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Abstract
Purpose There is uncertainty about outcomes differences between partial breast irradiation (PBI) and whole breast irradia-
tion (WBI) for early-stage breast cancer.
Methods Prospective randomized trials comparing adjuvant PBI to WBI in early-stage invasive breast cancer were identi-
fied using PubMed. Odds ratios (OR), 95% confidence intervals and absolute risks were computed for pre-specified efficacy 
and toxicity outcomes including cosmesis. Subgroup analysis evaluated the effect of PBI modality (external beam radiation 
treatment [EBRT], intraoperative radiation treatment [IORT] or brachytherapy) on efficacy. Meta-regression analysis explored 
the influence of median follow-up, patient and tumor characteristics on results.
Results Nine trials comprising 14514 patients were included. While PBI was associated with increased odds of local recur-
rence compared to WBI (OR 1.69, P < 0.001), it was associated with reduced odds of death without breast cancer recurrence 
(OR 0.55, P < 0.001) and with improvement in overall survival (OS) that approached, but did not meet statistical significance 
(OR 0.84, P = 0.06). Subgroup analysis for PBI modality showed significant differences in the odds of local recurrence, 
based on method of PBI with EBRT showing the lowest magnitude of inferiority. Nodal involvement was associated with 
higher local recurrence risk, while larger tumors were associated with lesser improvement in death without breast cancer 
recurrence and OS. PBI was associated with higher odds of fat necrosis (OR 1.72, P = 0.002). Worse cosmetic outcome with 
PBI approached statistical significance (OR 1.23, P = 0.06).
Conclusions Compared to WBI, PBI is associated with higher odds for local recurrence and toxicity, but less death without 
breast cancer recurrence. The balance between benefit and risk of PBI appears optimal for women with smaller hormone 
receptor positive tumors, without nodal involvement and treated with EBRT.
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Introduction

Whole breast irradiation (WBI) has become a gold standard 
adjuvant therapy after lumpectomy in women with early-
stage breast cancer, substantially reducing the risk of recur-
rence and improving survival [1]. WBI is associated with a 
dose-dependent, higher incidence of cardiotoxicity and lung 
cancer [2, 3], with progressive increase in risk over time 
after exposure [4]. As most women with early breast cancer 
are cured of their disease, consideration of long-term toxic-
ity is crucial.

Partial breast irradiation (PBI) is a localized form of 
radiation, concentrating on the tumor bed, the site for the 
majority of recurrences [5–7]. By delivering radiation to a 
decreased target volume, PBI lowers exposure of organs at 
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risk, including contralateral breast tissue, heart, lung, skin 
and ribs, thereby potentially minimizing late adverse effects 
[8, 9]. Current data on clinical outcomes with PBI are con-
flicting. While several studies have reported higher risk for 
local recurrence [10–15] and toxicity [16], previous meta-
analyses have shown PBI is associated with lower death 
without breast cancer recurrence [14, 17].

Different modalities can be used to administer PBI, 
including interstitial and intracavitary brachytherapy, exter-
nal beam radiation treatment (EBRT) and single fraction 
intraoperative radiation (IORT). Current treatment guide-
lines regarding PBI suggest selection criteria based on 
results from randomized and prospective non-randomized 
studies, and mainly address brachytherapy and IORT [18, 
19]. Recent results from a large randomized phase 3 trial 
comparing PBI using EBRT to WBI showed non-inferiority 
in terms of breast cancer outcome and reduced late tissue 
toxicity with lower than 1% local recurrence at 5 years with 
PBI, raising the bar for performance of PBI techniques [20].

Here, we report on a meta-analysis evaluating the out-
comes of adjuvant radiation with PBI compared to WBI 
among patients with early-stage breast cancer. As PBI is 
associated with reduced radiation to organs at risk, we 
hypothesized that the benefits and risks of PBI may be linked 
to patient selection and the radiation technique used.

Methods

Literature review and study identification

A literature search utilizing MEDLINE (Host: PubMed) 
identified randomized clinical trials comparing PBI to WBI 
for early-stage invasive breast cancer published between 
January 2007 and January 2018. The terms “partial,” “breast 
cancer” and “irradiation” and similar terms were cross-
searched by using the following search algorithm: (partial 
OR incomplete) AND (breast neoplasm MeSH OR ((breast 
OR mammary) AND (carcinoma OR malignant * OR neo-
plasm OR tumor))). A review of citation lists was performed 
to improve the sensitivity of the search strategy. All modali-
ties for PBI were included. The search was restricted to the 
English language reports of prospective clinical trials.

Data extraction

Data were collected independently by two reviewers (Y.K. 
and H.G.). Discrepancies were resolved by a third reviewer 
(E.A.). All data were extracted from primary publications 
and their associated online appendices. Collected data 
included year of publication, number of patients, median 
age, proportion of pre-menopausal patients, median duration 
of follow-up and information about the radiation treatment. 

We also collected trial-level tumor characteristics including 
the proportion of patients with small tumor size (defined 
as maximal diameter of ≤ 1.0 cm or T1a or T1b staging), 
nodal involvement, high-grade tumors, histology subtype 
(ductal carcinoma versus other), estrogen receptor (ER) 
expression and human epidermal growth factor receptor 2 
(HER2) over-expression or amplification (as determined by 
individual studies).

Local recurrence was defined as any recurrence in the 
ipsilateral breast. Where available, the total number of 
events at 5 years were collected for the following outcomes: 
local recurrence, regional recurrence, contralateral breast 
cancer, disease free survival (DFS), death without breast 
cancer recurrence and OS. Data on hazard ratio (HR) and 
95% confidence intervals (CI) for local recurrence were also 
collected. We collected data on potential radiation-related 
morbidities, including secondary malignancies (excluding 
breast cancer), pulmonary fibrosis and cardiac mortality. 
Additionally, data on cosmetic outcome and on local toxici-
ties were extracted including arm symptoms, breast pain, fat 
necrosis, telangiectasia, hyperpigmentation and induration 
or fibrosis. When outcomes were not reported explicitly, they 
were estimated either from figures or from survival curves 
where possible.

Data synthesis and statistical analysis

The primary analysis compared the odds of events between 
patients who were randomized to PBI and those rand-
omized to WBI. The odds ratio (OR) and associated 95% 
CI were computed for each outcome and were then pooled 
in a meta-analysis using RevMan 5.3 (The Cochrane Col-
laboration, Copenhagen, Denmark). Pooled estimates of 
OR were computed using Peto one-step OR [21] when 
the absolute event rates in the experimental and control 
groups were less than 1% in at least one study; otherwise, 
the Mantel–Haenszel OR method was used [22]. Statis-
tical heterogeneity was reported using Cochran Q and 
I2 statistics. Statistically significant heterogeneity was 
defined as Cochran Q P < 0.10 or I2 > 50%. In analyses 
where statistically significant heterogeneity was observed, 
random-effects modelling was utilized. Otherwise, fixed-
effect modelling was performed. Subgroup analyses by 
PBI modality (brachytherapy, IORT and EBRT) were per-
formed to explore the effect of the modality used on out-
comes. Differences between the subgroups were assessed 
using methods described by Deeks et al. [23]. Efficacy 
outcomes were assessed at the 5-year time point. For stud-
ies where such data were not available, outcome at later 
time points was included, but a sensitivity analysis was 
performed to explore the effect of these studies on the 
pooled estimate. Multiple sensitivity analyses were per-
formed including: repeating all analyses using random 
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effects irrespective of statistical heterogeneity (due to the 
presence of clinical heterogeneity such as differences in 
radiation techniques), excluding studies that used data that 
were estimated from figures or survival curves rather than 
extracted directly, and excluding studies in which there 
was contamination reported in > 10% of the study popula-
tion. Finally, for variables reported as a range rather than 
an absolute number, different estimates within the range 
were explored (e.g., if median age was not reported explic-
itly, but the median fell within a 10-year range age esti-
mates using the lower, middle and upper estimates of the 
range were used). Meta-regression analyses explored the 
influence of duration of follow-up, median age and propor-
tion of patients with small tumor size, nodal involvement, 
high grade, ductal subtype, ER expression and HER2 over-
expression or amplification on the OR for each outcome. 
Meta-regression was performed using SPSS version 25 
(IBM Corp, Armonk, NY, USA) using the weighted least 
squares (mixed effect) function. Statistical significance 
was defined as P < 0.05. No corrections were made for 
multiple significance testing.

Results

The search identified 840 studies. After exclusions (see 
Fig. 1), 11 publications reporting on outcomes from nine 
studies were included in the analysis (the GEC-ESTRO 
study reported on efficacy in one publication [24] and on 
toxicity and cosmetic outcomes in a second publication 
[10] while updated efficacy data for the RAPID study were 
presented at the 2018 San Antonio Breast Cancer Sympo-
sium [28]) [10–13, 20, 24–29]. Included studies comprised 
14,514 patients. Individual study characteristics are shown 
in Table 1. Two studies used IORT [12, 13] and 2 studies 
used brachytherapy [10, 11, 24]. In one of the brachy-
therapy studies, the protocol allowed 50 Gy limited-field 
external beam irradiation for patients who were techni-
cally unsuitable for brachytherapy and 31% of the study 
cohort received this intervention [11]. Four studies used 
EBRT for PBI, of these two studies used Accelerated PBI 
(APBI) using three-dimensional conformal external beam 
radiation therapy (3D-CRT) [26, 27], one study used APBI 
with intensity modulated radiotherapy (IMRT) [25] and 
one study used standard fractionation with IMRT [20]. 
In one study [20], there was also a reduced-dose group 
(36 Gy whole-breast radiotherapy and 40 Gy to the partial 
breast) that were excluded, and only data from the PBI and 
standard WBI groups were utilized. In one study, all PBI 
modalities were allowed [29]; therefore, this study was 
not included in the subgroup analysis. The methods used 
to assess local recurrence, local toxicity and cosmetics in 

each study are reported in Appendix A in Electronic Sup-
plementary Material.

Efficacy

Results of the main analysis for all included efficacy out-
comes and for subgroups based on type of PBI are shown 
in Table 2. Compared to WBI, PBI was associated with 
increased odds of 5-year local recurrence (Fig. 2a). In con-
trast, PBI was also associated with reduced odds of death 
without breast cancer recurrence and with improvement in 
OS that approached, but did not reach statistical significance 
(Fig. 2b, c). Similar odds of 5-year regional recurrence, 
contralateral breast cancer and DFS were observed between 
WBI and PBI (Fig. 2e, f).

Subgroup analysis showed a significant difference 
between PBI modality and local recurrence with lower 
magnitude of inferiority when PBI delivered as EBRT (OR 
1.08), compared to PBI delivered as IORT or brachytherapy 
(OR 3.10 and OR 1.44, respectively), subgroup difference 
P = 0.003. Otherwise, subgroup analyses based on type of 
PBI showed generally similar results (Table 2; Fig. 2a–f), 
and although the benefit in 5 year death without breast can-
cer recurrence seemed to be driven by IORT, PBI modality 
did not have statistically significant impact on the results. 
Sensitivity analyses did not show significant effect on the 
results (Appendices B and C in Electronic Supplementary 
Material).

Results of meta-regression for efficacy endpoints are 
shown in Appendix D in Electronic Supplementary Mate-
rial. Nodal involvement was associated with significantly 
greater magnitude of effect on the odds of local recurrence 
(P = 0.027), while protection from death without breast 
cancer recurrence and OS was reduced with larger tumor 
size (P = 0.011 and P = 0.019, respectively). Invasive ductal 
carcinoma was associated with reduced magnitude of effect 
on regional recurrence compared to other morphologic sub-
types; however, this approached, but did not meet statistical 
significance (P = 0.062). Protection from contralateral breast 
cancer with PBI was greater in studies with older median 
age. Finally, while larger and high-grade tumors were associ-
ated with a greater magnitude of effect on local recurrence, 
these associations approached, but did not meet statistical 
significance (P = 0.075 and P = 0.105, respectively). No 
other significant associations were observed.

Toxicity

Results of the main analysis for all included toxicity out-
comes are shown in Table 3. Compared to WBI, PBI was 
associated with increased odds of fat necrosis. PBI was 
also associated with increased odds of breast pain, which 
approached, but did not reach significance (OR 1.17, 95% CI 
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0.98–1.40, P = 0.07). There was no association between PBI 
and secondary malignancy (excluding breast cancer). PBI 
and WBI also had similar odds for telangiectasia and breast 
induration and fibrosis. Data on cardiac mortality were 
available in two studies [13, 20]; therefore, data were not 
pooled. Overall, cardiac mortality was low, but in both stud-
ies there were numerically more cardiac deaths with WBI 
compared to PBI (absolute difference between 0.34–0.44%). 
Data on lung fibrosis were limited. In one study, a subgroup 

of volunteers agreed to undergo follow-up spiral CT imag-
ing [12]. Pulmonary fibrosis was seen in 4.2% (4/95) of the 
patients treated with PBI compared to 45.8% (38/83) in the 
control group. One study reported symptomatic lung fibrosis 
and showed comparable incidence (0.6% in both groups) 
[20]. Data were available from only 2 studies for hyperpig-
mentation [10, 12] and arm lymphedema [10, 20]; therefore, 
data were not pooled. However, compared to WBI, women 
treated with PBI had fewer events of hyperpigmentation 

PRISMA 2009 Flow Diagram

Records iden�fied through 
database searching

(n = 837)

Sc
re

en
in

g
In

cl
ud

ed
El

ig
ib

ili
ty

Id
en

�fi
ca

�o
n

Addi�onal records iden�fied 
through other sources

(n = 3)

Records a�er duplicates removed
(n =840)

Records screened
(n =840)

Records excluded
(n =820)

Full-text ar�cles/ studies
assessed for eligibility

(n =20)

Full-text ar�cles excluded, 
exploratory analyses studies or 
invasive disease not included

(n =9)

Studies included in 
qualita�ve synthesis

(n =11)

Studies included in 
quan�ta�ve synthesis 

(meta-analysis)
(n =11)

Fig. 1  Study selection scheme



535Breast Cancer Research and Treatment (2019) 175:531–545 

1 3

Ta
bl

e 
1 

 C
ha

ra
ct

er
ist

ic
s o

f i
nc

lu
de

d 
stu

di
es

Tr
ia

l/ 
m

ed
ia

n 
fo

llo
w

-
up

 (m
on

th
s)

Tr
ea

tm
en

t a
rm

s
Sa

m
pl

e 
si

ze
 

(n
)

A
ge

 (y
ea

rs
), 

m
ed

ia
n/

m
ea

n
Pr

em
en

op
au

sa
l, 

n 
(%

)
Tu

m
or

  si
ze

a
N

od
al

  st
at

us
b

Re
ce

pt
or

 st
at

us
H

ist
ol

og
y 

(g
ra

de
 a

nd
 

hi
sto

lo
gi

ca
l s

ub
ty

pe
)

Po
lg

ár
 e

t a
l. 

[1
0]

St
rn

ad
 e

t a
l. 

[2
4]

[G
EC

-E
ST

RO
]

79
.2

 m
on

th
s

PB
I: 

H
D

R
 b

ra
ch

yt
he

r-
ap

y 
32

 G
y 

(8
 fr

ac
-

tio
ns

 ×
 4 

G
y)

 o
r 3

0.
1 

G
y 

(7
 fr

ac
tio

ns
 ×

 4.
3 

G
y)

B
ID

: P
D

R
 b

ra
ch

yt
he

ra
py

 
50

 G
y 

w
ith

 0
.6

–0
.8

 G
y 

pe
r h

 p
ul

se
s

W
B

I: 
50

–5
0.

4 
G

y,
 

1.
8–

2 
G

y/
da

y 
in

 2
5–

28
 

fr
ac

tio
ns

 ±
 10

 G
y 

bo
os

t 
in

 5
 fr

ac
tio

ns

11
84

62
20

0 
(1

6.
9%

)
Ti

s:
 5

.1
%

Tm
ic

: 0
.3

%
T1

a:
 4

.3
%

T1
b:

31
.2

%
T1

c:
48

.6
%

T2
 (<

 3 
cm

): 
10

.6
%

N
0:

 a
ll 

ot
he

r
N

1m
i: 

0.
8%

ER
 p

os
iti

ve
: 9

1.
4%

H
ER

2 
po

si
tiv

e:
 N

R
G

ra
de

 3
: 8

.4
%

ID
C

: 7
4.

1%

Po
lg

ár
 e

t a
l. 

[1
1]

12
2.

4 
m

on
th

s
PB

I: 
H

D
R

 b
ra

ch
yt

he
ra

py
 

36
.4

 G
y 

(7
 ×

 5.
2 

G
y)

B
ID

: P
ro

to
co

l a
llo

w
ed

 
50

 G
y 

lim
ite

d 
fie

ld
 E

B
 

if 
pa

tie
nt

s u
ns

ui
ta

bl
e 

fo
r 

br
ac

hy
th

er
ap

y
W

B
I: 

m
ed

ia
n 

to
ta

l 5
0 

G
y 

(r
an

ge
: 4

2–
50

 G
y)

, 2
 G

y/
da

y

25
8

58
.5

55
 (2

1.
3%

)
T1

a =
 4.

3%
T1

b =
 28

.7
%

T1
c =

 67
%

N
0:

 9
4.

6%
N

1m
i: 

3.
5%

U
nk

no
w

n/
no

 A
LN

D
: 

1.
9%

ER
 p

os
iti

ve
: 8

8.
7%

H
ER

2 
po

si
tiv

e:
 N

R
G

ra
de

 3
: 0

%
ID

C
: 8

1.
8%

Ve
ro

ne
si

 e
t a

l. 
[1

2]
69

.6
 m

on
th

s
PB

I: 
El

ec
tro

n 
IO

RT
 2

1 
G

y
W

B
I: 

50
 G

y 
in

 2
5 

fr
ac

-
tio

ns
, +

 10
 G

y 
bo

os
t i

n 
5 

fr
ac

tio
ns

13
05

60
–6

9
N

R
T1

ab
: 3

0.
4%

T1
c:

 5
5.

2%
T2

 (<
 2.

5 
cm

): 
14

.4
%

N
0:

 7
3.

4%
, N

1:
 

21
.3

%
. N

2:
 5

.3
%

ER
 p

os
iti

ve
: 9

0.
8%

H
ER

2 
po

si
tiv

e 
(n

on
-

lu
m

in
al

): 
3.

4%

G
ra

de
 3

: 2
1.

7%
ID

C
: 8

0.
2%

Va
id

ya
 e

t a
l. 

[1
3,

 2
8]

[T
A

RG
IT

] 2
9 

m
on

th
s

PB
I: 

50
 k

V
 e

ne
rg

y 
X

-r
ay

s 
IO

RT
 2

0 
G

y
W

B
I: 

40
–5

6 
G

y 
in

 1
5–

25
 

fr
ac

tio
ns

 ±
 10

–1
6 

G
y 

bo
os

t i
n 

5–
8 

fr
ac

tio
ns

34
51

61
–7

0
N

R
T1

ab
: 3

9.
2%

T1
c:

 4
7.

9%
T2

: 1
2.

9%

N
0:

 8
3.

9%
N

1:
 1

3.
8%

N
2:

 2
.3

%

ER
 p

os
iti

ve
: 9

3%
H

ER
 2

 p
os

iti
ve

: 
11

.6
%

G
ra

de
 3

: 1
5.

2%
ID

C
: 1

00
%

C
ol

es
 e

t a
l. 

[2
0]

[I
M

PO
RT

] 7
2.

2 
m

on
th

s

PB
I: 

40
 G

y 
in

 1
5 

fr
ac

tio
ns

 
IM

RT
 d

el
iv

er
ed

 to
 p

ar
tia

l 
br

ea
st 

on
ly

W
B

I: 
IM

RT
, 4

0 
G

y 
in

 1
5 

fr
ac

tio
ns

13
43

62
N

R
M

ed
ia

n:
 1

.2
 c

m
 

(0
.8

–1
.6

)
N

0:
 9

7%
N

1:
 3

%
ER

 p
os

iti
ve

: 9
5.

1%
H

ER
2 

po
si

tiv
e:

 4
%

G
ra

de
 3

: 9
.5

%
ID

C
: 8

5.
4%

Li
vi

 e
t a

l. 
[2

5]
60

 m
on

th
s

PB
I: 

30
 G

y 
in

 5
 n

on
-c

on
-

se
cu

tiv
e 

da
ily

 fr
ac

tio
ns

 o
f 

6 
G

y/
fr

ac
tio

n
W

B
I: 

50
 G

y 
in

 2
5 

fr
ac

-
tio

ns
 +

 10
 G

y 
bo

os
t i

n 
5 

fr
ac

tio
ns

52
0

60
–6

9
N

R
Ti

s:
 1

0.
6%

T1
a:

 8
.8

%
T1

b:
 3

5.
8%

T1
c:

 3
9.

2%
T2

 (<
 2.

5 
cm

): 
5.

6%

N
0:

 8
5.

6%
 N

1:
10

%
N

o 
A

LN
D

: 4
.4

%
ER

 p
os

iti
ve

: 9
5.

6%
H

ER
2 

po
si

tiv
e:

 4
%

G
ra

de
 3

:1
1.

4%
ID

C
: 5

7.
5%

D
C

IS
: 1

0.
6%



536 Breast Cancer Research and Treatment (2019) 175:531–545

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Tr
ia

l/ 
m

ed
ia

n 
fo

llo
w

-
up

 (m
on

th
s)

Tr
ea

tm
en

t a
rm

s
Sa

m
pl

e 
si

ze
 

(n
)

A
ge

 (y
ea

rs
), 

m
ed

ia
n/

m
ea

n
Pr

em
en

op
au

sa
l, 

n 
(%

)
Tu

m
or

  si
ze

a
N

od
al

  st
at

us
b

Re
ce

pt
or

 st
at

us
H

ist
ol

og
y 

(g
ra

de
 a

nd
 

hi
sto

lo
gi

ca
l s

ub
ty

pe
)

Ro
dr

ıg
ue

z 
et

 a
l. 

[2
6]

60
 m

on
th

s
PB

I: 
To

ta
l d

os
e 

37
.5

 G
y 

in
 

3.
75

 G
y/

fr
ac

tio
n 

B
ID

 o
n 

5 
co

ns
ec

ut
iv

e 
da

ys
W

B
I: 

To
ta

l d
os

e 
48

 G
y 

in
 2

4 
fr

ac
tio

ns
 ±

 bo
os

t 
10

 G
y

10
2

68
.6

0%
T1

a:
 3

.9
%

T1
b:

45
.2

%
T1

c =
 44

.1
%

T2
 (≤

 3 
cm

): 
6.

8%

N
0:

 1
00

%
ER

 p
os

iti
ve

: 9
8%

H
ER

2 
po

si
tiv

e:
 1

%
G

ra
de

 3
: 0

%
IL

C
 e

xc
lu

de
d

O
liv

ot
to

 e
t a

l. 
[2

7]
 

an
d 

Pe
te

rs
on

 e
t a

l. 
[2

9]
 a

nd
 W

he
la

n 
et

 a
l. 

[2
8]

[R
A

PI
D

] 1
03

 m
on

th
s

PB
I: 

38
.5

 G
y 

in
 3

.8
5 

G
y/

fr
ac

tio
n 

B
ID

W
B

I: 
42

.5
–5

0 
G

y 
in

 1
6–

25
 

fr
ac

tio
ns

 ±
 10

 G
y 

bo
os

t 
in

 4
–5

 fr
ac

tio
ns

21
35

61
N

R
T 

<
 1.

5c
m

: 6
1.

3%
T 

≥
 1.

5c
m

: 3
8.

7%
N

0:
 1

00
%

ER
 p

os
iti

ve
: 8

4%
H

ER
2 

po
si

tiv
e:

 N
R

G
ra

de
 3

: 1
7.

2%
ID

C
: 8

2%

V
ic

in
i e

t a
l. 

[2
9]

[N
SA

B
P 

B
-3

9/
RT

O
G

 
04

13
] 1

22
 m

on
th

s

W
B

I: 
50

 G
y 

or
 5

0.
4 

G
y 

in
 2

5–
28

 fr
ac

-
tio

ns
 ±

 op
tio

na
l b

oo
st

PB
I: 

34
 G

y 
in

 3
.4

 G
y/

fr
ac

tio
n 

B
ID

 in
te

rs
tit

ia
l 

br
ac

hy
th

er
ap

y 
or

 m
am

-
m

os
ite

 b
al

lo
on

 o
r 3

D
 

C
RT

 3
8.

5 
G

y 
in

 3
.8

5 
G

y/
fr

ac
tio

n 
B

ID

42
16

54
39

%
Ti

s =
 24

%
pN

0 =
 65

%
, 

pN
1 =

 10
%

81
%

 h
or

m
on

e 
re

ce
p-

to
r- 

po
si

tiv
e

G
ra

de
 3

: N
R

D
C

IS
: 2

4%

AL
N

D
 a

xi
lla

ry
 ly

m
ph

 n
od

e 
di

ss
ec

tio
n,

 D
C

IS
 d

uc
ta

l c
ar

ci
no

m
a 

in
 si

tu
, E

B 
el

ec
tro

n 
be

am
, E

R 
es

tro
ge

n 
re

ce
pt

or
, H

D
R 

hi
gh

 d
os

e 
ra

te
, H

ER
2 

hu
m

an
 e

pi
de

rm
al

 g
ro

w
th

 fa
ct

or
 re

ce
pt

or
 2

, I
D

C
 in

va
-

si
ve

 d
uc

t c
ar

ci
no

m
a,

 IL
C

 in
va

si
ve

 lo
bu

la
r c

ar
ci

no
m

a,
 IM

RT
 in

te
ns

ity
-m

od
ul

at
ed

 ra
di

at
io

n 
th

er
ap

y,
 IO

RT
 in

tra
op

er
at

iv
e 

irr
ad

ia
tio

n,
 N

R 
no

t r
ep

or
te

d,
 P

BI
 p

ar
tia

l b
re

as
t i

rr
ad

ia
tio

n,
 P

D
R 

pu
ls

e 
do

se
 ra

te
, W

BI
 w

ho
le

 b
re

as
t i

rr
ad

ia
tio

n
a  Tu

m
or

 si
ze

: T
is

- c
ar

ci
no

m
a 

in
 si

tu
, T

1m
i ≤

 1 
m

m
, T

1a
 >

 1 
m

m
 ≤

 0.
5 

cm
, T

1b
 >

 0.
5 ≤

 1 
cm

, T
1c

 >
 1 

cm
 ≤

 2,
 T

2 >
 2 

cm
 ≤

 5 
cm

b  N
od

al
 st

at
us

: N
0:

 n
o 

ly
m

ph
 n

od
e 

m
et

as
ta

se
s, 

N
1m

i: 
m

ic
ro

m
et

as
ta

se
s, 

N
1:

 1
–3

 ly
m

ph
 n

od
es

, N
2 ≥

 4 
ly

m
ph

 n
od

es



537Breast Cancer Research and Treatment (2019) 175:531–545 

1 3

Table 2  Efficacy results in all studies and by subgroup analyses

CI confidence interval, EBRT external beam radiotherapy, HR hazard ration, IORT intraoperative irradiation, OR odds ratio
a Values above 1 indicate excess events with PBI, Values below 1 indicate excess events with whole breast irradiation
b Positive values indicate excess events with PBI, negative values indicate excess events with whole breast irradiation

OR/HR, 95%  CIa P value all/subgroup 
difference

Weighted absolute dif-
ference (%)b

Reference

HR for local recurrence
 All 1.56 (0.97–2.52) 0.07 –
 EBRT 1.13 (0.74–1.73) 0.23 [20, 25, 28]
 IORT 4.15 (0.96–17.95) [12, 13]
 Brachytherapy 1.00 (0.25–4.07) [11]
 Other 1.22 (0.90–1.66) [29]

OR for 5-year local recurrence
 All 1.69 (1.35–2.12) < 0.001 1.06
 EBRT 1.08 (0.65–1.79) 0.003 [20, 25, 26, 28]
 IORT 3.10 (2.12–4.51) [12, 13]
 Brachytherapy 1.44 (0.63–3.29) [11, 23]
 Other 1.21 (0.83–1.77) [29]

OR for 5-year regional recurrence
 All 1.49 (0.88–2.53) 0.14 0.3
 EBRT 1.96 (0.20–18.92) 0.97 [20]
 IORT 1.45 (0.80–2.63) [12, 13]
 Brachytherapy 1.56 (0.39–6.27) [11, 23]

OR for 5-year contralateral breast cancer
 All 0.89 (0.68–1.18) 0.43 0.14
 EBRT 0.85 (0.44–1.63) 0.37 [20, 25]
 IORT 0.64 (0.25–1.62) [12]
 Brachytherapy 1.54 (0.65–3.66) [11, 24]
 Other 0.87 (0.62–1.23) [29]

OR for 5-year DFS events
 All 1.06 (0.91–1.24) 0.46 − 0.3
 EBRT 1.01 (0.73–1.40) 0.09 [20, 28]
 IORT NR –
 Brachytherapy 1.57 (1.06–2.33) [11, 24]
 Other 0.97 (0.79–1.19) [29]

OR for 5-year death without breast cancer 
recurrence

 All 0.55 (0.41–0.73) < 0.001 − 1.6
 EBRT 0.71 (0.42–1.20) 0.41 [20, 25]
 IORT 0.45 (0.29–0.69) [12, 13]
 Brachytherapy 0.57 (0.29–1.13) [10]

OR for 5-year overall survival
 All 0.84 (0.71–1.01) 0.06 − 0.61
 EBRT 0.87 (0.62–1.22) 0.61 [20, 25, 28]
 IORT 0.78 (0.59–1.04) [12, 13]
 Brachytherapy 0.61 (0.32–1.14) [24]
 Other 1.00 (0.72–1.40) [29]



538 Breast Cancer Research and Treatment (2019) 175:531–545

1 3

Study or Subgroup
EBRT
Cole, IMPORTANT study
Livi 2015
Olivotto, RAPID study
Rodriguez 2013
Subtotal (95% CI)

Heterogeneity: P = 0.30; I² = 17%
Test for overall effect: P = 0.78

IORT
Vaidya, TARGIT A study
Veronesi- ELIOT study
Subtotal (95% CI)

Heterogeneity: P = 0.07; I² = 69%
Test for overall effect: P < 0.001

Brachytherapy
Polgar 2013
Polgar/ Strand- GEC-ESTRO study
Subtotal (95% CI)

Heterogeneity: P = 0.82; I² = 0%
Test for overall effect: P = 0.39

Other
Vicini, NSABP B39/RTOG 0413 study
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: P = 0.33

Total (95% CI)

Weight

3.4%
2.7%

14.0%

20.0%

26.2%
10.6%
36.7%

3.0%
4.7%
7.6%

35.7%
35.7%

100.0%

Peto Odds Ratio
[95% CI]

0.45 [0.13, 1.56]
1.00 [0.25, 4.04]
1.34 [0.73, 2.48]

Not estimable
1.08 [0.65, 1.79]

2.49 [1.59, 3.89]
5.31 [2.63, 10.70]
3.10 [2.12, 4.51]

1.28 [0.34, 4.82]
1.55 [0.54, 4.46]
1.44 [0.63, 3.29]

1.21 [0.83, 1.77]
1.21 [0.83, 1.77]

1.69 [1.35, 2.12]

Heterogeneity: P = 0.003; I² = 68%
Test for overall effect: P < 0.001
Test for subgroup differences: P = 0.001

0.1 0.2 0.5 1 2 5 10
Favours PBI Favours WBI

EBRT
Cole 2017
Livi 2015
Subtotal (95% CI)

Heterogeneity: P = 0.18; I² = 43%
Test for overall effect: Z = 1.27 (P = 0.20)

IORT
Vaidya 2014
Veronesi 2013
Subtotal (95% CI)

Heterogeneity: P = 0.11; I² = 62%
Test for overall effect: Z = 3.64 (P < 0.001)

Brachytherapy
Polgar 2017/Strand 2016
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.60 (P = 0.11)

Total (95% CI)

Study orSubgroup Weight

24.2%
3.6%

27.8%

48.7%
5.6%

54.3%

17.8%
17.8%

100.0%

Odds Ratio [95% CI]

0.81 [0.47, 1.38]
0.11 [0.01, 2.04]
0.71 [0.42, 1.20]

0.39 [0.24, 0.62]
1.00 [0.35, 2.88]
0.45 [0.29, 0.69]

0.57 [0.29, 1.13]
0.57 [0.29, 1.13]

0.55 [0.41, 0.73]

Heterogeneity: P = 0.17; I² = 38%
Test for overall effect: Z = 4.01 (P < 0.001)
Test for subgroup differences: P = 0.41

0.01 0.1 1 10 100
Favours PBI Favours WBI

(a)

(b)

Fig. 2  Forest plots for outcomes. a Local recurrence, b death with-
out breast cancer recurrence, c overall survival, d regional recurrence, 
e contralateral breast cancer, f disease free survival. Odds ratios for 
each trial are represented by the squares, the size of the square rep-

resents the weight of the trial in the meta-analysis, and the horizontal 
line crossing the square represents the 95% confidence interval. The 
diamonds represent the estimated pooled effect. All P values are two-
sided
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Study or Subgroup
EBRT
Livi 2015
Olivotto, RAPID study
Cole, IMPORTANT study
Subtotal (95% CI)

Heterogeneity: P = 0.17; I² = 43%
Test for overall effect: P = 0.41

IORT
Veronesi- ELIOT study
Vaidya, TARGIT A study
Subtotal (95% CI)

Heterogeneity: P = 0.29; I² = 12%
Test for overall effect: P = 0.09

Brachytherapy
Polgar/ Strand- GEC-ESTRO study
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: P = 0.12

Other
Vicini, NSABP B39/RTOG 0413 study
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: P = 1.00

Total (95% CI)

Weight

3.2%
9.9%

13.7%
26.8%

7.0%
32.0%
39.0%

9.1%
9.1%

25.2%
25.2%

100.0%

Odds Ratio [95% CI]

0.22 [0.05, 1.01]
1.00 [0.59, 1.71]
0.93 [0.59, 1.47]
0.87 [0.62, 1.22]

1.06 [0.57, 1.97]
0.72 [0.52, 1.00]
0.78 [0.59, 1.04]

0.61 [0.32, 1.14]
0.61 [0.32, 1.14]

1.00 [0.72, 1.40]
1.00 [0.72, 1.40]

0.84 [0.71, 1.01]

Heterogeneity: P = 0.32; I² = 15%
Test for overall effect: P = 0.06
Test for subgroup differences: P = 0.50

0.05 0.2 1 5 20
Favours PBI Favours WBI

Study or Subgroup
EBRT
Cole 2017
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.56)

IORT
Vaidya 2014
Veronesi 2013
Subtotal (95% CI)

Heterogeneity: P = 0.21; I² = 37%
Test for overall effect: Z = 1.23 (P = 0.22)

Brachytherapy
Polgar 2017/Strand 2016
Polgar 2013
Subtotal (95% CI)

Heterogeneity: P = 0.55; I² = 0%
Test for overall effect: Z = 0.62 (P = 0.53)

Total (95% CI)

Weight

5.5%
5.5%

63.6%
16.4%
80.0%

7.3%
7.3%

14.5%

100.0%

Odds Ratio [95% CI]

1.96 [0.20, 18.92]
1.96 [0.20, 18.92]

1.20 [0.61, 2.33]
3.07 [0.83, 11.40]
1.45 [0.80, 2.63]

2.38 [0.33, 17.03]
1.02 [0.14, 7.30]
1.56 [0.39, 6.27]

1.49 [0.88, 2.53]

Heterogeneity: P = 0.73; I² = 0%
Test for overall effect: Z = 1.47 (P = 0.14)
Test for subgroup differences: P = 0.97

0.05 0.2 1 5 20
 Favours PBI Favours WBI

(c)

(d)

Fig. 2  (continued)
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Study or Subgroup
EBRT
Cole, IMPORTANT study
Livi 2015
Subtotal (95% CI)

Heterogeneity: P = 0.28; I² = 15%
Test for overall effect: P = 0.63

IORT
Veronesi- ELIOT study
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: P = 0.35

Brachytherapy
Polgar 2013
Polgar/ Strand- GEC-ESTRO study
Subtotal (95% CI)

Heterogeneity: P = 0.21; I² = 36%
Test for overall effect: P = 0.33

Other
Vicini, NSABP B39/RTOG 0413 study 
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: P = 0.43

Total (95% CI)

Weight

12.0%
5.7%

17.7%

8.7%
8.7%

5.2%
4.8%

10.0%

63.7%
63.7%

100.0%

Peto Odds Ratio 
[95% CI]

1.09 [0.50, 2.41]
0.51 [0.16, 1.59]
0.85 [0.44, 1.63]

0.64 [0.25, 1.62]
0.64 [0.25, 1.62]

2.62 [0.78, 8.74]
0.87 [0.25, 3.03]
1.54 [0.65, 3.66]

0.87 [0.62, 1.23]
0.87 [0.62, 1.23]

0.89 [0.68, 1.18]

Heterogeneity: P = 0.45; I² = 0%
Test for overall effect: P = 0.43
Test for subgroup differences: P = 0.57

0.1 0.2 0.5 1 2 5 10
Favours PBI                     Favours WBI

Study or Subgroup
EBRT
Cole, IMPORTANT study
Olivotto, RAPID study
Subtotal (95% CI)

Heterogeneity: P = 0.99; I² = 0%
Test for overall effect: P = 0.97

Brachytherapy
Polgar 2013
Polgar/ Strand- GEC-ESTRO study
Subtotal (95% CI)

Heterogeneity: P = 0.47; I² = 0%
Test for overall effect: P = 0.02

Other
Vicini, NSABP B39/RTOG 0413 study
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: P = 0.76

Total (95% CI)

Weight

10.3%
13.2%
23.5%

3.5%
10.1%
13.6%

62.9%
62.9%

100.0%

Odds Ratio [95% CI]

1.01 [0.61, 1.65]
1.00 [0.65, 1.55]
1.01 [0.73, 1.40]

1.21 [0.54, 2.72]
1.70 [1.09, 2.66]
1.57 [1.06, 2.33]

0.97 [0.79, 1.19]
0.97 [0.79, 1.19]

1.06 [0.91, 1.24]

Heterogeneity: P = 0.27; I² = 23%
Test for overall effect: P = 0.46
Test for subgroup differences: P = 0.09

0.2 0.5 1 2 5
Favours PBI Favours WBI

(d)

(f)

Fig. 2  (continued)
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(absolute difference range between 4.6–13.7%) and arm 
lymphedema (absolute difference range between 1.3–1.8%).

The results of the meta-regression for late adverse events 
are shown in Appendix E in Electronic Supplementary 
Material. Studies with higher proportion of ER positive dis-
ease had a lower magnitude of effect on the odds of fibrosis 
or induration (P = 0.042). Studies with longer duration of 
follow-up had significantly lower increases in the relative 
odds for breast pain. There were no other significant asso-
ciations between the evaluated variables and late adverse 
events.

Cosmetic results

Data on cosmetic results were reported explicitly in 4 
studies [10, 11, 25, 27] and were estimated from a figure 
in one study [26]. PBI was associated with higher odds of 
fair to poor cosmetic results (rather than good to excellent) 
which approached but did not meet statistical significance 
(OR 1.23, 95% CI 0.99–1.52, P = 0.06). In absolute terms, 
15.5% of patients in the PBI group had fair to poor cosmesis 
compared to 13.1% in the WBI group. The weighted pool 
absolute difference was 2.3%. Sensitivity analysis is shown 
in Appendix B in Electronic Supplementary Material.

Discussion

Adjuvant radiation after lumpectomy has shown to improve 
local control and improve survival compared to lumpectomy 
alone [32]. However, radiation results in increased adverse 
events including cardiac toxicity and secondary malignan-
cies [4, 5, 33]. As PBI targets only the volume of breast 
tissue at highest risk of recurrence, reduction in radiation 
doses to organs at risk can be achieved, thereby potentially 
reducing the risk of long-term complications [8, 9].

The majority of the included patients in this meta-anal-
ysis had ER positive, small tumors (≤ 3 cm), without nodal 
involvement. We found PBI was associated with significantly 

higher odds for local recurrence compared to WBI; however, 
subgroup analysis by PBI modality showed significant dif-
ference. The highest risk of local recurrence was observed 
with IORT, whereas when EBRT was used the odds for 
local recurrence were equivalent to WBI. This is consist-
ent with a previous meta-analysis that showed comparable 
local recurrence in studies that used PBI with imaging based 
planning (EBRT and brachytherapy) as opposed to studies 
that did not, suggesting that selection of treatment technique 
could attenuate the inferior local recurrence risk with PBI 
[14]. In contrast to IORT, PBI given with EBRT utilizes 
imaging based planning to better define the target volume, 
and compared to brachytherapy, EBRT-based PBI provides 
more generous margins, which may explain this observa-
tion. Of note, the IORT studies included more patients with 
high-grade disease and with nodal involvement (26.6% in 
the ELIOT study and 16.1% in TARGIT-A), including even 
patients with more than 3 lymph nodes involved [12, 13]. 
The worse prognostic features of the patients included in 
these studies could account for at least part of the high local 
recurrence rate. This explanation is supported by the meta-
regression results showing significantly higher magnitude of 
effect in patients with nodal involvement and a borderline 
significantly greater magnitude of effect on local recurrence 
with high-grade disease. These data suggest that PBI utiliz-
ing EBRT may be the optimal method of achieving adequate 
local control while the optimal method of limiting toxicity 
remains uncertain.

This literature-based meta-analysis has also shown PBI is 
associated with significantly reduced odds for death without 
breast cancer recurrence compared to WBI. While data from 
prior meta-analyses already reported similar results [14, 17], 
our meta-analysis is much larger, comprising 14,514 patients 
and included only modern studies. Additionally, the results 
of recently presented data from NSABP B39 [29] trial and 
updated efficacy results from the RAPID trial [28] are also 
included in this meta-analysis.

The increased risk of major coronary events with breast 
irradiation is well established, is evident within the first 

Table 3  Odds ratio for toxicity

CI confidence interval, OR odds ratio
a Values above 1 indicate excess events with PBI, values below 1 indicate excess events with whole breast 
irradiation
b Positive values indicate excess events with PBI, negative values indicate excess events with whole breast 
irradiation

OR, 95%  CIa P value Weighted absolute 
difference (%)b

References

Breast induration and fibrosis 1.02 (0.5–2.01) 0.95 4.49 [10, 20, 25, 27]
Telangiectasia 1.57 (0.65–3.76) 0.31 3.28 [10, 20, 27]
Fat necrosis 1.72 (1.21–2.43) 0.002 2.81 [10, 12, 27]
Chronic breast pain 1.17 (0.98–1.40) 0.07 2.6 [10, 20, 27]
Secondary malignancy 0.90 (0.74–1.10) 0.32 − 0.4 [11, 12, 20, 29]
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5 years after radiation exposure and persists for at least 
20 years [2]. The association between radiation and coronary 
events is influenced by the mean heart dose. With changes 
in field design, utilization of advanced planning techniques 
and breathing manipulation, radiation exposure to the heart 
has been reduced over the last few decades [34]. However, 
despite this, the mean radiation dose to the heart and left 
anterior descending (LAD) coronary artery with left-tan-
gential irradiation remains clinically significant [35]. All 
modalities of PBI have shown to be heart sparing, with lower 
volumes and heart doses compared to WBI, especially in left 
sided tumors [8, 9, 36]. In our study, data on cardiac mor-
tality were available in only two studies [13, 20]; therefore, 
meta-analysis was not performed. Cardiac mortality was 
uncommon and seen in fewer than 1% of patients; however, 
there was numerically lower cardiac mortality in patients 
treated with PBI.

An increase in secondary malignancies has also been 
reported in breast cancer survivors with an excess risk 
attributed to radiation [37]. In our analysis, fewer secondary 
malignancies were noted in the PBI group, with a weighted 
absolute difference of 0.4%, without reaching statistical sig-
nificance. This might be attributed to relatively short follow-
up time in our study, as the risk is more evident with longer 
follow-up [38]. Additionally, caution is urged when inter-
preting these results, as the number of events for both car-
diac mortality and secondary malignancies was very small.

The magnitude of improved OS and reduced death 
without breast cancer recurrence was significantly lower 
in patients with larger tumors. These results can be partly 
explained by the worse prognosis associated with larger 
tumors. This finding may also be explained by differences 
in radiation volume. Larger tumor requires more extensive 
radiation fields even when PBI is delivered; therefore, the 
advantage of reduced radiation to organs at risks compared 
to WBI is expected to be lower for larger tumor.

A better understanding of breast cancer biology during 
the last decades has allowed tailoring of adjuvant systemic 
treatment, with safe omission of chemotherapy for many 
patients [39]. Breast tumor subtypes have prognostic and 
predictive values which can be utilized to guide systemic 
decision making [40, 41]. Implications of genomic risk and 
tumor subtypes on adjuvant radiation treatment are emerg-
ing [42, 43]. Given the low rates of recurrence in early-stage 
ER positive breast cancer in the era of effective systemic 
treatment [44], reducing radiation treatment has become the 
subject of many investigations and there are several ongoing 
studies evaluating omission of adjuvant radiation based on 
risk of recurrence in multi-gene assays [45–47]. A recent 
meta-analysis showed that compared to omission of radia-
tion, WBI in elderly patients (≥ 70) with early breast cancer 
who were treated with adjuvant endocrine treatment resulted 
in reduced local recurrence, but had no effect on distant 

recurrence or overall survival [48]. As these results are lim-
ited to a subgroup of older women with low risk tumors, 
further studies comparing PBI and omission of radiation in 
younger women are desired. A Surveillance, Epidemiology, 
and End Results Program (SEER) analysis found that the 
proportion of women with node negative early breast cancer 
eligible for WBI alternatives is high, with 75% of women 
estimated to be eligible for treatment with PBI and up to 
20% eligible for endocrine therapy without radiation [49]. 
In light of this and our findings of decreased mortality with 
PBI compared to WBI, tailoring radiation including the use 
of PBI should be considered more often. Individual deci-
sions should be based on patient age, comorbidities, tumor 
characteristics and personal preferences, as alternatives to 
WBI would probably be endorsed by many women.

Our study has several limitations. First, this is a liter-
ature-based rather than an individual patient-based meta-
analysis. Consequently, it is subject to publication bias. 
Additionally, the lack of individual patient data neces-
sitated the use of meta-regression on trial summary data 
which is less informative. Second, there was heterogene-
ity in the included studies especially in the utilization of 
different modalities and techniques for PBI. A subgroup 
analysis according to method of radiation delivery was per-
formed in order to understand better the results; however, 
the potential for residual heterogeneity related to treatment 
delivery results in uncertainty about the precision of the 
reported results. Additionally, while analyses utilizing 
fixed-effect were subjected to a sensitivity analysis using 
random-effects, this may not fully address heterogeneity. 
Also, contrary to several previous meta-analyses [14, 17], 
we planned to include only studies published in the last dec-
ade, in an attempt to focus on studies using modern radia-
tion techniques and contemporary systemic treatment, thus 
reducing heterogeneity. Third, in the TARGIT-A study there 
was substantial contamination with approximately 15% of 
the women allocated to receive PBI, receiving both WBI 
and IORT [13]. However, sensitivity analysis excluding 
this study did not affect the results. Fourth, there was vari-
ability in the duration of follow-up between the included 
studies although meta-regression showed that except for 
chronic breast pain, duration of follow-up did not influence 
the results. Additionally, meta-regression for adjuvant tras-
tuzumab was not applicable as data were scarce. Finally, 
the overall number of deaths was low and longer duration 
of follow-up is required to determine survival-based out-
comes, especially in patients with ER positive disease who 
represented the majority of patients in included studies. 
Additionally, the ongoing improvement in radiation tech-
niques is expected to further reduce the risk of cardiotoxic-
ity; therefore, the difference in death without breast cancer 
recurrence between WBI and PBI might be even smaller. 
In light of the relatively short duration of follow-up and the 
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reduced doses to organs at risk when utilizing modern WBI 
techniques, caution is recommended in the conclusions that 
PBI is associated with improved survival compared to WBI. 
Additionally, while our meta-analysis includes studies with 
well-established techniques for PBI [11, 20, 24, 25], studies 
utilizing IORT were also included; however, uncertainty 
exists regarding the latter mainly due to immature data in 
the TARGIT trial [13, 30] and inferior outcomes in the 
ELIOT trial [12].

Conclusions

Despite higher odds of local recurrence and increased toxic-
ity, compared to WBI, PBI is associated with significantly 
reduced 5-year risk of death without breast cancer recur-
rence and a borderline significant improvement in 5-year 
OS. Improved outcomes are likely explained by the observa-
tion that local recurrence has a limited effect on long-term 
breast-cancer outcomes, and PBI is associated with reduced 
non-breast cancer death compared with WBI. However, fur-
ther follow-up is desired to better understand of the impact 
of PBI on survival. The balance between benefit and risk 
of PBI appears optimal in women with smaller ER positive 
tumors and without nodal involvement.
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