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Purpose: Postmastectomy radiation therapy (PMRT) reduces disease recurrence in appropriately selected patients but may
compromise implant-based reconstruction. We investigated whether near-surface dose correlates with radiation-related toxic effects in
these patients.

Methods and Materials: Patients receiving PMRT at a single institution from 2016 to 2019 were retrospectively reviewed. Patient
demographics and treatment information were collected. Three near-surface structures were retrospectively generated, bound by the
chest wall tangent beam as well as the skin surface and the skin-3 mm contour (SR3), skin surface and skin-5 mm contour (SR5), or
skin-5 and skin-10 mm contours. Dosimetric analysis of these near-surface contours was performed in 2 Gy intervals. Univariate and
multivariate analyses were used to identify predictors of moist desquamation, grade 2+ chest wall pain, use of opiate pain medication,
unplanned reconstructive surgery, and implant failure. Logistic regression for each outcome and near-surface contour was performed
for receiver-operator area under the curve (AUC) analysis and the Youden ] Statistic was used to determine the optimal threshold for
each dosimetric parameter.
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Results: Of 126 patients reviewed, 109 met the study’s eligibility criteria. Median follow-up was 2.3 years. Twenty-five patients
(23%) underwent unplanned reconstructive surgery, and 10 (9.2%) experienced implant failure. Among clinical variables, low body
mass index and history of smoking predicted unplanned surgery on univariate and multivariate analyses, and moist desquamation
predicted grade 2+ chest wall pain. The top dosimetric parameters by AUC for moist desquamation, grade 2+ chest wall pain, use
of opiates, unplanned reconstructive surgery, and implant failure were SR5 D10 cc (AUC = 0.701, optimal threshold 57.8 Gy,
P <.001), SR3 D10 cc (AUC = 0.600, optimal threshold 56.8 Gy, P = .079), SR5 D10 cc (AUC = 0.642, optimal threshold 57.3 Gy,
P =.041), SR3 V44 Gy (AUC = 0.711, optimal threshold 81%, P = .001), and SR3 V44 Gy (AUC = 0.688, optimal threshold 82%,
P =.052), respectively.

Conclusions: Near-surface dose correlates with moist desquamation and unplanned reconstructive surgery after PMRT. Further
evaluation of prospective optimization of dosimetric parameters related to SR3 and SR5 should be considered.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Implant-based breast reconstruction may lead to
improved cosmetic outcome, patient satisfaction, and
quality of life for women who have undergone a mastec-
tomy as part of their breast cancer treatment.'’
Although select women with high-risk features benefit
clinically from postmastectomy radiation therapy
(PMRT),”” this treatment increases the risk of postre-
construction complications, including infection, capsu-
lar contracture, implant malposition and exposure, and
implant loss.” These complications may necessitate
additional surgery and compromise the ultimate esthetic
outcome of the reconstruction. Counseling patients on
the potential interaction between PMRT and implant-
based reconstruction is important when discussing radi-
ation therapy.

PMRT plan quality likely plays an important role in
the risk of postreconstruction complications. Modern
linear accelerators and treatment planning systems
allow for improved dose homogeneity and reduced
dose to avoidance structures through plan optimiza-
tion. When reliable dosimetric correlates for adverse
outcomes are found, informed planning objectives can
be set to reduce the risk of these events. After a mastec-
tomy, the subcutaneous lymphatic plexus and any
residual glandular tissue within the chest wall are at
risk for harboring residual microscopic disease and are
typically included in the clinical target volume.” The
skin and immediately underlying tissue are thus
exposed to relatively high radiation doses during
PMRT, especially with the use of a tissue-equivalent
material (referred to as “bolus”) on the chest wall or a
boost dose of radiation to the mastectomy scar. How
near-surface dose affects a patient’s risk for radiation-
related toxic effects, however, is not well characterized.
Here we correlate dose to various near-surface chest
wall contours with the development of moist desqua-
mation, chest wall pain, the need for additional recon-
structive surgery, and implant failure.

Methods and Materials

Patients

Consecutively treated patients who received PMRT at
3 hospitals in a single health care system from 2016 to
2019 were retrospectively analyzed as part of an institu-
tional review board approved study. Women were
included if they underwent implant-based reconstruction
and had an ipsilateral tissue expander or permanent
implant in place at the time of PMRT. Exclusion criteria
included pre-PMRT complications, failure to complete
PMRT as prescribed, proton therapy, and removal of
breast prostheses for reasons definitively unrelated to tox-
icity or cosmetic concerns. Patients were not excluded
based on use of bolus or chest wall mastectomy scar boost.
In addition to querying our prospective institutional data-
base, we reviewed patients’ electronic medical records for
baseline demographic, disease, and treatment characteris-
tics, as well as treatment outcomes and specific treatment
related toxicities, including moist desquamation, chest
wall pain, and pain medication use during treatment.
Details of patients’ initial breast reconstructions and sub-
sequent surgical interventions related to their breast
reconstructions, including reasons for additional surgery,
were recorded.

Radiation technique

Chest wall irradiation was typically delivered with 2
deep coplanar tangent photon fields, using inverse-
planned, segmented, 3-dimensional (3D) conformal
techniques. Regional nodal irradiation was typically
delivered with 2 partially wide, coplanar photon fields
(typically covering the internal mammary lymph nodes
in the first 3 intercostal spaces), also using inverse-
planned, segmented, 3D-conformal techniques, with an
oblique photon field(s) covering the superior axillary


http://creativecommons.org/licenses/by-nc-nd/4.0/

Advances in Radiation Oncology: November—December 2023

Near-surface dose in breast cancer 3

and supraclavicular nodal regions. If dose constraints
could not be met with these techniques, volumetric mod-
ulated arc therapy (VMAT) was used.

Composite PMRT plans, inclusive of any sequential
scar boost administered, were reviewed on Pinnacle Ver-
sion 16.2.1 (Phillips Medical Systems, Fitchburg, WI) for
all patients for whom treatment plan dosimetry was
available for review. For these patients, automated con-
tours were created to generate 3 near-surface volumes
for analysis of near-surface dose, comprising the vol-
umes bound by the chest wall tangent beam and limited
to 0 to 3 mm from skin surface (SR3), 0 to 5 mm from
skin surface (SR5), and 5 to 10 mm from skin surface
(SR10) (Fig. 1). These structures were confined to the
tangent beams covering the chest wall, even when the
beam’s edge crossed midline to include the skin of the
contralateral chest wall. The inframammary fold and
skin overlying the axilla were encompassed within the
near-surface skin contours. When VMAT was delivered,
a similar approach was taken to generate these structures
using the unopposed tangent beams from a conventional
comparison plan. After generation of SR3, SR5, and
SR10, dose-volume histogram data were exported for
statistical analysis. During the years that this study
cohort was treated, it was our institutional practice to
offer daily bolus for patients undergoing PMRT, with
potential removal of bolus after observing brisk chest
wall erythema. Before export, recalculations were retro-
spectively performed for treatment plans that had not
already accounted for any documented midtreatment
bolus prescription modifications to reflect dose with
bolus as delivered.

Figure 1 Representative axial slice of a patient with a
right-sided implant postreconstruction.

The red lines represent the medial beam edges, and the
blue lines represent the lateral beam edges. The 3 skin
rind structures are shown. Lime green represents 0 to
3 mm (SR3), gray represents 0 to 5 mm (SR5), and tur-
quoise represents the 5 to 10 mm rind (SR10). The rinds
extend to cover all tissue within the tangent fields, but do
not extend into the supraclavicular field.

Endpoints

Our institutional protocol is to perform assessments
weekly during the course of radiation and at 2 weeks, 3
months, 6 months, and 12 months after the last dose of
radiation therapy and then yearly. Endpoints for analysis
included physician- or nurse-reported moist desquamation,
grade 2+ chest wall pain, unplanned surgery, and implant
failure. Patients were recorded as having an endpoint if any
of these were present at any assessment. The presence of
moist desquamation was determined by the treating physi-
cian and recorded at each on-treatment visit or follow-up,
or by a breast-trained radiation oncology nurse at a 2-week
post treatment nursing visit. Because SR3, SR5, and SR10
did not extend into the supraclavicular region, moist des-
quamation was recorded as an event only if it occurred over
the chest wall for the purposes of dosimetric correlation.
The worst qualitative pain rating and the use of opiates dur-
ing the acute phase of treatment up to the first follow-up
was recorded. Because patient-reported pain was reported
either quantitatively on a scale from 1 to 10 or qualitatively
using “mild,” “moderate,” or “severe” qualifiers, pain was
assessed using a modified brief pain inventory scale and cat-
egorized as moderate/severe if any pain severity score was
rated 4 or higher.'”"" A pain severity rating of at least 4 out
of 10 portends interference in patient function.'’ Therefore,
grade 2+ chest wall pain was defined as either a pain sever-
ity rating of 4 or higher on a 0 to 10 scale or “moderate” or
“severe” descriptor. Pain medication use for each patient
was reviewed and classified as none, adjunct alone (eg,
gabapentin, methocarbamol), NSAID (acetaminophen, ibu-
profen), tramadol, or opiates (eg, hydrocodone, oxycodone).
Implant failure was defined as the absence of a tissue
expander or permanent implant at the time of the last fol-
low-up in a patient who was initially planned for implant-
based reconstruction. Unplanned reconstructive surgery
was defined as a surgery that was not part of the pretreat-
ment reconstruction plan but performed for alleviate symp-
toms or for esthetic reasons. In addition to these endpoints,
CTCAE (National Cancer Institute Common Terminology
Criteria for Adverse Events) version 4.0 toxicities were pro-
spectively recorded at each scheduled follow-up and main-
tained in our institutional database. These were used to
describe both acute and chronic toxicity, Chronic toxicities
were recorded beginning at the second follow-up visit, 6
months after completion of radiation, until the most recent
follow-up.

Statistical analysis

Descriptive statistics were performed with mean and
standard deviation for normally distributed variables, or
median and interquartile range otherwise. Baseline char-
acteristics and dosimetric parameters were described.
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Dose volume histogram parameters extracted included
relative volume receiving absolute dose in 2 Gy intervals
from 30 Gy to 68 Gy (V30 Gy[%] to V68 Gy[%]) and
dose to absolute volumes including D0.1 cc, D0.3 cc, D1
cc, D5 cc, D10 cc, D50 cc, D100 cc.

A Wilcoxon rank-sum test was performed on the con-
tinuous values for each dosimetric parameter to deter-
mine whether there was a statistical difference in each
parameter for those experiencing each endpoint. A P
value < .05 was deemed statistically significant. No adjust-
ment for multiple testing was performed.

Dosimetric cut points were determined by receiver-
operator curve analysis with the cut point selected by
maximizing the Youden J Statistic. The cutpoints with the
highest area under the curve (AUC) were assessed to
determine which dosimetric parameters provided the best
discrimination for each outcome.

A new variable was created for each patient specifying
if they met each proposed constraint based on the above
AUC analysis. Univariate logistic regression for each out-
come was then performed to determine the odds ratio
(OR) for each outcome with respect to each proposed
constraint. Univariate analysis was also used for clinical
parameters to determine their OR for each outcome. Clin-
ical variables included current smoking at the time of sur-
gery, obesity (body mass index [BMI] >30), hypertension,
diabetes, menopausal status, histology, receptor status, the
type of mastectomy, the type of reconstruction, the type
of axillary surgery, final margins, the use of chemother-
apy, the use of Herceptin, the use of hormones, and devel-
opment of moist desquamation in the acute phase was
included for all endpoints except moist desquamation
itself.

Collinearity of the dosimetric variables was quantified
by calculating the variance inflation factor for each group
of the top constraints. A score >5 signifies strong collin-
earity and justifies performing separate multivariable
analyses for each collinear variable.'” Due to high collin-
earity between the dosimetric variables, only the top dosi-
metric parameter by AUC and any significant clinical
variables on univariate analysis for each endpoint were
assessed in multivariate analysis. All statistical analysis
was performed in R version 4.1.0.

Results

Patient population

Of 126 women receiving PMRT from 2016 to 2019,
116 met clinical criteria for analysis. Of the 10 excluded, 4
patients had no tissue expander or permanent implant in
place during treatment, 2 patients experienced pre-PMRT
complications, 2 patients received proton therapy, 1
patient did not complete treatment as prescribed, and one

patient had clinical evidence of leptomeningeal disease
necessitating brain and spine magnetic resonance imag-
ing, which required removal of her tissue expanders.
Treatment plans were unavailable for 7 additional
patients, leaving 109 patients available for analysis of cor-
relation between near-surface dose and clinical outcomes.

Baseline characteristics are listed in Table 1, with these
characteristics broken down by hospital in Table EI.
Median follow-up was 2.4 years with a median age of 49.
All patients underwent skin-sparing mastectomy, 15
(14%) of whom underwent a nipple-sparing procedure.
Axillary lymph node dissection was performed in 70
patients (65%), and the remaining patients underwent a
sentinel lymph node procedure alone. Almost all patients
(96%) were planned for a 2-stage breast reconstruction
with a tissue expander placed at the time of mastectomy;
only 4 patients underwent a single-stage reconstruction
with a permanent implant placed immediately at the time
of mastectomy.

All patients underwent PMRT with conventional frac-
tionation with 1.8 Gy (40%) or 2 Gy (60%) fractions.
Seven patients (6.4%) were treated with VMAT, 2 patients
(1.8%) with a dual-isocentric technique, and the remain-
ing 100 patients (92%) with a mono-isocentric technique.
Patients received PMRT to the chest wall alone (6.4%) or
to the chest wall and regional lymphatics (94%). All
patients were treated with a chest wall bolus, although
there was variation in the number of fractions of bolus
applied (median, 25; interquartile range, 19-30 fractions).
One hundred and 4 patients (95%) had 0.5 cm bolus
thickness. Eighty-four patients (77%) underwent a
sequential mastectomy scar boost with a median dose of
10 Gy (range, 6-12 Gy). The median composite PMRT
dose was 60 Gy.

Acute grade 2+ chest wall pain, grade 2+ fatigue, grade
2+ hyperpigmentation, and grade 2+ radiation dermatitis
occurred in 58%, 4.6%, 84%, and 56% of patients, respec-
tively. Late grade 2+ arm lymphedema, grade 2+ myositis,
and grade 2+ telangiectasia occurred in 2.6%, 1.3%, and
6.5% of patients. 41 patients (38%) experienced moist des-
quamation within the tangent fields. The location of moist
desquamation within the chest wall is shown in Table 2.

Twenty-five patients (23%) underwent unplanned
reconstructive surgery for infection (n = 8), cosmetic con-
cerns (n = 6), implant exposure (n = 5), contracture
(n = 3), necrosis (n = 1), or other reasons (n = 2). Ten
patients (11%) ultimately experienced implant failure as
of the last follow-up (Table 3).

Significant clinical variables on univariate logistic
regression are shown in Table 4. Patients who were active
smokers at the time of radiation therapy had 7.81 times
the odds of undergoing unplanned reconstructive surgery
compared with those who were former or never smokers
(OR = 7.81, P = .022). Patients with a BMI >30 had
decreased odds of undergoing unplanned reconstructive
surgery (OR = 0.122, P = .006). Finally, treatment at
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Table 1 Baseline characteristics Table 1 (Continued)
Characteristic N =109* Ch teristi N = 109+
aracteristic =
Follow-up (y) 2.36 (1.54, 3.10)
yp Stage
Current smoker 0 2 (4.8%)
. 0
Not smoking 103 (94%) IA 7 (17%)
(]
Smoking 6 (5.5%) A 11 (26%)
Ob
ese 1B 7 (17%)
BMI <30 72 (66%) A 11 (26%)
BMI >30 37 (34%) LB 1 (2.4%)
T
¢ 11C 3 (7.1%)
TO 1 (0.9%) T
P
T1 33 (30%) To 3 (5.0%)
12 38 (35%) T1 20 (33%)
T3 27 (25%) T2 24 (40%)
T4 6 (5.5%) T3 13 (22%)
Tis 4 (3.7%) Tis 0 (0%)
cN
PN
NO 53 (49%) NO 11 (18%)
N1 49 (45%) N1 35 (58%)
N2 1(0.5%) N1lmi 3 (5.0%)
N3 6 (5.5%) N2 8 (13%)
St
¢ otage N3 3 (5.0%)
0 4 (3.7%)
p Stage
1A 25 (23%) A 3 (5.2%)
I1A 20 (19%) B 3 (5.2%)
11B 31 (29%) A 18 (31%)
IIIA 17 (16%) 1B 17 (29%)
IT1IB 5 (4.6%) IIIA 14 (24%)
110() 6 (5.6%) e 3 (52%)
T
P Age at diagnosis (median, IQR) 49 (41, 57)
TO 13 (25%
(25%) Hypertension 16 (15%)
T1 20 (38%
(38%) Diabetes 4 (3.7%)
12 12 (23%) Menopause
T3 5(9.4%
(0-4%) Premenopausal 47 (43%)
T4 1 (1.9%
(1.9%) Perimenopausal 3(2.8%)
Ti 2 (3.8%
s (3.:8%) Postmenopausal 55 (50%)
N
P Surgical 4 (3.7%)
NO 21 (40%) Histology
N1 . 20 (38%) DCIS 2 (1.8%)
Nimi 0 (0%) IDC 84 (77%)
N2 9 (17%) ILC 21 (19%)
N3 3 (57%) IMC 2 (1.8%)
(continued on next page) (continued on next page)
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Table 1 (Continued)
Characteristic N =109*
Receptor status
HR +/HER2— 82 (75%)
HR +/HER2+ 9 (8.3%)
HR +/HER2 unknown 2 (1.8%)
HR—/HER2+ 8(7.3%)
HR—/HER2— 8 (7.3%)
Type of mastectomy
Nipple sparing 15 (14%)
Skin sparing 94 (86%)
Type of reconstruction
1 stage 4 (3.7%)
2 stage 105 (96%)
Axillary surgery type
ALND 17 (16%)
SLN + ALND 53 (49%)
SLN 38 (35%)
Final margin status
Negative 96 (88%)
Positive 12 (11%)
Positive (DCIS) 1(0.9%)
Sequence of chemotherapy
None 16 (15%)
Adjuvant 39 (36%)
Neoadjuvant 54 (50%)
Herceptin 18 (17%)
Hormones 86 (80%)
Abbreviations: ALND = axillary lymph node dissection; BMI = body
mass index; DCIS = ductal carcinoma in situ; IDC = invasive ductal
carcinoma: ILC = invasive ductal carcinoma; IMC = invasive mam-
mary carcinoma; SLN = sentinel lymph node procedure.
* Median (IQR); no. (%).

Hospital 2 (OR = 0.244, P = .017) or 3 (OR = 0.176,
P = .007) was associated with a decreased odds of under-
going unplanned reconstructive surgery. The only clinical
variable with increased odds of grade 2+ chest wall pain
was experiencing moist desquamation (OR = 2.19,
P =.049). There were no significant clinical predictors for
moist desquamation or implant failure.

Near-surface dosimetry

The top near-surface dosimetric predictors by AUC for
moist desquamation, grade 2+ chest wall pain, use of opi-
ates, unplanned reconstructive surgery, and implant fail-
ure were SR5 D10 cc (AUC = 0.701, optimal threshold

Table2 Location of moist desquamation
Location Count
Axilla 31
Inframammary fold 10

Chest wall other than axilla or inframammary fold 6

Unknown 2

Patients counted more than once if >1 location (N = 41).

57.8 Gy, P < .001), SR3 D10 cc (AUC = 0.600, optimal
threshold 56.8 Gy, P = .079), SR5 D10 cc (AUC = 0.642,
optimal threshold 57.3 Gy, P = .041), SR3 V44 Gy
(AUC = 0.711, optimal threshold 81%, P = .001), and SR3
V44 Gy (AUC = 0.688, optimal threshold 82%, P = .052),
respectively. SR10 had no significant dosimetric predic-
tors for any endpoint.

The top 3 dosimetric parameters for SR3 and SR5
that discriminate for each outcome and rind length in
univariate analysis by AUC, as well as the mean dose
and D10 cc for each endpoint, are displayed in Table E2.
The mean dose to SR3 and SR5 are used prospectively at
our institution for evaluation and modulation of near-
surface dose, as they are not influenced heavily by small
changes in dose location, near-surface volume definition,
or other dose-volume uncertainties. D10 cc has been
shown in prior studies to correlate with acute skin toxic-
ity, and so these parameters were displayed in addition
to the top 3 by AUC." The variance inflation factors for
each of the top 3 dosimetric predictors by AUC with the
other 2 factors in the top 3 for each endpoint of SR3 and
SR5 are displayed in Table E3.

Multivariate analysis, incorporating each significant
clinical variable on univariate analysis and the optimal
threshold for the top dosimetric predictor by AUC for
each endpoint, is shown in Table 5. The top dosimetric
predictors by AUC of unplanned reconstructive surgery,
moist desquamation, and use of opiates remained

Table 3 Reasons for unplanned reconstructive surgery
or implant failure

Cause of unplanned reconstructive

surgery or implant failure Number of patients

Infection 12 5
Exposure 10 2
Wound healing 10 2
Cosmetic 7 3
Contracture 4 0
Other 2 2

Necrosis 1 1

Patients counted more than once if >1 surgery or if reasons multi-
factorial.
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Table 4 Clinical variable univariate logistic regression
Variable* OR 95% CI P value
Unplanned surgery
Current smoker Smoking 7.810 1.426-59.146 022
Obese BMI >30 0.122 0.019-0.449 .006
Institution Hospital 2 0.244 0.075-0.769 .017
Hospital 3 0.176 0.047-0.610 .007
Acute grade 2+ pain
Moist desquamation Yes 2.191 1.009-4.841 .049
Abbreviations: BMI = body mass index; OR = odds ratio.
* Endpoints implant failure, opiates, and moist desquamation had no significant predictors on univariate logistic regression.

significant on multivariate analysis. Obesity also remained
significantly protective for unplanned reconstructive sur-
gery (OR = 0.128, P = .010). Treating hospital and active
smoking lost significance in predicting unplanned recon-
structive surgery on multivariate analysis. Moist desqua-
mation also lost significance in predicting grade 2+ chest
wall pain after controlling for SR5 V54 Gy.

Discussion

PMRT increases the risk of complications after mastec-
tomy, with a possible dose-response effect; however, the
relationship between dose to the near-surface region and
these complications has not been fully elucidated.'*"” In

this cohort of patients undergoing PMRT in the setting of
implant-based reconstruction, near-surface dose to SR3
and SR5 were found to predict for moist desquamation,
use of opiate pain medication, and unplanned reconstruc-
tive surgery. SR10 was found to have no correlations with
any endpoint, which is unsurprising given that most dose
build-up occurs in the first 5 mm beyond the skin surface.
Although there was a strong trend toward SR3 and SR5
predictive ability for grade 2+ chest wall pain, the optimal
dosimetric parameters and thresholds did not reach statis-
tical significance. Chest wall pain can be influenced by
many factors including surgery, breast reconstruction
technique, and patient tolerance, and so it is likely that
our study was not powered to detect a component con-
tributed by near-surface dose. Additionally, increased use
of stronger pain medications like opiates for these

Table 5 Multivariate analysis with top dosimetric predictor by AUC and significant clinical variables

Variable OR 95% CI P value
Implant failure

SR3 V44 Gy (%) < 82 0.123 0.007-0.690 51
Unplanned reconstructive surgery
Obese 0.128 0.019-0.503 .10

SR3 V44 Gy (%) < 81 0.229 0.050-0.838 .36
Institution Hospital 2 0.290 0.073-1.082 .069

Hospital 3 0.335 0.063-1.645 .182

Smoking 8.682 1.127-106.791 .054
Moist desquamation

SR5 D10 cc (cGy) < 5780 0.233 0.101-0.517 <.01
Acute grade 2+ pain

SR5 V54 Gy (%) <10 0.423 0.174-0.991 .52

Moist desquamation 1.796 0.795-4.080 .159
Opiates needed

SR5 D10 cc (cGy) < 5730 0.249 0.068-0.733 19
Abbreviations: AUC = area under the curve.
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patients, which near-surface dose did predict for, may
have masked an increase in chest wall pain. SR3 and SR5
had a similarly strong trend toward predictive ability for
implant failure; however, the paucity of events likely
made it difficult to detect a significant difference.

Other groups have investigated near-surface dose and
found associations with other endpoints of skin toxicity
in various patient populations. Muresan et al found that
among patients receiving PMRT with implant-based
reconstruction, the maximum skin dose and D1 cc to the
skin significantly predicted for complications, although
the skin structure was not explicitly defined in their publi-
cation.'® In another experience of 75 patients in which
skin dose was evaluated as a 5 mm strip of skin over the
tissue expander, there was an odds ratio of 2.22 for com-
plications for each 5 Gy increase in the D2 cc to the near-
surface skin contour.'” Liang et al evaluated the use of
proton therapy for 23 patients with breast cancer, 11 of
whom received PMRT, and found that the V52.5 CGE
and the D10 cc to the near-surface skin contour, defined
as 5 mm inward from the skin, predicted for grade 3 radi-
ation dermatitis."’

The clinical utility of these correlations relies on the
ability of clinicians to modulate near-surface dose. This
can be done with 3D conformal PMRT by adjusting the
number of fractions delivered with bolus or by altering
mastectomy scar boost use and dose. It can also be done
with inverse planned VMAT through prospective con-
touring of a near-surface volume and using it as an organ
at risk. No high-level evidence guides the use of bolus to
increase dose to the skin during PMRT in the setting of
implant-based reconstruction.” The use and frequency of
chest wall bolus application, as well as the thickness of
bolus material, varies significantly in clinical practice.
Often, bolus is applied until brisk erythema occurs, at
which point radiation is continued without bolus. This
practice, however, lacks a priori determination of appro-
priate near-surface dose that suits a patient’s disease char-
acteristics. For example, patients with inadequate surgical
margins or primary tumors that are large or involve the
skin likely benefit from higher dose to the near-surface
region than patients with small primary tumors that were
widely excised but were referred for PMRT for lymph
node involvement. Recent studies have investigated the
de-escalation of near-surface dose. For example, Nichol et
al assessed outcomes of patients undergoing PMRT with
reconstruction and no bolus and compared with patients
undergoing PMRT without reconstruction but with
bolus.”” There was no difference in local recurrence
between the 2 groups after 10-year follow-up. There is
also controversy regarding the use of a sequential mastec-
tomy scar boost.”’ Naoum et al found that the addition of
a chest wall boost was independently associated with
infection, skin necrosis, implant exposure, and implant
failure; however, it did not affect locoregional failure.”” In
appropriately selected patients, it may be reasonable to

reduce or omit use of bolus or sequential mastectomy scar
boosts in an effort to reduce near-surface dose and result-
ing toxicity.

We would caution readers from using rigid near-sur-
face dose constraints from this study without prospective
validation. Despite our reporting of the 3 strongest near-
surface dose predictors for each endpoint in our patient
cohort, this analysis was not powered to detect the opti-
mal dose constraint to the near-surface region. There may
also be heterogeneity in the predictive value of different
near-surface dose constraints based on body shape, loca-
tions of skin folds, and locations of areas of dose heteroge-
neity on the near-surface volume. This study, however,
provides a baseline of parameters for further prospective
evaluation. D10 cc to SR3 and SR5 predicted moist des-
quamation and unplanned reconstructive surgery. Addi-
tionally, D10 cc to SR5 predicted for use of opiate pain
medication and D10 cc to SR3 had the strongest trend
toward predicting clinically significant chest wall pain
(AUC = 0.600, optimal threshold 56.8 Gy, P = .079). This
would be an ideal dose parameter to evaluate prospec-
tively, as this is the second study to observe its predictive
ability for acute skin toxicity."” One limitation of our
study is that, while the general location of moist desqua-
mation was reported, the exact location within the chest
wall was unknown. Therefore, we were unable to deter-
mine whether focal dose parameters like D10 cc occurred
in the area of moist desquamation. For patients who
received a sequential mastectomy scar boost, the location
of D10 cc invariably was located at the area of the scar
boost. The most common reported location of moist des-
quamation was the axilla, and the second most common
location was the inframammary fold. There was a wide
variety of locations of boosted mastectomy scars, includ-
ing scars extending to the axillary fold. Despite this, there
may be cases where the location of D10 cc was not the
same location as the moist desquamation. Although our
study shows near-surface dose predicts for moist desqua-
mation, there are other important contributing factors to
moist desquamation like skin fold location and resulting
friction with movement and moisture, causing specific
areas like the axilla and inframammary fold to be at
higher risk. It may be that near-surface dose to these spe-
cific high-risk regions of the chest wall may have a larger
effect on focal toxicity like moist desquamation, and this
may be a future study based on our data.

We found that a lower BMI was associated with a
higher incidence of unplanned reconstructive surgery.
There have been mixed reports on the association of
implant-based reconstruction complications and BMI
with some reporting positive correlations of obesity with
postmastectomy complications”>** and others showing
higher incidences of implant failure in patients with lower
BML*> Although this could be a result of underpowered
analysis given the relative rarity of obese patients in our
cohort, it may be that the role of BMI in predicting
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postmastectomy complications is multifactorial. The sig-
nificantly protective nature of obesity in preventing
unplanned reconstructive surgery was unexpected and
may also be a result of plastic surgeon patient selection
for implant-based reconstruction.

We also found that the hospital being treated at was a
significant clinical predictor of unplanned reconstructive
surgery on univariate analysis. Although this variable did
not remain significant on multivariate analysis, this high-
lights the potential bias that can occur without controlling
for confounding variables. Different plastic surgeons may
use different surgical techniques or different patient selec-
tion criteria for implant-based reconstruction. Addition-
ally, patient populations may have different baseline risk
factors, resulting in variable risk of implant complications
with similar near-surface dose. After controlling for clini-
cal factors, near-surface dose remained a significant pre-
dictor of unplanned reconstructive surgery.

Given the fact that only women undergoing implant-
based reconstruction were included for analysis, it is
unclear whether a similar correlation between near-sur-
face dose and complication rate applies to patients under-
going autologous reconstructions without implant
reconstruction. It is generally recommended that autolo-
gous reconstruction is delayed until after completion of
PMRT given the risk for poor cosmetic outcomes or fat
necrosis when the flap is irradiated.® However, some data
suggest equivalent outcomes with or without PMRT with
autologous reconstruction.'® It should be noted that
autologous reconstructions and/or placement of acellular
dermal matrix were used in combination with implant-
based reconstruction for many patients analyzed. In one
analysis of patients undergoing implant-based reconstruc-
tion, the strongest predictor of implant failure was
absence of coverage of the tissue expander or permanent
implant by acellular dermal matrix or a serratus flap at
the time of PMRT, with a rate of 32.5% versus 9%.”

Similar caution should be taken in applying these data
to patients with prepectoral implant reconstruction. There
was a single patient included in this study with prepec-
toral implant reconstruction, with the remaining patients
having subpectoral reconstruction. In a retrospective
analysis, Thuman et al found that prepectoral implants
resulted in fewer implant failures, regardless of receipt of
radiation therapy; however, prepectoral implants resulted
in a higher overall complication rate than subpectoral
implants in patients who underwent PMRT.*® Specific
analysis of near-surface dose and correlation with toxicity
in patients undergoing prepectoral implant reconstruc-
tion is needed.

Limitations must be acknowledged. This analysis is ret-
rospective and derived from a single health care system.
Follow-up is relatively short and may not account for all
late PMRT and reconstruction-related complications or
additional surgeries. Although we found minimal differ-
ences in baseline characteristics of patients between the 3

hospitals, there may be other differences in plastic sur-
geon patient selection that we did not account for. In gen-
eral, the threshold for performing additional unplanned
reconstructive surgery varies widely between patients and
surgeons. In some cases of documented implant failure,
patients did not retain breast prostheses, but did convert
to autologous reconstruction. The use of the term “fail-
ure” may be liberal in such cases because some may have
ultimately had an excellent esthetic result. Furthermore,
implant failure may have been the result of a patient’s pri-
orities and wanting to avoid further surgeries. We also
lacked the follow-up time and number of patients to
assess how near-surface skin dose relates to local control.
Although larger studies with longer follow-up have shown
no difference in local control in patients with implant-
based reconstruction undergoing PMRT with or without
use of bolus, quantifying this relationship would be an
ideal future study.”’ Risk of skin involvement of disease
should always be considered prior offering prospectively
reduced near-surface skin dose. Regarding near-surface
dose, there are likely discrepancies between treatment
plan dosimetry and dosimetry of PMRT as it was deliv-
ered given patient setup uncertainties and the difficulties
associated with measuring exact skin doses.”” However,
using treatment planning systems for optimization of a
structure is a practical approach that would be easily
translated into clinical practice.

Conclusion

We found that in our study population, near-surface
dose correlates with significant acute and chronic toxic-
ities associated with PMRT, including moist desquama-
tion and unplanned reconstructive surgery. Further
evaluation of prospective near-surface dose optimization
of dosimetric parameters relating to SR3 and SR5 should
be considered in select patients to mitigate the toxic
effects associated with PMRT. Establishing dose con-
straints for the near-surface chest wall is critical for mini-
mizing skin-related toxicity.
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