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Introduction: Most studies report post-mastectomy local recurrences as chest wall recurrences without
clarifying whether the recurrence is in the subcutaneous tissue, muscle or underlying rib. Post-
mastectomy chest wall radiation is recommended in patients at increased risk of locoregional recurrence.
Chest wall radiation-related fibrosis has become an important clinical consideration in the era of imme-
diate implant-based breast reconstruction. In patients with commonly performed subpectoral implant-
based reconstruction, the pectoralis major becomes relocated anterior to the implant and just deep to
skin, therefore raising the question of value in radiating deep chest wall structures. This study assessed
the rate of recurrence in each anatomical region of chest wall in post-mastectomy patients.
Methods: A comprehensive breast cancer database of 4287 patients at a single regional cancer center
from 2006 to 2018 was retrospectively analyzed to identify 1571 mastectomy patients. Recurrences were
classified as local skin/subcutaneous, pectoralis muscle (pectoralis major), deep chest wall (pectoralis
minor, intercostal muscle or rib) or regional axillary recurrence.
Results: A total of 26 patients with locoregional recurrence were identified. Most recurrences were in the
skin/subcutaneous level. Of 1571 mastectomy patients, only one patient developed a local recurrence
posterior to pectoralis major. Our literature search and meta-analysis revealed that local recurrences
post-mastectomy are much more likely to be in subcutaneous tissues/pectoralis major versus deeper
chest wall.
Conclusion: A reduced clinical target volume which encompasses skin/subcutaneous and pectoralis mus-
cle layers without treating deep chest wall may be more appropriate to reduce radiation-associated tox-
icity since avoiding circumferential radiation of an implant may prevent capsular contracture without
compromising treatment benefit.

� 2021 The Authors. Published by Elsevier B.V. on behalf of European Society for Radiotherapy and
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Patients with a primary breast cancer diagnosis require com-
plete surgical excision of the affected area, with either breast con-
serving surgery or mastectomy, depending on the extent of
disease. Patients eligible for breast conserving surgery also require
breast radiation to minimize the risk of local in-breast recurrence.
More recent data has demonstrated that post-mastectomy radio-
therapy (PMRT) can also reduce rates of both local and distant
metastatic recurrence in patients who are lymph node positive
[1,2]. A joint guideline published by the American Society of Clin-
ical Oncology (ASCO), American Society for Radiation Oncology
(ASTRO), and Society of Surgical Oncology (SSO) was updated in
2016 to reflect this standard [3]. Prior guidelines recommended
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regional PMRT to the chest wall and nodal basins in patients who
have four or more positive lymph nodes, however newer guideli-
nes suggest PMRT with minimum mandatory target volumes to
the chest wall be considered in order to reduce locoregional recur-
rence in those with 1 to 3 positive lymph nodes [3,4].

Most published studies report post-mastectomy local recur-
rences as ‘‘chest wall” recurrences with no differentiation between
subcutaneous tissue, muscle (pectoralis major), and underlying
deep chest wall structures (pectoralis minor/serratus anterior/in-
tercostal muscle/rib). PMRT delivered to the deep chest wall can
result in radiotherapy-associated toxicities like cardiac disease,
radiation pneumonitis, lymphedema, and pulmonary fibrosis
[5,6]. Therefore, stratification of chest wall recurrences by soft tis-
sue layer or depth of involvement within the chest may help iden-
tify the regions at risk of recurrence and likely to benefit from
treatment. Modifying dose volumes to avoid significant radiation
dose to intercostal muscles, ribs, and lung may reduce treatment
related toxicity. This would align with a recent ESTRO consensus
guideline for post-mastectomy radiation, particularly in patients
who have immediate subpectoral implant-based breast recon-
struction since the implant displaces the subcutaneous tissues
and pectoralis muscle away from the deep chest wall structures
[7].

We assessed the rates of recurrence in each anatomical layer of
the chest wall in patients following mastectomy in order to provide
evidence for radiation planning to effectively treat ‘at-risk’ areas
while avoiding toxicity resulting from unnecessary treatment.
Avoiding radiation-induced fibrosis could minimize the risk of con-
tracture that negatively impacts cosmesis in patients who have
undergone reconstructive surgery as well as reducing the signifi-
cant proportion of these patients requiring revision surgeries to
address complications related to radiation. We then performed a
systematic review of the literature and meta-analysis to contrast
our recurrence rates with published post-mastectomy recurrence
rates.
Methods

Quantification of chest wall recurrences

A prospectively collected comprehensive breast cancer data-
base of patients treated in London, Ontario, initiated in 2006, was
retrospectively analyzed to identify all patients who had under-
gone mastectomy between 2006 and 2018 inclusively in order to
capture patients who experienced locoregional chest wall recur-
rence. Our study period ended in 2018 to ensure that selected
patients had completed their treatment and all of their data had
been collected. Patients who presented concurrently with local
and distant disease were included, however those who first pre-
sented with distant recurrence prior to any presentation of local
disease recurrence were excluded given their metastatic status.
Electronic medical records and computed tomography imaging of
patients were re-analyzed to stratify chest wall recurrences into
three levels: (1) skin/subcutaneous recurrence, (2) pectoralis major
muscle recurrence, or (3) deep chest wall recurrence. Patients with
regional axillary and clavicular nodal recurrences were also
captured.

Skin/subcutaneous recurrences were defined as recurrences in
the skin, subcutaneous tissues, or retromammary fat layers ante-
rior to but not including the pectoralis major or serratus anterior
muscle. Pectoralis muscle recurrence included any recurrence
which involved the pectoralis major specifically, including any
invasion through the pectoralis major fascia. Deep chest wall
recurrences included recurrences posterior to pectoralis muscle,
including pectoralis minor, serratus anterior (if lateral), intercostal
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muscle or rib. In the case that a recurrence was located in more
than one level at diagnosis, the most posterior layer affected was
recorded. Patients presenting with concurrent axillary and chest
wall recurrences were coded according to the deepest level of their
local chest wall recurrence. Fig. 1 illustrates the anatomic classifi-
cation of chest wall recurrences used for this study on a CT simu-
lation image. The classification of each local recurrence was
completed by both a surgical oncologist and radiation oncologist
with extensive knowledge of breast recurrence and clinical inter-
pretation of radiological imaging.

Additional patient details were collected for descriptive statis-
tics including age at time of mastectomy, cancer staging at time
of mastectomy, radiotherapy, estrogen receptor (ER)/progesterone
receptor (PR)/human epidermal growth factor receptor 2 (HER2)
status, time to recurrence and recurrence size.
Systematic review and meta-analysis

A systematic review was performed to identify articles which
described the location of chest wall recurrences in patients with
breast cancer following mastectomy or breast surgery. A literature
search was conducted using Pubmed, EMBASE and Cochrane to
capture articles discussing ‘‘chest wall” and ‘‘recurrence” and
‘‘mastectomy” and ‘‘radiation”. Search results included original
articles and literature reviews that were screened for relevancy.
Published reviews were also read to search for reference of other
relevant articles [8]. Articles were included for complete analysis
if they contained data on chest wall recurrence location with sim-
ilar stratification criteria described earlier: skin/subcutaneous
recurrence, pectoralis muscle recurrence and deep chest wall
recurrence. Statistical analysis was completed using Comprehen-
sive Meta-Analysis (Version 3) by Biostat. A Mantel-Haenszel
random-effects analysis model was used to generate risk ratio
(RR) and accompanying 95% confidence intervals (CI).
Results

Quantification of chest wall recurrences

The London Breast Cancer Database identified 4287 women
treated for breast cancer from 2006 to 2018, 1571 of whom under-
went a mastectomy (36.6%). Of those undergoing mastectomy, 26
patients were reported as having had a locoregional recurrence
over a median follow-up of 6.78 years and were included for fur-
ther stratification and analysis (1.7% locoregional recurrence rate
among mastectomy patients). Among all 1571 mastectomy
patients, 137 underwent immediate breast reconstruction (8.7%),
which represented only patients with Stage 0-II disease and
included both autologous and implant-based reconstruction with
a ratio of 1:4. While 28.5% of reconstructed patients received radi-
ation, no reconstructed patients were among those who recurred.
Overall, 39.5% of all mastectomy patients received adjuvant chest
wall radiation (all patients presenting with locally advanced/stage
III and 35% of stage II patients). Patients were stratified based on
risk: average risk was defined as early-stage node positive, close
margins; while high risk was defined as advanced stage (T3-T4,
N2-N3), young age defined as <50 yrs, triple negative disease, pos-
itive margins. A radiation total dose of 50 Gy was delivered in 25
fractions (Monday to Friday) to chest wall for average risk stage
II and delivered to chest wall and regional nodes for high-risk stage
II and stage III patients according to institutional guidelines.
Patient characteristics did not appear to be very different when
contrasting patients who recurred locally to those who did not
(see Table 1). For example, 46.2% of patients who recurred had also
received adjuvant chest wall radiation (versus 39.5% of overall



Fig. 1. Stratification of chest wall recurrence locations with proposed contours post-mastectomy without reconstruction. Contours: Red = proposed chest wall contours for
post-mastectomy; Orange = current chest wall contour; Blue = pectoralis minor; Pink = pectoralis major; Purple = axilla level 1. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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mastectomy cohort). Table 1 outlines the tumor and clinical char-
acteristics for the patients who presented with a locoregional
recurrence. The average age of patients with recurrence was 58.0
± 16.4 years with most patients staged as T2 at time of mastec-
tomy. Average time from surgery to recurrence was 1.9 ± 1.6 years
with average recurrence size of 2.9 ± 2.4 cm in largest dimension.
While tumor characteristics are presented in Table 1, the number
of patients in this locoregional recurrence cohort are too few to
make any meaningful analyses based on histological subtype.

Table 2 details the stratification of recurrence locations. Of the
26 patients identified, the majority (78%) had recurrences confined
to the skin/subcutaneous or pectoralis muscle levels. Five patients
(19%) presented with axillary recurrence alone. These locoregional
recurrences represents 1.7% of all mastectomy patients in this
database. Only one of these patients (representing 3.8% of all
locoregional recurrences and 0.06% of all mastectomy patients)
presented with a deep chest wall recurrence.
Systematic review results

Our search (Pubmed, Embase and Cochrane) conducted in 2021
yielded 544 accessible publications. Limiting the accessible publi-
cations to those in English and involving human subjects yielded
95 relevant publications, of which 7 were duplicates. Full manu-
scripts could not be obtained or did not specify the location of
recurrences in 74 publications. A total of 14 relevant articles were
identified and were included in our meta-analysis [9–22].

Langstein et al. was limited to immediate breast reconstruction
patient, and they stratified the recurrences into two levels: skin/-
subcutaneous and ‘‘chest wall” (defined as recurrence to any of
pectoralis major muscle, skeletal or intercostal muscle involve-
ment) and as a result were excluded from our review as they had
clearly included pectoralis and deep chest wall recurrences
together [23]. We did note however that the majority of patients
in that study (71.8%) experienced recurrences to the skin/subcuta-
neous layers [23].

In all studies, the majority of recurrences were found in the
skin/subcutaneous layers, followed by pectoralis muscle, with very
few located within the deep chest wall. Table 3 outlines recurrence
locations for each study. Only Gerber et al. [12], Gilliland et al. [13]
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and Wang et al. [22] reported recurrences in the deep chest wall.
Wang et al. did not clearly differentiate their subcutaneous and
pectoralis recurrences and these are reported together in Table 3
to reflect this, which did not impact our analysis.

The Forest plot in Fig. 2 illustrates the summary risk ratio (RR)
for recurrence location. Summary RR of reviewed studies was 4.68
(95% CI [3.4, 6.45]), indicating almost a 5-fold greater risk of recur-
rence to subcutaneous or pectoralis muscle levels compared to
deep chest wall. Recurrences to deep chest wall occurred signifi-
cantly less often than those to skin/subcutaneous and pectoralis
muscle.
Discussion

To our knowledge, this study is the first to report post-
mastectomy chest wall recurrences from a large institutional data-
base with a meta-analysis of all similar publications to date. It is
also the largest study to date to report chest wall recurrences
based on detailed anatomic location. The American Joint Commit-
tee on Cancer (AJCC) 8th edition supports our description of the
chest wall (termed ‘deep chest wall’) as ‘‘including ribs, intercostal
muscles, and serratus anterior muscle, but not the pectoralis mus-
cles” [24]. Historically, distinguishing recurrence location from
within the subcutaneous, pectoralis or chest wall structures did
not seem clinical relevant since the structures lay adjacent to one
another in post-mastectomy patients without reconstruction. In
the current era of immediate implant-based reconstruction, this
study showing such a low risk of deep chest wall recurrence pro-
vides an opportunity to decrease implant reconstruction failure,
capsular contracture requiring reoperation, cardiac toxicity, and
lung toxicity by excluding the deep chest wall from the radiation
field using a smaller clinical target volume (CTV).

Our finding of a 0.06% post-mastectomy recurrence rate to the
deep chest wall aligns with publications in the literature that
report most recurrences are within the skin and subcutaneous
levels with rare reports of local recurrences in the deep chest wall
structures specifically (see Table 3). Our meta-analysis provides
the relative risk of recurrence by tissue level (Fig. 3), and it sup-
ports the findings of a recent systematic review that virtually all
local post-mastectomy recurrences occur in the subcutaneous tis-



Table 1
Patient and primary tumor characteristics at time of primary surgery for all patients
who underwent mastectomy (n = 1571) as well as those who ultimately recurred
post-mastectomy (n = 26).

Characteristic All Mastectomy
Patients (n = 1571)

Patients with Chest Wall
Recurrence (n = 26)

Age (years)* - Mean ± SD 53 ± 13.0 58.0 ± 16.4
Tumor stage*
T0 11 (0.8%) 1 (3.8%)
T1 494 (31.4%) 8 (30.8%)
T2 546 (34.8%) 11 (42.3%)
T3 90 (5.7%) 6 (23.1%)
T4 114 (37%) 0
Regional Lymph Nodes

(N Stage)
N0 798 (50.8%) 9 (34.6%)
N1 330 (21%) 10 (38.4%)
N2 107 (6.8%) 3 (11.5%)
N3 42 (2.7%) 4 (15.4%)
Radiotherapy
Yes 620 (39.5%) 12 (46.2%)
No 971 (60.5%) 14 (53.8%)
Radiotherapy Boost to

Chest Wall**

Yes 395 (63.7%) 11 (91.7%)
No 225 (36.3%) 1 (8.3%)
Radiotherapy Bolus to

Mastectomy Flap**

Yes 223 (36%) 4 (33.3%)
No 397 (64%) 8 (66.7%)
Radiotherapy to Axilla**

Yes 431 (69.5%) 5 (41.7%)
No 189 (30.5%) 7 (58.3%)
Chemotherapy
Yes 724 (46.1%) 3 (11.5%)
No 847 (53.9% 23 (88.5%)
Molecular Subtype

Classification
Luminal A 766 (48.8%) 10 (38.5%)
Luminal B 352 (21.8%) 6 (23.1%)
Triple Negative 157 (10.0%) 6 (23.1%)
HER2/neu+ 417 (26.5%) 4 (15.4%)
Clinical factors
Size of recurrence (cm) –

Mean ± SD
n/a 2.9 ± 2.4

Time to recurrence
(years)*** –
Mean ± SD

n/a 1.9 ± 1.6

*At time of mastectomy.
**Calculated as a percentage of the patients who received radiation.
**From date of mastectomy.

Table 2
Anatomic Site of All Locoregional Recurrences (n = 26).

Level Patients

Skin/subcutaneous (+/� axillary recurrence) 12 (46.2%)
Pectoralis muscle (+/� axillary recurrence) 8 (30.8%)
Chest wall (pectoralis minor, intercostal muscle, rib) 1 (3.8%)
Axillary (+/� Clavicular) Nodal recurrence only 5 (19.2%)
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sues and pectoralis muscle [8]. Our findings align with the ESTRO
consensus guideline for radiotherapy in post-mastectomy patients
with immediate subpectoral breast reconstruction [7], where the
pectoralis and subcutaneous tissues lie anterior to the implant
and can thus be treated while excluding structures deep to implant
to avoid delivering radiation circumferentially around the implant.
This approach has been pilot-tested in Milan, by the team at Euro-
pean Institute of Oncology, with the HALFMOON TomoTherapy
(Helical ALtered Fractionation for iMplant partial OmissiON)
approach, using photon-based Tomotherapy. Similar isodose distri-
butions can be achieved with linear accelerator equipped to deliver
intensity modulated radiotherapy [25]. An ongoing trial by the
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Danish Breast Cancer Cooperative Group called the DBCG RT Recon
Trial (NCT03730922) is evaluating delayed-immediate versus
delayed breast reconstruction using adjuvant locoregional radio-
therapy with a CTV excluding the deep chest wall structures to
provide information on patient satisfaction and complications such
as rates of capsular contracture [26].

For patients undergoing mastectomy, immediate implant-based
reconstruction is a surgical technique used to provide immediate
reconstruction that does not require the surgical morbidity and
recovery time seen with autologous tissue flap reconstruction
techniques. As such it is the most common type of immediate
reconstruction used to improve the quality of life and cosmetic
outcomes of these patients. Typically, implants are placed anterior
to the pectoralis minor, intercostal muscle and ribs, and posteriorly
to the pectoralis major muscle. This technique effectively lifts the
skin/subcutaneous tissue and pectoralis major from the deep chest
wall. This differs from reconstruction using autologous tissue,
which resembles pre-pectoral implant reconstruction in that it is
placed anterior to the pectoralis major, therefore radiating the sub-
cutaneous tissues and pectoralis would necessitate including the
reconstruction within the radiated field. Autologous reconstruction
uses perfused tissues which tolerate radiotherapy better than pros-
thetic implants, but the surgical complexity and recovery from an
autologous reconstruction is much more significant. Thus, while it
remains a reconstruction option for many patients, the vast major-
ity of patients undergo immediate breast reconstruction using sub-
pectoral implants. It is in these patients that the radiation target
volume could potentially be limited to the anterior structures most
commonly affected by local recurrence (subcutaneous tissue and
pectoralis major muscle) while satisfying constraints to exclude
most of the implant and the deep chest wall structures (pectoralis
minor, serratus, intercostal muscles and ribs). Pre-pectoral
implant-based reconstruction, where the implant is anteriorly cov-
ered by an acellular dermal matrix or mesh and skin flaps, is a
much less commonly used method of immediate breast recon-
struction. In these patients, the pectoralis lies deep to the implant
and excluding it in the target volume may place this patient at
increased risk of recurrence. None of the patients in our study
received pre-pectoral reconstruction and thus our data was unable
to address radiotherapy implications for this form of
reconstruction.

In exploring post-mastectomy chest wall radiation guidelines, it
is clear that there remains a lack of international consensus regard-
ing which structures should be included when contouring the
chest wall for post-mastectomy radiotherapy in breast cancer
[7,26–29]. As illustrated in Fig. 3, current Radiation Therapy Oncol-
ogy Group (RTOG) guidelines dictate the inclusion of the breast and
chest wall following lumpectomy in locally advanced cases, and
the ‘chest wall’ following mastectomy [28]. In this guideline, the
posterior border of chest wall structures includes treatment of pec-
toralis muscles, chest wall muscles (intercostal), and ribs [28].
With very few cases of deep chest wall failure in intercostal muscle
and ribs shown in this cohort and subsequent meta-analysis
(Fig. 2), radiotherapy to these structures should be reconsidered
as it may lead to overtreatment.

Vargo et al. have proposed modifying the RTOG guidelines with
a reduced CTV to exclude the deep chest wall structures while
encompassing both skin/subcutaneous and pectoralis muscle lay-
ers which may better balance treatment with potential heart-
and lung-related toxicity from radiotherapy [27]. Their proposal
however articulates that the posterior aspect of the radiation field
should be at the anterior rib/deep chest wall structures, and this
should be further clarified to define the posterior aspect of the
radiation field as the posterior aspect of pectoralis major. While
anatomically this clarification does not change which structures
are radiated, achieving the same goal of radiating anterior soft tis-



Table 3
Stratified chest wall recurrences in the literature.

Author Recurrence location

Skin/Subcutaneous Pectoralis muscle Deep chest wall Total

Chang et al. [9] 22 (75.9%)* 7 (24.1%)* 0 (0%)* 29*
Cont et al. [10] 14 (200%) 0 0 14
Farras et al. [11] 8 (80%) 2 (20%) 0 10
Gerber et al. [12] 4 (66.7%) 0 2 (33.3%) 6
Gilliland et al. [13] 50 (80%) 0 10 (20%) 60
Johnson et al. [14] 7 (100%) 0 0 7
Meretoja et al. [15] 8 (100%) 0 0 8
Noone et al. [16] 12 (75.0%) 4 (25.0%) 0 (0%) 16
Pifer et al. [17] 11 (64.7%) 6 (35.3%) 0 (0%) 17
Slavin et al. [18] 17 (100%) 0 (0%) 0 (0%) 17
Sood et al. [19] 6 (100%) 0 0 6
Stanec et al. [20] 15 (100%) 0 0 15
Uriburu et al. [21] 3 (100%) 0 0 3
Wang et al. [22] 96 (82.8%)** 20 (17.2%) 116

* Stratified by tumors (n = 29) across 25 patients.
** Includes both skin/subcutaneous and pectoralis muscle recurrences.

Fig. 2. Risk ratio of chest wall recurrences in the literature. Shown are forest plots calculated using Mantel-Haenszel (MH) random effects model, illustrating risk ratio with
confidence interval, Z-value and p-value.
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sues plus pectoralis major, it would provide guidance for dosime-
try contouring in immediate implant-based reconstruction
patients.

In contrast to RTOG, European Society for Radiotherapy and
Oncology (ESTRO) clinical target volumes (CTV) include skin/sub-
cutaneous levels with pectoralis major, but not deep chest wall
structures (pectoralis minor, intercostal muscles and rib) [7]. This
ESTRO guideline allows for treatment to reduce the risk of recur-
rences in skin/subcutaneous and pectoralis major levels which
make up the vast majority of cases, while avoiding treatment to
deep chest wall structures and permitting the contouring to
exclude the implant and structures deep to it. This guideline sup-
37
ports our proposed revisions to the RTOG contouring guidelines
(see Fig. 3). The Danish Breast Cancer Cooperative Group developed
a similar guideline [29] although they describe the deep aspect of
chest wall radiation as including pectoralis minor, which would
therefore mandate circumferential implant radiation and dose to
deep chest wall and may not be necessary given the paucity of
recurrences reported to occur within the pectoralis minor.

The availability of acellular dermal matrix products has allowed
for significant increases in one-stage immediate implant-based
reconstruction [31], however concern regarding whether patients
may require post-mastectomy chest wall radiation based on final
pathological nodal status has led to conservative recommendations



Fig. 3. Stratification of chest and proposed contours post-mastectomy with immediate reconstruction. Right Breast: Yellow contour demonstrates the CTV based on this
manuscript with deep chest wall exclusion; Green contour represents implant. Left Breast: Pink contour demonstrates CTV based on prior approaches including implant
(Green contour) and deep chest wall within the CTV. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)
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against immediate reconstruction in patients who may require
radiation [32], despite improved cosmetic outcome and quality of
life among patients who undergo immediate reconstruction at
the time of their mastectomy [33].

There are conflicting reports of complication rates in patients
with immediate breast reconstruction who undergo adjuvant chest
wall radiation [34,35], but one meta-analysis that reviewed fifteen
controlled trials with 5314 patients demonstrated a 5-fold increase
in capsular contracture to 32.6% with radiation (which causes sig-
nificant pain and is managed by re-operation), and a doubling in
complete reconstruction failure to 17.3% when radiation was deliv-
ered [36]. We propose that much of the implant-related complica-
tions seen with adjuvant chest wall radiation may be attributed to
circumferential radiation of the entire implant capsule, leading to
fibrosis and contracture around the implant. Radiating only the
anterior capsule of the implant (which would target the skin, sub-
cutaneous tissues and pectoralis major) should avoid or minimize
these complications by excluding the deep chest wall from radia-
tion dosage based on a historical notion of the ‘chest wall’. This
hypothesis will be informed by the DBCG RT Recon Trial findings
once the study is completed [30].

Limitations to this study exist. Chest wall recurrences reported
as secondary data are difficult to capture using traditional search
strategies using Medical Subject Headings (MeSH), therefore
despite a thorough literature review, it remains possible that not
all relevant articles detailing chest wall recurrences were captured.
While our institutional database with 4287 patients had a median
follow-up of 6.7 years, and a mean time to recurrence of 1.9 + 1.
6 years, a longer follow-up period may capture more patients
who experience recurrence. We were unable in this retrospective
review to evaluate whether local post-mastectomy recurrences in
patients who received radiation were related to inadequate volume
coverage. If feasible in the future, it would be very interesting to
evaluate this in a multi-centered setting. Finally, while chest wall
recurrences that were synchronous with distant metastases were
included, our choice to exclude metachronous chest wall recur-
rences identified after distant metastases were diagnosed may be
reductive, since even in the metastatic setting chest wall recur-
rences can present a challenge in management can dramatically
38
impact on quality of life. Our findings should be validated in larger
national administrative databases to confirm the rarity of deep
chest wall recurrences. All future studies reporting chest wall
recurrences should stratify their locations based on criteria used
in this article and others to aid in data collection, analyses and clin-
ical decision-making. This study supports the ESTRO consensus
guideline recommendations to avoid post-mastectomy radiation
to deep chest wall structures in early-stage breast cancer, which
we feel may lead to fewer complications for patients with
implant-based reconstruction. A contouring atlas should be devel-
oped to provide guidance in standardizing post-mastectomy
radiotherapy.
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