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ABSTRACT
Background and purpose: Accelerated partial breast irradiation (APBI) technology
has theoretical advantages in comparison with traditional adjuvant radiation therapy
(whole-breast irradiation; WBI) after breast-conserving surgery. However, published
randomized controlled trials have shown inconsistent outcomes. Therefore, a
comprehensive assessment of the effectiveness and safety of APBI technology is
needed.
Results: A total of 7 studies of 7452 patients were included in this analysis.
All 7 studies reported local recurrence as an outcome. Meta-analysis of 5 trials that
included 6486 patients showed significantly different 5-year local recurrence rates
for APBI and WBI groups (hazard ratio = 4.54, 95% confidence interval: 1.78–11.61,
p = 0.002). Further analysis showed that this difference may be related to the choice
of treatment methods. Benefit was conferred to the APBI group for the outcome of
non-breast cancer deaths. There was no significant difference between the two groups
in terms of nodal recurrence, systemic recurrence, overall survival, or mortality
rates. Toxicity side effects and cosmetic effects were similar in both groups, but
intraoperative radiotherapy seemed to have a greater acute response.
Material and methods: Searches for relevant randomized controlled trials of APBI
versus WBI were performed using the following sources: PubMed, EMBASE, Cochrane
Library, Web of Science. Two independent observers evaluated the identified studies.
The meta-analysis was conducted using RevMan 5.2 software.
Conclusions: Although the analysis showed that patients receiving APBI had a
higher local recurrence rate, subgroup analyses suggested that this might be related
to treatment options. Patients who receive accurate radiotherapy may have greater
benefits. APBI is a promising treatment technology and more phase III clinical trials
are expected based on new treatments.

INTRODUCTION

been shown to be effective for reducing the recurrence
rate in the ipsilateral breast (5-year recurrence rate:
26.0% vs. 7.0%, respectively), breast cancer-related
mortality (15-year breast cancer-related mortality:
35.9% vs. 30.5%, respectively), and total mortality [4].
Compared with mastectomy, this treatment regimen
is associated with similar rates of local recurrence and
overall survival [5].

Breast-conserving surgery followed by whole
breast radiotherapy (with or without a tumor bed boost)
has become a general, consensus choice of therapy for
patients with early breast cancer [1–3]. Compared with
breast-conserving surgery alone, breast-conserving
surgery with postoperative adjuvant radiotherapy has
www.impactjournals.com/oncotarget
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Although postoperative radiotherapy is an essential
part of breast-conserving therapy for early-stage breast
cancer, traditional whole breast radiotherapy requires
5–7 weeks of treatment [6], which results in rejection by
approximately 20% of patients [7]. In the United States,
this percentage has reached 10–40% [8–10]. Currently,
another option is also available for patients who need
postoperative radiotherapy after breast-conserving
surgery: accelerated breast irradiation (APBI). This
treatment only takes about 1 week, which is more likely
to be accepted by patients. Besides, APBI technology is
promising because of its smaller irradiation range, which
is theoretically expected to reduce toxic side effects and
improve cosmetic effects and quality of life [11–13].
APBI technology was introduced into clinical
practice in 1990s [14, 15]; however, the medical community
remains cautious about this technology. For more than 20
years, APBI has not been used widely in clinical practice.
According to currently published criteria, it is only
applicable to highly selected patients with breast cancer
[16], while other indications are still under exploration.
In this study, we have performed a literature review
and meta-analysis of controlled studies to evaluate the
safety and efficacy of APBI technology. As a result of
advances in radiotherapy, a variety of new radiotherapy
methods have also been applied to APBI. This article also
provides a preliminary discussion of these new methods.

achieve patient blinding in relevant trials, we removed
blinding from the characteristics that were used to evaluate
study quality. In our evaluation, 5 trials were assessed
as being high quality and having a low risk of bias. The
remaining 2 studies were rated as having an unclear risk
of bias (Figure 2).

Local recurrence
Local recurrence rates were reported for all 7
studies. Five-, 7–, and 10-year local recurrence were
reported by 5, 1, and 1 of the studies, respectively. Metaanalysis showed a significant benefit to 5-year local
recurrence rates in whole-breast irradiation (WBI) groups
(hazard ratio [HR] = 2.26, 95% confidence interval [CI]:
1.52–3.37, p ≤ 0.0001; p of heterogeneity = 0.44, I2 = 0%).
Similar results were observed in a subgroup analysis of
7-year local recurrence rates (HR = 1.91, 95% CI: 1.31–
2.78, p = 0.0008) (Figure 3A). However, there was no
statistically significant difference in local recurrence rates
at 10 years of follow-up.
We also performed subgroup analyses based on
the treatment methods that patients received. Analysis
of the subgroup of patients who received therapy with
Radiotherapy Treatment Planning System (TPS) indicated
no significant difference between APBI and WBI in terms of
local recurrence (HR = 1.31, 95% CI: 0.66–2.60, p = 0.43;
p of heterogeneity = 0.93, I2 = 0%). To account for the
different follow-up times that were employed in the included
studies, the generic inverse variance method was used to
combine HRs for this subgroup analysis. In contrast, in the
subgroup of patients who did not receive TPS, WBI showed
a clear benefit (HR = 2.19, 95% CI: 1.64–2.94, p < 0.0001;
p of heterogeneity = 0.26, I2 = 25%) (Figure 3B).

RESULTS
Selection and characteristics of the studies
In our literature review, 2053 articles were selected
as potentially relevant references, of which 2025 were
excluded based on their titles and abstracts. After carefully
review of the full texts of the remaining 28 papers, 14
articles on randomized controlled studies were selected
[3, 15, 17–28]. Reading a study by Dodwell et al. [17]
revealed that 7 patients in the APBI group received WBI,
and that their treatment lasted as much as 28 days, which
we viewed as incompatible with the concept of accelerated
irradiation. Hence, Dodwell et al.’s study was not included
as a randomized controlled trial in our meta-analysis, even
though it had been included in prior meta-analyses [29–33].
After additionally excluding repetitive studies and earlier
publications of the same studies, a total of 7 articles [15,
22–26, 28] that included 7452 patients were short-listed
for the final meta-analysis (Figure 1). The publication
dates ranged from 1993 to 2016. The characteristics of the
included trials are summarized in Table 1.

Nodal recurrence
The 5 articles that reported 5-year nodal recurrence
were analyzed and showed no significant difference
between the APBI and WBI groups (HR = 1.71, 95% CI:
0.90–3.25, p = 0.08; p of heterogeneity = 0.55, I2 = 0%).
Further, no significant difference was found for 10-year
nodal recurrence (Figure 3C).

Systemic recurrence
The outcome of systemic recurrence was reported in 6
studies. Meta-analysis of the results revealed no significant
benefit in favor of APBI or WBI for any subgroups or
outcome evaluation times. The HRs for systemic recurrence
at 5 and 10 years were 1.08 (95% CI: 0.73–1.58) and 1.27
(95% CI: 0.50–3.20), respectively (Figure 3D).

Methodological quality of the studies

Disease- specific survival

Two independent observers used the Cochrane
Institute’s Risk of Bias table to evaluate the methodological
quality of the included studies. Because it is difficult to
www.impactjournals.com/oncotarget
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Mortality

analysis showed that patients who received APBI had
equivalent disease-free survival to those who received
WBI (HR = 1.03; 95% CI = 0.98–1.09; p = 0.18. There
was no statistically significant difference in diseasefree survival between the APBI and WBI groups
(Figure 4A).

Mortality was reported for 6 studies with a total
of 6600 patients. Meta-analysis showed no statistically
significant difference between the APBI and WBI
groups (HR = 0.79; 95% CI = 0.61–1.03; p = 0.08; p
of heterogeneity = 0.20; I2 = 36%), but the APBI group
appeared to show a non-significant trend towards greater
benefit (Figure 4C).

Non-breast cancer deaths
Regarding non-breast cancer deaths, analysis of
the 4 studies showed that the APBI group benefited
significantly more than the WBI group at 5 years of
follow-up (HR = 0.61, 95% CI: 0.39–0.94, p = 0.02; p of
heterogeneity = 0.26, I2 = 25%). However, there was no
significant difference in outcomes between the 2 groups at
10 years (Figure 4B).

Toxicity, quality of life, and cosmetic effects
Seven studies reported skin side effects and cosmetic
effects. Because the endpoint and standards that they used
were not uniform, we have only presented a descriptive
analysis of their findings (Table 2).

Figure 1: Selection of the studies.
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Table 1: Characteristics of studies included in the meta-analysis
Period of
inclusion

Treatment arms

Ribero
1993

1982–1987

APBI (n = 353)
WBI (n = 355)

Polgar
2013

1988–2004

Trial

Rodriguez
2013

-

Veronesi
2013

2000–2007

Vaidya
2014

2000–2012

Livi 2015

2005–2008

Strand
2016

2004–2009

Inclusion
criteria

< 70 years; tumor
< 4 cm; cN0
Unifocal tumor;
APBI (n = 128)
≤ pT2; cN0, pN0,
WBI (n = 130)
or pN1mi
P60 years; IDC;
APBI (n = 51)
unifocal tumor;
WBI (n = 51)
≤ pT2; cN0
APBI (n = 651) 48–75 years;
tumor < 2.5 cm
WBI (n = 654)
P45 years; IDC;
APBI (n = 1679)
T1–T2; unifocal
WBI (n = 1696)
tumor; no EIC
> 40 years;
APBI (n = 260) T ≤ 2.5 cm;
unifocal tumor;
WBI (n = 260)
no EIC
APBI (n = 633) ≥ 45 years;
T ≤ 3 cm; cN0
WBI (n = 551)

Stage

Primary
end point

Follow-up
duration,
Median (mo)

technique of
APBI

I–II

LR; OS

7

electrons bean

I–II

LR;DFS

10

multicatheter
brachytherapy

I–II

LR;DM

5

3D-CRT

I–II

LR;RR;

5

Intraoperative

I–II

LR;RR

5

Intraoperative

I–II

LR;BCD;NBCD

5

IMRT

I–II

LR;DFS;OS; 5

multicatheter
brachytherapy

Abbreviations: IDC: Invasive ductal carcinoma; EIC: Extensive intraductal carcinoma; LR: Local recurrence; RR: regional
recurrences; DM: Distant metastasis; OS, overall survival; DFS: Disease-free survival; BCD: Breast cancer deaths; N-BCD:
Non-breast cancer deaths; 3D-CRT: three-dimensional conformal radiotherapy; IMRT: intensity-modulated radiation therapy

Figure 2: Methodological quality of the studies.
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Table 2: Toxicity, quality of life, and cosmetic effects
Study

Group

Acute skin
toxicity
Grade ≥ 2

Ribero 1993 APBI
WBI

Late skin
toxicity
Grade ≥ 2

Grade 2–3
breast pain

Fat
necrosis

Breast
oedema

Rid
fractures

5%

2%

2%

15%

1%

4%

1%

28.8%

WBI

Veronesi
2013

Grade 3
fibrosis

14%

Polgar 2013 APBI
Rodriguez
2013

Physician-rated
Subcutaneous
cosmetics
tissue
excellent

16.4%

APBI

17.6%
0
(p ≤ 0.0001)

> 75%

WBI

74.5%

0

> 84%

APBI

1.08%

1.29%

4.74%
(p = 0.04)

WBI

7.77%

1.21%

2.43%

Vaidya 2014 APBI
WBI
Livi 2015

APBI

2
0
(p = 0.0001) (p = 0.26)

89.6%

WBI

37.7%

95.1%

Strand 2016 APBI
WBI

0.8%
3.23%
(p = 0.0807)

7.59%
(p = 0.5281)

0
1.14%
(p = 0.5281) (p = 0.5281)

5.66%

6.33%

0.23%

DISCUSSION

3.17%

9.0% of patients with breast cancer underwent resection
of extramural residual tumor at 1.5 cm or greater from the
margins of the original resection. Therefore, partial breast
irradiation (PBI) is sufficient. Because the irradiation
range is narrowed, accelerated large-division irradiation
does not result in acute or late radiotherapy responses. PBI

APBI technology is based on the following 2
findings: First, a number of studies have shown that about
80.0% of breast recurrence lesions are located around the
incision site [34–36]. Vicini et al. [37] found that only

Figure 3: Local recurrence; nodal recurrence; systemic recurrence.
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Figure 4: Disease-specific survival; Non-breast cancer deaths; Mortality.
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further reduces the radiation doses to the heart, lung, chest
wall, and contralateral breast, as well as to the ipsilateral
mammary gland. These reductions make it possible for
breast-conserving surgery and radiation therapy to be
applied for patients who underwent breast-conserving
surgery and subsequently developed recurrence.
Second, the α/β ratio of breast cancer cells is
generally considered to be 3–4 [38–40]. For such
tumors, prolonged treatment will not provide any benefit
to efficacy. On the other hand, shortened treatment
regimens will reduce the economic burdens that are faced
by patients, improve patients’ adherence to treatment,
and eliminate problems with delays in radiotherapy or
chemotherapy. In fact, when postoperative radiotherapy is
delayed for 20 to 26 weeks, disease-related mortality is
increased [41].
Although APBI technology has many advantages,
controversy remains regarding its indications. At present,
there are 4 major published standards: those of ASTRO
(American Society for Radiation Oncology), GECESTRO
(Grouped European de Curietherapie-European Society
for Radiotherapy and Oncology), ABS (American
Brachytherapy Society), and ASBS (American Society
of Breast Surgeons). In addition to consistent standards
regarding tumor size and negative margins, other criteria
may vary across the criteria, including for age, molecular
typing, lymph node invasion, and other characteristics. As
more results from evidence-based medicine are published,
the standards are iteratively updated. In 2017, ASTRO
reduced the minimum recommended age for APBI from
60 years to 50 years [42].
We reviewed several previously published metaanalysis of APBI. With regard to nodal recurrence,
systemic recurrence, and overall survival, the individual
analyses were fairly consistent in their findings, tending
to indicate that there was no significant difference
between APBI and WBI groups. The main controversy
concerns local recurrence. Valachis et al. [33] and Ye et
al. [32] arrived at opposite conclusions regarding local
recurrence. However, their meta-analyses included only
3 and 4 studies, respectively, and we believe that the
limited sample sizes affect the objectivity of the results.
Kong and colleagues [29] found that patients who received
APBI had a higher rate of local recurrence than did
patients who received WBI (OR = 1.54; 95% CI: 1.15–
2.06; p = 0.004). The analysis of Kong and colleagues
incorporated 10 studies, including both randomized
controlled trials and non-randomized controlled studies.
All of the abovementioned studies used odds ratios (ORs)
in their meta-analyses. However, because HRs are natural
indicators for time-to-event data, we believe that they
are more accurate than ORs or relative risks (RRs) for
analyses of survival. Therefore, we used HRs in our metaanalysis.
Marta et al. [30] carried out a subgroup analysis
of local recurrence in 6 studies and observed that their
www.impactjournals.com/oncotarget

results, “showed significant benefit in the WBI versus
APBI group with respect to 5-year local recurrence.”
Unfortunately, Marta et al. incorrectly used the same data
from 2 studies (Ribeiro et al. [15] and Polgar et al. [22]),
and also included Dodwell et al.’s study [17], which we
do not think is a standard controlled trial of APBI. Further,
the z-score that Marta et al. used is slightly different from
that found in a normal probability table.
The most recent meta-analysis was performed by
Vaidya and colleagues [31], who included 9 randomized
controlled trials. However, Vaidya and colleagues only
analyzed breast-cancer-related mortality, ignoring local
recurrence, nodal recurrence, systemic recurrence, and
overall survival..
None of the abovementioned meta-analyses agreed
about local recurrence rates. Marta et al. and Valachis et
al. [33] argued that APBI increases the local recurrence
rate, whereas Ye et al. [32] and Kong et al. [29] reached
the opposite conclusion. Vaidya and colleagues [31] did
not analyze local recurrence.
The critical difference between APBI and WBI is
the range of irradiation. We believe that comparing tumor
bed relapse is not sufficient to rigorously evaluate whether
patients benefit from extended exposure. Therefore, local
recurrence was defined as recurrence in the ipsilateral
breast (including in the same or different quadrants) in
our meta-analysis. We included 7 studies that reported
local recurrence and found significant differences in local
recurrence rates at 5 years (HR = 2.33, 95% CI: 1.45–
3.74, p = 0.0005; p of heterogeneity = 0.17, I2 = 36%)
and 7 years (HR = 1.91, 95% CI: 1.30–2.79, p = 0.0009;
p of heterogeneity = 0.60, I2 = 0%). We also noted
that the choice of treatment technique had an effect on
the analysis. Ribeiro et al.’s research [15], which was
conducted more than 20 years ago, used single electron
beam irradiation. Vaidya et al. [25] and Veronesi et al. [24]
investigated treatment with intraoperative radiotherapy,
using Intraoperative Electron Radiation Therapy (IOERT)
and Targeted intra-operative radiotherapy (TARGIT)
treatments, respectively. Obviously, these 2 treatment
methods did not involve accurate definitions of the target
area or dose distribution. In contrast, three-dimensional
conformal, intensity-modulated radiotherapy, or
brachytherapy based on TPSs are more accurate in terms
of target volumes and doses. Therefore, we performed a
subgroup analysis of treatment techniques. We observed
no significant difference between APBI and WBI in the
TPS subgroup (HR = 1.31, 95% CI: 0.66–2.60, p = 0.43;
p of heterogeneity = 0.93, I2 = 0%). On the other hand,
WBI was shown to confer clear benefit in the no-TPS
subgroup (HR = 2.19, 95% CI: 1.64–2.94, p < 0.0001; p of
heterogeneity = 0.26, I2 = 25%). We therefore concluded
that, although APBI showed significant disadvantages at 5
and 7 years (in resemblance with the findings of previous
meta-analyses), the selection of appropriate treatment
techniques might eliminate this difference. However,
59587
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to support this conclusion, longer follow-up times and
more clinical trials are needed to provide a higher level
of evidence. Evermore new technologies have been
applied to APBI, such as image-guided radiotherapy
and Tomotherapy and have achieved the desired results.
However, there have not been any randomized controlled
studies of these technologies, so their effectiveness and
safety remain to be confirmed. Perhaps it is time to
consider the introduction of new technologies to replace
the old technologies that have been used for APBI.
There are no significant differences between APBI
and WBI in terms of systemic recurrence, overall survival,
or mortality, which indicates that local recurrence may not
be a cause of distant metastasis or death, as is suggested
by Fisher and colleagues’ research [43]. However, we also
noted that most patients with relapses underwent salvage
surgery, which effectively improves survival. Therefore,
local recurrence may actually be associated with mortality,
but salvage surgery may have obscured this association.
At the same time, it is interesting to note that APBI
showed a benefit for the outcome of non-breast cancer
death in out meta-analysis (HR = 0.61, 95% CI: 0.39–
0.94, p = 0.02; p of heterogeneity = 0.26, I2 = 25%). This
finding might be explained by the reduced irradiation that
is offered by APBI, which may have translated to better
protection of organs at risk, including the heart and lungs.
The main heterogeneity in this finding is contributed
by Vaidya et al.’s [25] study. Once we removed their
study, we found no significant difference between the
APBI and WBI groups. This may suggest that, although
the intraoperative radiotherapy presents a higher local
recurrence rate, it is the best way to protect organs at
risk. However, the number of studies included in our
meta-analysis is small, and there is no specific reason for
non-breast cancer deaths to have been reduced by APBI.
Therefore, this conclusion needs further confirmation.
Some non-radiological factors also play an important
role in non-breast cancer deaths. Mell and colleagues’
[44] study shows that age, race, and comorbidity are also
relevant factors. They have used the following formula to
obtain risk scores: (0.06 × Age + 0.56 × Black race + 0.66
× Comorbidity - 2.4) × 100/4.16. Scores equal to or higher
than 39.4 indicate membership in the high-risk group, and
lower scores indicate membership in the low-risk group.
For high-risk patients, there should be an increased focus
on prevention of non-breast cancer death. The relationship
between this subgroup and APBI is worthy of further
study.
Regarding acute skin toxicity, APBI showed a
greater advantage. Acute skin toxicity was significantly
lower in the APBI group than in the WBI group in all 4
studies that reported acute skin reactions. In terms of late
skin toxicity and physician-rated cosmesis, there was no
significant difference between the 2 groups in most of the
reports. Ribeiro et al. [15] reported a higher probability of
late skin toxicity in the APBI group, which we believe is
www.impactjournals.com/oncotarget

related to the use of electron beam therapy. Veronesi et al.
[24] and Ribeiro et al. [15] reported fat necrosis, which
was significantly more common in the APBI group than
in the WBI group. We think that these findings are related
to the use of no TPS in either trial, which could have
led to high rates of normal breast tissue surrounding the
tumor bed, because of the inability to accurately calculate
irradiation volumes and doses. The incidence of breast
pain was lower in the APBI group in both trials. Overall,
there was no significant difference between the 2 groups
with respect to radiotoxic side effects or cosmetic effects.
Blinding of patients and participants was not possible
because there are large differences in times and treatment
methods for APBI and WBI. This is the main limitation of our
meta-analysis. Two of the included articles [24, 28] clearly
expressed that patients, clinicians, and investigators were all
aware of treatment arm assignments. In addition, most studies
did not have an independent staff for data analyses. Indeed,
only Vaidya and colleagues [25] used an independent senior
clinician for the outcome assessment. However, we believe
that the lack of investigator blinding in these experiments will
not have much of an effect on the results.
In conclusion, among patients who had received
breast-conserving treatment for early breast cancer, the
rate of local recurrence was significantly higher for APBI
than for WBI. However, non-breast cancer deaths were less
common for APBI than for WBI. There were no statistically
significant differences in nodal recurrence, systemic
recurrence, overall survival, or mortality rates between
APBI and WBI groups. The incidence of acute skin toxicity
was lower in the APBI groups, but no significant differences
were observed for later skin toxicity or cosmetic effect. At
the same time, we believe that careful patient selection
and treatment selection are equally important. Based on
our preliminary investigation of treatment technologies,
we also recommend that TPSs should be employed, that
electron beam technology should be eliminated, and that
intraoperative radiotherapy should be used with caution.

MATERIALS AND METHODS
Literature search
Searches were performed using PubMed
(1966-December 2016), the Cochrane Library (Issue 3,
2008), EMBASE (1974-December 2016), and Web of
Science (1974-December 2016). The selected search terms
included APBI, PBI, accelerated partial, accelerated partial
irradiation, accelerated partial breast irradiation, interstitial
brachytherapy, multicatheter interstitial brachytherapy
(MIB), balloon catheter brachytherapy, intracavitary
brachytherapy, intraoperative radiotherapy (IORT),
conformal external beam, three-dimensional conformal
radiotherapy (3D-CRT), intensity-modulated radiotherapy
(IMRT), breast cancer, breast neoplasm, breast tumor,
human mammary carcinoma, human mammary neoplasm,
59588
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