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ARTICLE INFO ABSTRACT
Keywords: Aim: Demand for nipple- and skin- sparing mastectomy (NSM/SSM) with immediate breast reconstruction (BR)
Breast cancer has increased at the same time as indications for post-mastectomy radiation therapy (PMRT) have broadened.

Post-mastectomy radiotherapy
Nipple-sparing mastectomy
Implant-based breast reconstruction
Autologous breast reconstruction

The aim of the Oncoplastic Breast Consortium initiative was to address relevant questions arising with this
clinically challenging scenario.

Methods: A large global panel of oncologic, oncoplastic and reconstructive breast surgeons, patient advocates and
radiation oncologists developed recommendations for clinical practice in an iterative process based on the
principles of Delphi methodology.
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Resuits: The panel agreed that surgical technique for NSM/SSM should not be formally modified when PMRT is
planned with preference for autologous over implant-based BR due to lower risk of long-term complications and
support for immediate and delayed-immediate reconstructive approaches. Nevertheless, it was strongly believed
that PMRT is not an absolute contraindication for implant-based or other types of BR, but no specific recom-
mendations regarding implant positioning, use of mesh or timing were made due to absence of high-quality
evidence. The panel endorsed use of patient-reported outcomes in clinical practice. It was acknowledged that
the shape and size of reconstructed breasts can hinder radiotherapy planning and attention to details of PMRT
techniques is important in determining aesthetic outcomes after immediate BR.

Conclusions: The panel endorsed the need for prospective, ideally randomised phase III studies and for surgical
and radiation oncology teams to work together for determination of optimal sequencing and techniques for
PMRT for each patient in the context of BR

1. Introduction

Selection criteria for nipple- or skin-sparing mastectomy (NSM and
SSM respectively) in conjunction with immediate breast reconstruction
(BR) have become less stringent with an increase in proportion of pa-
tients potentially eligible for breast conserving therapy undergoing
mastectomy and BR [1,2]. A parallel trend has been broadening of the
indications for post-mastectomy radiation therapy (PMRT) that is often
combined with nodal irradiation for low volume nodal disease [3-8].
Hence, there is dual consideration of both BR and PMRT for many pa-
tients who undergo mastectomy for surgical treatment of breast cancer
[9,10]. PMRT increases risk of complications and diminishes aesthetic
outcomes and quality of life (QoL) following BR, especially when
implant-based [11-13]. The 2018 OPBC consensus conference revealed
major heterogeneity in BR practice in the context of planned PMRT with
a majority of the panel agreeing that type and timing of BR in this setting
should be standardized [14]. The 2019 OPBC consensus conference
ranked type and timing of BR in the setting of PMRT as the two most
important knowledge gaps in the wider field of BR [15]. This year’s
OPBC consensus conference therefore systematically addressed relevant
questions pertaining to type and timing of BR when PMRT is planned
and provided expert recommendations for clinical practice.

2. Material and methods
2.1. 2021 OPBC expert panel

The OPBC was founded in March 2017 as a global non-profit orga-
nization and comprises a membership of 616 oncologic, oncoplastic and
reconstructive breast surgeons and 38 patient advocates from 79 coun-
tries at the time of manuscript writing. The OPBC is committed to
bringing safe and effective oncoplastic breast surgery to routine patient
care, namely oncoplastic breast conserving surgery, NSM/SSM with
immediate BR and aesthetic flat closure after conventional mastectomy.
The global 2021 OPBC expert panel was selected by evident expertise in
breast cancer management with a practice primarily dedicated to breast
cancer. Panellists originated from 22 countries and included 68 onco-
logic, oncoplastic and plastic breast surgeons from private, public,
community and academic settings, six patients with international
renown as patient advocates along with nine radiation oncologists with
robust scientific credentials and international standing (appendix
B.3.1-2). Finally, 52 non-panel OPBC members attended the conference
and performed live audience voting, which was displayed separately to
panel voting (appendix B3.3.).

2.2. Search strategy and selection criteria

We purposefully refrained from performing a systematic literature
search as a basis for questionnaire development in order for the OPBC to
identify and address questions relevant to current clinical practice
irrespective of available evidence to inform treatment. Nonetheless, in
support of these aims, two members of staff (Elisabeth Kappos and Nadia

125

Maggi) independently performed specific searches in PubMed, MED-
LINE, Embase and the Cochrane Central Register of Controlled Trials
(CENTRAL) from 2000 to 2021 (search terms “mastectomy, subcu-
taneous” OR “mastectomy” AND “subcutaneous” OR “subcutaneous
mastectomy” OR “nipple” AND “sparing” AND “mastectomy” OR
“nipple sparing mastectomy” OR “breast reconstruction” OR “whole-
breast reconstruction” OR “breast reconstructive surgery” OR autolo-
gous breast reconstruction” OR “implant-based breast reconstruction”
OR “post-mastectomy radiotherapy OR “irradiation” OR “radiotherapy”
OR “breast reconstruction algorithm” OR “PMRT reconstruction” OR
“PMRT breast reconstruction” OR “breast reconstruction algorithm ra-
diation” OR “breast reconstruction” AND “radiation”). Their review of
all abstracts and full texts of relevant articles was used to finalize the
questionnaire and helped the chairs and moderators to prepare for the
consensus conference. Questions, answers and content of discussions
were placed in context with published evidence in the form of this
report.

2.3. Development of questionnaire for pre-voting

The iterative process in question development, pre-voting, presen-
tation of results, discussion, live re-voting and development of phrase-
ology for recommendation outcomes followed a modified Delphi
methodology. The predefined protocol was published on the OPBC
website on June 08, 2021 (appendix A) [16]. The protocol pre-specified
the identification of questions to include, as follows: Those questions
from the OPBC 2018 conference that reported disagreement among
experts on NSM/SSM and immediate BR were included with the two
co-chairs adding key questions based on their expert opinion. This
preliminary set of questions was amended by expert representatives
based on the specific literature search. At that point in time, the list was
sent for review to the entire OPBC community as well as nine radiation
oncologists. The chairs adjusted these questions according to feedback
and finalized the list by iterative consultation with the panellists over
the months preceding the conference (appendix C).

The iterative voting process started with pre-voting, which also
allowed participation of conference non-attenders, provided opportu-
nity to prepare the agenda for live voting that focused on areas of con-
troversy, and served as back-up in the event of technical failure during
live conference voting. Results of pre-voting were revealed to panel and
audience for the first time during the conference thereby promoting
spontaneous discussion.

2.4. Consensus conference with live voting

The 2021 OPBC consensus conference on September 02, 2021 was
held virtually using online video conferencing software (Zoom by Zoom
Video Communications, Inc). This platform provided separate rooms for
the OPBC panel and OPBC members who registered for audience
participation. Three panel members presented their respective views as
plastic surgeon, oncoplastic surgeon and radiation oncologist with
subsequent structured discussion. In the second half, outcomes of pre-
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voting were presented, followed by live voting by both panellists and
audience in case of controversy identified from pre-voting and whenever
pre-voting results were challenged or demanded reinforcement. In

1. Is NSM contraindicated when PMRT is planned?

Yes

Live: Panel [ | 2% 1/54
Live: Members [N 1% 4/37
No

Live:Panel [, oc% 52/54
Live: Members ([ 84% 31/37
Abstain

Live: Panel [ | 2% 1/54
Live: Members [l 5% 2/37

2. In a woman with cup size 2 C and ptosis 2 grade 2 and planned or expected
PMRT, but no other obvious risk factors for nipple necrosis and no signs of
ischemia during surgery, would you be concerned about aesthetic results
when offering NSM without skin reduction?

Yes

Live: Panel (I 70% 38/54
Live: Members [ 86% 32/37
No

Live: Panel | — 19% 10/54
Live: Members [ 8% 3/37
Abstain

Live: Panel [ ] 1% 6/54
Live: Members [l 5% 2/37

3. Outside of clinical trials, planned or expected PMRT is a contraindication to
immediate one-stage pre-pectoral IBBR

Yes

Live: Panel [ ] 1% 6/54
Live: Members (NG 29% 8/28
No

Live: Panel [ 74% 40/54
Live: Members [N 54% 15/28
Abstain

Live: Panel ] 15% 8/54
Live: Members [NNENEGEGD 18% 5/28

4. Optimal timing of delayed autologous reconstruction in women with rapid
skin healing following PMRT should be individualized

Yes

Live: Panel [ 89% 47/53
Live: Members [ 88% 23/26
No

Live: Panel [ | 2% 1/53
Live: Members 0% 0/26
Abstain

Live: Panel — 9% 5/53
Live: Members (D 12% 3/26

Fig. 1. Questions developed or adjusted ad hoc during consensus conference
Abbreviations used in questionnaire: NSM (nipple-sparing mastectomy), PMRT (post-mastectomy radiotheraphy), BR (Breast reconstruction), IBRR (implant-based

breast reconstruction)
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addition, the customized live voting platform allowed questions to be
devised ad hoc based on panel discussion. Results of live voting were
displayed separately for the OPBC panel versus audience.
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5. Do you think that PMRT is a contraindication for delayed implant-based
breast reconstruction?

Yes

Live: Panel (I 40% 20/50
Live: Members [NNENEGD 16% 4/25
No

Live: Panel [ 56% 28/50
Live: Members ([ 68% 17/25
Abstain

Live: Panel [ ] 4% 2/50
Live: Members ([NEGN 16% 4725

6. What is the maximum acceptable failure rate after IBBR in clinical practice
with a follow up of 2 years

5%
Live: Panel ] 25% 11/44
Live: Members ([N 40% 10/25
10%
Live: Panel (N 52% 23/44
Live: Members ([N 36% 9/25
15%
Live: Panel | — 23% 10/44
Live: Members [NNEGGGGD 24% 6/25

7. In the setting of planned or expected PMRT, which of the following
measures do you recommend most strongly for use in all future studies that
involve patient-reported outcomes?

All or selected scales of BREAST-Q

Lve: Panel (I 78% 32/41
Live: Members (I 70% 14/20
All or selected scales of EORTC breast reconstruction module questionnaire

Live: Panel [ ] 12% 5/41
Live: Members [N 10% 2720

None of the above

Live: Panel 0% 0/41
Live: Members [l 5% 1/20
Abstain

Live: Panel ] 10% 4/41
Live: Members [N 15% 3720

8. Immediate BR impairs oncologic outcomes by delaying adjuvant therapy
due to complications

Yes

Live: Panel [ ] 30% 13/43
Live: Members [ 43% 10/23
No

Live: Panel [ 56% 24/43
Live: Members [ 48% 11/23
Abstain

Live: Panel [ ] 14% 6/43
Live: Members [N 9% 2/23

Fig. 1. (continued).
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2.5. Final questionnaire

The final questionnaire comprised a total of 66 questions and sub-
questions in nine categories. Eight questions were newly formulated or
adjusted ad hoc during the conference based on the discussion (Fig. 1);
live re-voting was performed for five questions whilst no live re-voting
was recommended for the remaining 53 questions with results of pre-
voting being reported. The answers yes, no or abstain applied to 54
statements or questions whilst the single most appropriate answer from
a list of options applied in 12. Simple majority was defined by agreement
among 51-75% of participants and consensus by agreement above 75%.
Abstaining was recommended when panel members had any conflict of
interest or considered the question not to be clear, outside their exper-
tise, or the correct answer was missing. All abstentions were reported
and included in percentages unless otherwise stated.

2.6. Report

Questions, answers and content of discussions were placed in context
with current published evidence in the form of this report. Specific de-
tails of the literature search were scrutinised by chairs and expert rep-
resentatives with inclusion of additional references cited in articles

The Breast 63 (2022) 123-139

identified through searches of personal files. The report was circulated
among all panellists as part of an iterative process until agreement was
reached on the precise wording of each question such that this reflected
the strength of panel support for each recommendation. Voting results
are shown graphically and as exact numbers.

3. Results and discussion

Consensus agreement was reached on 20 questions, majority agree-
ment on 21, no consensus and no majority on a further 21 with the
strength of agreement differing between panellists and members in four
questions (Figs. 1-5, 7, and appendix figure E1). A total of 73 panellists
completed the pre-voting questionnaire; 59 panellists and 52 members
participated in live conference voting.

3.1. Nipple- and skin sparing mastectomy

Both OPBC panel and audience stated with strong consensus that
NSM is not contraindicated when PMRT is planned (question (q) 1,
Fig. 1). There was broad agreement that PMRT can be associated with
hypopigmentation and shrinkage of the nipple-areola complex (NAC;
ql, Fig. 2). A majority of both panel and audience felt that planned or

1. PMRT can be associated with clinically relevant hypopigmentation of the
nipple-areola complex and reduction of areola diameter

Yes

Prevoting (I 75% 54172
No

Pre-voting —/— 10% 7/72
Abstain

Pre-voting — 15% 11/72

2. Planned or expected PMRT may have an impact on the choice of incision

for NSM

Yes

Pre-voting | 30% 22/74
Live: Panel | — 15% 81/53
Live: Members [NNEGGED 22% 9/41
No

Pre-voting — /""" 62% 46/74
Live: Panel (I 79% 42153
Live: Members (I 71% 29/41
Abstain

Pre-voting — 8% 6/74
Live: Panel [ 6% 3/53
Live: Members [l 7% 3/41

3. In the setting of planned or expected PMRT, NSM should be performed less
radically in terms of conservation of anatomic structures and thickness of skin

and nipple flaps

Yes

Pre-voting  — 15% 11/73
No

Pre-voting (I 79% 58/73
Abstain

Pre-voting — 5% 4/73

Fig. 2. Questions on nipple- and skin-sparing mastectomy.
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1. PMRT increases the overall risk of complications — defined as an adverse
postoperative, surgery-related event requiring additional treatment — after all
types of IBBR (one stage, two stage, pre-pectoral, sub-pectoral, with synthetic
mesh, with biologic mesh, without mesh)

Yes

prevoting (I 87% 62/71
No

Pre-voting [ ] 8% 6/71
Abstain

Pre-voting [ ] 4% 3/71

2. Among patients who are expected to receive PMRT, the overall long-term
risk of complications associated with immediate autologous reconstruction
compared to IBBR is

Higher

Pre-voting — 17% 12/71
Live: Panel [ ] 9% 5/54
Live: Members ([N 9% 3/33
Lower

Provoting (N 51% 36/71
Live: Panel [N 74% 40/54
Live: Members 70% 23133
Comparable

Pre-voting — 21% 15(71
Live: Panel —/ 1% 6/54
Live: Members ([N 12% 4133
Abstain

Pre-voting [ ] 1% 8/71
Live: Panel [ | 6% 3/54
Live: Members [N 9% 3/33

3. In case of expected PMRT and planned autologous reconstruction, your
preferred method — provided that patient preference and anatomical
preconditions are met — is

Immediate autologous reconstruction

Pre-voting —— 30% 20/67
Live: Panel (N 40% 21/53
Live: Members [N 33% 9/27
Immediate reconstruction as combination of an implant and a flap

Pre-voting [ | 3% 2/67
Live: Panel il 2% 1/53
Live: Members 0% 0/27

Delayed-immediate reconstruction (expander/implant to autologous
reconstruction after PMRT)

Prevoting (NN 40% 27167
Live: Panel ] 36% 19/53
Live: Members [N 48% 13/27
Delayed autologous reconstruction after PMRT

Pre-voting [ ] 18% 12/67
Live: Panel [ ] 1% 6/53
Live: Members [ 7% 2127
Abstain

Pre-voting ] 9% 6/67
Live: Panel [ ] 1% 6/53
Live: Members [N 1% 3/27

Fig. 3. Type of breast reconstruction.
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4. In case of expected PMRT and planned IBBR, your preferred method —
provided that patient preference and anatomical preconditions are met — is

Immediate one-stage pre-pectoral IBBR without synthetic or biologic mesh

The Breast 63 (2022) 123-139

Pre-voting —/ 10% 7/67
Immediate one-stage sub-pectoral IBBR without synthetic or biologic mesh
Pre-voting 3 9% 6/67

Immediate one-stage pre-pectoral IBBR with synthetic mesh

Pre-voting

13% 9/67

Immediate one-stage sub-pectoral IBBR with synthetic mesh

Pre-voting

0% 0/67

Immediate one-stage pre-pectoral IBBR with biologic mesh

Pre-voling

15% 10/67

Immediate one-stage sub-pectoral IBBR with biologic mesh

Pre-voling

12% 8/67

Two-stage IBBR (pre- or sub-pectoral expander to definitive implant, with or
without use of any mesh at any stage)

Pre-voting —
Abstain
Pre-voting —

25% 17167

15% 10/67

5. In the setting of PMRT, pre-pectoral IBBR is associated with higher risk of
complications and failure rates than sub-pectoral IBBR

Yes

Pre-voling
No

Pre-voting

Abstain

Pre-voting

24% 16/68

40% 27/68

37% 25/68

Fig. 3. (continued).

anticipated PMRT should not usually have any impact on choice of skin
incision (q2, Fig. 2). However, the panel acknowledged consistent ob-
servations in the literature that type of incision is linked to risk of
complications and noted that the 2018 OPBC panel considered location
of incision to be a risk factor for severe mastectomy flap necrosis [14,17,
18]. There was no agreement regarding the use of NSM in conjunction
with skin reduction and/or fashioning of NAC pedicles or free nipple
grafting for large ptotic breasts (qla-d, appendix figure E1); a strong
majority of both panel and audience raised concerns about aesthetic
results when offering NSM to this group of patients without skin
reduction (q2, Fig. 1). Importantly, there was panel consensus that at-
tempts to perform a less radical form of NSM when PMRT is planned
should be avoided (g3, Fig. 2). Thickness of mastectomy flaps cannot be
surgically modulated based on need for PMRT - this is pre-determined
by patient anatomy and depth of the oncologic plane [19].

3.2. Type of breast reconstruction

There was general consensus that PMRT increases the risk of com-
plications following all types of implant-based BR (ql, Fig. 3) in
agreement with the published literature [11,13,20]. Interestingly, a
majority also held the view that PMRT significantly increases compli-
cation risk after immediate autologous BR despite results of the Mas-
tectomy Reconstruction Outcomes Consortium (MROC) study (q2a-e,
appendix figure E1) [13]. During the conference, one of the authors of
this prospective multicentre cohort study discussed the report, which
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compared complications and patient-reported outcomes (PROs) for 622
irradiated and 1625 non-irradiated patients undergoing implant-based
and autologous BR between 2012 and 2015. Among patients who un-
derwent autologous BR, PMRT did not increase the risk of complica-
tions. Among patients who received PMRT, autologous reconstruction
was associated with lower risk of complications than was implant-based
BR (OR = 0.47, 95% CI = 0.27 to 0.82, p = 0.007) and a higher
BREAST-Q satisfaction with breasts score (63.5 vs 47.7; p = 0.002). The
measurable impact of PMRT on QoL after implant-based BR was
confirmed by another large survey of breast cancer survivors [21].
Following extensive discussion of these data, a strong majority of both
panel and audience agreed that the overall long-term risk of complica-
tions in the setting of PMRT is lower after immediate autologous
reconstruction compared to implant-based BR (q2, Fig. 3). When asked
about timing of autologous BR in the setting of PMRT, the panel clearly
favoured immediate (direct to autologous BR) or delayed-immediate
(immediate use of temporary implant or expander until delayed autol-
ogous BR) over fully delayed autologous reconstruction (Q3, Fig. 3). In
general, autologous BR options were preferred over all implant-based
BR options in the setting of PMRT (g4, appendix figure E1). Neverthe-
less, the panel strongly felt that planned or anticipated PMRT is not an
absolute contraindication for any type of BR (q3a-h, appendix figure
E1).

Major heterogeneity in clinical practice was evident for implant-
based BR in the setting of PMRT. No majority or consensus agreement
was reached in terms of recommendations for type, timing, implant
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1. Optimal timing of delayed autologous reconstruction in women with rapid
skin healing following PMRT

A minimum of 12 months after end of PMRT

Pre-voting ] 24% 17/70
A minimum of 6 months after end of PMRT

Pre-voting N 56% 39/70
A minimum of 3 months after end of PMRT

Pre-voting ] 9% 6/70
< 3 months after end of PMRT

Pre-voting { 1% 1/70
Abstain

Pre-voting ] 10% 7/70

2. Optimal timing of change to implant after PMRT to tissue expander in
women with rapid skin healing following PMRT

A minimum of 12 months after end of PMRT

Pre-voting ] 19% 13/68
A minimum of 6 months after end of PMRT

Pre-votng (N 53% 36/68
A minimum of 3 months after end of PMRT

Pre-voting [ ] 13% 9/68
< 3 months after end of PMRT

Pre-voting ] 1% 1/68
Abstain

Pre-voting [ ] 13% 9/68

3. Optimal timing of fat grafting after NSM/SSM and immediate IBBR followed
by PMRT?

A minimum of 12 months after end of PMRT

Pre-voting 31% 15/48
A minimum of 6 months after end of PMRT

Pre-voting ————————/ 54% 26/48
A minimum of 3 months after end of PMRT

Pre-voting [ ] 15% 7/48
< 3 months after end of PMRT

Pre-voting 0% 0/48

4. Do you recommend fat grafting to address contour deformities, implant
rippling or volume deficiency at any time point during or after NSM/SSM and
immediate IBBR followed by PMRT?

Yes

Pre-voting (I 76% 54/71
No

Pre-voting [ ] 7% SIT
Abstain

Pre-voting [ ] 17% 12/71

Fig. 4. Timing of breast reconstruction.
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5. Do you recommend fat grafting to address contour deformities or volume
deficiency at any time point during or after NSM/SSM and immediate

autologous BR followed by PMRT?

Yes

Pre-voting (I 77% 54/70
No

Pre-voting [ ] 7% 5/70
Abstain

Pre-voting [ ] 16% 11/70

6. Optimal timing of two stage IBBR in women receiving PMRT without

adjuvant chemotherapy

Irradiation of tissue expanders

Pre-voting ] 46% 31/67
Irradiation of permanent implants

Pre-voting 31% 21/67
Abstain

Pre-voting ] 22% 15167
7. Optimal timing of two stage IBBR in women receiving PMRT with

adjuvant chemotherapy

Irradiation of tissue expanders

Pre-voting ———— 47% 31/66
Irradiation of permanent implants

Pre-voting (NN 32% 21/66
Abstain

Pre-voting L ] 21% 14/66

8. In your clinical practice, are there established indications for delayed IBBR

after PMRT?

Yes

Pre-voting
No
Pre-voting

Abstain

Pre-voting

33% 23/70

49% 34/70

19% 13/70

9. In your clinical practice, are there established indications for the use of
neoadjuvant radiotherapy before mastectomy and immediate BR?

Yes

Pre-voting —/3 12% 8/68
No

Pre-voting (N 78% 53/68
Abstain

Pre-voting [ 10% 7/68

Fig. 4. (continued).

position, or use of mesh (q4, Fig. 3). Furthermore, panellists disagreed
on whether pre-pectoral implant-based BR is associated with a higher
risk of complications and failure rates than sub-pectoral implant-based
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BR in the context of PMRT (q5, Fig. 3). A majority of the panel consid-
ered the use of immediate one-stage pre-pectoral implant-based BR to be
compatible with PMRT whilst more of the audience displayed
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uncertainty on this point (q3, Fig. 1).
3.3. Timing of breast reconstruction

A strong panel majority recommended waiting for a minimum of
6-12 months after initial surgery in the setting of PMRT, both before
delayed autologous BR and exchange of tissue expander for a permanent
implant (q1 and 2, Fig. 4). During discussion, the panel emphasized that
the optimal timing of delayed autologous reconstruction should be
individualized (q4, Fig. 1) and also recommended waiting for 6-12
months before performing fat grafting. The latter was recommended as a
method for improving outcomes after both autologous and implant-
based BR (q3-5, Fig. 4). The panel was divided on the issue of irradia-
tion of the tissue expander or the permanent implant in two-stage
implant-based BR (with or without adjuvant chemotherapy; q6 and 7,
Fig. 4). Indeed, several large series have shown that favourable out-
comes can be achieved with implant-based BR in the context of radio-
therapy using either timing strategy for the two-stage approach [22,23].
Although the panel acknowledged that there are no specific indications
for neoadjuvant radiotherapy in routine clinical practice, there was a
difference of opinion on delayed implant-based BR after PMRT (q8 and
9, Fig. 4). A majority of panellists who perform delayed implant-based
BR discouraged use of highly cohesive implants, smooth implants,
polyurethane implants and synthetic mesh in efforts to reduce compli-
cations, while advocating use of biologic mesh and fat grafting for
purposes of delayed IBBR (g6a-e and h, appendix figure E1). Nonethe-
less, there was no consensus on pre-versus sub-pectoral implant posi-
tioning in this setting (q6f and g, appendix figure E1).

3.4. Special considerations: research and outcomes

Almost all panellists acknowledged current trends toward increasing
use of BR in the setting of PMRT (q1, Fig. 5) [10]. The panel endorsed the
need for prospective studies to optimize surgical and radiation treat-
ments and conceded that the poor quality of available data broadly
precludes evidence-based recommendations at this time (q2 and 3,
Fig. 5). Of note, the OPBC ranked the question on the optimal type of
reconstruction in the setting of planned adjuvant radiotherapy as top
knowledge gap in the field already during the 2019 consensus confer-
ence [15]. A randomized controlled trial (RCT) design, as suggested by
the scientific secretaries at the time, achieved not even a majority
recommendation by the panel during two rounds of voting. It was
considered not appropriate mostly due to a lack of feasibility. The study
design was then adjusted according to the panel discussion into a pro-
spective cohort study with propensity score matching and
patient-reported satisfaction with breast, assessed by the BREAST-Q
questionnaire at two years, as primary outcome. The question on the
optimal timing of reconstruction in the setting of planned adjuvant
radiotherapy was ranked as second most important priority in 2019.
Therefore, the study design was adjusted and the panel finally achieved
consensus to recommend a prospective registry to commonly address
type and timing and the present project to focus on this important topic.
This year, the OPBC voting results stressed the need for phase IIl RCTs to
specifically address the optimal timing of implant-based BR, the posi-
tioning of implants and the use of adjunctive mesh. Of note, multiple
observational studies over the past three years on pre-versus sub--
pectoral implant-based BR have predominantly shown either no differ-
ence or marginally favoured pre-pectoral positioning [24-33]. However,
most were small, retrospective and single-centre studies, with only a few
prospective or multicentre studies [25,26,28]. The OPBC-02/PREPEC
trial is a pragmatic multicentre RCT designed to investigate QoL two
years after pre-versus sub-pectoral implant-based BR and has currently
randomized 245 of a total of 372 patients at 22 breast centres in 6
countries [34]. One of the formal substudies prospectively investigates
the impact of pre-versus sub-pectoral implant-based BR on risk of early
complications. Rates of unplanned reoperation were reported to be as
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1. Indications for breast reconstruction in the setting of PMRT have been
broadened over the past decades

Yes

Pre-voting [ 90% 64/71
No

Pre-voting 0 4% 3IM
Abstain

Pre-voting /| 6% 4/71

2. Complications and reconstruction outcomes after NSM/SSM and IBBR
should be prospectively evaluated to systematically optimize surgical and
radiotherapeutic approaches

Yes

Pre-voting (I 93% 64/69

No

Pre-voting ] 1% 1/69

Abstain

Pre-voting

[ ] 6% 4/69

3. Poor quality of available evidence does not allow evidence-based
recommendations for type and timing of breast reconstruction in the setting of
PMRT

Yes

Pre-voting 63% 45/71

No

Pre-voting 17% 12/71

Abstain
Pre-voting

20% 14/71

4. Patients undergoing IBBR must give informed consent to specifically accept
the possibility of increased risk of complications due to planned PMRT

Yes

Pre-voting [ 83% 59/71
No

Pre-voting —_ 7% ST
Abstain

Pre-voting — 10% 7/71

5. In the setting of planned or expected PMRT, the following outcomes and
assessment tools are recommendable after NSM/SSM in clinical practice

a) Pre- and postoperative photographs

Yes

Prevoting 93% 65/70
No

Pre-voting o 3% 2/70
Abstain

Pre-voting | 4% 3/70
5. b) Patient-reported outcomes

Yes

Pre-voting [ 93% 65/70
No

Pre-voling l 1% 1/70
Abstain

Pre-voting m 6% 4/70

Fig. 5. Special considerations.
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1. Immediate BR has the potential to affect oncologic outcomes by delaying
adjuvant therapy due to complications

Yes

Pre-voting (. 86% 47/71
No

Pre-voting (D 30% 21/71
Abstain

Pre-voting O 4% 371

2. In general, irrespective of the availability of modern radiotherapy
techniques, immediate BR may result in unfavorable compromises between
target coverage and normal tissue dose compared to no reconstruction

Yes

Pre-voting 30% 21/70
No

Pre-voting | a1% 29/70
Abstain

Pre-voting I 29% 20/70

3. Bilateral implants may hinder PMRT planning and may diminish the quality
of PMRT delivery

Yes

Pre-voting 31% 22/71
No

Pre-voting | 38% 27/71
Abstain

Pre-voting | 31% 22/71

4. When unilateral two stage IBBR is performed in your clinical practice, the
tissue expander is fully expanded before start of PMRT

Yes

Pre-voting [ 53% 37/70
Live: Panel (NN 50% 21/42
Live: Members [N 40% 10/25
No

Pre-voting | — 13% 9/70
Live: Panel 1 24% 10/42
Live: Members [N 32% 8/25
Abstain

Pre-voting (N 34% 24/70
Live: Panel [N 26% 11/42
Live: Members [N 28% 7/25

Fig. 6. Post-mastectomy radiation therapy.
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5. When bilateral two stage IBBR is performed in your clinical practice, the
contralateral tissue expander is deflated to avoid the need for compromises

during PMRT

Yes
Pre-voting
No
Pre-voting

Abstain

Pre-voting

17% 1217

39% 28/71

44% 31T

6. Irrespective of the availability of modern radiotherapy techniques, type of
immediate BR may affect the effectiveness of PMRT

Yes
Pre-voting

No
Pre-voting

Abstain
Pre-voting

25% 18/71

51% 36/71

24% 171N

7. Irrespective of the availability of modern radiotherapy techniques, type of
immediate BR may affect the overall risk of complications after PMRT

Yes

Pre-voting e | 75% 63/71
No

Pre-voting [ 10% 7/71
Abstain

Pre-voting | 15% 11/71

8. Nuances in PMRT technique, such as the use of a bolus or boost,
radiotherapy modality, fractionation, and nodal target volumes, are all
important in determining the final aesthetic outcome after immediate BR

Yes

Pre-voting (. 79% 55/70
No

Pre-voting (] 6% 4/70
Abstain

Pre-voting | 16% 11/70

Fig. 6. (continued).

high as 59% after immediate implant-based BR in the setting of PMRT
[35]. Until risk profiles are better understood and strategies to reduce
morbidity are optimized, the panel endorsed the viewpoint that patients
undergoing implant-based BR must be fully informed and consent to the
possibility of increased risk of complications in the setting of planned
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PMRT (q4, Fig. 5). Panellists and members could not agree on an
acceptable upper limit for failure rate at two years after implant-based
BR in daily practice (5% vs 10% vs 15%; g6, Fig. 1).

Almost all panellists supported use of pre- and postoperative pho-
tographs and prospective collection of patient-reported outcomes (q5a
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and b, Fig. 5). The majority of panellists and members sanctioned use of
BREAST-Q either in entirety or selected scales for this purpose (q7,
Fig. 1) [36-41].

3.5. Post-mastectomy radiation therapy

A majority of the panel felt that immediate BR has the potential to
affect oncologic outcomes by delaying adjuvant therapy due to com-
plications (q 1, Fig. 6). Clinical studies are inconsistent in reports of how
postoperative complications affect recurrence and survival in patients
undergoing immediate BR [42-45]. Indeed, one of the largest studies
showed that patients with postoperative complications had significantly
worse disease-free survival than those without complications (hazard
ratio (HR) 2.25; P = 0.015) [45]. However, this remained significant in
patients who received adjuvant therapy without delay (8 weeks or less
after surgery; HR 2.45; P = 0.034). After intense discussion of this topic,
the question was re-phrased to ask whether immediate BR impairs
oncologic outcomes by delaying adjuvant therapy in clinical practice.
About half of panellists and members rejected that statement (g8, Fig. 1)
and it was discussed that whilst there may be delays in some patients
with potential impact on oncological safety, overall the average delay
following PMBR is not clinically significant.

There was major disagreement regarding whether immediate BR
with creation of a breast mound compromised the accuracy of radiation
dosimetry in terms of target coverage and normal tissue dose irre-
spective of modern radiotherapy techniques (q2, Fig. 6). Similarly, there
was disagreement as to whether bilateral placement of implants impairs
PMRT planning and quality of PMRT delivery (q3, Fig. 6). Indeed, early
experience with immediate BR resulted in compromised target coverage
and/or dose to organs at risk in case of PMRT. This was most apparent
for irradiation of left-sided tumours, internal mammary nodes, and for
cases of bilateral reconstruction [46]. Later reports suggested that cor-
rect target volume definition and modern radiation techniques can
reduce the risks posed by BR, be this unilateral or bilateral [47-49]. To
date, various measures can be applied to minimize dosage to organs at
risk whilst ensuring adequate coverage of target volumes such as deep
inspiration breath hold with or without continuous positive airway
pressure (CPAP) [50,51]. Techniques for PMRT continue to evolve and
routine use of a bolus for mastectomy cases is controversial as this may
be associated with increased toxicity without improving local control
[52]. Therefore, current European consensus guidelines do not recom-
mend a bolus unless deemed necessary to ensure that the therapeutic
dose of irradiation adequately covers those areas at high-risk for

Fig. 7. Post-mastectomy radiotherapy planning in patient with bilateral
implant-based breast reconstruction.
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recurrence, e.g., in skin invading cancer [53]. Moreover, data on safety
and efficacy in the setting of breast reconstruction is lacking [54].
Nonetheless, a boost in this setting was commonly practiced to enhance
radiation dosage to the mastectomy scar in order to reduce local
recurrence [55]. A study by Naoum et al. aimed to evaluate whether a
chest wall boost was independently associated with reconstructive
complications [55]. The study cohort included patients who had delayed
reconstruction procedures. Scar boost was significantly linked with
higher rates of infection, skin necrosis, and implant exposure. Further-
more, a boost dose was independently associated with a higher risk of
complete implant failure and addition of a boost did not improve local
tumor control, even among high-risk subgroups. Therefore, routine use
of a boost or bolus for PMRT cases with or without reconstruction is not
recommended. It is mandatory that radiation planning is tailored to the
surgical procedure with awareness of potential adverse radiation effects
on BR and adherence to international guidelines [53,56-58].

In contemporary practice, the type of BR is usually determined by
body habitus, patient preference, and expertise of the surgeon. PMRT
planning is rarely taken into account but close liaison between the
surgical and radiation teams from the outset will facilitate optimal
clinical decision-making in terms of BR and PMRT. In real-world prac-
tice, shape and size of the reconstructed breast mound can challenge
PMRT planning and dose delivery (Fig. 7). Additionally, in case of
expander with a metallic port, the ability to determine the accurate dose
distribution and accurate RT delivery may be hindered [59].

Fig. 7: Axial view of radiation CT planning of a young patient who
underwent bilateral mastectomy for left-sided breast cancer and im-
mediate implant-based breast reconstruction. The size, shape and posi-
tion of the reconstruction challenged the delivery of radiation to the left
breast and regional lymphatics. Radiation is a trade-off between the
objectives of target volume coverage and exposure of organs at risk. The
radiation technique affects the interplay between these objectives (e.g.,
low dose bath to the lung, dose to the contralateral breast) but cannot
escape the physical properties of the radiation beam.

Bearing in mind the impact of reconstructed breast volume on PRMT
delivery, the panel also addressed the issue of volume in relation to
tissue expanders. About half each of panellists and members opted for
full expansion of the expander before PMRT in the case of unilateral two-
stage BR. However, the others were divided between rejection and
abstention. This reflected a degree of controversy and uncertainty (q4,
Fig. 6), which was more apparent when asking whether the contralateral
expander should be deflated after bilateral two-stage BR (g5, Fig. 6).
From a radiation perspective, the volume of the expander at the time of
CT planning and during irradiation should be maintained, as dosimetry
is based on the target volume at the time of CT planning. Complete
inflation can hinder PMRT planning and necessitate deflation of the
expander prior to PMRT. Modern radiation techniques can ameliorate
but not eliminate the physical properties of the radiation beam [60,61].
Use of volumetric-based PMRT and advanced radiation techniques to
overcome a ‘non-anatomical” protruding reconstructed breast may
result in unnecessary exposure of organs at risk and a low-dose-bath of
radiation (leading to potential toxicity, late heart morbidity and risk of
secondary cancers) [60,61]. Half of the panel rejected the statement that
irrespective of the availability of modern radiotherapy techniques, type
of immediate breast reconstruction may influence the effectiveness of
PMRT (q 6, Fig. 6). However, there was consensus among panellists that
the type of immediate BR affects overall risk of complications with
PMRT, irrespective of modern radiotherapy, but PMRT techniques will
impact upon final aesthetic outcome (q7 and g8, Fig. 6).

4. Conclusions

During the 2021 OPBC consensus conference, a large international
panel comprised of breast surgery specialists, leading radiation oncol-
ogists and patient advocates was convened to systematically develop
recommendations for mastectomy, BR and PMRT. The panel agreed that
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surgical technique for NSM/SSM should not be modified when PMRT is
planned; it favoured the use of autologous over implant-based BR in the
setting of PMRT due to lower long-term risk of complications and rec-
ommended immediate and delayed-immediate approaches. The panel
strongly felt that PMRT is not an absolute contraindication for implant-
based BR despite higher overall rates of complications. Nonetheless, no
specific recommendations were made regarding implant positioning,
use of mesh or timing due to absence of high-quality evidence to guide
treatment. The panel encouraged routine use of pre- and postoperative
photographs and endorsed patient-reported outcomes in clinical prac-
tice. It was acknowledged that shape and size of the reconstructed breast
can be a geometric challenge for radiotherapy planning and the
importance of PMRT techniques in determining the final aesthetic
outcome after immediate BR was emphasized. Moreover, the panel
unanimously supported the need for prospective studies, especially
randomised trials, and proposed that surgical and radiation oncology
teams work together at the outset to evaluate optimal sequencing and
techniques for integrating PMRT with BR for each patient.
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