between the active
source positions in the regions where the dose gradient has a local
minimum. As the gradient varies with the source dwell time during
the optimization process, the actual positions of individual refer-
ence points can be corrected slightly during the planning process.
The initial dose distribution is normalized to the mean dose in the
reference points (corresponding approximately to the mean central
dose (MCD) in ICRU 58 [48]). After specification of the prescribed
dose on an isodose line between 80 to 90% of the mean dose at
the reference points, the dose distribution is renormalized, and
as a consequence the 100% isodose corresponds to the prescribed
dose (PD).

Alternatively, in case of an inverse optimization the prescribed
absolute dose by default is set to the 100% isodose. The dwell times
are calculated on the basis of volumetric dosimetric constraints,
with preset goals defined in the objectives like target coverage,
dose homogeneity and dose to OAR-s.

Dose optimization methods

Dose optimization means the determination of individual dwell
time in each dwell position in order to get an optimal dose distri-
bution regarding target coverage, sparing of OARs and dose homo-
geneity. Dose optimization methods help to improve dose
distribution, but it has to be stressed that no optimization can
compensate for poor implant geometry. The aims of any optimiza-
tion method can be summarized as follow:

- to get an appropriate dose coverage of the PTV with a conformal
dose distribution,

- to achieve to some extent a homogeneous dose distribution
inside the implant,

- to keep the dose to OARs as low as possible, or at least below the
corresponding tolerance doses,

- to keep high-dose volumes below certain absolute values.

Optimization methods can be categorized to forward and
inverse techniques. The simplest forward optimization is the man-
ual editing of the dwell times. Since this is rather time consuming, it
is recommended only for small local adjustments. A very popular
method is called geometrical optimization (GO) which results in a
homogeneous dose distribution. Provided that the catheters geo-
metrically cover the target volume properly, the target coverage
by the reference dose will also be acceptable. To change the shape
of isodoses locally or globally, graphical optimization (GRO) can be
used during which a selected isodose line can be shifted into the
desired position with the “drag and drop” function using a com-
puter mouse. The target coverage and conformity can be improved
with GRO but it must not be forgotten that at the same time the
homogeneity may deteriorate. In many clinical cases the GO fol-
lowed by GRO results in an acceptable dose distribution. After
usage of GRO the dwell times should be checked so as to avoid high
gradients in the dwell time distributions. Another forward opti-
mization method is the so-called polynomial optimization using
pre-defined dose points. However, dose homogeneity is not taken
into account during this optimization, therefore its use is not rec-
ommended. As all of these optimization methods are part of for-
ward planning, the influence on DVH parameters of target
volume and OAR-s has to be verified. Recently, inverse optimization
(10) algorithms have become available with commercial BT plan-
ning systems. The great advantage of inverse optimization is that
all dosimetric requirements (dose coverage, dose homogeneity
and protection of organs at risk) are simultaneously and automat-
ically taken into account during the optimization. Before its use,
volume and surface based clinical objectives have to be defined.
However, the requirements for target coverage, dose homogeneity
and sparing of OARs are often conflicting, therefore finding the

proper dose parameters and weighting factors is not easy and
needs some planning experience. Another benefit of inverse IO is
that it is user-independent and typically faster than a manual
approach.

Dose recommendation for multicatheter HDR-/PDR-brachytherapy

The radiobiology of HDR/PDR-brachytherapy and the use of the
linear-quadratic model to convert HDR to LDR doses were previ-
ously described and discussed in detail particularly for HDR/PDR-
brachytherapy of cervical carcinoma and prostate carcinoma [46-
50] and as a result, can be used in a similar way for breast
brachytherapy. It should be emphasized that because of the com-
plexity of all biological processes, these radiobiological calcula-
tions are approximations only, but can be used as a tool to make
comparisons between different fractionations, for example in
HDR brachytherapy where dose per fraction can deviate a lot from
the conventional 2 Gy.

The recommended schedules for APBI/APBrI with HDR-Brachytherapy

The schedules for HDR-brachytherapy based APBI, validated in a
randomized trial [1,4] are 8 x 4 Gy and 7 x 4.3 Gy scheduled 2
times per day, with an interval between fractions of at least 6 h,
and with a total treatment time of 4-5 days.

Other fractionations can be used. Nonetheless we recommend
that the chosen fractionation corresponds to a biologically equiva-
lent total dose EQD2 (/B = 4-5 Gy) in the range of 42-45 Gy.

The recommended schedules for boost with HDR-Brachytherapy

A biologically equivalent total dose (EQD2 for o/B =4-5 Gy) in
the range of 10-20 Gy in 1 to 4 fractions should be selected accord-
ing to current recommendations [37].

The panel of experts recommends preferably 2 x 4-6 Gy, or 3 x
3-5 Gy scheduled 2 times per day, with an interval between frac-
tions of at least 6 h, and a total treatment time of 1-2 days, or a sin-
gle fraction of 7-10 Gy, depending on the desired total EQD2.

The recommended schedules for APBI/APBrl with PDR-Brachytherapy
Pulsed-dose 0.5-0.8 Gy/pulse, total dose 50 Gy, scheduled every
hour, 24 h per day, total treatment time 4-5 days.

The recommended schedules for boost with PDR-Brachytherapy are
Pulsed-dose 0.5-0.8 Gy/pulse, total dose 10-20 Gy [37], sched-
uled every hour, 24 h per day, total treatment time 1-2 days.

Dose-volume parameters and dose constraints

For an objective assessment of any treatment plan, quantitative
parameters have to be employed. Without taking into account any
outlined volumes, implant related dose volume parameters like the
volume that is irradiated by the prescribed dose (PD) (Vpp) or 1.5
times the PD (V;sxpp) can be calculated. The homogeneity of the
dose distribution is characterized with the ratio of the V sxpp to
Vpp Which is called the dose-non-uniformity ratio (DNR). The lower
the DNR, the more homogeneous dose distribution is. As a comple-
mentary index to DNR, dose homogeneity index (DHI) can also be
formulated. By definition, DHI = (VPD — V‘LSXPD)/VPD that is DHI =1
— DNR.

For outlined structures, additional parameters can be calcu-
lated. The percentage of the PTV receiving a given percentage of
the PD is generally used and denoted as Vyy. For example, Vigo
means percentage volume of the PTV receiving 100% dose of the
PD or more. To characterize high-dose volumes V{59 and V,qg are
calculated. The overdose volume index (OI) characterizes the dose
homogeneity using the volume irradiated by 2 x PD, related to vol-
ume of the PTV. The coverage index (CI) is the fraction of the PTV
receiving at least the PD, and it is equal to V;00/100. The conformal
index (COIN) takes into account the coverage of the PTV by the PD
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(PTVpp/Vprv) and also the unwanted irradiation of normal tissues
outside the PTV (PTVpp/Vpp) [51]. PTVpp is the volume inside the
PTV irradiated by the PD and the Vpp is the volume receiving at
least the PD. The dose distribution is at its most conformal when
the COIN is maximal and is as close to 1 as possible. Dose irradiat-
ing a certain part of the PTV is also used. Dxx means the relative
dose that irradiates xx% of the PTV. Depending on the type of the
OARs, mean dose, volume irradiated by a given relative dose (eg.
V5), absolute dose (eg. Vscy), or dose irradiating a small volume
(eg. Do.1em3» Dacms3) are generally reported. Regarding the skin, in
addition to the maximum surface point dose, reporting Dg»cm3 OF
Dicm3 [52] is recommended. Table 1 lists the most common
dose-volume parameters used in interstitial breast brachytherapy.
In addition, on the post-implant CT-scan, the dose distribution
must be analysed in the 3 different views (axial, coronal and sagit-
tal) in order to verify the main dose constraints but also to avoid
the confluence of two consecutive V,qg isodoses and a V,qq isodose
diameter >10 mm [14,53-55].

Dose-volume limits for PTV and OARs

To date, no generally accepted criteria for a “good” breast
implant exist. In the GEC-ESTRO randomized trial the coverage
index (CI) had to be larger than 0.90, i.e., at least 90% of the PTV
had to receive the PD [56]. The NSABP B-39/RTOG protocol is more
lenient, since it requires that only 90% of the PD must cover 90% of
the PTV [19]. In the GEC-ESTRO study there was only one require-
ment for dose uniformity, namely the DNR < 0.35. According to the
experience of the centres participating in the GEC-ESTRO study and
respecting current available data [19,52,56,57] the recommended
dose-volume constraints for the implant, PTV and organs at risk
are presented in Tables 2 and 3. Since the dose to contralateral
breast and lung is low in interstitial brachytherapy, no threshold
is given for these organs, only a few parameters are recommended
for reporting.

Recommended parameters for reporting

The following data and parameters are recommended for treat-
ment reporting when using APBI, boost or APBrl with multi-
catheter brachytherapy:

Table 1
The most common dose-volume parameters used for reporting in interstitial breast
brachytherapy.

Parameter Definition/calculation

Implant related

Vpp Absolute volume irradiated by
the prescribed dose
Absolute volume irradiated by
1.5 x the prescribed dose

VLSXPD/VF‘D
(VPD - V1 .SXPD)/VPD

V1 .5xPD

DNR - dose non-uniformity ratio
DHI - dose homogeneity index

Target related

Vprv Volume of the PTV

Vix Percentage of PTV receiving xx%
of the PD

OI - overdose volume index Voxpp/Verv

CI - coverage index V100/100

COIN - conformal index PTVpp/Vprv x PTVpp/Vep

Dyx Percentage dose that covers xx%

of the PTV
OAR related

Drrern Mean dose in organ

Vxay Relative volume receiving x Gy

Wisz Percentage of organ receiving xx%
of the PD

Dycms3 Relative dose given to most

exposed x cm? of organ

PD: prescribed dose, PTVPD: volume in PTV received at least the PD.

Table 2
Recommended dose-volume limits for implant
and PTV.
Constraints
Implant Vpp < 300 cm?
DNR < 0.35
PTV Vigo > 90%
V150 < 65 cm?
V00 < 15 cm?
COIN > 0.65
Table 3

Recommended dose-volume limits for OAR-s.

Organ Constraints
Ipsilateral non-target breast Voo < 10%
Vso < 40%
Skin’ Dicms < 90%
Do.2cm3 < 100%
Rib Do.1cm3 < 90%
chm3 < 80%
Heart MHD < 8%
DO.lcn13 <50%
Ipsilateral lung MLD < 8%

Do.1cm3 < 60%

" Skin volume is defined as a 5mm shell below the body
contour.

" Left sided lesion only, MHD: mean heart dose, MLD: mean
lung dose

1. Type (nuclide) of the radioactive source and technique (HDR/
PDR).

2. Number of catheters used and number of implanted planes.

3. Method of dose optimization (manual, geometric, graphical,
inverse) and normalization (description of positions of the ref-
erence points).

4. Method of dose prescription (on isodose line, volumetric), dose
per fraction (pulse), total dose, and fractionation scheme with
time pattern.

5. Reference air kerma ratefsource activity at the time of first

fraction.

. Total reference air kerma (TRAK).

. Implant related volume parameters: Vpp, DNR.

. Target related parameters: Vpry(cm?), Vigo, Viso, V2o, D90.

. Optional OARs related parameters:

- ipsilateral non-target breast: Vgq, Vsq

- skin: Dg2cm3s Diems

- 1ib: Do 1cm3, Dicms3

- heart: MHD (mean heart dose), Dg.1cm3

- ipsilateral lung: MLD (mean lung dose), Dg.1cm3
- contralateral breast: Dicm3

- contralateral lung: Dicm3

[{slNo BN Ne)]

Quality management issues for HDR-/PDR-brachytherapy

The use of HDR-/PDR-brachytherapy requires careful monitor-
ing and quality management (QM), given the potential for toxicity
and misadministration [58]. Protocol consistency within an institu-
tion will help to avoid errors. Institutions should document the
insertion procedure, the planning parameters including normal-
tissue dose, the method of treatment, and follow-up. QM issues
common to all brachytherapy modalities, including treatment
planning systems, treatment delivery systems, applicator commis-
sioning, and periodic checks, will not be addressed in this docu-
ment. With the objective of preventing errors in treatment
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planning and dose delivery, prior to the start of a treatment, the
following quality assurance procedures are recommended:

1. Check of treatment plan (before export to control unit)
a. Plan parameters

- Patient information (name, ID number, date of birth, can-
cer type),

- Dose prescription including fraction- (pulse-) dose and
number of fractions (pulses),

- Correspondence of first source dwell position to distal
catheter reconstruction point,

- Correct drive-out lengths depending on the type and
length of catheters (depends on

- afterloading system),

- Total reference air kerma (TRAK).

b. Plan results

- Arough estimation of the calculated treatment time. This
could be done by comparing with the results of similar
plans or by creating a set of implant specific “indicators
of reasonableness” like the “total time index” Ti = (sum
of dwell time x source strength)/(PD x number of dwell
positions) [59] that should be of the same order for
implants of comparable geometry.

- If possible, a recalculation with a second independent ver-
ification system is favored.

2. Plan data transfer

- After export of the treatment plan to the control unit of
the afterloader, the correctness of the transferred param-
eters including patient data, prescribed dose, fractiona-
tion, source drive-out length, total and individual source
dwell times should be verified.

3. Connection of catheters with transfer tubes

- Correct labelling and numbering of the catheters must be
verified.

- A photograph of the connecting end of the catheters taken
before the start of treatment planning is recommended to
verify the numbering. The correct labelling of the individ-
ual catheters should be checked by a second person.

- If the catheters are cut individually to a specific internal
length, prior to starting treatment, the length should be
checked by a second person.

- Connecting the catheters to transfer tubes: Even if the
tubes themselves are numbered, they might get mixed
up. Therefore, it is recommended not to rely on the tube
number only but to follow the course of each transfer
tube from the afterloader’s indexer to the corresponding
catheter.

- Make sure that the catheters are in the correct position in
the breast and the fixation buttons are in contact with the
skin surface.

- Make sure that during imaging and treatment identical
patient positioning is guaranteed, to ensure the same
anatomical positions of the organs.

4. Final control before initiation of irradiation

- The total length (transfer tube with catheter) should be
checked (with a marked wire or special manufacturer’s
tools like “source position simulator”).

- A test run with a check cable should be performed for all
catheters prior to drive-out of the source to verify the
proper connection and to eliminate catheter obstruction.

Perioperative and post-implantation care

Perioperative care: The insertion of catheters should be per-
formed under sterile conditions. Special care should be taken to

not impair already inserted plastic catheters so that no liquid or
blood can enter the catheters.

Post-implantation care: While the patient is receiving radiation
therapy check that the buttons are not pressing on the skin too
hard while not being too loose to avoid ulceration and the develop-
ment of chronic skin marks, such as acromia or skin necrosis, in the
future. Although use of antibiotics is not mandatory in some cen-
tres, a pre-implantation single-shot antibiosis, for example with
Ampicillin/Sulbactam iv 1x 3 g, is standard in others. Here, ade-
quate rules according to the corresponding surgical discipline of
each centre should be adhered to.

It goes without saying that a responsible physician will perform
a daily ward round to rule out signs of breast infection and to
detect possible changes in breast volume (may indicate develop-
ment of haematoma). In case of apparent or suspected changes
in the breast volume or the position of plastic catheters a verifica-
tion of these findings by CT must be done and if necessary planning
issues taken into consideration.

Conclusion

Early breast carcinoma after BCT can be treated with radiation
therapy with a very limited volume of irradiated tissue and APBI
has become a standard postoperative treatment modality. Postop-
erative APBI with multi-catheter-brachytherapy for selected
patients with early breast cancer to date is the only radio-
oncological treatment method with duration of only 4-5 days for
which there is level 1 evidence [1,4,60]. In addition to appropriate
patient selection [13] and target definition [14,15,61], we consider
that practical issues like the method of catheter insertion, dose
optimization and quality assurance are of great importance and
need to be standardized. The technical aspects and QA have until
now been discussed only marginally in some US guidelines
[17,62] and no European guidelines are available at the moment.
The current guideline finally fills this gap and is intended to pro-
mote the safe and efficient delivery of APBI with image-guided
multi-catheter brachytherapy. It is based on the current practice
of APBI in Europe as reviewed from clinical trials, published litera-
ture, and prior clinical experience of panel experts. This guideline
was developed as a consensus-based statement and has been
reviewed and approved by the board of the GEC-ESTRO and ACROP.
The aim is to assure a standard quality level during the procedure
of implantation, definition of the CTV and treatment with multi-
catheter brachytherapy in breast carcinoma.

We hope that the present guideline can be viewed as an impor-
tant aid to radiation oncologists in managing patients with early
breast cancer. Interstitial multi-catheter brachytherapy has been
used for many years, therefore diverse techniques have been devel-
oped, and outcome data prove that they are adequate to offer an
improved breast cancer control without severe acute and late
effects. The practitioner’s experience is useful, but only if there is
a recording of data and an appraisal of long-term results.

The panel of experts also recommends that the radiation oncol-
ogists and the medical physicists at a facility introducing APBI with
multi-catheter image-guided brachytherapy for the treatment of
patients with early breast cancer attend courses designed to
review APBI practice and QM and spend an adequate amount of
time learning the procedure at a facility with extensive experience
in APBI using brachytherapy.

In summary it can be stated that the presented guidelines make
it possible to assure the best possible quality and accuracy of
image-guided breast brachytherapy as well as adequate dose cov-
erage of the target volume inside the breast with appropriate qual-
ity of the dosimetry, in order to achieve optimum long-term
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results. The same rules should be used for the boost with multi-
catheter brachytherapy after WBI and for APBrl.
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ARTICLE INFO ABSTRACT

Am‘clf? history: Background and purpose: To compare early side effects and patient compliance of accelerated partial
Received 3 March 2016 breast irradiation (APBI) with multicatheter brachytherapy to external beam whole breast irradiation
Received in revised form 29 June 2016 (WBI) in a low-risk group of patients with breast cancer.

Accepted 29 June 2016

Available online 12 July 2016 Material and methods: Between April 2004 and July 2009, 1328 patients with UICC stage 0-IIA breast cancer

were randomized to receive WBI with 50 Gy and a boost of 10 Gy or APBI with either 32.0 Gy/8 fractions, or
30.1 Gy/7 fractions (HDR-brachytherapy), or 50 Gy/0.60-0.80 Gy per pulse (PDR-brachytherapy). This
report focuses on early side-effects and patient compliance observed in 1186 analyzable patients.
ClinicalTrials.gov identifier: NCT00402519.

Results: Patient compliance was excellent in both arms. Both WBI and APBI were well tolerated with

Keywords:

Breast cancer

Accelerated partial breast irradiation
Multicatheter brachytherapy

Randomized trial moderate early side-effects. No grade 4 toxicity had been observed. Grade 3 side effects were exclusively
Early toxicity seen for early skin toxicity (radiation dermatitis) with 7% vs. 0.2% (p < 0.0001), and breast infection with
GEC-ESTRO APBI trial 0% vs. 0.2% (p = n.s.) for patients treated with WBI and APBI. The incidence of grades 1-2 early side effects

for WBI and APBI was 86% vs. 21% (p < 0.0001) for skin toxicity, 2% vs. 20% (p < 0.0001) for mild hematoma,
and 2% vs. 5% (p=0.01) for mild breast infection rates, respectively. No differences had been found
regarding grades 1-2 early breast pain (26% vs. 29%, p = 0.23).
Conclusions: APBI with interstitial multicatheter brachytherapy was tolerated very well and dramatically
reduced early skin toxicity in comparison to standard WBI.

© 2016 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 120 (2016) 119-123

During the past decade accelerated partial breast irradiation community and in the public. The oncological concept that
(APBI) has received much attention both in the scientific adjuvant radiotherapy after breast conserving surgery might be
limited to the tumor bed including distinct safety margins in a
subgroup of patients with a low risk of local recurrence was
primarily examined with interstitial multicatheter brachytherapy
approaches. The use of brachytherapy and the smaller target
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volumes allowed a reduction of the overall treatment time from six
weeks to less than one week. After publication of the first promising
results of phase-II trials conducted by some North-American and
European working groups, patients embraced this development
and in the following years more scientific groups developed
additional approaches for APBI, e.g. external beam, intraoperative,
or single catheter brachytherapy techniques [1]. Today, evidence
from multicatheter brachytherapy phase-II trials with up to twelve
years follow-up support the hypothesis that partial breast irradia-
tion is a safe and effective option for a highly selected subgroup of
patients with early breast cancer [2,3]. The popularity of APBl among
patients increased the use of different techniques also outside
clinical trials. Such liberal usage may cause a problem of quality
assurance and was therefore criticized at the San Antonio Breast
Cancer Symposium 2012. In the meantime, thousands of patients
were included in several well-powered randomized trials and the
mature clinical results become more and more available [4-7].

This report on the randomized European GEC-ESTRO APBI Trial
compared patient compliance and early toxicity of standard WBI
with APBI using interstitial multicatheter high-dose-rate (HDR)
and pulsed-dose-rate (PDR) brachytherapy.

Materials and methods

Patients

According to the study protocol, patients were eligible for study
participation if they had histologically confirmed invasive breast
cancer or ductal carcinoma in situ (DCIS) UICC stage O-IIA, a
maximum tumor diameter < 3 cm, complete resection with clear
margins > 2 mm (in case of invasive lobular cancer or pure
DCIS > 5 mm), at least six negative axillary lymph nodes (pNO),
or singular nodal micro-metastasis (pN1mi), or negative sentinel
node biopsy (pNOsn), or a clinically negative axilla in case of DCIS
(cNO0), no distant metastasis or contralateral breast cancer, and
were at least 40 years old. Patients were excluded if they showed
any signs of a multifocal growth pattern in mammography, had
residual micro-calcifications post-operatively, an extensive
intraductal component (EIC), vessel invasion (L1, V1), involved,
close (<2 mm) or unknown margins (R1/Rx), or were pregnant.

The protocol was approved by the institutional review boards of
all participating institutions and was carried out in accordance
with the Declaration of Helsinki, Good Clinical Practice guidelines,
and applicable national laws. All patients provided written
informed consent. This study was registered at ClinicalTrials.gov:
NCT00402519.

Treatment

All patients received breast conserving surgery comprising
lumpectomy, wide excision or quadrantectomy. Surgical standard
treatment of the axilla within this trial was a level I-II axillary
dissection. At least 6 (preferably 10) lymph nodes had to be
dissected. However, sentinel lymph node biopsy alone or combined
with axillary dissection was allowed. In case of pure DCIS axillary
staging was optional. The time interval from definitive breast
surgical procedure to the start of radiotherapy was scheduled to be
less than 12 weeks. In case of adjuvant chemotherapy, radiotherapy
had to start within 4 weeks after termination of chemotherapy.

After randomization (ratio 1:1) patients received either
standard WBI or APBI. Patients randomized to WBI received a total
dose at the ICRU-50 reference point of 50-50.4 Gy according to the
ICRU-50 report with standard tangents in 1.8-2.0Gy daily
fractions, five times a week, followed by a boost of another 10 Gy
in 2 Gy daily fractions, five times a week, to the extended tumor
bed with an appropriate electron beam technique. The planning
treatment volume (PTV) included the whole breast and the dose

prescription point (ICRU-50 reference point) was usually defined
at the point of the isocenter. Per protocol, the maximum PTV point
dose preferably should not exceed 15% of the prescription dose.
Electron boost dose was prescribed in point of Dmax on the central
beam axis, assuring that the 85%-isodose line encloses the tumor
bed with combined surgical and radiooncological safety margins
of 2 cm. Adequate field size, localization and electron energy were
defined with the help of a simulator or CT-scans. To ensure homo-
geneity of the WBI group, external beam photon or interstitial
boost techniques were not allowed.

Patients randomized to APBI received either two HDR regimes
with total doses of 32.0 Gy (8 x 4 Gy, b.i.d.) or 30.1 Gy (7 x 4.3 Gy,
b.i.d.), or PDR brachytherapy with 0.6-0.8 Gy/pulse up to 50 Gy
(1 pulse/h, 24 h/day), depending on the preference of the local study
center. The target volume of the brachytherapy arm consists of the
tumor bed with combined surgical and radiooncological safety mar-
ginsof 2 cmin all directions. The planning target volume was limited
at the surface of the pectoral muscle to protect underlying ribs, and
at least a 5 mm distance between the target volume and skin was
recommended to keep the skin dose low and avoid skin telangiecta-
sia. The planning target volume was confined to the original tumor
and a safety margin of 2 cm in each direction which was the sum
of the free resection margin and the added radiation safety margin
[6]. The volume enclosed by the reference isodose surface depended
on the tumor size and on the size of the resection margins. The dose
distribution was seen as satisfactorily homogeneous, if the dose
non-uniformity ratio (DNR) was <0.35. The tumor bed was localized
by the combined use of titan marker clips, preoperative mammaogra-
phy and ultrasound examination and/or postoperative planning
CT-scans. Planning of brachytherapy was either done with pre-
and post-implant CT-scans or by using two orthogonal X-ray scans
generated by a simulator. Dose specification was performed
analogous to the ICRU Report 58 [8]. The reference isodose was
defined at 85% of the mean central dose (MCD). Brachytherapy
was usually given on an in-patient basis.

Adjuvant sequential chemotherapy and/or hormonal therapy
were allowed according to the protocol of the local study center [6].

Follow-up schedule, end point and statistics

Follow-up was scheduled every 3 months for 2 years following
breast conserving surgery, every 6 months in the years 3-5, and
at 12-month intervals thereafter. Local control and survival param-
eters, as well as toxicity rates and cosmetic outcome, were
assessed.

Early side effects were classified according to the Common
Terminology Criteria for Adverse Events v3.0 (CTCAE; publish date:
June 10, 2003), and late side effects according to RTOG/EORTC
criteria [9] and Lent Soma Scores [10]. Toxicity was considered
early if it occurred within the first 90 days from the start of radio-
therapy. Early toxicity was assessed in an as-treated analysis. In
this analysis, losses to or duration of follow-up was not an issue.

Data management and statistics were done with the SAS software
(version 9.3, SAS Institute, Cary, NC, USA). Differences in the inci-
dences of the ordinally graded toxicity data were statistically tested
with the Mantel-Haenszel chi-square-test. In view of the explana-
tory nature of statistical analyses in this study, no significance
adjustment techniques for multiple testing were employed.

Results

Patient and disease characteristics

Between April 2004 and July 2009, 1328 patients with breast can-
cer UICC stage O-11 were enrolled for this multi-center phase IlI-trial
at 16 European centers. For reasons detailed below and illustrated in
Fig. 1 and 553 patients remained available for an ‘as treated’ analysis
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in the WBI arm and 633 in the APBI arm. The median age of all
patients at breast conserving surgery was 62 years (range; 40-92).
The ECOG performance scale was rated 0 or 1 in 99.8%
(1179/1182) of all cases. The histological subtypes were classified
as invasive-ductal in 74.1% (879/1186), invasive-lobular in 11.3%
(134/1186), tubular in 6.2% (74/1186), and as other histologies in
8.4% (99/1186) of the cases. Grading was G1, G2, and G3 in 40%
(465/1173),52%(607/1173),and 8% (101/1173). Tumors were cate-
gorized as pTis, pT1, and pT2 in 5% (58/1185),85% (1003/1185), and
10% (124/1185). The mean (standard deviation) of the tumor diam-
eter was 13 + 6 mm. Tumors were classified as hormone-sensitive in
93%(1085/1161). The distribution between the two treatment arms
was well-balanced. Detailed information on the distribution of
treatment-arm related patient and disease characteristics is
provided in Table 1.

Protocol adherence

A total of 1328 patients were initially screened and randomized
(see Fig. 1) of which 64 and 34 patients allocated to WBI and APBI,
respectively, withdrew their consent. Furthermore, 42 patients had
to be excluded from the analysis set due to protocol violations.
Thereof, 21 of 34 patients allocated to WBI due to performance of
an interstitial brachytherapy boost and 5 of 8 patients randomized
to APBI who had catheters applied intraoperatively. Due to one late
consent withdrawal in each group, 1186 patients remained eligible
for the “as treated” analysis. Overall, about 93.8% (1113/1186) of
the patients received therapy as randomly allocated, while 6.1%
(73/1186) received the other therapy, following the applicable guide-
lines of the study protocol. Thus, the analysis set splits into 553
patients treated with WBI and 633 patients treated with APBI. Fur-
ther detailed information can be found in a previous publication [6].

Treatment

Breast conserving surgery was subclassified by the various
centers as segmentectomy in 42% (494/1184), tumorectomy in

30% (353/1184), lumpectomy in 16% (190/1184), and
quadrantectomy in 12% (147/1184). Surgical safety margins
were > 2 mm in 100% (1186/1186), > 5 mm in 83% (983/1186),
and > 10 mm in 43% (509/1186). Titan clip marking of the tumor
bed was present in 57% (675/1184).

Conventional axillary staging and sentinel node biopsy were
performed in 20.3% (241/1185) and 75.2% (891/1185) of the
patients. The mean numbers of dissected axillary lymph nodes
were 12 +5 and 3 + 2, respectively. Axillary staging was not per-
formed in 4.5% (53/1185), exclusively in patients with pure DCIS.

After breast conserving surgery patients received either WBI in
47% (553/1186) or APBI in 53% (633/1186). In 98.2% (543/553) of
the cases patients received the complete prescribed external beam
dose of 60 Gy (50 Gy WBI + 10 Gy boost), 1.8% (10/553) received
50-60 Gy. All 633 patients in the experimental APBI arms (PDR:
n=119, HDR with 7 fractions: n=59, HDR with 8 fractions:
n=451) received the complete prescribed total dose.

The median interval between the definitive surgical procedure
and adjuvant radiotherapy was 62 days. This time interval was ded-
icated to wound healing and to obtaining the complete histological
report for proper patient selection. In the experimental arm, HDR
brachytherapy was performed in 81% (511/630), and PDR
brachytherapy in 19% (119/630). The mean number of afterloading
tubes per implant was 14 +3. Computed tomography-based
brachytherapy treatment planning was performed in 82% (514/630).

Antihormonal treatment was initiated in 87% (1031/1184), and
adjuvant chemotherapy in 11% (129/1184) of the patients. Further
information on study specific treatment related characteristics is
given in Table 1.

Early side effects

Classification of early side effects was performed using the
Common Terminology Criteria for Adverse Events v3.0 (CTCAE;
publish date: June 10, 2003).

Early skin reaction (radiodermatitis) occurred in 93% (513/552)
of the patients with WBI, and in 21% (134/630) of the patients who

| 1328 patients randomly assigned |

l

l

673 allocated to WBI |

| 655 allocated to APBI

98 excluded
64 consent withdrawal
34 protocol violation

42 excluded
34 consent withdrawal
8 protocol violation

575 eligible for WBI
527 received as allocated
47 received other arm treatment
1 late consent withdrawal

613 eligible for APBI
586 received as allocated
26 received other arm treatment
1 late consent withdrawal

553 eligible for analysis

633 eligible for analysis

Fig. 1. Enrolment of patients, allocation, and patient collective.
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Table 1
Patient and treatment characteristics.
WBI ABPI p-Value
Median age [years (range)] 62 (40-85) 62 (40-92) n.s.

Surgery [% (n/N)]
e Quadrantectomy
e Segmentectomy
e Lumpectomy
e Tumorectomy

12 (68/551) 13(79/633)  ns.
40 (221/551) 43 (273/633)
18 (95/551) 15 (95/633)
30 (167/551) 29 (186/633)
Axillary staging [% (n/N)]
o Sentinel lymph node biopsy
o Conventional dissection

75 (414/552)
21 (118/552)

75 (477/633) ns.
20 (123/633)

e No axillary surgery 4 (20/552) 5(33/633)
Grading [% (n/N)]
e Gl 40 (217/549) 40 (248/624) n.s.
o G2 52 (288/549) 51 (319/624)
e G3 8 (44/549) 9 (57/624)
pT-category [% (n/N)]
o pTis 4 (23/552) 5 (35/633) ns.
o pT1 86 (472/552) 84 (531/633)
o pT2 10 (57/552) 11 (67/633)

Receptor status [% (n/N)]
o ER positive
e PR positive

93 (505/542)
84 (454/540)

94 (580/619) n.s.
83 (515/618)

Systemic treatment [% (n/N)]
e AHT scheduled
e Chemotherapy

Tumor bed clips [% (n/N)]

Radiotherapy [% (n/N)]
o External beam radiotherapy
e HDR brachytherapy -
e PDR brachytherapy -

ECOG performance scale [% (n/N)]

e 0-1 99 (550/552)
e2-3 0.36 (2/552)

87 (482/553)
12 (66/553)

54 (300/553)

87 (549/631) ns.
10 (63/631)

59 (375/631) n.s.

100 (553/553) - _
81 (511/630)
19 (119/630)

99 (629/630) n.s.
0.16 (1/630)

WBI: external beam whole breast irradiation; APBI: accelerated partial breast
irradiation; ER: estrogen receptor; PR: progesterone receptor; AHT: anti-hormonal
treatment; HDR: high-dose-rate; PDR: pulsed-dose-rate; ECOG: Eastern Coopera-
tive Oncology Group; n.s.: not significant.

received APBI. Grades 1, 2, and 3 radiodermatitis was described in
49% (273/552) vs. 19% (120/630), 36% (200/552) vs. 2% (13/630),
and 7% (40/552) vs. 0.2% (1/630) of the patients receiving WBI or
APBI, respectively (p < 0.0001).

Mild hematoma was found in 2% (10/553) in the WBI arm, and
in 20% (127/630) in the APBI arm. Grades 1 and 2 hematoma
occurred in 2% (9/630) vs. 19% (120/630), and 0.2% (1/553) vs. 1%
(7/630) of the cases with WBI and APBI (p <0.0001). No grade 3
toxicity has been recorded.

The overall breast infection rates for WBI and APBI were 2%
(11/552) and 5% (32/630), respectively. Grades 1, 2, and 3 breast
infections were documented in 2% (10/552) vs. 4% (28/630), 0.2%
(1/552) vs. 0.5% (3/630), and no grade 3 infection vs. 0.2% (1/630)
for patients with standard WBI compared to APBI, respectively
(p =0.0052).

Low grade intraoperative breast injury was found in 0.7%
(4/553) and 5% (31/630) of the cases with WBI and APBI. Grade 1
injury was found in 0.7% (4/553) vs. 5% (31/630), respectively.
Grade 2 was documented only in 0.2% (1/630) in the APBI arm
(p <0.0001).

No significant differences had been observed regarding early
breast pain. Grades 1 and 2 were stated by the patients with WBI
and APBI in 26% (146/553) vs. 23% (144/630), and 3% (15/553) vs.
3% (17/630), respectively (p = 0.23). No grade 3 early breast pain
has been observed.

A comprehensive overview of the incidence and severity of the
early side effects is provided in Supplementary Table.

Discussion

The analysis of the randomized GEC-ESTRO APBI Trial revealed a
well-balanced distribution of patient and treatment characteristics
to the two arms (see Table 1). Further information can be found in
previously published data [6].

In this multi-institutional phase Ill-trial, the irradiation
treatment in both arms was feasible and well tolerated, for all
patients in the experimental APBI arm and 98.2% in of the WBI
standard arm received the full prescribed dose, which proves that
both standard WBI and multi-catheter APBI are very reliable, feasi-
ble, technically mature, and safe treatments for selected patients
with early breast cancer after breast conserving surgery. The rate
of severe early side effects > grade 3 was very low, i.e. <1% in both
arms (see Table 2), with the exception of grade 3 radiodermatitis in
the standard WBI arm (7% vs. 0.2%, p <0.0001). This proves the
hypothesis that the use of multicatheter APBI significantly
decreased at least early skin toxicity in comparison to standard
WHBI as previously reported by Lettmaier et al. [11].

In comparison to our findings using intraoperative radiotherapy
with 50 kV X-ray beam for APBI Vaidya et al.[12,13] reported on low
overall early toxicity rates > grade 3 with a rate of 0.5% for the
experimental targeted intraoperative radiotherapy arm using a
50 kV X-ray device compared to a significantly higher rate of 2.1%
in the standard WBI arm (p = 0.002) [12]. Whereas in the Targit-A
trial hematoma > grade 3 was found in 1% in the targeted intraop-
erative radiotherapy arm and in 0.6% in the WBI arm, no patient of
our trial with APBI or WBI experienced hematoma > grade 3
needing surgical evacuation. Infection > grade 3 requiring intra-
venous antibiotics or surgical intervention appeared in 1.8% and
1.3% of the patients in the Targit-A trial, and only in one patient
(0.16%) after APBI in our trial. In summary, in accordance with our
trial the Targit-A results also support the fact that APBI is generally
leading to reduced early side effects > grade 3 in comparison to
standard WBI. Furthermore, in direct comparison multicatheter
APBI led to lower early toxicity rates > grade 3 than targeted
intraoperative radiotherapy.

Another working group from Milan initiated a randomized trial
comparing partial breast irradiation using intraoperative electrons
(6-9 MeV) for tumor bed irradiation with a single dose of 21 Gy to

Table 2
Early side effects per treatment arm.
Early side effects WBI ABPI p-Value
% (n/N) % (n/N)

Dermatitis associated with radiation
e Grade 0 7 (39/552) 79 (496/630) <0.0001
e Grade 1 49 (273/552) 19 (120/630)
e Grade 2 36 (200/552) 2 (13/630)
e Grade 3 7 (40/552) 0.2 (1/630)

Hematoma
e Grade 0 98 (543/553) 80 (503/630) <0.0001
e Grade 1 2 (9/553) 19 (120/630)
e Grade 2 0.2 (1/553) 1(7/630)

Breast infection
e Grade 0 98 (541/552) 95 (598/630) 0.0052
e Grade 1 2 (10/552) 4 (28/630)
o Grade 2 0.2 (1/552) 0.5 (3/630)
e Grade 3 - 0.2 (1/630)

Breast injury
e Grade 0 99 (549/553) 95 (598/630) <0.0001
e Grade 1 1 (4/553) 5(31/630)
e Grade 2 - 0.2 (1/630)

Breast pain
e Grade 0 71 (392/553) 74 (469/630) n.s.
e Grade 1 26 (146/553) 23 (144/630)
e Grade 2 3(15/553) 3(17/630)

n.s.: not significant.
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the 90% isodose compared to a conventionally fractionated WBI with
50 Gy to the whole breast with tangential photons and a tumor bed
boost of additional 10 Gy with a single electron beam field [ 7]. In this
Electron Intraoperative Radiotherapy trial (ELIOT) the authors
reported on a highly significant reduction of overall early skin
toxicity in favor of the partial breast irradiation group with electrons
compared to standard WBI of the whole breast (p = 0.0002). Skin
erythema > grade 3 rates were 0.5% (2/427) in the WBI group
whereas none occurred in the intraoperative radiotherapy group.
Compared to our trial in the ELIOT trial the rate of > grade 3
radiodermatitis was surprisingly low in the control WBI arm,
whereas the rates of both experimental partial breast irradiation
arms are comparable. Maybe this difference could be explained with
the lacking data from the ELIOT trial since only 63% (828/1305) of the
patients were available for skin toxicity evaluation [7].

Livi et al. published another randomized trial comparing APBI
using intensity-modulated radiotherapy (IMRT) and a dose of
30 Gy in five non-consecutive daily fractions to the tumor bed over
two weeks, with conventionally fractionated standard WBI (50 Gy
+10 Gy Boost) [4]. The rates of early radiodermatitis > grade 3
were 6.5% vs. 0% (p =0.0001) in favor of the IMRT partial breast
irradiation approach. These reported results were very similar to
the results of the GEC-ESTRO trial presented here.

Rodriguez et al. also found a significant reduction of early skin
toxicity in a small randomized trial (n=102) comparing partial
breast irradiation using external beam 3D-conformal irradiation
with standard WBI (48 Gy with or without an additional boost of
10 Gy) [14]. Early skin toxicity > grade 3 was significantly higher
for whole breast irradiation (12% vs. 0%; p < 0.01).

In four other published randomized trials comparing partial
breast irradiation techniques with WBI radiotherapy no detailed
data on early toxicity are available [5,15-17]. In our previously per-
formed German-Austrian multicatheter APBI phase II trial we also
found no > grade 3 early skin toxicities among 274 treated patients
[18].

Overall wound infection rates for interstitial brachytherapy in
the GEC-ESTRO trial were comparable to the experience gained
in the German-Austrian APBI phase Il-trial (5% vs. 3.3%) [18].
Interestingly, no differences were detected for breast pain rates
(see Table 2).

The GEC-ESTRO APBI trial tested interstitial APBI to a standard
WHBI fractionation schedule with 50 Gy and an obligatory electron
boost of 10Gy. It is possible that more contemporary WABI
techniques (e.g. IMRT) or fractionation schedules (e.g. hypofrac-
tionation approaches) may reduce early skin toxicity, but this
was not tested in this trial.

Conclusions

Compared to standard WBI (50 Gy + 10 Gy electron boost) APBI
using interstitial multicatheter brachytherapy significantly reduced
serious (>grade 3) early toxicities, especially regarding skin
toxicity. Mild and moderate (grade 1 and 2) early toxicity analysis
showed a slightly higher hematoma, breast injury and wound infec-
tion rate due to the invasive nature of multicatheter brachytherapy
without clinical relevance for the APBI arm. Our results underline
that multicatheter APBI is a safe and well-tolerated treatment
procedure for selected patients with early breast cancer.
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