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The standard of care for patients with an ipsilateral breast tumour recurrence (IBTR) after breast-
conserving therapy (BCT) is a salvage mastectomy. However, there is growing interest in the feasibility of
repeat BCT for these patients. This systematic review contains the latest insights on BCT options for
patients with an IBTR after initial BCT.

A PubMed literature search was performed for articles on BCT options for IBTR after primary lump-
ectomy followed by radiotherapy. Weighted estimates were calculated for 5- and 10-year local control,
distant metastasis-free and overall survival rates. Secondary outcomes were toxicity, cosmesis and
quality of life.

In total, 34 studies were eligible for analysis, of which 5 reported on repeat breast-conserving surgery
(BCS) alone, 10 with mixed populations (BCS ± RT and/or mastectomy), 18 on repeat BCS followed by re-
irradiation (whole-breast or partial) and one on quality of life. The weighted estimates for 5-year overall
survival for repeat BCS and repeat BCS followed by reirradiation were 77% and 87%, respectively. Five-
year local control was 76% for repeat BCS alone and 89% for repeat BCS followed by re-irradiation. Grade
III-IV toxicity rates after re-irradiation varied from 0 to 21%, whereas the cosmesis was excellent-good in
29e100% of patients and unacceptable in 0e18%.

Repeat BCS followed by re-irradiation, with either whole breast or partial breast re-irradiation, seems a
feasible alternative to mastectomy in case of IBTR, in selected patients. Toxicity rates are low and the
cosmetic outcome is good, but the size and follow-up of the published patient series is limited.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

The treatment of patients with an ipsilateral breast cancer
recurrence (IBTR) after initial breast-conserving therapy (BCT) re-
mains challenging. With constant improvement of multimodality
treatment options for primary breast cancer, the 10-year local
recurrence rate has decreased from more than 15% to less than 5%
in patients treatedwith BCT in recent cohorts [1e6]. However, since
1.67 million women worldwide are diagnosed with breast cancer
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every year [7], a significant number of patients will continue to
develop an IBTR.

Several treatment-, tumour- and patient-related factors are
associated with a higher risk of IBTR: omission of adjuvant radio-
therapy after breast-conserving surgery (BCS) [8e10], higher
tumour grade [3,11] positive excision margins [12,13], younger
patient age [3,14] and presence of extensive, concomitant lobular or
ductal carcinoma in situ (LCIS or DCIS) [11,15].

Ipsilateral breast tumour recurrence is associated with dismal
long-term outcomes [16e19], especially when this occurs earlier
after primary treatment [3,20e22]. Recurrent disease is regarded as
a sign of aggressiveness of the tumour and IBTR can be an indicator
of regional or distant progression of disease [16,17].
opean Society of Surgical Oncology. All rights reserved.
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The surgical standard of care in case of an IBTR after BCT as
recommended by international guidelines is, and has always
been, salvage mastectomy. This recommendation is based on
expert opinion, considering the possibly unacceptable cosmetic
result after repeat lumpectomy, the increased risk for a second
IBTR and controversy regarding the possibility of renewed irra-
diation of the breast as part of repeat BCT. However, also salvage
mastectomy does not eliminate the risk of (second) locoregional
recurrence, metastatic disease or breast-cancer related death.
Chest wall recurrences after salvage mastectomy occur in around
10% within 5 years [23e26], metastatic disease in about 20%
[23,25,26] and overall survival rates after 5 years are approxi-
mately 80% [26,27].

To date, no prospective randomized trials have been performed
to challenge the view that salvage mastectomy is the preferred
treatment option for patients with IBTR.

The inferiority of mastectomy compared to BCS with respect to
peroperative risks, cosmesis and quality of life (QoL) has been
extensively described for primary breast cancer treatment [28e35].
Literature on these topics after salvage mastectomy is scarce. With
improving overall survival of patients with IBTR [36,37], more
attention is warranted with respect to the quality of life of these
survivors. More and more treatment strategies are suggested in
order to perform a repeat BCT in patients with IBRT after initial BCT.
These include repeat BCS alone or followed by whole-breast
external beam re-irradiation or partial breast re-irradiation, e.g.
external partial irradiation, brachytherapy or intra-operative
radiotherapy (IORT). The aim of the current study is to provide an
overview of the latest insights on breast-preserving treatment
options for IBTR, focusing on oncological safety, morbidity, cosm-
esis and QoL.
Fig. 1. Flowchart of literat
Methods

Search

A PubMed literature search according to the PRISMA method
(Fig. 1) was performed in June 2018 for all available articles on BCT
options for IBTR using the following combinations of search terms:
[1] repeat lumpectomy breast cancer, [2] “recurrent breast cancer”
AND breast-conserving therapy [3] ipsilateral recurrence breast
cancer treatment [4] ipsilateral recurrent breast cancer treatment
and [5] IBTR repeat breast-conserving therapy. All studies con-
cerning BCT options for IBTR after previous BCT were included.
Excluded were studies with patients who underwent primary BCS
without radiotherapy, review articles, duplicate publications,
comments, editorials, and letters to the editor. In case of multiple
articles with the same study population, the survival data from the
article with the longest follow-up were included in the analysis.
Data extraction

Data extraction was performed independently by two authors
(CW and RS). Discrepancies were resolved by discussion. With the
extracted data, an attempt was made to answer the following
research questions:

1. Which repeat BCT regimens are currently used for IBTR?
2. What is the IBTR-free, distant metastasis-free and overall sur-

vival after repeat BCT in the various treatment regimens?
3. Which patients with IBTR are considered eligible for repeat BCT?
4. What are the acute and late toxicity rates of re-irradiation of the

breast in various radiotherapy regimens for IBTR?
5. How is the cosmetic outcome after repeat BCT for IBTR?
ure search procedure.
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6. What do we know about QoL in patients with IBTR treated with
repeat BCT in comparison to salvage mastectomy?
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Outcomes

With respect to the aim of this review, follow-up data of second
IBTR after repeat BCT, distant disease-free survival and overall
survival were extracted. For studies investigating repeat radio-
therapy, data on acute and late toxicities and cosmetic outcome
were assessed. Lastly, data were collected reporting on QoL after
repeat BCT.

Statistical analysis

The derived survival data were pooled to calculate weighted
estimates and corresponding 95% confidence intervals. Data anal-
ysis was performed using SPSS version 25 (SPSS Inc, Chicago, IL,
USA).

Results

Search

The Pubmed search yielded 1288 hits. After removal of dupli-
cates and screening the records, 38 studies were found eligible (See
Fig. 1). Four articles were duplicate publications on the same pop-
ulation and were not individually included in the analysis.

Different BCT regimens for IBTR

For the included studies, the proposed BCT strategies were
divided in three categories. Firstly, repeat BCS alone, secondly
repeat BCS followed by several modalities of partial breast re-
irradiation, e.g. 3D-conformal external beam therapy, brachyther-
apy or intraoperative radiotherapy (IORT), and thirdly repeat BCS
followed by whole-breast re-irradiation. Five studies investigated
the oncological safety of repeat BCS alone in patients with IBTR
after primary BCS and radiotherapy (Table 1).

In 10 studies, the authors did not report separate outcomes for
different treatment strategies for IBTR; nine did not report separate
outcomes for repeat BCS with and without radiotherapy (two of
these did not specify how many patients underwent adjuvant
radiotherapy) and one article reported outcomes for a highly het-
erogenic group of repeat BCS±radiotherapy and salvage mastec-
tomy. These studies are summarized in Table 2. No weighted
estimates were calculated for these populations because these
would not differentiate between repeat BCS alone and followed by
radiotherapy or even mastectomy.

Table 3 contains 18 studies on repeat BCS followed by some
modality of re-irradiation. Five of these administered external
beam therapy (three to the whole breast and two by 3D-conformal
partial radiation), nine interstitial brachytherapy (either high-dose,
low-dose or pulse-dose-rate), and four IORT. Three studies
analyzed and compared different modalities of radiotherapy (either
by dose variation or different techniques). Data on adjuvant sys-
temic therapy were available in 18 studies.

Outcomes reported after repeat BCT for IBTR

There is a wide variety of outcomes in the included studies. The
most frequently reported survival outcomes were overall, disease-
free and IBTR-free survival (OS, DFS, IBTRFS), but Dalberg et al.
[38,39] reported “uncontrolled local disease” as a primary outcome.
Four studies provided 10-year follow-up. Three others published



Table 2
Studies with mixed populations (BCS± RT and/or mastectomy).

Study N Eligibility criteria BCT Median
FU

Treatment Systemic therapy 5-yr
OS

5-yr
DDFS

5-yr
IBTRFS

10-
yr
OS

10-
yr
DDFS

10-yr
IBTRFS

Kurtz 1991 [80] 50 NR 51mo Repeat BCS (22% with RT) Adjuvant ET 34%
Adjuvant CT 30%

67% NR 62% 42% NR NR

Dalberg 1998 [38] 14 NR 72mo Repeat BCS (14% with RT) Adjuvant ET 25%
Adjuvant CT 10%

NR NR 66% (ULD) NR NR NR

Voogd 1999 [81] 266 Clinical N0M0 NR SM/rBCS± RT (8% BCT) NR 61% 47% NR NR NR NR
Dalberg 2003 [39] 62 NR NR Repeat BCS± RT Unclear NR NR 84% NR NR NR
Galper 2005 [82] 27 NR NR Repeat BCS (11% with RT) Unclear 61% NR NR NR NR NR
Chen 2008 [83] 179 NR NR Repeat BCS (21% with RT) NR 67% NR NR 57% NR NR
Shah 2012 [84] 4 NR 49mo Repeat BCS± RT Neo-adj ET 67%

Neo-adj CT 11%
100% 100% 100% NR NR NR

Lee 2015 [36] 23 NR NR Repeat BCS (57% with RT) Adjuvant ET 48%
Adjuvant CT 53%

93% NR NR NR NR NR

Kolben 2015 [27] 47 Unifocality, favourable
breast-to-tumour ratio

49mo Repeat BCS (19% with RT) Adjuvant ET 60%
Adjuvant CT 2%

85% NR 80% NR NR NR

Yoshida 2016 [85] 149 M0 disease, unilateral 55mo Repeat BCS (38% with RT) Adjuvant ET 68%
Adjuvant CT 15%

95% 80% NR NR NR NR

Abbreviations: FU follow-up, OS overall survival, DDFS distant-disease free survival, IBTRFS IBTR-free survival, NR not reported, ET endocrine therapy, CT chemotherapy, RT
radiotherapy, SM salvage mastectomy.
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relatively short follow-up data (1 and 3 years). In some studies,
there were no 5-year follow-up data available, but only the number
of patients alive or free of recurrence at the time of analysis. These
data are not displayed in Tables 1e3 but are presented (when
available) in Appendix A. For two studies, a 3-year OS and IBTRFS is
included in Table 3, but not taken into the weighted analysis for 5-
year OS.

Sixteen out of 18 studies on repeat BCS followed by reirradiation
reportedon toxicity. Someauthors differentiatedbetween acute and
late toxicities, others did not. Toxicity was assessed according to the
criteria of the Radiation Therapy Oncology Group (RTOG) [40].

Cosmesis was assessed in 10 studies with repeat irradiation of
the breast according to either the 5-point Harvard Cosmesis scale
[41] or the 4-point NSABP Breast Cosmesis Grading Scale. Trom-
betta also used a modified scale [42] to assess cosmesis after
salvage surgery and radiotherapy in comparison to the cosmetic
outcome after primary treatment - these data are not taken into
analysis.

Patient selection for repeat BCT

The inclusion criteria and eligibility criteria for repeat BCS with
or without radiotherapy, when available, are displayed in
Tables 1e3 In 14 studies, there are no clear inclusion criteria. Seven
studies included patients with a primary tumour in a previously
irradiated breast due to another malignancy.

Repeat BCS

In the five included studies on repeat BCS alone, the mean
median follow-up was 83 months. Weighted estimates for 5-year
local control, distant metastasis-free and overall survival were
76%, 73%, and 77%, respectively and 97%, 64% and 55% respectively
after 10 years (see Table 1). In the two studies with availability of
data on systemic therapy, 73e85% of patients received adjuvant
systemic therapy of some sort: 57e69% endocrine therapy, 13e15%
chemotherapy and 3% a combination of both.

Repeat BCS followed by re-irradiation

Weighted estimates of 5-year local control, distant-metastasis
free and overall survival for repeat BCS followed by re-irradiation
were 89%, 87% and 87%, respectively and 93%, 78% and 79% after 10
years (all calculated for subgroups of the total population with
available data; see Table 3).

In the 10 studies with availability of data on systemic treatment,
adjuvant chemotherapy was administered in 6e29% of patients and
endocrine therapy in 18e93%.

Weighted estimates for 5-year overall survival per reirradiation
technique were 76% for whole-breast irradiation (based on two
studies), 89% for brachytherapy (based on five studies) and 89% for
IORT (based on two studies). The 5-year local control rate was re-
ported in only one study for whole-breast irradiation (68%), in two
studies for IORT (weighted estimate 91%) and in three studies for
brachytherapy (weighted estimate 89%).

Toxicity after repeat BCS followed by re-irradiation

Sixteen studies reported toxicity rates after repeat radiotherapy.
In five of these, no grade III to IV toxicities occurred, and 11 studies
had toxicity rates varying from 2 to 21%. Seven articles reported
separately on acute and late toxicities, whereas most toxicities tend
to occur late rather than acute. Taken acute and late toxicity
together, weighted estimates for grade III and IV complications
were 11% for whole-breast re-irradiation, 9% for external PBI, 9% for
interstitial brachytherapy and 18% for IORT (estimates not dis-
played in Table 3).

Cosmesis after repeat BCS followed by re-irradiation

Twelve studies reported on cosmesis after repeat lumpectomy
followed by radiotherapy. Overall, the cosmesis was “excellent to
good” in 29e100% of patients with a weighted estimate of 75% (77%
for brachytherapy, 62% for IORT and 75% for whole-breast re-
irradiation). Cosmesis was described as unacceptable in four studies
(Kauer-Dorner 4%, Adkison 18%, Hannoun-Levi 2013 2%, Smanyko
18%, all multi-catheter brachytherapy). The weighted estimate of
overall unacceptable cosmesis in IBTwas 3% (not reported inTable 3).

Quality of life

Only one study provided data on QoL as a primary outcome for



Table 3
Studies with repeat BCS followed by reirradiation.

Study N Inclusion criteria Median
FU

Treatment Systemic therapy 5-yr OS 5-yr DDFS 5-yr IBTRFS 10-yr OS 10-yr DDFS 10-yr IBTRFS Toxicity Cosmesis

Mullen 1997
[86]

16 NR 55mo Repeat
BCS þ WBI

Adj ET 63%
Adj CT 6%

70% 69% 68% NR NR NR No grade III-IV NR

Deutsch 2002
[87]

39 NR 52mo Repeat
BCS þ WBI

Adj ET 49%
Adj CT 7%

78% NR NR NR NR NR NR Excellent-good
75%

Resch 2002 [88] 17 Small tumours 59mo Repeat
BCS þ WBI&IBT
or PDR

Adj ET 18%
Adj CT 29%
Adj CT þ ET 12%

NRa NRa NRa NRa NRa NRa No grade III-IV Excellent-good
29%, moderate
47%

Hannoun-Levi
2004 [89]

69 Denied
mastectomy

50mo Repeat
BCS þ IBT

NR 92% 87% 77% NR NR NR Acute: no grade
III-IV
Late: 10% grade
III, (unclear
which)

NR

Kauer-Dorner
2011 [44]

39 Unicentric, M0,
IBTR >1 year after
primary
treatment

57mo Repeat
BCS þ PDR

Adj ET 62%
Adj CT 26%

87% NR NR NR NR NR 3% grade III
fibrosis
8% grade III
breast pain

Excellent-good
37%, fair 38%

Kraus-
Tiefenbacher
2007 [90]

15 NR 26mo Repeat
BCS þ IORT

Adj ET 93%
Adj CT 20%

NRa NRa NRa NRa NRa NRa No grade III-IV Excellent-good
82%

Trombetta
200871/200970/

2011 [91]

36 cTis e T2N0M0, 1
with primary
tumour after EBT
for Hodgkin
lymphoma

34mo Repeat BCS þ
21 LDR, 11
HDR, 3 3DCRT

NR NRa NRa NRa NRa NRa NRa LDR: 11% grade
III ulceration
HDR: no grade
III-IV
3DCRT: no
grade III-IV

Excellent-good
92%

Chadha 2008
[92]

15 NR 36mo Repeat
BCS þ LDR

Adj ET 53%
Adj CT 20%

100% (3-yr) NR 89% (3-yr) NR NR NR No grade III-IV Excellent-good
100%

Adkison 2010
[67]

11 Tumour <2 cm,
N0M0, 6 with
primary tumour
after EBT for
other malignancy

53mo Repeat
BCS þ IBT

NR NRa NRa NRa NRa NRa NRa 9% grade III
necrosis

Excellent-good
69%

Hannoun-Levi
2013 [93]

217 M0, no skin
involvement

47mo Repeat
BCS þ IBT
(low-, PDR and
high-dose)

NR 89% 89% 94% 77% 80% 93% Late: 10% grade
III,
1% grade IV
(unclear which)

Excellent-good
85%

Trombetta
2014 [57]

18 NR, 2 with
primary tumour
after EBT for
Hodgkin
lymphoma

40mo Repeat
BCS þ HDR

NR NRa NRa NRa NRa NRa NRa No grade III-IV Excellent-good
83%

Merino 2015
[94]

13 NR 17mo Repeat
BCS þ WBI

Unclear NR NR NR NR NR NR Acute: 8% grade
III,
2% grade IV
dermatitis
Late: 8% grade
III fibrosis,
6% grade III
telangiectasia

NR

Chin 2017 [68] 12 Unifocal, 3 with
previous EBT for
other malignancy

14mo Repeat
BCS þ IORT

Adj ET 75%
Adj CT 8%

NRa NRa NRa NRa NRa NRa Late: 8% grade
III abscess

NR

Arthur 2016/
2017 [51,52]

58/
55

Tumour <3 cm,
no skin

44mo Repeat BCS þ
3DCRT

95% (3-yr) 95% (3-yr) 96% (3-yr) NR NR NR Acute: 2% grade
III fibrosis

NR

(continued on next page)
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Table 3 (continued )

Study N Inclusion criteria Median
FU

Treatment Systemic therapy 5-yr OS 5-yr DDFS 5-yr IBTRFS 10-yr OS 10-yr DDFS 10-yr IBTRFS Toxicity Cosmesis

involvement, M0,
>3 positive
lymph nodes,
>1 year to IBTR,
>30% radiation
field-to-breast
ratio

Adj ET 38%
Adj CT 11%
Adj CT þ ET 2%

Late: 7% grade
III (unclear
which)

Houvenaeghel
2017 [66]

62 Tumour <2 cm,
time to IBTR
>2years, negative
margins,
recurrence in
other quadrant,
absence of LVI,
low tumour
grade

73mo Repeat
BCS þ IBT

NR 87% 83% NR 87% 70% NR NR NR

Blandino 2017 29 Unicentric, M0, 3
with previous
EBT for other
malignancy

47mo Repeat
BCS þ IORT

Adj ET 88%
Adj CT 8%
Adj CT þ ET 4%

91% NR 92% NR NR NR Acute: 10%
grade III fibrosis
Late: 21% grade
III fibrosis

Excellent-good
51%, fair 28%

Smanyko 2018
[95]

33 Tumour <3 cm,
N0M0

61mo Repeat
BCS þ HDR

Adj ET 73%
Adj CT 18%

89% 94% 85% NR NR NR Late: 3% grade
III fibrosis

Excellent-good
70%

Thangarajah
2018 [69]

41 NR, 2 with
primary tumour
after radiation for
Hodgkin

58mo Repeat
BCS þ IORT

NR 83% 80% 90% NR NR NR No grade III-IV NR

Total/weighted
estimate
(95%-CI)

740 46mo 87.31%
(86.93
e87.71%)
N¼ 545,
9 studies

86.64%
(86.18
e87.10%)
N¼ 438,
6 studies

88.56%
(87.91
e89.20%)
N¼ 405,
6 studies

79%
(78,73-79-
71%)
N¼ 279,
2 studies

78%
(77.29
e78.27)
N¼ 279,
2 studies

93%
(not
calculcated)
N¼ 217,
1 study

Abbreviations: FU follow-up, WBI whole-breast irradiation, adj adjuvant, ET endocrine therapy, CT chemotherapy, NR not reported, PDR pulse-dose-rate brachytherapy, LDR low-dose-rate brachytherapy, HDR high-dose-rate
brachytherapy, 3DCRT 3D-conformal external beam radiation, EBT external beam radiotherapy, IBT interstitial brachytherapy, IORT intraoperative radiotherapy, 95%-CI 95%-confidence interval.

a No 5- or 10-year follow-up data available: see Appendix A for more information.
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IBTR surgery. Jendrian et al. [43] addressed QoL in patients after a
salvage mastectomy or repeat BCT for recurrent breast cancer after
primary BCT. They reported a significantly better score for body
image and overall QoL in women after repeat BCT compared to
salvage mastectomy. More importantly, no differences in anxiety,
depression and fear of progression between the groups were re-
ported in this study. Kauer-Dorner et al. [44] presented QoL as a
secondary outcome after repeat lumpectomy followed by intersti-
tial brachytherapy and found no differences compared to healthy
controls.

Discussion

This systematic review provides an overview of the latest in-
sights on repeat BCT options for patients with an IBTR after initial
BCT, focusing on oncological safety, morbidity, cosmesis and QoL. A
total of 34 studies were included. According to the available evi-
dence and the pooled data, there seems to be an oncological
advantage of adding radiotherapy to repeat BCS for IBTR, without
unacceptable toxicity or worse cosmetic outcome.

The increasing survival of patients with an IBTR [36,37] calls for
attention to QoL after salvage surgery. There is substantial evidence
for a better QoL after lumpectomy compared to amastectomy in the
primary treatment setting [35,45]. Only two studies addressed this
outcome after salvage surgery. They suggested a better QoL in pa-
tients treated with repeat BCS compared to salvage mastectomy.
This underlines the importance to pursue breast-conserving
treatment options, also in case of an IBTR.

Regarding oncological safety and in particular local control,
there seems to be an advantage of adding radiotherapy to repeat
BCS. Second IBTR rates are reduced by an estimate of 18% after
adding radiotherapy, which is concordant with the evidence for
radiotherapy after primary BCS [46].

Although not evidence-based, it seems important to prevent a
second IBTR. The negative influence of a first IBTR on overall sur-
vival is well-documented [10,47] and radiotherapy is known to
diminish the risk of local recurrences in comparison to BCS alone
[8]. Therefore, adding radiotherapy to the multidisciplinary treat-
ment of patients with IBTR opting for repeat BCS seems preferable
to optimize local control whilst preserving the breast.

Two issues in the addition of radiotherapy to the previously
irradiated breast are the higher risk of late skin toxicity and a
possible unacceptable cosmetic outcome. The evidence provided in
this review does not support these concerns, with Grade III-IV
toxicity rates reported in 0e21% of cases. These percentages are
calculated taking acute and late skin toxicity together, as only 44%
of the studies with toxicity as an outcome reported acute and late
toxicities separately. When calculated separately, the maximum
rate of acute Grade III-IV toxicity was 21% and the maximum rate of
late Grade III-IV toxicity was 14%. These rates are comparable to
those reported after primary radiotherapy [48e50]. However, with
a mean median follow-up of 44 months in the studies reporting on
toxicity, the long-term effects of re-irradiation are not clear yet.
Arthur et al. [51,52] has published promising preliminary results of
a relatively large prospective trial on 3D-conformal PBI (NRG
Oncology/RTOG 1014, 65 patients); their longer follow-up data are
awaited with interest.

Tominimize skin toxicity, partial breast irradiation is considered
superior, at least in primary treatment [53]. With the limited
available data, the weighted estimates in this review seem to show
less toxicity after partial breast re-irradiation than after whole-
breast external beam therapy, with comparable local control and
overall survival rates.

Regarding patient convenience, IORT seems preferable, as there
is no need to travel for radiotherapy. Sorrentino et al. [54] reported
a better QoL and faster return to daily activities for IORT compared
to whole-breast irradiation for primary treatment. Unfortunately,
relatively few hospitals dispose of an IORT device, which results in
longer waiting lists and limited availability for patients living in a
rural area.

Oncoplastic surgery could become an important component of
repeat BCT, as the breast is even more mutilated than during pri-
mary BCS. However, in The Netherlands, oncoplastic surgery is
considered a relative contraindication for external beam PBI since
the tumour bed volume can no longer be estimated reliably.
Intraoperative radiotherapy provides the opportunity to perform
an oncoplastic reconstruction of the breast after the irradiation to
the tumour bed is completed. Furthermore, the skin surfacewill not
be exposed to radiation like in external beam irradiation and this
may result in better wound healing and cosmesis. To date, there is
no literature on oncoplastic reconstructions in repeat BCS and the
effect of various radiotherapy regimes on the cosmetic result.

Two other important factors in the selection of patients feasible
for repeat BCS followed by re-irradiation are the interval between
primary and re-irradiation and the perceived high risk of radiation-
induced heart disease in case of a left-sided IBTR. To date, no
studies addressed the first issue in terms of a safe radiation-free
interval when considering re-irradiation. The selection of patients
in the studies in this analysis is merely based on favourable tumour
characteristics, of which a longer IBTR-free interval is one. Inclusion
criteria regarding minimum time to IBTR from the studies in this
review vary from 1 to 2 years. Hence, a radiation-free interval of at
least 1 year seems safe to consider re-irradiation. Regarding radi-
ation-induced heart disease after re-irradiation of the left breast, no
data are available in the included studies which have a limited
follow-up, whereas the latency of cardiotoxicity can be more than
10 years [55]. To minimize the radiation dose to the heart and
surrounding tissue during primary treatment, new techniques like
the deep inspiration breath holding (DIBH) and state of the art
treatment planning have been implemented during the last decade
[56]. Partial breast irradiation is also assumed to diminish collateral
damage, and in particular IORT, since the skin is moved away from
the irradiated field and ribs, lungs and heart are properly shielded.
Long-term data on radiation-induced heart disease in patients with
IBTR and repeat BCS followed by re-irradiation are needed to
confirm this hypothesis.

Themost solid evidence regarding partial breast re-irradiation is
available for brachytherapy. In general, brachytherapy is adminis-
tered either by multiple catheter placement, radioactive seeds or
via an interstitial balloon device. The latter offers the opportunity of
high-dose brachytherapy and is less time-consuming but experi-
ence with balloon brachytherapy in this setting is limited [57].

Cost-effectiveness is becoming a more and more important
factor in the choice of breast cancer treatment. For primary treat-
ment, partial breast irradiation techniques seems to be more cost-
effective in comparison to conservative whole-breast external
beam radiotherapy [58], in terms of hospital and societal costs,
whereas insurance coverage varies widely between countries and
health insurance companies.

Hence, until now toxicity does not seem to be an issue in
treating patients with IBTR with repeat BCT, and the use of partial
breast re-irradiation seems to be the treatment of preference
regarding patient convenience and long-term cost-efficacy.

Few studies described specific inclusion and exclusion criteria
and therefore generalization of the evidence is impossible. Overall,
the 3 most frequently mentioned eligibility criteria for repeat BCT
include (1) small tumours, (2) long time to IBTR, (3) unicentric
disease. The Veronesi group [59e61] evaluated patient and tumour
characteristics related to a safe repeat BCS in IBTR. They recom-
mended considering repeat BCT in case of small tumours (<2 cm)
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and late recurrences (>4 years). These characteristics have been
associated before with general better prognosis [3,22,62].

As mentioned before, repeat BCT is only feasible in selected
patients with IBTR. In accordance with the scarce available evi-
dence we would recommend considering a repeat BCT under the
following circumstances: 1) patient's preference to preserve the
breast, 2) a tumour-to-breast ratio that allows for an acceptable
cosmetic outcome, regardless the size of the tumour, and 3) the
possibility to apply radiotherapy to the tumour bed without un-
acceptable toxicity.

Whereas most authors are fairly specific in their description of
performed surgery and applied method and doses of radiotherapy,
there is limited information on the use of adjuvant systemic
treatment regimens in the included studies. The role of chemo-
therapy is not to be underestimated: as shown in the CALOR trial,
patients with isolated local recurrences benefit significantly from
adjuvant chemotherapy after salvage surgery [63,64], especially in
patients with estrogen receptor-negative tumours. Probably, with
the use of adjuvant systemic therapy, also the risks of a second IBTR
after repeat BCS in case of IBRT could be reduced.
Limitations

Due to the scarce information on the specific inclusion criteria,
high heterogeneity and different endpoints in the included studies,
it was not possible to perform an adequate meta-analysis. The large
variety in selection criteria and outcomes in breast cancer literature
has been described by Moosdorff et al. [65] The second best option
was to calculate a weighted estimate for all available outcomes.
However, some estimates (for example the 10-year IBTR-free sur-
vival after repeat BCS alone in Table 1) are based on a single study
with a limited number of patients. Therefore, the weighted esti-
mates should be interpreted with caution.

Another issue in the included studies is the risk of selection bias
due to the retrospective design of the studies and the lack of ran-
domized controlled trials. Some authors stated that they included
patients who refused a mastectomy for various reasons. The pooled
estimates in this study for local control, distant disease-free and
overall survival after repeat BCS followed by re-irradiation were
non-inferior or better compared to salvage mastectomy [23e27].
However, this comparison is susceptible to selection bias, since
tumours that are considered eligible for repeat BCS are generally
smaller and have better prognostic features (longer time to IBTR,
clinically lymph node-negative). Houvenaeghel et al. [66]
addressed this important issue by matching two groups of patients
(60 repeat BCT vs 120 salvage mastectomy) for factors that
appeared significantly associated with poor prognosis in a multi-
variate analysis, being tumour size and time to IBTR. After match-
ing, they observed no significant differences in distant metastasis-
free and overall survival between mastectomy and repeat BCS fol-
lowed by brachytherapy.
Study N Treatment Media

Resch 2002 17 Repeat BCS þ WBI&IBT or PDR 59mo
Kraus-Tiefenbacher 2007 17 Repeat BCS þ IORT 26mo
Trombetta 2008/2009/2011 26 Repeat BCS þ 21 LDR, 11 HDR, 3 3DCRT 38mo
Adkison 2010 11 Repeat BCS þ IBT 54mo
Trombetta 2014 18 Repeat BCS þ HDR 40mo
Chin 2017 12 Repeat BCS þ IORT 14mo

Abbreviations: FU follow-up, WBI whole-breast irradiation, NR not reported, PDR puls
brachytherapy, 3DCRT 3D-conformal external beam radiation, EBT external beam radioth
confidence interval.
Another contributing factor in possible selection bias is the in-
clusion of patients with primary breast cancer. Some studies
(Adkison [67], Chin [68], Thangarajah [69], Trombetta [57,70,71],
Blandino [72]) included patients with a breast tumour after previ-
ous radiation on the chest for another malignancy and thus strictly
had no IBTR. This may have led to an overestimation of local control
and overall survival. However, these studies focused on toxicity as
primary endpoint rather than oncological safety.

Interestingly, none of the studies elaborated on whether the
IBTRwas a true in field recurrence or a second primary tumour. This
may have affected the outcome as evidence suggests that second
primary tumours occur later after primary treatment, have in
general a better prognosis than true in field recurrences [73,74] and
may therefore be more suitable for a second breast-conserving
treatment. It could be useful to include determination of tumour
characteristics and for instance clonality analysis [75] in the
workup of IBTR and take this knowledge into account in the deci-
sion-making process.
Conclusion

With all limitations in mind, based on the current available
evidence repeat BCT seems to be a feasible alternative to salvage
mastectomy in selected patients with IBTR. With the use of re-
irradiation, lower local recurrence rates are reported compared to
repeat BCS alone with acceptable toxicity. Partial breast re-irradi-
ation seems to be the preferable option, but it is not clear whether
one specific technique is superior. Available data show good dis-
ease-free and overall survival rates, at least within relatively short
follow-up. The long-term effects of re-irradiation of the breast are
yet unknown.
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Appendix A. Raw data from studies without 5-year OS/DDFS/
IBTRFS
n FU Patients alive Patients free of metastasis Patients free of second IBTR

14 (82%) 13 (77%) 13 (77%)
16 (94%)) 14 (82%) 17 (100%)
22 (85%) 23 (88%) 25 (96%)
10 (91%) 10 (91%) 10 (91%)
17 (94%) 17 (94%) 16 (89%)
11 (92%) 11 (92%) 11 (92%)

e-dose-rate brachytherapy, LDR low-dose-rate brachytherapy, HDR high-dose-rate
erapy, IBT interstitial brachytherapy, IORT intraoperative radiotherapy, 95%-CI 95%-
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