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Abstract: Current indications for radiation therapy in women with
breast cancer are controversial and continue to be modified. Current
indications for breast reconstruction in the setting of radiation
therapy are also controversial and poorly defined. The purpose of
this study is to analyze oncologic outcomes following various
methods of breast reconstruction in the setting of radiation therapy.
A retrospective review of 676 women who had breast reconstruction
following mastectomy was completed. A total of 146 women had
breast reconstruction either before or after radiation therapy and were
analyzed. Response variables included tumor recurrence and patient
demise for patients having autologous and prosthetic reconstruction.
Explanatory variables included patient age, cancer stage, radiation
therapy, diabetes mellitus, and tobacco use. Recurrence of tumor
occurred in 29 of 146 women (19.8%), of which 27% was when
radiation followed reconstruction and 14.9% was when radiation
preceded reconstruction. Patient demise occurred in 8.9%, of which
11.9% was when radiation followed reconstruction and 6.9% was
when radiation preceded reconstruction. The difference in tumor
recurrence in the setting of radiation therapy before or after breast
reconstruction was significant for autologous (P � 0.0146) and
prosthetic (P � 0.0424) reconstruction. The difference in patient
demise was significant for autologous reconstruction (P � 0.0380)
but not for prosthetic reconstruction (P � 0.2827). These results
imply that tumor recurrence and patient demise may be increased
when radiation therapy is performed following breast reconstruction.
The need for a prospective inquiry is validated.
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The benefit of radiation therapy (RT) in the battle against
breast cancer is well documented.1–3 Studies have demon-

strated improved locoregional control when RT is combined
with breast conservation therapy (BCT) or mastectomy.4,5 Other
studies have demonstrated improved survival with the addi-
tion of systemic therapy.6 Up until the mid-1980s, many
oncologists recommended delaying the breast reconstruction
(BR) following mastectomy for cancer to adequately assess
for tumor recurrence. Over the past 20 years, the safety and
efficacy of immediate breast reconstruction (IBR) have been
validated based on the fact that local recurrence and survival
are not compromised and the ability to monitor for and detect
a recurrence is generally maintained.7–12 It has been also
demonstrated that 85% of recurrences following IBR will
occur within 2 years.13

The combination of RT and BR has generated significant
discussion and controversy.14–17 One of the main points of
discussion has been the timing of RT in relation to BR. The
principal issues of concern have related to esthetic and oncologic
outcomes. There have been several studies that have evaluated
esthetic outcome following BR in the setting of RT.5,18–28 It is
generally accepted that the morbidity is usually increased and
esthetic outcome is generally decreased in this setting, although
these outcomes are influenced by the specific type of reconstruc-
tion.19 Short-term morbidity related to RT and reconstruction
using autologous tissue or prosthetic devices includes cutaneous
erythema, irritation, and desquamation. The long-term morbidity
for the 2 methods of reconstruction is different. When prosthetic
devices are used, morbidity includes capsular contracture, infec-
tion, pain, skin necrosis, cutaneous fibrosis, and progressive
breast asymmetry.22,23,27,29 When autologous tissues are used,
morbidity includes fat necrosis, flap shrinkage, progressive dis-
tortion, and breast asymmetry.5,18,24–26,28 A question that re-
mains to be answered is whether or not the oncologic outcome
based on local recurrence and patient survival is impacted based
on the timing of RT.

The purpose of this study was to analyze a set of param-
eters related to the oncologic outcome following BR using
autologous tissue alone, implants alone, or a combination of
autologous tissue and implants in the setting of RT delivered
either before or after BR. It was initially hypothesized that the
timing of RT relative to the BR would not impact local recur-
rence or patient survival.

From *Department of Plastic Surgery, Georgetown University, Washington,
DC, and Division of Plastic Surgery, Johns Hopkins University; and
†Department of Natural Resources, University of Maryland, College
Park, MD.

Reprints: Maurice Nahabedian, MD, FACS, Georgetown University Hospi-
tal, Department of Plastic Surgery, 3800 Reservoir Rd, NW, Washington,
DC 20007. E-mail: DrNahabedian@aol.com.

Copyright © 2008 by Lippincott Williams & Wilkins
ISSN: 0148-7043/08/6003-0244
DOI: 10.1097/SAP.0b013e31811ff91b

Annals of Plastic Surgery • Volume 60, Number 3, March 2008244



METHODS
This was a retrospective review of a prospectively

maintained database over an 8-year time interval. During this
time, a total of 676 women had BR and were analyzed. The
total number of reconstructed breasts was 864 that included
unilateral and bilateral cases. Of these women, 198 (29.3%)
had BR and RT. To have valid data regarding outcome,
inclusion for analysis required a minimum follow-up of 12
months; thus 146 women (21.6%) were included. The mean
follow-up was 26.9 months and the range was 12 to 68
months.

All reconstructive procedures were performed by the
primary author (M.Y.N.) and at a single hospital. The type of
mastectomy performed in this series included non–skin-spar-
ing and skin-sparing mastectomies. These decisions were
made by the patient and the surgical oncologist. The decision
to proceed with IBR was usually based on traditional param-
eters that included stage 1 and 2 breast cancer. On occasion,
women with locally advanced breast cancer were offered IBR
for quality-of-life issues. RT was administered at various
hospitals and primarily based on patient residence; thus, it
was not possible to obtain records from all institutions to
determine the nature and dosimetry of the radiotherapy.

The timing and delivery of RT in relation to the
mastectomy or BR were assumed to be standardized based
upon RT guidelines. Following mastectomy with chemother-
apy, without chemotherapy, or immediate reconstruction, the
RT was usually initiated in 3–4 weeks. This interval allowed
for complete wound healing based on fibroblast proliferation,
as well as normalization of cellular and humeral factors
following chemotherapy. Women having delayed BR be-
cause of locally advanced breast cancer were usually advised
to wait at least 1 year following the mastectomy and 6 months
following the RT to assess for recurrence. Chemotherapy was
administered in 117 of the 146 women (80%) who had RT.
The specific chemotherapy regimens were available in 71
(61%) and included Adriamycin, Cytoxan, and Taxol in 72%;
Adriamycin and Cytoxan in 21%; and Cytoxan, methotrexate,
and fluorouracil in 7%. The delivery of RT to the chest wall
or reconstructed breast was assumed to be standardized,
which would include tangential beams delivered in fraction-
ated doses over a 3- to 5-week interval. The total dose was
usually 40–50 Gy. An electron boost was occasionally nec-
essary to further radiate the tumor bed. The typical radiation
markings are illustrated following mastectomy without recon-
struction (Fig. 1) and following mastectomy with reconstruc-
tion (Fig. 2).

Outcome measures included tumor recurrence, loss of
life, loss of implant, and total flap necrosis. Recurrence was
further analyzed based on whether the cancer involved the
left or right breast. Relevant factors that could impact out-
come were also analyzed and included patient age, cancer
stage, chemotherapy, and timing of reconstruction. These
factors, as well as the stratification of women based on
whether the RT was before or after BR, are listed in Table 1.

Defining the various outcomes was considered relevant.
Recurrence of tumor was defined as involving the recon-
structed breast, chest wall, or regional lymph nodes. Loss of

life was secondary to recurrence of breast cancer and meta-
static disease in all cases. For those women who had autog-
enous BR, the type of flap used is listed (Table 2). Implant
reconstruction was performed in 2 stages in all women. Loss
of implant was defined as removal of the device for reasons
that included but were not limited to patient dissatisfaction,
capsular contracture, pain, infection, rupture, and distortion.
Loss of the implant was not meant to imply mechanical
failure of the device. Cancer stage was assessed based on
pathologic evaluation of the mastectomy specimens. The
subcategory of “recurrence” was created to include women
who previously had BCT and developed a recurrence requir-
ing mastectomy. The initial pathologic staging in this group
was not always available.

Statistical analysis was performed using exact logistic
regression of the Logistic and Genmode procedures of the
SAS system. Not all variables were included in the statistical
analyses. Only those variables that could potentially impact

FIGURE 1. The typical chest wall markings for radiation ther-
apy following mastectomy without reconstruction are illus-
trated.

FIGURE 2. The typical markings for radiation therapy follow-
ing mastectomy and autologous flap reconstruction are illus-
trated.
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the oncologic outcomes were included. Thus, the response
variables included tumor recurrence and patient demise in
patients following autologous and prosthetic reconstruction.
The explanatory variables included patient age, cancer stage,
RT, diabetes mellitus, and tobacco use.

RESULTS
Results were analyzed based on RT after BR and RT

before BR (Tables 3 and 4). This included the total number of
women for the cohort, as well as the number of women within
each reconstructive category. The mean follow-up for each of
the 6 subgroups is listed.

Recurrence of Tumor
Recurrence of tumor occurred in 29 of 146 women

(19.8%). Of these, 27% was when RT followed BR and
14.9% was when RT preceded BR. The recurrence associated
with autologous reconstruction was 38% when RT followed
BR and 14% when RT preceded BR (P � 0.0146) (Table 5).
The recurrence rate associated with implant reconstruction
was 10% when RT followed BR and 19% when RT preceded
BR (P � 0.0424). The recurrence rate associated with recon-
struction using a combination of autologous tissue and im-
plants was zero when RT followed and preceded BR. The
significance related to the timing of RT was most notable for
patients receiving autologous tissue reconstruction. RT deliv-
ered after autologous BR increased local recurrence by 4.6-
fold compared with RT delivered prior to BR.

Recurrence was also analyzed based on whether the
cancer involved the left or right breast. Of the 676 women,
there were 393 left-sided breast cancers (58.1%) and 275
right-sided breast cancers (40.7%). Eight women had bilateral
prophylactic mastectomy (1.2%). Of the 29 women who
developed a recurrence, 18 were left sided (62%) and 11 were

right sided (38%). When RT was delivered before BR, there
were 7 left-sided and 6 right-sided recurrences. Of these,
left-sided recurrence was associated with implant reconstruc-
tion in 2 of 5 breasts (40%) and with autologous reconstruc-
tion in 5 of 8 breasts (62.5%). When RT followed BR, there
were 11 left-sided and 5 right-sided recurrences. Of these,
left-sided recurrence was associated with implant reconstruc-
tion in 1 of 2 breasts (50%) and with autologous reconstruc-
tion in 10 of 14 breasts (71.4%).

Loss of Life
Loss of life occurred in 13 of the 146 women (8.9%).

Of these, 11.9% was when RT followed BR and 6.9% was
when RT preceded BR. The loss of life associated with
autologous reconstruction was 16% when RT followed BR
and 7% when RT preceded BR (P � 0.038). The loss of life
associated with implant reconstruction was 5% when RT
followed BR and 7% when RT preceded BR (P � 0.2827).
The loss of life associated with reconstruction using a com-
bination of autologous tissue and implants was zero when RT
followed and preceded BR, albeit, there were only 5 patients
in this group. The significance related to the timing of RT was
again most notable for patients receiving autologous tissue
reconstruction. RT delivered after autologous BR increased
patient demise by 7.113-fold compared with RT delivered
prior to BR.

Loss of Implant
Removal of the implant was necessary in 23 of 52

women (44%). Of these, 45% were removed when RT fol-
lowed BR and 43% were removed when RT preceded BR.
Removal of the implant associated with reconstruction using
implants alone was 45% when RT followed BR and 41%
when RT preceded BR. Removal of the implant associated
with reconstruction using a combination of autologous tissue
and an implant was 50% when RT followed BR and 67%
when RT preceded BR.

Flap Failure
Flap failure occurred in 2 of the 99 women (2%). Of

these, all occurred when RT preceded microvascular recon-
struction (2/57 women, 4%). In both cases of flap failure, the
technical aspects of the free tissue transfer were unremark-
able; however, postoperative venous obstruction and anasto-
motic failure was responsible for flap death. There were no
flap failures when RT followed BR.

TABLE 1. The Various Factors Related to Outcome in Relation to the Timing of Radiation Therapy

Group Reconstruction No. Mean Age Immediate Delayed Chemotherapy

RT before BR Autologous 57 48 19 38 39

Implant 27 47 15 12 22

A � I 3 38 1 2 2

RT after BR Autologous 37 47 35 2 35

Implant 20 47 20 0 17

A � I 2 52 2 0 2

Total 146 47.5 92 54 117

RT, radiation therapy; BR, breast reconstruction, A, autologous; I, implant.

TABLE 2. The Various Autologous Tissue Options That
Were Used in the Study

Reconstruction RT Before BR RT After BR Total

Pedicle TRAM 14 2 16

Free TRAM 14 17 31

DIEP 24 17 41

SGAP 1 0 1

Latissimus dorsi 7 3 10

Total 60 39 99

Nahabedian and Momen Annals of Plastic Surgery • Volume 60, Number 3, March 2008

© 2008 Lippincott Williams & Wilkins246



Cancer Stage
Of the 4 parameters, only tumor recurrence and loss of

life were relevant to cancer stage. The results are tabulated
(Table 6). The total recurrence rate was 19.8% (29/146). In
women who had RT after BR, the recurrence rate was 27%
(16/59), whereas in women who had RT before BR, the
recurrence rate was 15% (13/87). Women with stage 2A
breast cancers who had RT before BR were noted to have an
increased incidence of recurrence, as well as loss of life
(50%, 5/10; 30%, 3/10, respectively). In women who had RT
after BR, the recurrence was again increased in women with
stage 2A cancer (57%, 4/7), whereas loss of life was most
common in women who presented with recurrent disease
(25%, 3/12). When analyzing all women, the majority of
women having BR and RT had stage 2B cancer (42%,
61/146). Recurrence and loss of life were most common in
women with stage 2A cancer (53%, 9/17; 24%, 4/17, respec-
tively). Statistical analysis demonstrated that when control-
ling for cancer stage, there was no significant association
between tumor recurrence and loss of life for both flap and
implant reconstruction.

DISCUSSION
The goal of this study was to determine if RT delivered

before or after reconstruction made a difference with regard
to the oncologic outcome. Based on the results of this retro-
spective analysis, it appears that RT delivered after BR for all
women was associated with a higher local recurrence rate

(27% versus 15%) and a higher loss of life (12% versus 7%)
when compared with RT delivered before reconstruction.
This comparison was statistically significant in the setting of
autologous reconstruction and local recurrence (P � 0.0146),
autologous reconstruction and loss of life (P � 0.038), as
well as implant reconstruction and local recurrence (P �
0.0424). All other outcomes that were analyzed were not
statistically or clinically significant. This discussion will
focus on possible explanations for these findings.

Prior to analyzing these outcomes, there are several
caveats to consider. The first is that this was a retrospective
analysis. Our initial hypothesis was that there would be no
difference in local recurrence or patient survival based on the
timing of RT in relation to the BR. The data presented
suggest otherwise, especially in the setting of autologous
reconstruction. A prospective analysis would enhance our
understanding of this observation. Other caveats are that data
regarding specific treatment parameters were not available for
some patients due to geographic factors based on patient
residence and referral patterns.

It was noteworthy that local recurrence and patient
demise occurred with increased frequency when RT was
delivered after BR and that they were increased following
autologous reconstruction relative to prosthetic reconstruc-
tion. Explanations for this observation are complex. Is it
because of the mound effect of the reconstructed breast, the
altered chest wall anatomy associated with expander/implant
reconstruction, or because of alterations in the technique or
dosimetry of the radiotherapy? To answer these questions, it
is important to appreciate that the effectiveness of RT is
based on targeting sites on the chest wall and breast mound
that are susceptible to recurrence. This includes the mastec-
tomy skin, pectoralis major muscle, axillary lymph node
basin, supraclavicular region, and internal mammary lymph
node chain.3,30,31 The reconstructed breast mound is posi-
tioned within these targeted tissues. Following prosthetic
reconstruction, the expander or implant is usually placed in
the subpectoral position. In this scenario, the chest wall
configuration is altered such that the pectoralis major muscle
is superficial to the reconstruction. Following autologous
reconstruction, the flap is usually placed above the pectoralis

TABLE 3. The Results of Radiation Therapy Following Breast Reconstruction

RT After BR Number Recurrence Loss of Life Loss of Implant Flap Failure Follow-up (mo)

Autologous 37 14 (38%) 6 (16%) NA 0 29.5

Implant 20 2 (10%) 1 (5%) 9 (45%) NA 26.5

Autologous � implant 2 0 0 1 (50%) 0 18

All 59 16 (27%) 7 (12%) 10 (45%) 0 28.1

TABLE 4. The Results of Radiation Therapy Preceding Breast Reconstruction

RT Before BR Number Recurrence Loss of Life Loss of Implant Flap Failure Follow-up (mo)

Autologous 57 8 (14%) 4 (7%) NA 2 (4%) 25.4

Implant 27 5 (19%) 2 (7%) 11 (41%) NA 28.6

Autologous � implant 3 0 0 2 (67%) 0 17.3

All 87 13 (15%) 6 (7%) 13 (43%) 2 (3%) 26.1

TABLE 5. Statistical Analysis Using Logistic and Genmode
Procedures of the SAS System

Factor Reconstruction P Value Odds Ratio

Recurrence Autologous P � 0.0146 5.93

Implant P � 0.0424

Autologous � implant No significance

Patient demise Autologous P � 0.038 7.3

Implant No significance

Autologous � implant No significance
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major muscle, leaving the muscle undisturbed and deep to the
reconstruction. These configurations have been previously
illustrated.9 The question is whether or not BR and chest wall
configuration will affect the efficacy of RT and potentially
impact local recurrence and patient survival.

Review of pertinent literature suggests that it is possible
but not probable.31,32 Radiotherapy is directed at the mastec-
tomy site in tangential fields both for the reconstructed and
nonreconstructed breast. The advantage is that the radiation
beams are maximized at the targeted sites and minimized at
the lung and heart. It has been suggested that RT delivered to
the reconstructed breast may be compromised because of the
steep slope of the breast mound.14,17,33 It has been demonstrated
that breast volume can impact the radiation dose delivered to
the breast.34 Larger breasts have more inhomogeneity with
regard to dose and that the greatest inhomogeneity occurs in the
lower quadrants. The question that must be considered is
whether or not the efficacy of RT delivered to the breast
reconstructed with autologous tissue is compromised when com-
pared with the breast reconstructed with prosthetic devices.

Current advancements in radiation oncology have fo-
cused on improving delivery systems. Some of these tech-
niques include intensity modulation35,36 and the use of phys-
ical compensators.37 Intensity modulation involves angling
the radiation beams to match the patients’ chest contour and
minimize the toxicity to normal tissues.38 Physical compen-
sators are used to equalize dosimetry between right- and
left-sided chest wall irradiation to minimize cardiac toxicity.
A common approach is to deliver 2 tangential beams directed
medially towards the chest wall and internal mammary lymph
nodes and directed laterally towards the chest wall. These
modifications will theoretically improve the delivery of RT to
the targeted tissues.

In a recent manuscript, Buchholz et al17 have addressed
an important question: are the benefits of RT impaired by
IBR? Langstein et al9 have evaluated patterns of recurrence
following IBR with prosthetic devices and with autologous
tissue and demonstrated that both are safe and effective
without adversely affecting oncologic outcome. There were
no differences in women who had and did not have adjuvant
RT. Hazard has demonstrated that the 5-year local regional
control, disease free, and overall survival of women follow-
ing mastectomy and RT are no different in women who have
had IBR (87%, 58%, and 74%) and not had IBR (88%, 57%,

and 67%).39 In a similar study of 25 women, Soong et al40

have demonstrated a recurrence rate of 8%, with a 5-year
local regional control of 89.8% and 5-year survival of 77.9%.

The possibility of dose or technique modulation has
been raised as a means to minimize morbidity to the recon-
structed breast.16,32 This phenomenon has been addressed in
regard to left- and right-sided chest wall irradiation, but does
it also occur in regard to the reconstructed and nonrecon-
structed chest wall?32 The morbidity associated with RT and
BR has been previously described. In a recent meta-analysis
that evaluated the optimal timing of RT in relation to autol-
ogous BR, Javaid et al18 have suggested that RT delivered
after BR has deleterious effects on the cosmetic outcome and
have cautiously advised delayed reconstruction. Tallet et al23

have studied the effects of RT on BR with prosthetic devices
and demonstrated an overall complication rate of 51%. Fur-
ther stratification demonstrated a complication rate of 49%
and 14% in radiated and nonirradiated patients, respectively,
and in 62.5% and 49% when RT was delivered before and
after the reconstruction, respectively. Complications included
lymphorrhea, hematoma, capsular contracture, pain, infec-
tion, necrosis, and implant extrusion. In a study from the
M. D. Anderson Cancer Center, Motwani et al41 have dem-
onstrated that in women who received RT after IBR, the
radiation treatment planning was compromised in 52% to
minimize the dose delivered to the flap. This was in contrast
to a compromised delivery of RT in 7% of unmatched
controls that did not have IBR. The delivered dose of radia-
tion to the internal mammary chain was compromised in 23%
of women who had flap reconstruction compared with 2% of
unmatched controls that did not. In our study, whether the
radiation was left or right sided did not make a significant
difference, although it was of interest to note that in the group
of women who had autologous reconstruction followed by
RT, 72% of women had left-sided tumors.

Another observation from this study focused on women
who had prior BCT and developed a recurrence requiring a
mastectomy and BR. In all women, the recurrence was
“in-breast.” Studies have demonstrated that the addition of
RT following BCT has reduced the generalized regional
recurrence rate from 30% to 10%.42–44 Factors associated
with increased local recurrence include patient age less than
50 years, tumor size greater than 3 cm, positive or unknown
tumor margins, and extensive intraductal disease.45,46 Voogd

TABLE 6. The Association Between Cancer Stage and Radiation Therapy Delivered Before or After Breast Reconstruction

Stage

RT After BR RT Before BR Total

Number Recurrence Loss of Life Number Recurrence Loss of Life Number Recurrence Loss of Life

0 1 0 0 6 0 0 7 0 0

1 4 0 0 12 0 0 16 0 0

2A 10 5 3 7 4 1 17 9 4

2B 24 4 2 37 3 2 61 7 4

3A 17 5 1 11 2 0 28 7 1

3B 2 1 1 2 1 0 4 2 1

Recurrence 1 1 0 12 3 3 13 4 3

Total 59 16 7 87 13 6 146 29 13
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et al47 have suggested that early detection of a local recur-
rence following BCT can improve treatment outcomes. The
10-year overall survival rate in this population was 39%. In
our study, it was observed that the likelihood of a second
recurrence following failed BCT, mastectomy, and BR was
higher when compared with women primary breast cancer
regardless of stage (Table 6). Of the 6 women who died when
RT was delivered before BR, 50% were women who had
recurrence following BCT.

This study also examined esthetic outcomes following
BR in the setting of RT comparing implantable prosthetic
devices and autologous tissue. It was demonstrated that 43%
of prosthetic devices were removed in the setting of RT,
whereas the rate of flap failure was 2%. In the setting of
implant reconstruction, this was attributed to patient dissat-
isfaction, capsular contracture, pain, infection, and asymme-
try and in the case of flap reconstruction was attributed to
failure of the venous anastomosis.

In conclusion, the incidence of tumor recurrence and
patient demise appeared to be increased when RT was per-
formed following autologous tissue reconstruction compared
with prosthetic reconstruction. Removal of prosthetic devices
was necessary in 44% of patients in the setting of RT and did
not appear to be influenced by timing of RT relative to
reconstruction. Flap failure did not appear to be related to the
timing of RT. To validate these conclusions, a prospective
analysis should be initiated.
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