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Abstract
Purpose of Review Following partial mastectomy, whole-breast irradiation (WBI), delivered over 3 to 6 weeks, has been the
standard adjuvant radiation approach for early-stage breast cancer. A growing body of literature over the past decade has
suggested that irradiation of the partial breast, including the tumor bed plus a margin, may be a suitable alternative for appro-
priately selected patients. The use of partial breast irradiation (PBI) has been studied in multiple prospective randomized trials,
nowwith up to 10 years of follow-up, establishing similar safety and efficacy comparedwithWBI. Advantages of PBI include (1)
reduced treatment duration, (2) potential reductions in treatment-related toxicity, (3) improved cosmetic outcomes, and (4)
reduced costs. The purpose of this article is to review appropriate patient selection criteria, clinical and toxicity outcomes data,
clinical consensus practice guidelines, and the various PBI techniques.
Recent Findings The National Surgical Adjuvant Breast and Bowel Project (NSABP) B39/Radiation Therapy Oncology Group
(RTOG) 0413 study (NRGOncology) is the most recently published (abstract form only) prospective randomized trial comparing
PBI using 3D conformal external beam radiation therapy (3D-CRT, 38.5 Gy/10 fractions, twice daily) or brachytherapy (inter-
stitial catheters or applicator based, 34 Gy/10 fractions, twice daily), vs.WBI (50 Gy ± tumor a bed boost). With a median follow-
up of 10.2 years, the 10-year ipsilateral breast tumor recurrence-free interval was 95.2% vs. 95.9% for PBI and WBI, although it
did not meet the statistical significance for equivalence. Similarly, the randomized trial of accelerated partial breast irradiation
using 3-dimensional conformal radiotherapy (RAPID) trial is a prospective randomized trial comparing primarily 3D-CRT
(38.5 Gy/10 fractions, twice daily) with WBI, (42.5 Gy/16 daily fractions or 50 Gy/25 daily fractions ± tumor bed boost).
Rates of ipsilateral breast tumor recurrence (IBTR) at 8 years were not statistically significantly different (PBI vs WBI, 3% vs.
2.8%; HR = 1.27; 90% VI, 0.84–1.91).
Summary There is a growing body of literature supporting the use of PBI in appropriately selected patients and its use should
continue to increase.
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Introduction

Breast conservation therapy (BCT) consisting of partial mas-
tectomy followed by adjuvant whole-breast irradiation (WBI)
represents a standard of care for early-stage breast cancer [1,
2]. Omission of adjuvant radiation therapy after partial mas-
tectomy has consistently demonstrated higher rates of local
recurrence and meta-analyses have demonstrated higher
breast cancer mortality without its use [1, 2]. Historically,
WBI has been delivered over 6–7 weeks including a tumor
bed boost. Protracted radiotherapy schedules may be one rea-
son why patients choose mastectomy or why up to 20% of
patients who undergo partial mastectomy forgo adjuvant radi-
ation therapy [3–5]. More recently, there has been increased
utilization of hypofractionated whole-breast irradiation
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(HWBI) delivered over 3–4 weeks. HWBI has been shown to
have equivalent outcomes compared to standard WBI with
10 years of follow-up [6, 7, 8•]. HWBI is now recommended
as a standard approach for most women undergoing breast
conservation for those patients with ductal carcinoma in situ
(DCIS)/early-stage cancers. However, data on patterns of fail-
ure in patients treated with either conventional WBI or HWBI
have demonstrated that the majority of breast recurrences are
observed in close proximity to the index lesion, suggesting
that irradiation of the entire breast may not be necessary in
all patients [9].

The use of partial-breast irradiation (PBI) is supported by a
growing body of prospective data and expert consensus panel
guidelines. Partial-breast irradiation, which involves irradia-
tion of the tumor bed plus a variable margin of adjacent unin-
volved adjacent breast tissue (depending on the PBI tech-
nique), offers the potential for shortened treatment duration
and decreased toxicity, with similar efficacy outcomes in ap-
propriately selected patients [10••, 11••, 12•]. Multiple treat-
ment delivery techniques for PBI have been developed includ-
ing interstitial catheter-based brachytherapy, applicator-based
brachytherapy, and external beam radiation therapy using 3D
conformal external beam radiation therapy (3D-CRT) or
intensity-modulated radiation therapy (IMRT) delivered over
1 to 3 weeks [12•]. The purpose of this review is to summarize
appropriate patient selection criteria, prospective randomized
data, the various PBI techniques, and potential future direc-
tions for PBI.

Patient Selection

Based upon expert consensus opinion and eligibility criteria as
well as results from prospective randomized trials, recommen-
dations for appropriate patient selection criteria have been
provided by several organizations including (1) the
American Society for Radiation Oncology (ASTRO), (2) the
American Brachytherapy Society (ABS), (3) the American
Society for Breast Surgeons (ASBrS), and (4) the Groupe
Europeen de Curietherapie-European Society for
Radiotherapy and Oncology (GEC-ESTRO) [12•, 13•, 14,
15•]. Criteria for eligibility for PBI by expert consensus guide-
lines are summarized in Table 1. There is variability among
the clinical guidelines with respect to patient age, nodal status,
histology, and margins.

The updated ASTRO consensus panel guidelines identify
patients who are aged ≥ 50 with invasive ductal or invasive
lobular carcinoma, tumor size ≤ 3 cm, ≥ 2-mm margins, any
estrogen receptor status, and with up to limited/focal
lymphovascular space invasion (LVSI) as suitable candidates
for the application of PBI off protocol [15•]. Furthermore,
patients aged 40–49 with invasive ductal carcinoma, tumor
size ≤ 3 cm, with ≥ 2-mm negativemargins, no LVSI, estrogen
positive, and unifocal tumor are also suitable for PBI. Finally,
patients with low-risk ductal carcinoma in situ (DCIS) as de-
fined by the eligibility criteria for the RTOG 9804 phase III
trial, including screen-detected, low or intermediate nuclear
grade, ≤ 2.5 cm, and with ≥ 3-mm negative margins are

Table 1 Suitable or low-risk candidates for PBI by expert consensus guideline

Criteria ASTRO ABS ASBrS GEC-ESTRO

Age - ≥ 50 years
- 40–49 years without
- Tumor size 2.1–3.0 cm
- Limited/focal LVSI
- ER (−)
- Invasive lobular

≥ 45 years ≥ 45 years ≥ 50 years

Margins ≥ 2 mm No tumor on ink No tumor on ink ≥ 2 mm

Tumor size ≤ 3 cm ≤ 3 cm ≤ 3 cm ≤ 3 cm

Histology Any Any Any Invasive ductal only

Estrogen receptor (+) or (−) (+) or (−) (+) or (−) (+) or (−)
Nodal status Negative Negative Negative 1–3 positive lymph nodes

LVSI Limited No Focal No

Other factors Extensive intraductal
component ≤ 3 cm

Unifocal tumor Multifocal ≤ 3 cm Unifocal tumor
No extensive intraductal

component

DCIS Screen detected
≥ 3-mm margins
≤ 2.5-cm tumor size
Grade 1 or 2

≥ 2-mm margins
≤ 3-cm tumor size

≥ 2-mm margins
≤ 3-cm tumor size

No

ASTRO, American Society for Radiation Oncology; ABS, American Brachytherapy Society; ASBrS, American Society of Breast Surgeons; GEC-
ESTRO, Groupe Europeen de Curietherapie-European Society for Radiotherapy and Oncology; ER, estrogen receptor; LVSI, lymphovascular space
invasion
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considered suitable candidates for PBI per the ASTRO con-
sensus guidelines.

The updated ABS consensus guidelines identify acceptable
criteria for PBI as patients who are ≥ 45 years old, tumor size ≤
3 cm, invasive ductal or lobular histology or pure DCIS, neg-
ative surgical margins (for invasive cancer), and ≥ 2-mm neg-
ative margins (for DCIS), any estrogen receptor status, nega-
tive LVSI, and negative lymph nodes [12•]. Note that the age
cutoff per the ABS guidelines is slightly lower than the
ASTRO recommendations. The original Hungarian random-
ized trial noted increased rates of local recurrence in younger
patients undergoing PBI and later amended their criteria to
include women aged ≥ 50 years [16]. However, the GEC-
ESTRO trial had 15% of patients age 40–50 years old and
did not observe a significantly higher rate of ipsilateral breast
tumor recurrence (IBTR) [17••]. Similarly, the University of
Florence randomized trial also included patients aged ≥
40 years and also did not observe higher rates of IBTR in
younger patients [10••]. Given the results of these studies, the
ABS has recommended patients aged ≥ 45 years as acceptable
for PBI, but further mature data from clinical trials will help to
identify optimal age cutoffs [12•]. Similar to the WBI and
mastectomy literature, estrogen receptor–negative tumors have
also demonstrated higher rates of local recurrence in PBI clin-
ical trials; however, there is no data to suggest that rates of local
recurrence are higher with PBI compared with WBI for estro-
gen receptor–negative tumors [18–20]. Therefore, the inclu-
sion of estrogen receptor–negative tumors for PBI remains
for both the ASTRO (if 50 years or older) and ABS guidelines
[12•, 15•].

PBI Techniques

The majority of available prospective data compare PBI vs.
WBI, whereas there is limited prospective data directly com-
paring different PBI techniques. However, recent consensus
guidelines do provide some recommendations regarding PBI
techniques. For example, the updated ASTRO consensus
guidelines recommend the use of low-energy intraoperative
radiation therapy (IORT) only on clinical trial due to the
higher rates of local recurrence observed on the TARGIT-A
trial [15•, 21]. The updated ABS guidelines recommend
multicatheter interstitial brachytherapy (MIB) and IMRT as
the techniques with the strongest supporting evidence, in ad-
dition to moderate recommendations for 3D-CRT and
applicator-based brachytherapy (AB), and weak recommen-
dations for IORT, protons, and electronic brachytherapy [12•].
The NSABP B-39/RTOG 0413 (NRG Oncology) trial
allowed for the use of 3D-CRT, MIB, and AB as PBI tech-
niques. Although preliminary results are now available, the
study was not powered to detect differences between the

techniques [11••]. Table 2 summarizes inclusion criteria for
prospective randomized trials utilizing PBI.

Interstitial Brachytherapy

Multicatheter interstitial brachytherapy is a PBI technique in
which catheters are implanted within and around the lumpec-
tomy cavity. Typically, high-dose rate (HDR) radiation thera-
py is utilized but low-dose rate (LDR) and pulsed-dose rate
(PDR) can be used as well [22, 23]. There are now three
prospective randomized trials that included MIB as the PBI
technique compared with WBI [11••, 17••, 24]. The first ran-
domized trial is from the National Institute of Oncology in
Hungary in which women were randomized to 50 Gy WBI
or PBI after breast-conserving surgery [24]. PBI techniques
included 36.4 Gy HDRMIB (69% of patients) or 50 Gy elec-
tron beam irradiation (31% of patients). With a median
follow-up of 10.2 years, the 10-year local recurrence rate
was 5.1% vs. 5.9% (p = 0.77) for WBI and PBI, respectively.
There was no statistically significant difference between WBI
and PBI in 10-year overall survival (OS) (82% vs. 80%),
cancer-specific survival (CSS) (94% vs. 92%), and disease-
free survival (DFS) (84% vs. 85%), respectively. Patient re-
ported excellent and good cosmesis was significantly higher
with PBI (81% vs. 63%; p < 0.01).

Similarly, the GEC-ESTRO trial, which was a randomized
prospective non-inferiority study that included patients with
low-risk invasive ductal carcinoma or DCIS and randomized
them to adjuvant WBI or PBI using MIB [17••]. With a me-
dian follow-up of 5 years, the 5-year cumulative incidence of
local recurrence was 0.9% vs. 1.4%, p = 0.42 for WBI and
PBI, respectively. 5-year OS and DFS were also not signifi-
cantly different. There was no significant difference in Grade
2–3 skin toxicity, subcutaneous tissue toxicity, or severe
(Grade 3) fibrosis between the two techniques [25]. An anal-
ysis of quality of life at 5 years demonstrated no significant
difference in quality of life with PBI and significantly worse
breast symptom scores after WBI compared with PBI at
3 months [26].

Finally, the recent results of the NSAPB B-39/RTOG 0413
trial, which have been presented in abstract form, also support
the use of MIB [11••]. This trial allowed the use of MIB
(34 Gy in 3.4 Gy/fx twice daily) as one of the PBI techniques,
as well as AB and 3D-CRT external beam radiation therapy
(71% of PBI patients). Eligibility criteria for the trial included
patients with 1–3 positive lymph nodes (representing 10% of
the patient population). The study found that the 10-year
IBTR-free interval was 95.9% with WBI vs. 95.2% with
APBI, although it did not meet the statistical significance for
equivalence as the trial required the 90% confidence interval
to lie between 0.667 and 1.5 and it was 0.94–1.58. The
intention-to-treat and as-treated analyses could not refute the
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Table 2 Eligibility criteria for
prospective randomized trials
evaluating PBI

Trial Eligibility criteria PBI technique

National Institute of Oncology
(Hungary)

Polgar et al.

• ≤ 2-cm tumor size

• pN0–1mic

• Grade 1–2

• Invasive ductal carcinoma

MIB

Number of patients 258 • No tumor on ink margins

• No extensive intraductal component

• ER (+) or (−)

GEC-ESTRO

Strnad et al.

• Age ≥ 40 years

• ≤ 3-cm tumor size

• pN0–1mic

MIB

Number of patients 1184 • ≥ 2-mm margins (≥ 5 mm for ILC or
DCIS)

• Negative LVSI

• ER (+) or (−)

NSABP B-39

Vicini et al.

• ≤ 2-cm tumor size

• pN0–1

• No tumor on ink margins

MIB, AB, 3D-CRT

Number of patients 4216 • ER (+) or (−)

RAPID Trial

Whelan et al.

• Age ≥ 40 years

• ≤ 3-cm tumor size

• Invasive ductal or DCIS

3D-CRT

Number of patients 2135 • No tumor on ink

• ER (+) or (−)

IMPORT LOW

Coles et al.

• Age ≥ 50 years

• pN0–1

• Invasive ductal carcinoma

3D-CRT

Number of Patients: 2,018 • ≥ 2-mm margins

• ER (+) or (−)

Florence Trial

Livi et al.

• Age ≥ 40 years

• ≤ 2.5-cm tumor size

• pN0–1

IMRT

Number of Patients: 520 • ≥ 5-mm margins

• ER (+) or (−)

TARGIT-A

Vaidya et al.

• Age ≥ 45 years

• Invasive ductal carcinoma

IORTwith 50 kV
X-rays

Number of Patients: 3,451 •

ELIOT

Veronesi et al.

Number of patients 1305

• Age 48–75

• ≤ 2.5-cm tumor size

IORT with electrons

PBI, partial-breast irradiation; ER, estrogen receptor;MIB, multicatheter interstitial brachytherapy;GEC-ESTRO,
Groupe Europeen de Curietherapie-European Society for Radiotherapy and Oncology; ILC, invasive lobular
carcinoma; DCIS, ductal carcinoma in situ; LVSI, lymphovascular space invasion; NSABP, National Surgical
Adjuvant Breast and Bowel Project; 3D-CRT, 3-dimensional conformal radiotherapy; RAPID, randomized trial
of accelerated partial-breast irradiation using 3-dimensional conformal radiotherapy; IMPORT LOW, intensity-
modulated partial organ radiation therapy LOW trial; IMRT, intensity-modulated radiation therapy; TARGIT,
targeted intraoperative radiotherapy; ELIOT, electron intraoperative radiotherapy; AB, applicator brachytherapy
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hypothesis that PBI was inferior and could not declare that
WBI and PBI were equivalent in controlling local in-breast
tumor recurrence. However, the absolute difference in the 10-
year cumulative incidence of IBTR was only 0.7%. A statis-
tically significant difference in recurrence-free interval (RFI)
was noted favoring WBI (93.4% WBI vs. 91.9% APBI, p =
0.02). However, there were no statistically significant differ-
ences in distant disease-free interval (DDFI) (p = 0.15), OS
(p = 0.35), or DFS (p = 0.11). Grade 3 toxicity (9.6% vs.
7.1%) and Grade 4–5 toxicity (0.5% vs. 0.3%) were modestly
higher with PBI. In other trials, toxicity was found to be lower
with the increased use of MIB or AB and alternatively, the use
of IMRT, which will be discussed further below. Given the
results of these three prospective randomized trials, suggesting
similar efficacy and significantly improved cosmesis on the
Hungarian trial and reduced late toxicity in the GEC-ESTRO
trial, the ABS has given MIB a strong recommendation as an
ideal technique for PBI [12•].

Applicator-Based Brachytherapy

Applicator-based brachytherapy includes placement of single
lumen, multilumen, strut, or alternative applicators within and/
or surrounding the lumpectomy cavity, with a common
dose/fractionation of 34 Gy in 10 fractions delivered twice
daily separated by 6 h (HDR brachytherapy) [12•]. The major-
ity of data for this technique comes from prospective registries
or retrospective series. The use of the MammoSite® balloon
catheter is supported by data from the ASBrS MammoSite®
registry trial, which demonstrated a low rate of local recurrence
at 5 years (3.8%) [27•]. The toxicity profile was good, with the
rate of good or excellent cosmesis at 7 years being 90.6%, fat
necrosis at 2 years 2.5%, and infection at 2 years 9.6% [28].
While previous population-based analyses have suggested po-
tentially higher toxicities with brachytherapy, prospectively
collected data such as the ASBrS MammoSite® Registry trial
have not confirmed these findings [29, 30]. A matched pair
analysis of 3009 patients treated with WBI or PBI (interstitial
catheter or the MammoSite® balloon) matched by age, stage,
and estrogen receptor status demonstrated no significant differ-
ence in 10-year IBTR (4% vs. 4%; p = 0.11), regional recur-
rence (1% vs. 1%; p = 0.20), DFS (93% vs. 91%; p = 0.10),
and OS (83% vs. 75%; p = 0.34) for WBI and PBI, respective-
ly [31]. These results were confirmed with a second matched
pair analysis [32]. Clinical outcomes with multilumen and strut
applicators also suggest excellent clinical outcomes with de-
creased dose to the skin and chest wall [33–35]. With the
results of the NSABP B-39/RTOG 0413 trial, which included
patients receiving AB, there is now prospective randomized
evidence to support its use as well, although as previously
mentioned the NSABP B-39/RTOG 0413 trial was not

designed to compare outcome based upon individual PBI tech-
niques [11••].

External Beam PBI

External beam PBI offers the benefit of not requiring an addi-
tional invasive procedure as with the use of MIB or AB
brachytherapy. The initial modern external beam technique
(the NIHHungary trial used a limited electron field) employed
3D-CRT delivered with multiple non-coplanar fields [11••,
24]. However, some prospective studies have suggested that
PBI delivered in this fashion may have higher rates of toxicity
and inferior cosmetic outcomes [11••, 36, 37]. RTOG 0319
was a Phase I/II clinical trial which included patients with
Stage I or II invasive ductal or lobular carcinoma with tumor
size ≤ 3 cm, ≤ 3 positive lymph nodes, and negative margins
treated with 3D-CRT PBI, 38.5 Gy in 3.85 Gy/fx twice daily
[36]. Initial cosmetic outcomes were favorable, but with fur-
ther follow-up, good or excellent cosmesis dropped from
82% at 1 year to 64% at 8 years. Similarly, on the RAPID
study, women were randomized to 3D-CRT (38.5 Gy in
3.85 Gy/fx twice daily) or WBI (42.5 Gy in 2.67 Gy/fx daily
or 50 Gy in 2 Gy/fx daily ± tumor bed boost) [37]. The rate of
IBTR at 8 years was 3.0% and 2.8% for PBI andWBI, respec-
tively. Acute toxicity (within 3 months of treatment start) was
significantly less with PBI compared with WBI (≥Grade 2,
28% vs 45%, p < 0.001). The initial publication reported rates
of late adverse cosmesis at 3 years graded by trained nurses
(29% vs. 17%; p < 0.001), by patients (26% vs. 18%; p =
0.002), and by physicians (35% vs. 17%; p < 0.001) were
significantly worse with PBI compared with WBI, respective-
ly. On updated results, late toxicity, including breast indura-
tion and telangiectasia (≥Grade 2, 32% vs 13%, p < 0.001 and
Grade 3, 4.5% vs 1.0%, p < 0.001) and adverse cosmesis at
5 years (32% vs 16%, p < 0.001) was significantly higher with
PBI compared with WBI [38••]. However, on NSABP B-39/
RTOG 0413, which utilized 3D-CRT in patients who
underwent external beam PBI, no significant increase in
Grade 3–5 toxicity was noted compared with WBI [11••];
however, the study was not designed to look at differences
in toxicity based on APBI technique. Recently, data from
950 patients from NSABP B-39/RTOG 0413 who completed
the patient reported outcomes (PRO) portion of the study and
had follow-up data were reported on [39]. PBI was associated
with reduced fatigue (p = 0.011) and did not meet criteria for
cosmesis equivalence; cosmesis was equivalent in patients
receiving chemotherapy but not for those patients that did
not receive chemotherapy. The higher rates of toxicity and
worse cosmetic outcomes with 3D-CRT observed in some
other trials may be attributed to the use of twice daily fraction-
ation and the addition of larger margins, which may be

Curr Breast Cancer Rep (2019) 11:277–286 281



mitigated by the use of once daily fractionation and IMRT
with image guidance to reduce treatment margins.

3D-CRT PBI does have the advantage of being a cost-
effective PBI technique compared with other PBI and WBI
techniques [40]. However, utilization of a 5 fx IMRT
course was shown to be cost effective compared with
WBI delivered with 3D-CRT in 15 fx [41]. Therefore,
while 3D-CRT PBI has good evidence for similar clinical
efficacy, the role of 3D-CRT PBI will need to be further
elucidated in light of data supporting IMRT with respect to
similar clinical outcomes and reduced toxicity/improved
cosmesis as compared with WBI.

There is strong level I evidence supporting IMRT external
beam PBI, with similar clinical outcomes and significantly
improved cosmesis compared with WBI. The University of
Florence trial included 520 women, aged > 40 years with in-
vasive ductal or lobular carcinoma, with tumor size ≥ 2.5 mm,
and randomized them toWBI (50 Gy in 2 Gy/fx daily ± tumor
bed boost) or PBI (30 Gy in 6 Gy/fx every other day) with
IMRT [10••]. The PBI arm utilized a 1-cm clinical target vol-
ume and 1-cm planning target volume margin with no daily
image guidance. With a median follow-up of 5 years, IBTR
(1.5% vs. 1.5%; p = 0.86) and OS (96.6% vs. 99.4%; p = 0.06)
were not significantly different betweenWBI and PBI, respec-
tively. Patients treated with PBI experienced significantly im-
proved acute toxicity (p = 0.0001), late toxicity (p = 0.004),
and cosmesis (p = 0.045). A recent study from the Cleveland
Clinic demonstrated the feasibility of further reducing toxicity
with this approach using image guidance with cone beam CT
as well as breath hold to limit breast motion, reducing target
volumes [41]. Similarly, results of the intensity-modulated par-
tial organ radiotherapy (IMPORT) LOW trial support PBI with
IMRT compared with hypofractionated WBI [42]. This pro-
spective, randomized, non-inferiority study included women
aged ≥ 50 years with invasive ductal carcinoma, tumor size
≤ 3 cm, with 0–3 positive lymph nodes, and negative margins
≥ 2 mm. Patients were randomized to 40 Gy in 2.67 Gy/fx
daily WBI, 36 Gy WBI with boost to 40 Gy in 2.67 Gy/fx to
the partial breast (reduced-dose group), or 40 Gy in 2.67 Gy/fx
daily PBI. PBI was delivered using field-infield IMRT with
standard tangential beams or “mini-tangents.” Clinical out-
comes were non-inferior with the reduced-dose and PBI
groups. Adverse events were similar between the three groups,
but change in breast appearance (p = 0.007) and breast harder
or firmer (p < 0.0001) were significantly better with PBI com-
pared with WBI.

Intraoperative Radiation Therapy

Intraoperative radiation therapy (IORT) involves delivery of
radiation therapy to the lumpectomy cavity using a single
fraction of radiation. The most well-studied IORT techniques

in breast cancer include low-energy X-rays (50 kV) or elec-
trons (3–12 MeV) [43]. With the use of low-energy X-rays
and electrons, concerns regarding delivery of dose beyond the
surface of the cavity arise [43]. Dosimetric studies demon-
strate that about 5–7 Gy of dose is delivered at 1-cm depth
with low-energy X-rays, which may be inadequate given that
the area of highest concern is within 1 cm of the lumpectomy
cavity [43–45]. With the properties of lower energy X-rays or
electrons, attempts to deliver dose to a deeper depth would
result in unacceptably high surface doses and also the poten-
tial for toxicities such as fat necrosis [43, 44]. Finally, without
the use of image guidance, it is unknown whether a deep
lumpectomy cavity may be abutting the chest wall, leading
to higher than expected doses to the chest wall or the left
ventricle of the heart for a left-sided breast cancer (unless
shielding is utilized) [43–45].

There are two randomized trials comparing IORT and
WBI. The first, TARGIT-A, is a prospective, randomized,
non-inferiority study including women aged ≥ 45 years, with
early-stage invasive ductal carcinoma treated with WBI
(50 Gy in 2 Gy/fx daily) or 50 kV X-ray IORT, 20 Gy in 1
fx [21]. There was a significantly increased rate of local recur-
rences at 5 years with IORT compared with WBI (3.3% vs.
1.3%; p = 0.04), although it was within the non-inferiority
threshold. Patients with margins ≤ 1 mm, extensive in situ
component, or incidental invasive lobular carcinoma on final
pathology were specified to undergo additional adjuvant WBI
in addition to IORT, and some centers specified close margins
(1–10mm), several positive lymph nodes, and extensive LVSI
as criteria to add adjuvant WBI. In the entire cohort, 15.2% of
patients underwent adjuvant WBI after IORT due to adverse
pathology (21.6% pre-pathology (IORT given at time of
lumpectomy), 3.6% post-pathology (IORT as a second proce-
dure after lumpectomy)). In the pre-pathology cohort, the dif-
ference in local recurrence with IORT was not found to be
statistically lower, but this was not a primary pre-specified
endpoint, but a secondary analysis. The majority of patients
on the trial had a median follow-up of 2 years; however 5-year
local recurrence outcomes are reported and have not been
updated since.

The ELIOT trial included women age 48–75 with early-
stage breast cancer, tumor size ≤ 2.5 cm, and randomized
them to WBI (50 Gy in 2 Gy/fx daily) or IORT with 3–
12 MeV electrons (21 Gy in 1 fx) [46•]. The 5-year rate of
IBTR was significantly higher with IORT compared with
WBI (4.4% vs. 0.4%; p < 0.0001), with no significant dif-
ference in OS and significantly fewer skin side effects with
IORT (p = 0.0002). However, an analysis of electron IORT
demonstrated a 1.5% rate of local recurrence at 5 years for
suitable PBI patients [47].

IORT provides advantages including not requiring addi-
tional procedures, completion of adjuvant therapy at the time
of surgery, and the potential to be a cost-effective PBI
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technique [43, 48]. However, when accounting for the costs
associated with management of the increased local recur-
rences after IORT, the cost of the modality increases and
was shown to be potentially higher than other PBI techniques
[49]. Unlike IORT, all other randomized trials using PBI have
demonstrated no significant difference in local recurrence
compared with WBI [12]. Also, at this time, there is no ran-
domized trial available comparing IORT and endocrine thera-
py alone in patients who meet criteria for omission of adjuvant
WBI [50, 51]. IORT has been shown to be safe and efficacious
as a tumor bed boost followed by WBI, particularly in the
setting of oncoplastic reduction, when postoperative delinea-
tion of the surgical cavity for external beam tumor bed boost
after WBI is very challenging [52]. Further studies with IORT
monotherapy are necessary before it can be considered a stan-
dard of care option for patients who do not meet criteria for
omission of adjuvant radiation therapy.

Future Directions

Multiple prospective randomized trials, some with over 10-
year follow-up, now support the use of PBI in appropriately
selected patients [12•]. Increased utilization of techniques
such as deep inspiratory breath hold, active breathing control,
and image-guided radiation therapy with cone beam CT may
allow for further reduction of treatment volumes and therefore
a potential reduction in toxicities. Some clinical trials are eval-
uating condensed WBI into 5 fractions (fx), such as the UK
FAST trial (28.5 Gy or 30 Gy in in 5 fx once weekly) and the
FAST-FORWARD trial (26 Gy or 27 Gy in 5 fx daily in
1 week) compared with standard WBI fractionations, with
good long-term results [53–55]. Comparison of these 5 fx
WBI regimens with PBI regimens may be worthwhile.
Further, condensed schedules of PBI are also being investigat-
ed as well, including a single-fraction preoperative PBI Phase
I trial utilizing IMRT with a 1.5-cm margin on the tumor,
which demonstrated no dose limiting toxicity or local recur-
rence at median follow-up of 23 months [56]. A phase II trial
utilizing PBI with AB for 2–3 fx has also been published with
initial outcomes [57]. Mature data is necessary to support
these approaches and future study should focus on identifying
appropriate candidates for such techniques.

Conclusion

With thousands of patients included in PBI randomized trials
(a greater number than those included in studies comparing
standard WBI and HWBI), a robust collection of randomized
data now exists to support PBI as an optional approach for
appropriately selected women with early-stage breast cancer.
Clinical decision-making regarding the use of PBI should be

consistent with randomized trial eligibility criteria, expert con-
sensus guidelines, institutional expertise, and patient prefer-
ence. Techniques with the strongest level I evidence include
MIB and IMRT, with moderate recommendation for AB
brachytherapy in the absence of robust randomized data.
The use of IORT requires further study and based on current
data and guidelines should not be recommended outside pro-
spective studies.
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