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Abstract
Background—The threshold for patients with breast cancer to receive radiation therapy
continues to be lowered. I reviewed the literature to determine the clinical impact that the
increasing use of radiation therapy has had on the management of patients with breast cancer who
desire autologous tissue-based breast reconstruction.

Methods—The MEDLINE database was searched for articles on breast reconstruction and
radiation therapy published between January 2008 and June 2011. Abstracts of those articles were
reviewed to identify articles that addressed the most pressing radiation-related issues facing
reconstructive breast surgeons performing autologous tissue-based reconstruction. This subgroup
of articles was reviewed in detail.

Results—Two-hundred eighty-five articles were identified. Seventeen papers were reviewed in
detail. Nine papers provided level III evidence, mostly from retrospective comparative studies.
Five papers provided level I (n = 2) or II (n = 3) evidence from high-quality multicenter or single-
center randomized controlled trials or prospective cohort studies. Three papers provided level IV
evidence from case series and were included in the review because they offered a novel approach
or perspective. Since my last review of the literature in 2009 there have been changes in the
practice patterns in the approach to autologous breast reconstruction in patients who undergo
radiation therapy.

Conclusions—With the increasing use of radiation therapy in patients with breast cancer, future
studies should seek to provide more meaningful data (level I and II evidence) to help guide
clinical decision-making.

INTRODUCTION
The use of postmastectomy radiation therapy (PMRT) has been increasing since the
mid-1990s because PMRT has been shown to impart a survival advantage, even in patients
with early-stage breast cancer.1 In women who desire breast reconstruction after
mastectomy, the sequencing and timing of reconstruction and PMRT and the technique used
for breast reconstruction can influence complication rates, radiation delivery, and aesthetic
outcomes.
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In an article published in Plastic and Reconstructive Surgery in 2009,2 I reviewed the
literature on breast reconstruction in patients receiving PMRT and summarized the evidence
in an effort to help guide decision making by surgeons and patients. The main conclusions
from that review were the following: 1) In patients receiving PMRT, outcomes of implant-
based reconstruction are inferior to outcomes of autologous tissue-based reconstruction,
regardless of whether the implant is placed before or after PMRT. 2) The presence of a
reconstructed breast, whether the breast was reconstructed with autologous tissue, an
implant, or a combination, can compromise the design of the radiation fields to treat the
internal mammary lymph node basin. 3) Delivery of PMRT to a reconstructed breast can
have negative aesthetic consequences, regardless of the method of reconstruction. 4) In
patients who will receive PMRT, the optimal approach is delayed autologous tissue-based
reconstruction after PMRT. 5) If the need for PMRT is not known at the time of mastectomy
but it seems likely that PMRT will be required, initial placement of a tissue expander may be
considered.2

I recently reviewed articles on breast reconstruction in patients undergoing PMRT published
since the time of our 2009 review. The main issues that I was most interested in exploring
were: 1) Does preoperative radiation therapy adversely effect delayed autologous tissue-
based reconstruction? 2) Do the direct effects of modern radiation delivery adversely impact
the outcome of autologous tissue-based reconstruction? 3) Can immediate, skin-preserving
breast reconstruction be performed in patients with advanced stages of breast cancer without
compromising oncologic safety? 4) What is the optimal time to perform delayed
reconstruction after PMRT and can it be perform safely within less than 1 year of PMRT? 5)
Which new strategies are being used to deliver radiation in patients who already had
immediate autologous breast reconstruction? Here, I summarize the findings related to
autologous tissue-based reconstruction. For the most part, the new studies on autologous
tissue-based reconstruction reinforce many of the conclusions from our preceding review
however there is new data that sheds a contrasting perspective on the best approach to
reconstruction in patients who will require PMRT.

To find articles for review, the author searched the MEDLINE database for studies of
radiation therapy and breast reconstruction published between January 2008 and June 2011
(Figure 1). The search terms used were breast reconstruction and radiation therapy. Relevant
studies were assigned a level of evidence using the American Society of Plastic Surgeons
Evidence Rating Scale for Therapy (Table 1). Two-hundred eighty-five articles were
identified, and the abstracts of those articles were reviewed to identify articles that addressed
the most pressing radiation-related issues facing reconstructive breast surgeons. This
subgroup of articles was reviewed in detail.

OVERVIEW OF ARTICLES INCLUDED IN THE REVIEW
Seventeen articles that addressed the most pressing radiation-related issues facing
reconstructive breast surgeons were selected for detailed assessment and included in this
review (Table 2). Nine papers provided level III evidence, mostly from retrospective
comparative studies. Five papers provided level I (n = 2) or II (n = 3) evidence from high-
quality multicenter or single-center randomized controlled trials or prospective cohort
studies. Three papers provided level IV evidence from case series and were included in the
review because they offered a novel approach or perspective.
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INITIAL PLACEMENT OF A TISSUE EXPANDER AT MASTECTOMY FOR
PATIENTS UNDERGOING BREAST RECONSTRUCTION WHO MAY OR WILL
REQUIRE PMRT

A recent study by Kronowitz and colleagues3 detailed important technical and timing
considerations in implementing delayed-immediate reconstruction, the 2-stage approach to
breast reconstruction for patients who may require PMRT (patients with stage II and some
with stage I breast cancer). Some of the important considerations included: 1) Preoperative
consultation with a radiation oncologist before initiating delayed-immediate. 2) Inflate
expander at mastectomy to scaffold breast skin envelope and minimize expansion. 3) Not to
use full height expanders because they may interfere with radiation treatment of the
clavicular nodal basins. 4) Review permanent pathology to determine need for PMRT prior
to definitive breast reconstruction. 5) If expander is deflated for PMRT, only partially
deflate, and reinflate within 2 weeks after PMRT. 6) In patients that receive PMRT, perform
a skin-preserving delayed reconstruction using the preserved radiated breast skin, no longer
than 3 months after the completion of PMRT (level II evidence).3

The most recent publication by Kronowitz and colleagues compared the outcomes in 47
patients with advanced breast cancer (stages IIB and III) who underwent a multidisciplinary
protocol for planned skin-preserving delayed reconstruction and 47 disease-matched control
patients who underwent standard delayed reconstruction after PMRT (no skin preservation
or tissue expander).4 Although approximately one-third of the tissue expanders were lost in
the protocol group, the protocol group had a lower rate of complications of definitive breast
reconstruction than the standard delayed-reconstruction group (24 percent versus 38
percent). There was no difference in 3-year recurrence-free survival rates between the
groups, which established the possibility of a new reconstructive paradigm enabling patients
with advanced breast cancer to undergo skin-preserving breast reconstruction (level II
evidence).

IMPACT OF PREVIOUS IRRADIATION ON OUTCOMES OF
RECONSTRUCTION

Fosnot and colleagues5 sought to determine whether prereconstruction radiation therapy
affects the rate of vascular complications in patients undergoing breast reconstruction with
free flaps. In this retrospective study, 226 flaps that were placed into an irradiated chest were
compared to 799 flaps that were transferred into a radiation-naive defect. Vascular
complications overall were more prevalent in the irradiated group (17.3 percent versus 9.6
percent, p = 0.001), and regression modeling showed radiation therapy to be an independent
risk factor.5 A subgroup analysis showed that a previously irradiated chest wall was
associated with a significantly higher rate of intraoperative vascular complications (14.2
percent versus 7.6 percent, p = 0.003) but had no effect on delayed vascular complications
(level III evidence).

Berry and colleagues6 performed a retrospective review of 1037 patients who underwent
breast reconstruction to determine whether radiation therapy delivered before or after
reconstruction increases the risk of major complications necessitating reoperation. Among
patients who had reconstruction with autologous tissues, there was a lack of impact of
preoperative irradiation on major complications. Multivariate analysis revealed no
statistically significant difference in rates of major complications between the patients who
received preoperative radiation therapy and those who did not (p = 0.84) (level III
evidence).
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Khansa and colleagues7 evaluated whether prior breast conservation therapy (lumpectomy
and radiation therapy) led to higher rates of complications and dissatisfaction with
subsequent mastectomy and breast reconstruction. They evaluated 532 patients, of whom
113 (137 reconstructions) had had prior breast conservation therapy and 419 (665
reconstructions) had not. Prior breast conservation therapy did not correlate with higher
complication rates (p = 0.690) or lower satisfaction (p = 0.559) with aesthetic outcomes;
however, it did correlate with an increased rate of mastectomy skin flap necrosis (12.4
percent versus 6.8 percent, p = 0.024) (level III evidence).

IMPACT OF RADIATION ON THE RECONSTRUCTED BREAST
In the review by Berry and colleagues mentioned in the preceding section, among patients
who underwent reconstruction with autologous tissue, there was a lack of impact of
postoperative irradiation on major complications. Multivariate analysis revealed no
significant difference in rates of major complications between patients who received
postoperative radiation therapy and those who did not (p = 0.61) (level III evidence).

Crisera and colleagues8 performed a retrospective study of 183 immediate free flap
reconstructions in 170 patients with advanced breast cancer (≥stage IIB), of whom 103
underwent postoperative irradiation. Importantly, the overall cosmetic outcome in patients
who underwent postoperative irradiation was comparable to that of those who did not.
Administration of postoperative radiation therapy was not an independent predictor of fat
necrosis within the autologous tissue flap (p = 0.42). Some degree of flap shrinkage was
observed in 30 percent of patients treated postoperatively with radiation, but only 10 percent
of patients treated with radiation experienced severe breast distortion and were subsequently
advised to undergo placement of an additional flap or custom-made implant to correct a
deformity (level IV evidence).

Albino and colleagues9 studied the impact of PMRT in 76 patients who underwent
immediate autologous microsurgical breast reconstruction. Complications occurred in 53
patients (70 percent) 7.2 ± 6 months after irradiation. Thirty-six patients (47 percent)
required reoperation because of postirradiation effects. Parenchymal complications (fat
necrosis or parenchymal fibrosis) occurred in 19.7 percent of the patients, and skin
complications (tissue envelope retraction or hypertrophic scarring) occurred in 30.3 percent;
in 27.6 percent of the cases, either the surgeon or the patient expressed general
dissatisfaction with the outcome of the reconstruction. Parenchymal complications were
significantly associated with smoking, type II diabetes mellitus, and older patient age.
Neoadjuvant chemotherapy significantly increased the risk of complications, particularly
skin changes (level III evidence).

A study from the United Kingdom measured whether adjuvant radiation therapy following
immediate deep inferior epigastric perforator (DIEP) free flap reconstruction affected flap
volume.10 Sixty-eight patients underwent immediate DIEP flap breast reconstruction
following mastectomy for breast cancer. Of the 68 patients in the study, 22 received
postoperative radiation therapy (45 Gy in 20 fractions over 4 weeks), and 46 did not. Flap
volumes were recorded intraoperatively and then reassessed at least 1 year after surgery.
After a median follow-up of 5.5 years, there was no significant difference in volume change
between patients who had and those who did not have postreconstruction radiation therapy
(level III evidence).

Jhaveri and colleagues11 determined long-term complication rates and cosmetic results for
patients undergoing PMRT after immediate reconstruction. These authors evaluated 92
patients who underwent modified radical mastectomy, immediate reconstruction, and
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PMRT. Sixty-nine patients underwent reconstruction with a tissue expander plus an implant,
and 23 underwent reconstruction with autologous tissue. After a median follow-up of 38
months, the overall rate of severe complications (grade 3, surgical intervention or
intravenous antibiotics required, or grade 4, removal or replacement of the reconstructed
breast) was 25 percent. The overall rate of poor functional results (grade 2–4, functional
score ≥2, impact on ability to perform activities of daily living) was 43.4 percent. When
results were analyzed as a function of type of reconstruction, the rate of grade 3 or 4
complications was 33.3 percent for reconstruction with a tissue expander plus an implant
versus 0 percent for reconstruction with autologous tissue (p = 0.001). The rate of grade 2–4
complications was 55 percent for reconstruction with a tissue expander plus an implant
versus 8.7 percent for reconstruction with autologous tissue (p<0.001). Acceptable cosmesis
was reported in 51 percent of patients in the implant group versus 82.6 percent in the
autologous tissue group (p = 0.007). The authors concluded that in patients undergoing
PMRT after immediate reconstruction, autologous tissue-based reconstruction is associated
with fewer long-term complications and better cosmetic results than reconstruction with a
tissue expander plus an implant (level II evidence).

An interesting study assessed fibrosis of the reconstructed breast after radiation therapy in
109 patients who underwent breast reconstruction followed by PMRT.12 Radiation therapy
was applied with a median dose of 50.4 Gy, and 44 patients (40.4 percent) also received a
boost treatment with a median dose of 10 Gy. Fibrosis was assessed in 20 autologous tissue-
based reconstructions, 82 implant-based reconstructions, and 7 combined reconstructions
using the Baker score for implant reconstruction and the Common Terminology Criteria for
Adverse Events (CTCAE) for all patients. After a mean follow-up of 34 months, the 3-year
incidence of ≥grade III fibrosis was 20 percent as assessed using the Baker score (implant-
based reconstructions) and 43 percent as assessed using the CTCAE. The 3-year rate of
surgical correction of the contralateral breast was 30 percent, and unplanned surgery on the
reconstructed breast was performed in 39 patients (35.8 percent). Boost treatment and type
of reconstruction (implant versus autologous) were not significantly associated with the
incidence of fibrosis. The authors found severe fibrosis to be a frequent complication after
PMRT and breast reconstruction (level IV evidence).

Wong and colleagues13 evaluated the incidence of major corrective surgery after immediate
breast reconstruction and PMRT. The study group consisted of 62 patients who underwent
modified radical mastectomy and immediate reconstruction followed by PMRT to the
reconstructed breast. Reconstruction was performed with a pedicled transverse rectus
abdominis myocutaneous flap in 42 patients, an LD flap in 5 patients, an LD flap plus an
implant in 6 patients, and an implant alone in 9 patients. The median follow-up time was 13
months for nonimplant patients and 10 months for implant patients. The primary end point
was the incidence of major corrective surgery. Ten patients (16 percent) underwent major
corrective surgery between 1 and 28 months after irradiation; 4 of the 47 nonimplant
patients (9 percent) underwent major corrective surgery, compared to 6 of the 15 implant
patients (40 percent). Among patients followed for at least 6 months after PMRT, 0 of 38
nonimplant patients underwent major corrective surgery within 6 months, compared to 3 of
the 13 implant patients (23 percent) (p = 0.01). For patients followed for at least 12 months
after PMRT, the rates of major corrective surgery within 12 months were 4 percent (1 of 24)
in the nonimplant group and 29 percent (2 of 7) in the implant group. The authors concluded
that patients who undergo implant-based reconstruction followed by PMRT have a high rate
of subsequent major corrective surgery. The difference in the rate of major corrective
surgery between the implant and nonimplant groups was significant in early follow-up (level
III evidence).
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SHOULD RECONSTRUCTION BE PERFORMED BEFORE OR AFTER PMRT?
A meta-analysis was performed to determine the optimal sequencing of breast reconstruction
in patients receiving PMRT.14 A total of 1105 patients were identified from 11 selected
studies. In general, the study found that patients undergoing PMRT are 4.2 times as likely to
suffer adverse events as patients not undergoing PMRT. When PMRT was delivered after
immediate breast reconstruction, patients who had autologous tissue-based reconstruction
had one-fifth the risk of adverse events of patients who had implant-based reconstruction.
Delaying breast reconstruction until after PMRT had no significant effect on outcome (level
III evidence).

OPTIMAL INTERVAL BETWEEN PMRT AND DELAYED BREAST
RECONSTRUCTION

In the past, reconstruction was delayed for several years after PMRT because of concerns
that the reconstructed breast would interfere with surveillance for recurrence in the higher-
risk breast cancer patients who tend to receive PMRT. However, subsequent studies found
that a reconstructed breast does not delay the detection of recurrence and that overall
survival after a locoregional recurrence of breast cancer is not adversely impacted by the
presence of a reconstructed breast. Recently, there has been a trend toward performing
reconstruction sooner after PMRT to reduce the time patients must wait to have a
reconstructed breast.

Baumann and colleagues15 evaluated the optimal interval between PMRT and delayed
abdominal free flap breast reconstruction. Patients were classified as having undergone
reconstruction less than 12 months after PMRT (group I) or 12 months or more after PMRT
(group II). One hundred eighty-nine patients were identified, 82 (43.4 percent) in group I
and 107 (56.6 percent) in group II. The total flap loss rate was 2.6 percent, and all flap losses
occurred in group I (p = 0.014). The reoperation rate was higher in group I (14.6 percent
versus 4.7 percent; p = 0.022) (level III evidence).

Momoh and colleagues16 retrospectively evaluated the outcomes in 100 patients who
underwent delayed autologous tissue-based breast reconstruction after PMRT—17 who
underwent reconstruction within 6 months after PMRT and 83 who underwent
reconstruction more than 6 months after PMRT. No significant differences in complication
rates were observed between the 2 groups. An alternate analysis examined 51 patients who
underwent reconstruction within 12 months after PMRT and 49 patients who underwent
reconstruction more than 12 months after PMRT; again, no significant differences in
complication rates were observed. The authors concluded that as overall complication rates
were similar in patients who had reconstruction early or late after PMRT, it may be
reasonable to perform autologous breast reconstruction less than 1 year after PMRT instead
of the currently accepted practice of many reconstructive surgeons, which is to wait at least
1 year after PMRT (level III evidence).

IMPACT OF AUTOLOGOUS FAT GRAFTING ON COSMETIC OUTCOMES OF
IRRADIATED RECONSTRUCTED BREASTS

Losken and colleagues17 evaluated the use of autologous fat grafting after transverse rectus
abdominis myocutaneous flap breast reconstruction to improve contour, improve shape, or
increase volume. Patients with a history of radiation therapy had a significantly increased
incidence of repeat injections (36 percent versus 18 percent, p = 0.002) (level IV evidence).
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EVOLVING PATTERNS OF RADIATION DELIVERY
A study presented at this year’s American Society of Clinical Oncology meeting found that
in patients with early-stage, node-positive breast cancer (T1 or T2 tumors with 1–3 involved
axillary lymph nodes) who underwent breast conservation therapy with axillary lymph node
dissection, the addition of irradiation of the internal mammary, supraclavicular, and apical
axillary lymph nodes resulted in a significantly higher 5-year disease-free survival rate
(89.7% versus 84.0%, HR, 0.68) (level I evidence).18 These findings will most likely be
extrapolated to patients who undergo mastectomy and will most likely reinforce the
increasing use of PMRT in patients with early-stage breast cancer. Routine delivery of
PMRT to the regional nodal basins in patients with early-stage disease may make it more
difficult to deliver radiation after immediate breast reconstruction, even with intensity-
modulated radiation therapy (IMRT).

Some centers are attempting to improve outcomes of PMRT after reconstruction in patients
with early-stage breast cancer by using hypofractionation.20 This strategy involves
delivering a lower overall dose in fewer, larger fractions than standard regimens (41.6 Gy in
13 fractions of 3.2 Gy over 5 weeks or 39 Gy in 13 fractions of 3.0 Gy over 5 weeks versus
the standard of 50 Gy in 25 fractions of 2.0 Gy over 5 weeks). This strategy has been shown
to decrease the volume loss associated with standard dosages of PMRT after immediate
autologous breast reconstruction (level I evidence).19

Another alternative approach to breast reconstruction that has been suggested for patients
who will require PMRT is to deliver radiation before mastectomy and immediate
reconstruction in all patients (level I evidence).20 Although this concept is appealing, a
premastectomy sentinel lymph node biopsy would be required in patients with early-stage
breast cancer to assess the need for PMRT. In addition, it is well known that premastectomy
irradiation is associated with higher rates of mastectomy skin flap necrosis.

SUMMARY AND CLINICAL IMPACT OF THE EVIDENCE
In patients with advanced stages of cancer, immediate breast reconstruction, either with a
tissue expander or a flap has not been shown to adversely affect recurrence free survival.4,8

In conjunction with the breast cancer team, reconstructive surgeons can now consider in
select patients preserving the breast skin and perform immediate breast reconstruction in
patients with advanced stages of breast cancer. This opportunity creates a new reconstructive
perspective and allows these patients to now awake from mastectomy with a breast and
receive the same aesthetic and psychological benefits as patients with early-stages of breast
cancer.

This review revealed contrasting outcomes in regards to whether prior PMRT increases the
complication rates of delayed microvascular breast reconstruction. One study found that
prior PMRT increases the rate of intraoperative vascular complications,5 while another study
found no adverse impact.6 Different outcomes were also found as to the best timing to
perform delayed autologous tissue-based reconstruction after PMRT. A study by Momoh
and colleagues16 found similar complication rates in patients who had early delayed
reconstruction after PMRT (less than 12 months) and those patients who had late delayed
reconstruction after PMRT (longer than 12 months). However, another study15 found higher
total rates of flap loss and an increased need for reoperation when delayed microvascular
breast reconstruction was performed within 12 months of PMRT.

Although some surgeons support waiting 1 year or longer after PMRT to perform breast
reconstruction, there is a trend toward successful outcomes of breast reconstruction
performed soon after PMRT, in some cases within 6 months after PMRT. This trend toward
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earlier reconstruction after PMRT along with the increasing use of skin-preserving
mastectomy in patients with advanced breast cancer means that patients with advanced
disease may no longer have to endure a long wait between PMRT and reconstruction and
may expect improved aesthetic outcomes of delayed reconstruction.

Many surgeons are performing immediate autologous tissue-based reconstruction before
PMRT with reasonable rates of complications and good cosmetic outcomes.6,8,10 However,
another recent study9 continued to show the high complication rates and extensive need for
major revision surgery or an additional flap that were seen in the classic studies on this
subject.20–22 The decision as to whether to perform immediate autologous tissue-based
reconstruction before PMRT or wait until after PMRT should be made in concert with a
radiation oncologist. In an effort to decrease tissue injury to the reconstructed breast,
creative strategies, like radiation hypofractionation are being implemented to alter the
dosing and timing of radiation delivery in breast cancer patients.19

Uncertainty about the need for PMRT in many patients with early-stages of breast cancer
who now present for immediate breast reconstruction has also led some reconstructive
surgeons to opt for an intermediate approach: a tissue expander is placed at mastectomy as
an initial step in breast reconstruction. This preserves breast skin that can then be used for
reconstruction after mastectomy if PMRT is not required or for delayed reconstruction after
PMRT if PMRT is required.3,4

Although at MD Anderson, we continue to partially deflate patients’ tissue expanders during
PMRT in order to treat the internal mammary lymph node basins, the need to treat the
internal mammary nodes in all patients remains controversial. Many centers do not treat
these nodes and therefore do not deflate patients’ tissue expanders during PMRT. However,
if the recently presented findings of the MA-20 trial18 get translated into clinical practice
and all patients receive PMRT to the internal mammary nodes, immediate autologous tissue-
based reconstruction may make it more difficult for those centers that currently do not
deflate patients’ tissue expanders to adequately deliver PMRT.
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Table 1

American Society of Plastic Surgeons Evidence Rating Scale for Therapy

Level of
Evidence

Qualifying Studies

I High-quality, multicenter or single-center randomized controlled trial with adequate power; or systematic review of these studies.

II Lesser quality, randomized controlled trial; prospective cohort study; or systematic review of these studies.

III Retrospective comparative study; case-control study; or systematic review of these studies

IV Case series

V Expert opinion; case report or clinical example; or evidence based on physiology, bench research, or “first principles”

Reproduced with permission from Haase SC, Chung KC. An Evidence-Based Approach to Treating Thumb Carpometacarpal Joint Arthritis. Plast
Reconstr Surg 127(2):918-25 2011.
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