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Ipsilateral breast tumor recurrence was significantly higher in patients

with IORT compared to those with whole-breast EBRT (RR 2.83, 95%

CI 1.23–6.51), but with significant heterogeneity (I2¼ 58.5%,

ELIOT trial and the
results of local control
IORT with whole-brea

Editor: Yinyuan Wu.
Received: April 1, 2015; revised: May 28, 2015; accepted: June 12, 2015.
From the Department of Radiation Oncology (LZ, ZZ, XM, ZY, JM, XC,
JW, XY, XG); Department of Breast Surgery (GL), Fudan University
Shanghai Cancer Center; Department of Oncology, Shanghai Medical
College, Fudan University, Shanghai 200032, China.
Correspondence: Xiaoli Yu and Xiaomao Guo, Department of Radiation

Oncology, Fudan University Shanghai Cancer Center; Department of
Oncology, Shanghai Medical College, Fudan University, 270 Dong An
Road, Shanghai 200032, China (e-mail: stephanieyxl@hotmail.com and
guoxm1800@163.com).

L.Z. and Z.Z. have contributed equally to this work.
Conception and design: L.Z., Z.Z., X.Y., X.G.
Collection and assembly of data: L.Z., Z.Z., X.Y., X.G.
Data analysis and interpretation: Z.Z. and L.Z. completed the statistical

analysis. All authors participated in the interpretation of pooled results.
Manuscript writing: All authors.
Final approval of manuscript: All authors.
Financial support: X.Y., X.G.
This work was partly supported by the National Natural Science Foundation

of China (Grant Numbers 81372430, 81402525).
The authors indicated no potential conflicts of interest.
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution-NonCommercial-NoDerivatives License 4.0, where it is
permissible to download, share and reproduce the work in any medium,
provided it is properly cited. The work cannot be changed in any way or
used commercially.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000001143

Medicine � Volume 94, Number 27, July 2015
, MD, Jinli Ma

Xingxing Chen, MD, Junqi Wang, MD, Guangyu

Abstract: There has not been a clear answer about the efficacy of

intraoperative radiotherapy (IORT) for women with early-stage breast

cancer.

The aim of this meta-analysis was to summarize the available

evidence comparing the efficacy and safety of IORT with those of

whole-breast external beam radiotherapy (EBRT) for women with

early-stage breast cancer.

MEDLINE, EMBASE, the Web of Science, and the Cochrane

Library were searched up to October 2014. Two authors independently

conducted the literature selection and data extraction.

Studies that compared IORT with whole-breast EBRT were included

in the systematic review. IORT was defined as a single dose of irradiation

to the tumor bed during breast-conserving surgery rather than whole-

breast irradiation.

Qualities of RCTs were evaluated according to the PEDro scale.

Qualities of non-RCTs were evaluated according to the Methodological

Index for Non-Randomized Studies (MINORS). The risk ratios (RRs) of

ipsilateral breast tumor recurrence, overall mortality, breast cancer

mortality, non-breast cancer mortality, and distant metastasis were

pooled using a random-effects model.

Four studies with 5415 patients were included in this meta-analysis,

including 2 randomized controlled trials (RCTs) and 2 non-RCTs.
MD, Zhaozhi Yang , MD,
iu, MD, Xiaoli Yu, MD, and Xiaomao Guo, MD

P¼ 0.065). Comparing IORT with whole-breast EBRT, the pooled

RRs for overall mortality, breast cancer mortality, non-breast cancer

mortality, and distant metastasis were 0.88 (95% CI: 0.66–1.17), 1.20

(95% CI: 0.77–1.86), 0.76 (95% CI: 0.44–1.31), and 0.95 (95% CI:

0.61–1.49), respectively.

IORT had a significantly higher risk of ipsilateral breast tumor

recurrence than whole-breast EBRT. Overall mortality did not differ

significantly. IORT should be used in conjunction with the prudent

selection of suitable patients. It is imperative to identify women with

a low risk of local recurrence.

(Medicine 94(27):e1143)

Abbreviations: APBI = accelerated partial breast irradiation, CI =

confidence interval, EBRT = external beam radiotherapy, IBTR =

ipsilateral breast tumor recurrence, IORT = intraoperative

radiotherapy, RCT = randomized controlled trials, RR = risk ratio.

INTRODUCTION

B reast-conserving therapy has been demonstrated to be an
equivalent treatment strategy to mastectomy for patients

with early-stage breast cancer.1–6 Radiotherapy has been an
integral part of breast-conserving therapy. A meta-analysis7

performed by the Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) confirmed that whole-breast irradiation after
breast-conserving surgery could reduce local recurrence and
translated into a survival benefit compared to no radiotherapy
(1:4 theory). However, traditional whole-breast irradiation
usually requires a lengthy treatment time of approximately
5–6 weeks. Many patients do not receive subsequent radio-
therapy after breast-conserving surgery or choose mastectomy
instead for reasons including the long course of treatment,
advanced age, a long travel distance to the hospital, and socio-
economic status.8,9

Based on the finding that most local recurrences occur
at or near the tumor bed after breast-conserving surgery,10,11

accelerated partial-breast irradiation (APBI), a new radiation
technique that targets partial breast tissue around the tumor cavity
with fewer fractions has emerged.12–16 Intraoperative radiother-
apy (IORT) is one pattern of APBI. IORT is defined as a single
dose of irradiation delivered to the tumor bed at the time of
surgery and can be substituted for whole-breast irradiation.17

The overwhelming advantage of IORT was that it could shorten
the treatment time from approximately 5 to 6 weeks to only
once concurrently with surgery, which was very convenient.
In addition, IORT could reduce the cost of RT and improve
the quality of life.18,19 Recently, 2 randomized clinical trials—the
TARGIT trial12,13—have reported their
and survival outcomes when comparing
st EBRT, and both reported promising
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results regarding IORT. However, the results were controversial
because of the relatively high rates of ipsilateral breast tumor
recurrence (IBTR) and because of the various limitations of
each study.

To date, there has not been a corresponding meta-analysis
to investigate this problem. Thus, we conducted this meta-

Zhang et al
analysis to evaluate the efficacy and safety of IORT compared

with whole-breast EBRT for women with early-stage breast
cancer and breast-conserving surgery.

METHODS

Literature Search
We searched the MEDLINE, EMBASE, the Web of

Science, Cochrane Library (CENTRAL, Issue 8 of 12, Oct
2014) and ClinicalTrials.gov databases using the following
phrases: ‘‘breast cancer,’’ ‘‘radiotherapy,’’ ‘‘intraoperative
radiotherapy,’’ ‘‘IORT,’’ ‘‘intrabeam,’’ and ‘‘external beam
radiotherapy.’’ MeSH terms and free terms were used for each
electronic search. There were no restrictions based on language.

The references of the included studies were also reviewed to

ELIOT and TARGIT trials) and 2 non-RCTs,23,24 included 5415
patients: 2702 patients in the IORT arm and 2713 in the EBRT
arm. The baseline characteristics of each study were balanced
identify potentially eligible articles. Two reviewers (L.Z. and
Z.Z.) conducted the literature search independently.

Study Selection
Studies assessing the efficacy and safety of IORT compared

with whole-breast EBRT for the management of breast cancer
were included. Eligibility criteria were as follows: population:
women with early-stage breast cancer and breast-conserving
therapy; intervention: IORT, which should have been delivered
to the tumor bed using a single dose of irradiation during surgery
and should have been regarded as a substitute for whole-breast
external beam radiotherapy; control: whole-breast EBRT, con-
sisting of conventional whole-breast irradiation using an external
beam with or without a boost to the tumor bed; outcomes:
ipsilateral breast tumor recurrence and survival outcomes and/
or toxicity; and study design: randomized clinical trials (RCTs)
and other comparative studies with control arms. The following
studies were excluded: studies using IORT as a boost to whole-
breast irradiation, single-arm studies, and reviews. For multiple
publications from the same study, we used the publication with
the most up-to-date data and applicable information.

Data Extraction and Quality Assessment
Two authors (L.Z. and Z.Z.) performed the data extraction

and quality assessment independently. Disagreements were
discussed and resolved by consensus (X.Y. and X.G.). Data
were extracted from each study as follows: first author, dates of
accrual, study design, study sample size, patient characteristics,
study arms, study intervention, median follow-up time, and
outcome. Outcomes included IBTR, disease-free survival, over-
all survival, breast-cancer deaths, non-breast-cancer deaths,
toxicity, cosmetic outcome, and quality of life.

Qualities of RCTs were evaluated according to the PEDro
scale.20 Qualities of non-RCTs were evaluated according to
the Methodological Index for Non-Randomized Studies
(MINORS).21
Statistical Analysis
Cochran Q-test was used to test heterogeneity between

studies (considered significant for I2> 50%, P� 0.10), where

2 | www.md-journal.com
statistical heterogeneity was greater than this between trials,
possible explanations were investigated using subgroup
analyses according to type of study design. To give a more
conservative estimate of the efficacy and safety of IORT with
those of EBRT for women with breast-conserving surgery,
allowing for any heterogeneity between studies, a random-
effects model was used for all meta-analyses.22 The pooled
risk ratios (RRs) and 95% confidence intervals (CIs) for IBTR,
overall mortality, breast cancer mortality, non-breast cancer
mortality, and distant metastasis were calculated, Z test was
adopted to detect the significance of pooled RRs (considered
significant for P� 0.05).22 Moreover, we performed a sensi-
tivity analysis by exclude the studies one by one to detect the
stability of our meta-analysis results. All statistical analyses
were conducted using STATA 13.0 (College Station, TX).

RESULTS

Study Selection
We identified 2191 records. After excluding duplicated

and irrelevant records by screening the titles and abstracts, 53
full-text articles were retrieved for further examination. Of
these articles, 49 articles were excluded for the following
reasons: IORT was utilized as a boost to whole-breast irradia-
tion, or the study lacked a control arm, reviews, or comments.
Finally, 4 studies12,13,23,24 met our eligibility criteria and were
selected for the final analysis. The study selection process is
shown in Figure 1.

Study Characteristics
The 4 included studies, consisting of 2 RCTs12,13,25 (the

Medicine � Volume 94, Number 27, July 2015
FIGURE 1. The process of the study selection.
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between both arms. All studies were initiated in 2000 or later
and were published between 2012 and 2014. The sample size
varied from 143 to 3451 cases. Except for the study by Vanoni
et al, patients were at least 40 years old, with a tumor size of
2.5 cm or smaller.

Quality Assessment
Overall, the methodological quality of the 2 RCTs was

good. Both the 2 RCTs had a score of 8 points. Points were lost
because the patients and investigators were not blinded. The
MINORS’ scores of the other 2 non-RCTs were both 20 and
were acceptable.

The main characteristics and the quality assessment results
of the 4 included studies are shown in Table 1.

Ipsilateral Breast Tumor Recurrence (IBTR)
The IBTR was defined as all recurrences in any quadrant of

the treated breast. The RRs for the IBTR data were available for
all of the 4 studies (5415 patients in total).12,13,23,24 There was
significant heterogeneity for IBTR (I2¼ 58.5%, P¼ 0.065). In
the 2 RCTs, high heterogeneity existed (I2¼ 80.8%, P¼ 0.022).
In the other 2 non-RCTs, no significant heterogeneity was
observed (I2¼ 0%, P¼ 0.862). The pooled RR for IBTR
showed that there was a significant difference between the
IORT group and the whole-breast EBRT group (RR¼ 2.83,

Zhang et al
95% CI: 1.23–6.51). Ipsilateral breast tumor recurrence was
significantly higher in patients with IORT. According to the
subgroup analysis, the pooled RR for IBTR was 4.11 (95% CI:

FIGURE 2. Forest plot of ipsilateral breast tumor recurrence.

4 | www.md-journal.com
0.99–17.13) in the RCTs and was 1.62 (95% CI: 0.68–3.86) in
the non-RCTs (Figure 2).

Overall Mortality
The RR for overall mortality was available for all of the 4

studies (5415 patients in total).12,13,23,24 There was no significant
heterogeneity for overall mortality (I2¼ 0%, P¼ 0.530). The
pooled RR for overall mortality indicated that there was no
significant difference between the IORT and the whole-breast
EBRT groups (RR¼ 0.88, 95% CI: 0.66–1.17). In the 2 RCTs,
the pooled RR was 0.88 (95% CI: 0.59–1.32); in the other 2 non-
RCTs, the pooled RR was 0.90 (95% CI: 0.41–2.00) (Figure 3A).

Breast Cancer Mortality
The RR for breast cancer mortality was available for the 2

RCTs (4756 patients in total).12,13 There was no significant overall
heterogeneity for breast cancer mortality (I2¼ 0%, P¼ 0.852). The
pooled RR for breast cancer mortality indicated that there was no
significant difference between the IORT and the whole-breast
EBRT groups (RR¼ 1.20, 95% CI: 0.77–1.86) (Figure 3B).

Non-Breast Cancer Mortality
The RR for non-breast cancer mortality was available for 3

of the studies12,13,23 (2 RCTs and 1 non-RCT, 5272 patients in

Medicine � Volume 94, Number 27, July 2015
total). There was no significant heterogeneity for non-breast
cancer mortality (I2¼ 41.4%, P¼ 0.182). The pooled RR
showed that there was no significant difference between the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



than in the EBRT group (2.1% vs. 0.8%, P¼ 0.012). Zhou et al

lity
ity;
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IORT and the EBRT groups (RR¼ 0.76, 95% CI: 0.44–1.31).
In the 2 RCTs, the pooled RR was 0.66 (95% CI: 0.33–1.32)
(Figure 3C).

Distant Metastasis
The pooled RR for distant metastasis was available for 2 of

the studies12,24 (1 RCT and 1 non-RCT, 1448 patients in total).
There was no significant heterogeneity for distant metastasis
(I2¼ 0%, P¼ 0.968). The pooled RR indicated that there was no
significant difference between the IORT and the EBRT groups
(RR¼ 0.95, 95% CI: 0.61–1.49) (Figure 3D).

Cosmetic Outcome
Cosmetic outcome was evaluated in 2 of the studies.

Keshtgar et al26 assessed the cosmetic outcome of 342 patients
using frontal digital photographs objectively in the TARGIT
trial. The result showed that the odds of having an outcome of
excellent or good was significantly higher for patients in the
IORT group than in the EBRT group at both the first year (OR
2.07, 95% CI 1.12–3.85, P¼ 0.021) and the second year after
the operation (OR 2.11, 95% CI 1.0–4.45, P¼ 0.05). Zhou
et al24 evaluated overall cosmetic outcomes at 1 year after the
operation and also found that the ratios of excellent or good
outcomes were better in the IORT group than in the EBRT
group (53 of 59 cases versus 42 of 56 cases, P¼ 0.032).

FIGURE 3. Forest plots of overall mortality, breast cancer morta
mortality; B, breast cancer mortality; C, non-breast cancer mortal
Toxicity
Veronesi et al12 reported the skin toxicity of 876 patients

(464 patients in the IORT group; 412 patients in the EBRT

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
group) in the ELIOT trial. They demonstrated that there were
significantly fewer overall skin side effects in the IORT group
than in the EBRT group (P¼ 0.0002). In particular, except for
fat necrosis, the rates of erythema (P< 0.0001), dryness
(P¼ 0.04), hyper-pigmentation (P¼ 0.0004), pruritus
(P¼ 0.002), and pulmonary fibrosis (P< 0.0001) were signifi-
cantly lower in the IORT group versus the EBRT group. Vaidya
et al25 also reported the complications of the 2232 patients
(1113 patients in the IORT group and 1119 in the EBRT group)
in the TARGIT A trial. They demonstrated that the frequency of
all complications and of major toxicity was similar in the IORT
and the EBRT groups [for major toxicity, 3.3% vs. 3.9%,
P¼ 0.443; for haematoma needing surgical evacuation, 1.0%
vs. 0.6%, P¼ 0.338; for infection needing intravenous anti-
biotics or surgical intervention, 1.8% vs. 1.3%, P¼ 0.292; for
skin breakdown or delayed wound healing, 2.8% vs. 1.9%,
P¼ 0.155]. Radiotherapy-related toxicity (RTOG grade 3 or 4)
for dermatitis, telangiectasia, and pain in the irradiated field was
significantly lower in the IORT group than in the EBRT group
(0.5% vs. 2.1%, P¼ 0. 002), although the risk of seroma
needing aspiration was significantly higher in the IORT group

, non-breast cancer mortality, and distant metastasis. A, overall
D, distant metastasis.
reported the average wound healing time, in IORT group is
13–22 days and 9–14 days in EBRT group, respectively.24

Sensitivity Analysis

The results of the sensitivity analysis indicated that the

IBTR results of this meta-analysis were roughly stable and
acceptable (Figure 4).

www.md-journal.com | 5



local recurrence is very important. For carefully selected
patients who have a low risk of local recurrence, IORT should

Zhang et al
DISCUSSION
In this meta-analysis of 5415 patients, pooled results

demonstrated that the risk of IBTR was significantly higher
with IORT than with whole-breast EBRT for women with early-
stage breast cancer and breast-conserving surgery, due to
moderate heterogeneity, the results should be interpreted with
caution. Overall mortality, breast cancer mortality, non-breast
cancer mortality, and distant metastases did not differ signifi-
cantly between the groups. The cosmetic effects of IORT were
better, and the overall side effects were significantly less than
those of whole-breast EBRT.

As far as we know, this is the first meta-analysis summar-
izing current trials that focused on the newer radiation
strategy—a single dose of IORT to the tumor bed at the time
of surgery. Our results indicate that IORT should be used with
caution for women with early-stage breast cancer and breast-
conserving surgery because of the higher risk of IBTR.

The higher risk of IBTR with IORT might be attributed to
the selection of patients who were unsuitable for this technique.
Except for the TARGIT trial,13 patients in the other 3 stu-
dies12,23,24 were assigned to the IORT group or the EBRT group
without the consideration of adverse clinical and pathologic
prognostic factors. In the ELIOT trial,12 approximately half of
the patients were less than 60 years old. Thirteen percent (13%)
of the patients had a tumor size of more than 2 cm, and about one
third of patients had positive nodes, which exceeds the ‘‘suit-
able’’ criteria of ASTRO’s guidelines for APBI.27 Leonardi
et al28 assigned 1822 patients treated with IORT at the European
Institute of Oncology to suitable, cautionary and unsuitable
groups. The results showed that the 5-year rate of IBTR
increased from the suitable to the cautionary to the unsuitable
group (1.5% vs. 4.4% vs. 8.8%, respectively; P¼ 0.0003).
Similarly, when patients were assigned to good, possible,
and contraindication groups according to the GEC-ESTRO
recommendations for APBI, the 5-year rate of IBTR was
1.9%, 7.4%, and 7.7%, respectively (P¼ 0.001).29 In the
ELIOT trial, when patients were divided into subgroups accord-
ing to unfavorable factors, the 5-year rate of IBTR for women
who did not have any unfavorable factors was far lower than for
women who did have unfavorable factors (1.5% vs. 11.3%,
P< 0�0001).12 The TARGIT trial had a risk-adapted design.13

FIGURE 4. Sensitivity analysis.
This study predefined several adverse features before random-
ization, and additional whole-breast irradiation would be pre-
scribed after IORT if adverse features appeared. This indicates

6 | www.md-journal.com
that the IORT technique should be applied in an individualized
way, and the prudent selection of patients who are at low risk of
recurrence and suitable for IORT is essential.

To date, criteria have not been identified to determine
which patients could receive single-dose IORT safely. Multi-
variate analysis in the ELIOT trial12 found that some factors
doubled the risk of IBTR, including a tumor size greater than
2 cm, the presence of 4 or more positive lymph nodes, a poorly
differentiated tumor and a triple-negative subtype. The adverse
features in the TARGIT trial13 included a tumor-free margin
smaller than 1 mm, an extensive in-situ component, an unex-
pected invasive lobular carcinoma, close margins, and other
adverse prognostic factors (several positive nodes, extensive
lymph-vascular invasion, etc.). The ASTRO and ESTRO guide-
lines for APBI could be used as references when selecting
suitable patients for IORT.27–30 Sperk et al demonstrated that
the selection of patients for IORT should be more restrictive.31

Excluding clinical and pathological factors, patients’ preference
should also be taken into consideration when making de-
cisions.32

Our study had some limitations. First, our meta-analysis
only included 4 studies of 5415 patients. Two of these 4 studies
were non-RCTs with a limited sample size, suggesting that our
study was prone to biases, such as selection bias. Second,
significant heterogeneity was observed for IBTR. Actually, a
great deal of heterogeneity existed among the 4 included
studies, in various dimensions. First, the patient characteristics
were different. Some studies limited the patients’ age and tumor
size, but with different threshold values. Some studies did not.
Second, the study designs were different. The TARGIT trial had
a risk-adapted design. In the IORT group, 15.2% patients
received both IORT and EBRT because of the appearance of
predefined adverse features. The other 3 trials did not take any
clinical or pathological prognostic factors into consideration.
Third, the techniques used to deliver IORT were different. The
TARGIT trial adopted a prescription of 20 Gy using 50-kV
x-rays, but the other 3 studies delivered 21 Gy using electrons. It
was also hard to assess and compare the real target area
irradiated. Fourth, the follow-up time was different in each
study and might have been insufficient. All of these studies
started in the year 2000 or later. The median follow-up time
varied from 29 months to 5.8 years. This might be insufficient to
observe differences in local control, survival outcomes, and
adverse effects, especially late complications.33,34 Darby et al34

demonstrated that ischemic heart disease started within a few
years and continued for at least 20 years after radiotherapy in
breast cancer patients.

In conclusion, there was a significantly higher risk of IBTR
with IORT compared to whole-breast EBRT for women with
early-stage breast cancer and breast-conserving surgery, due to
moderate heterogeneity, the results should be interpreted with
caution. Overall mortality did not differ significantly between
the groups. Identifying appropriate patients with a low risk of

Medicine � Volume 94, Number 27, July 2015
be a feasible choice.
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APPENDIX
Search terms (PubMed)
#17 Search (((((((breast tumour) OR breast carcinoma) OR

breast neoplasms) OR breast cancer) OR ‘‘Breast Neo-
plasms’’[Mesh])) AND ((((intraoperative radiotherapy) OR
TARGIT) OR ELIOT) OR INTRABEAM)) AND ((((radio-
therapy) OR EBRT) OR irradiation) OR radiation)

#16 Search (((radiotherapy) OR EBRT) OR irradiation)
OR radiation

#15 Search radiation
#14Search irradiation
#13 Search EBRT
#12Search radiotherapy
#11Search (((intraoperative radiotherapy) OR TARGIT)

OR ELIOT) OR INTRABEAM
#10 Search INTRABEAM
#9 Search ELIOT
#8 Search TARGIT
#7 Search intraoperative radiotherapy
#6 Search ((((breast tumour) OR breast carcinoma) OR

breast neoplasms) OR breast cancer) OR ‘‘Breast Neo-
plasms’’[Mesh]

#5 Search ‘‘Breast Neoplasms’’[Mesh]
#4 Search breast neoplasms
#3 Search breast carcinoma

Zhang et al
#1 Search breast cancer
Search terms (EMBASE)

8 | www.md-journal.com
#16. ’breast cancer’ OR ’breast tumor’/exp OR ’breast
tumor’ OR ’breast carcinoma’/exp OR ’breast carcinoma’ OR
’breast neoplasms’/exp OR ’breast neoplasms’ OR ’breast
cancer’/exp AND (intraoperative AND (’radiotherapy’/exp
OR radiotherapy) OR targit OR intrabeam OR eiot) AND
(’radiotherapy’/exp OR ’radiotherapy’ OR ebrt OR ’irradia-
tion’/exp OR ’irradiation’)

#15. ’radiotherapy’/exp OR ’radiotherapy’ OR ebrt OR
’irradiation’/exp OR ’irradiation’

#14. ’irradiation’/exp OR ’irradiation’
#13. ebrt
#12. ’radiotherapy’/exp OR ’radiotherapy’
#11. intraoperative AND (’radiotherapy’/exp OR radio-

therapy) OR targit OR intrabeam OR eiot
#10. eiot
#9. intrabeam
#8. targit
#7. intraoperative AND (’radiotherapy’/exp OR radiother-

apy)
#6. ’breast cancer’ OR ’breast tumor’/exp OR ’breast

tumor’ OR ’breast carcinoma’/exp OR ’breast carcinoma’
OR ’breast neoplasms’/exp OR ’breast neoplasms’ OR ’breast
cancer’/exp

#5. ’breast cancer’/exp
#4. ’breast neoplasms’/exp OR ’breast neoplasms’
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#3. ’breast carcinoma’/exp OR ’breast carcinoma’
#2 Search breast tumour

#2. ’breast tumor’/exp OR ’breast tumor’
#1. ’breast cancer’/exp OR ’breast cancer’

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.


	Intraoperative Radiotherapy Versus Whole-Breast External Beam Radiotherapy in Early-Stage Breast™Cancer
	INTRODUCTION
	METHODS
	Literature Search
	Study Selection
	Data Extraction and Quality Assessment
	Statistical Analysis

	RESULTS
	Study Selection
	Study Characteristics
	Quality Assessment
	Ipsilateral Breast Tumor Recurrence (IBTR)
	Overall Mortality
	Breast Cancer Mortality
	Non-Breast Cancer Mortality
	Distant Metastasis
	Cosmetic Outcome
	Toxicity
	Sensitivity Analysis

	DISCUSSION
	Appendix


