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Background: Immediate breast reconstruction following neoadjuvant chemotherapy raises concerns about increased perioperative complications and has the
potential to delay planned adjuvant radiotherapy. This study examined the
effect of neoadjuvant chemotherapy on reconstructive outcomes and the commencement of postoperative radiotherapy.
Methods: A retrospective review of a single surgeon’s immediate breast reconstructions performed from 2000 to 2007 was undertaken. The recipients of
neoadjuvant chemotherapy were compared with nonrecipients (controls).
Results: One hundred seventy-one patients underwent 198 immediate breast
reconstructions comprising 64 free tissue transfers, 74 pedicled flaps (latissimus
dorsi and transverse rectus abdominis musculocutaneous), and 60 implant-only
procedures. Fifty-three patients (29 percent), with a mean age of 47.8 years
(range, 29 to 68 years), received neoadjuvant chemotherapy before mastectomy
and reconstruction (58 reconstructions; 91 percent with flaps). The control
group consisted of 118 patients (140 reconstructions; 61 percent with flaps) with
a mean age of 50.4 years (range, 29 to 69 years), making them older (p ⫽ 0.08).
The failed reconstruction rate was 2 percent (one of 58) for the neoadjuvant
group and 2 percent (three of 140) for the control group, whereas the reoperation rates for major complications were 9 percent (five of 58) and 9 percent
(13 of 140), respectively. Minor complications occurred in 10 percent (six of 58)
of neoadjuvant reconstructions versus 6 percent (nine of 140) of controls (p ⫽
0.380). Three-quarters of neoadjuvant patients received postoperative radiotherapy, compared with only a quarter of the controls. The commencement of
radiotherapy was delayed in 10 percent (four of 39) of the chemotherapy
recipients versus 11 percent (three of 28) of controls (p ⫽ 1.00).
Conclusion: In this series, neoadjuvant chemotherapy did not appear to increase the risk of major surgical complications following mastectomy and immediate breast reconstruction or inordinately delay the institution of adjuvant
radiotherapy. (Plast. Reconstr. Surg. 126: 1, 2010.)

I

mmediate breast reconstruction is now routinely
offered to breast cancer patients undergoing mastectomy as part of their standard treatment.1– 4 It
has been shown to significantly reduce the negative
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psychosocial impact of and the body image alteration related to mastectomy.5,6 Its oncologic safety is
also well established; it does not increase local or
distant recurrence, nor does it adversely affect disease-free or overall survival.7–14 Furthermore, there is
no significant delay in detection of cancer
recurrence.7–14
The combination of immediate breast reconstruction and preoperative chemotherapy is a relatively new innovation in the management of
breast cancer. This systemic therapy before surgery (commonly referred to as neoadjuvant chemotherapy) was introduced in the 1980s15 initially
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for locally advanced disease and inoperable and
inflammatory breast cancer, and later in the hope
of improving survival in patients with operable
disease.
The current focus of neoadjuvant chemotherapy for breast cancer is for locally advanced disease
and in the context of clinical trials to assess the
effectiveness of different treatment regimens and
to study the biological response to systemic
therapy.16 –18 Given that, there is no convincing
survival benefit of neoadjuvant chemotherapy
over adjuvant chemotherapy16,19 –21; its use before
primary breast reconstructive surgery therefore
needs to be approached with caution. Preoperative cytotoxic chemotherapy can theoretically
have adverse effects on surgical outcomes, principally by delaying wound healing and increasing
susceptibility to infections, thus raising concerns
about the possible increased incidence of complications postoperatively.22,23 Surgical complications
may in turn delay the commencement of adjuvant
therapies, principally radiotherapy, which has
been shown to reduce local recurrence rates.24,25
This could potentially compromise oncologic
outcomes.22 Although this has indeed been shown
to be the case in some tumor types,26 previous
studies in breast cancer, including randomized
trials,27 have not shown a detrimental effect in
breast cancer. However, these studies did not specifically focus on reconstructive surgery. The
much greater extent of tissue dissection and additional donor sites, sometimes in combination
with the use of implants, potentially makes patients undergoing breast reconstruction after neoadjuvant chemotherapy much more susceptible to
its possible detrimental effects.
The primary aim of this study was to compare
the incidence of postoperative complications in
patients undergoing breast reconstruction following neoadjuvant chemotherapy with those having
primary surgery within a consecutive series of patients undergoing reconstruction performed by a
single plastic surgeon. A secondary aim was to
assess the impact of breast reconstruction on commencement of adjuvant radiotherapy.

PATIENTS AND METHODS
A retrospective case note review of a single
surgeon’s (C.M.M.) immediate breast reconstructions performed between January of 2000 and December of 2007 was undertaken. Patients were
identified from the Addenbrooke’s Hospital
records, the operating theater register, the surgeon’s log book, and the oncology database. The
study was confined to patients operated on by a
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single surgeon to eliminate interoperator variability. No patients were excluded. The recipients of
neoadjuvant chemotherapy were identified and
then compared with nonrecipients (controls) with
respect to age, indication, reconstructive technique, surgical outcome, and time to commencement of adjuvant postoperative radiotherapy.
Neoadjuvant chemotherapy patients were defined as those who had received chemotherapy in
the 12 weeks immediately before surgery. Neoadjuvant chemotherapy was indicated in patients with
some of the following features: large tumors, young
patients, high-grade breast cancer, locally advanced
disease, and inflammatory breast cancer.
At the Cambridge Breast Unit of Addenbrooke’s University Hospital, we were involved in the
National Institute for Health Research National
Cancer Research Network Neo-tAnGo trial (Table
1). This was a phase III, randomized, controlled
trial of sequential epirubicin/cyclophosphamide
and paclitaxel with or without gemcitabine in the
treatment of high-risk early breast cancer with prospective molecular profiling and candidate gene
analysis.28 Patients ineligible or declining the study
were treated with epirubicin, cyclophosphamide,
methotrexate, and fluorouracil or cyclophosphamide, methotrexate, and fluorouracil; or recruited into the Anglo-Celtic 2 Trial (a randomized trial of Adriamycin and Taxotere versus
Adriamycin and cyclophosphamide in early breast
cancer).29
The following variables were recorded: patient
factors (age, body mass index, smoking, comorbidity), indication for mastectomy (tumor size and
grade), and reconstruction type (free flap, pedicled flap, or implant only). In addition, the following treatment timings were noted: date of diagnosis, date of definitive surgery, time from end
of chemotherapy to surgery, time from surgery to
the start of adjuvant radiotherapy, and the reconstructive outcomes. Statistical analysis was perTable 1. Neo-tAnGo Trial Elements in the Cambridge
Breast Unit
Treatment
A1
A2
B1
B2

Regimen
EC ⫻ 4 cycles, followed by paclitaxel ⫻ 4
cycles
Paclitaxel ⫻ 4 cycles, followed by EC ⫻ 4
cycles
EC ⫻ 4 cycles, followed by paclitaxel plus
gemcitabine ⫻ 4 cycles
Paclitaxel plus gemcitabine ⫻ 4 cycles,
followed by EC ⫻ 4 cycles

EC, epirubicin/cyclophosphamide.
*All patients received chemotherapeutic agent preoperatively, and
there were no placebo arms of the trial.
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Table 2. Demographic Data for the Two
Patient Groups

No. of patients
Age, years
Mean
Range
BMI
Mean
Range
Smokers

Neoadjuvant
Group (%)

Nonrecipients
(%)

p

53 (29)

118 (71)

NA

47.8
25–60

50.4
33–69

0.08

27.7
24–35
6 (11)

27.1
20–40
58 (49)

0.15
⬍0.001

NA, not applicable; BMI, body mass index.

Fig. 2. Time from end of chemotherapy to surgery (percentage
of patients).

are summarized in Table 2. There was a nonsignificant trend for neoadjuvant chemotherapy patients to be younger than patients having primary
surgery alone (mean age, 47.8 years versus 50.4
years; p ⫽ 0.08) (Table 2). Their mean body mass
indices were comparable, but the percentage of
smokers in the control group (49 percent) was
significantly higher than in the neoadjuvant group
(11 percent) (p ⬍ 0.001).

Fig. 1. (Above) Tumor grade for recipients and nonrecipients.
(Below) Disease stage in recipients and nonrecipients.

formed using SPSS for Windows, version 17.0
(SPSS, Inc., Chicago, Ill.). Continuous variables
were examined using an unpaired t test (for ages).
The Mann-Whitney U test was used for body mass
index. Proportions were compared using Fisher’s
exact test (for reconstruction outcomes).

RESULTS
Demographic Data
Over the 8-year period, a total of 198 immediate breast reconstructions were performed in
171 patients by one surgeon (C.M.M.). Fifty-three
patients (29 percent) had surgery following neoadjuvant chemotherapy. Patient characteristics

Tumor Characteristics
The neoadjuvant group consisted of a higher
grade and stage of tumor compared with the controls (Fig. 1). The grade 0 and T0 subgroups comprised those undergoing prophylactic mastectomies and those with ductal carcinoma in situ. Most
of the tumors in the neoadjuvant group were
grade 2 or 3 or T2 or T3. Neoadjuvant patients had
tumors with notably worse prognostic characteristics. All T4 patients received neoadjuvant chemotherapy. The T0 to T4 subgroups were defined
according to the American Joint Committee on
Cancer tumor-node-metastasis system.
Chemotherapy
In the neoadjuvant group, 47 patients were
enrolled in the Neo-tAnGo trial; two were in the
Anglo-Celtic II trial; and four received epirubicin,
cyclophosphamide, methotrexate, and fluorouracil or cyclophosphamide, methotrexate, and fluorouracil outside trials. The median interval between the final cycle of chemotherapy and surgery
was 37 days (range, 32 to 49 days) (Fig. 2). Two
patients had their final cycle of neoadjuvant chemotherapy less than 4 weeks but more than 3
weeks before surgery.
Reconstruction Type
The 198 reconstructions included 64 free tissue transfers, 74 pedicled flaps (65 latissimus dorsi
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Table 3. Breakdown of Reconstruction Type in
Both Groups
Reconstruction Types
Neoadjuvant group
Pedicled flap
Pedicled flap plus implant
Free flap
Implant only
Nonrecipients
Pedicled flap
Pedicled flap plus implant
Free flap
Implant only
Totals

No. of
Patients (%)

No. of
Operations

53 (29)

58
2
23
28
5
140
13
36
36
55
198

118 (71)

171

Recipients (n ⫽ 53)
Nonrecipients (n ⫽ 118)

Recipients
(n ⴝ 58)

Nonrecipients
(n ⴝ 140)

p

Minor
Wound infection
Slow healing
Wound breakdown
Clinical fat necrosis
Total
10% (6/58) 6% (9/140) 0.380
Major
Flap loss
1 (2%)
3 (2%)
1.00
Partial flap necrosis
2
3
Hematoma
0
1
Infected implant
1
3
Wound breakdown
1
2
Pulmonary embolism
0
1
Total
9% (5/58) 9% (13/140) 1.00
*The major complications required surgical treatment or readmission. The minor ones required conservative treatment and no
readmission.

T3
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flaps and nine transverse rectus musculocutaneous flaps), and 60 implant-only reconstructions.
The patients in the neoadjuvant group had far
fewer implant-only reconstructions and proportionately more flaps, as they were expected to receive postoperative radiotherapy (Table 3). In
contrast, in the controls, one-third were implantonly reconstructions.
Reconstructive Outcomes
In the neoadjuvant group (53 patients; 91 percent with flaps), the failed reconstruction rate was
2 percent (one of 58). The reoperation rate for
major complications including flap failure and
severe periimplant capsular contracture was 9 percent (five of 58). The incidence of minor complications (not requiring surgical intervention or readmission to the hospital) such as delayed healing
was 10 percent (six of 58) (Table 4). In the control
group (118 patients; 61 percent with flaps), the

4

Received RT

Delayed RT (%)

39
28

4/39 (10)
3/28 (11)

RT, radiotherapy.

Table 4. Reconstructive Complications of Immediate
Breast Reconstruction in Recipients and
Nonrecipients of Neoadjuvant Chemotherapy*
Complication

Table 5. Breakdown of Delay of Start of Adjuvant
Postoperative Radiotherapy in Recipients and
Nonrecipients of Neoadjuvant Chemotherapy

rate of failed reconstructions was 2 percent (three
of 140), that of reoperations was 9 percent (13 of
140), and that of minor complications was 6 percent (nine of 140). These outcomes (Table 4)
were not significantly different from the neoadjuvant chemotherapy group (Fisher’s exact test,
p ⫽ 1.00, p ⫽ 1.00, and p ⫽ 0.380, respectively).
Despite this, the incidence of minor, troublesome
complications in the neoadjuvant group was almost double that among the controls. The length
of stay for both groups was similar at 7 days.
Adjuvant Radiotherapy
After reconstruction, almost three-quarters of
patients in the neoadjuvant group (39 of 53) received adjuvant radiotherapy, in contrast to just
under a quarter (28 of 118) of those in the control
group (p ⬍ 0.001). Oncologically, the ideal time
from surgery to the start of radiotherapy was 6
weeks. However, some patients in the control
group needed adjuvant postoperative chemotherapy before undergoing adjuvant radiotherapy. We
considered delay as deviation from the anticipated
commencement date of adjuvant radiotherapy.
The start of radiotherapy was delayed in some
cases because of nonhealing surgical wounds. This
delayed start was found in a nearly similar proportion in the two groups in those who required
radiotherapy: 10 percent (four of 39) of the chemotherapy recipients versus 11 percent (three 28)
of the controls (p ⫽ 1.00) (Table 5). Median time
to adjuvant radiotherapy was 46 days (range, 21 to
76 days) in the neoadjuvant chemotherapy group
and 43 days (range, 19 to 69 days) in the control
group.
Follow-Up
The median follow-up in this study was 21
months (range, 7 to 64 months). Representative
reconstructive outcomes are shown in Figures 3
through 6.

DISCUSSION
The present, relatively large study of immediate breast reconstruction in recipients of neoad-
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Fig. 3. A 29-year-old patient received neoadjuvant chemotherapy for a T4 tumor of her left breast. She had an immediate
reconstruction with a latissimus dorsi flap and permanent expander. Her appearance is shown preoperatively (above), as is
the good healing at 4 weeks postoperatively (center and below), just before starting radiotherapy. This patient elected not to
have nipple reconstruction.
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Fig. 4. A 59-year-old woman had bilateral immediate breast reconstruction following neoadjuvant treatment using bilateral free
deep inferior epigastric perforator flaps. Note the hair loss preoperatively (left). Postoperatively, she had minor abdominal woundhealing problems that settled with dressings only. (Right) Appearance at 8 weeks postoperatively.

juvant chemotherapy is unique in that it is a singleoperator series and includes “all comers” to avoid
selection bias. Other large, landmark series have
involved multiple operators,30 been selective,31 or
have tended to focus on only one type of reconstruction such as free flaps30 or excluded them.31
The inclusion of different types of reconstruction
in the analysis was deemed desirable, as it allows
the results to be more widely applicable to the
various situations commonly encountered by most
reconstructive surgeons. In any case, it is difficult
to obtain two exactly comparable groups because
of the nature of the subject being examined. The
requirement for neoadjuvant chemotherapy instantly creates two distinct groups, as it is likely to
reflect larger and more aggressive tumors. In addition, neoadjuvant chemotherapy tends to be ad-
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ministered to patients who can tolerate the side
effects of such treatment, who as such tend to be
younger and healthier. Furthermore, preoperative chemotherapy is not indicated in ductal carcinoma in situ or prophylactic mastectomy cases.
Multidisciplinary Approach
In the authors’ institution, a tertiary cancer
referral center of a large university teaching hospital, immediate breast reconstruction is offered
routinely to all patients undergoing mastectomy.
All cases are discussed in multidisciplinary team
meetings involving specialist breast radiologists,
oncologic breast surgeons, histopathologists, radiation oncologists, medical oncologists, plastic
surgeons, and specialist nurses. Patients request-
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Fig. 5. A 45-year-old control group patient with large grade 2 ptotic breasts (above) underwent abdominal free flap breast reconstruction following bilateral prophylactic mastectomy. She developed delayed healing in both reconstructed breasts and the abdominal donor site (below) that cleared with 2 weeks of dressings.

Fig. 6. A clinically obese, middle-aged (47 years) neoadjuvant patient (left) had immediate breast reconstruction using a
totally autologous latissimus dorsi myocutaneous flap and a balancing contralateral Lejour mastopexy. After surgery, she
developed significant wound breakdown and partial mastectomy skin flap necrosis (right) that were related to the vertical
scar mastectomy pattern and the unplanned thin breast flaps. The wound settled with conservative management but caused
a delay in institution of radiotherapy. We now recommend early surgical intervention of such wounds to prevent this.

ing immediate breast reconstruction are referred
early during their chemotherapy, and their plastic
surgery consultation is carried out during the chemotherapy to allow a timely patient assessment

and a thorough discussion of reconstructive
options. At this visit, the patients are also given a
provisional date for surgery approximately 4 to 6
weeks after the anticipated completion of chemo-
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therapy. This is to allow recovery from the myelosuppressive effects of the neoadjuvant chemotherapy drugs.32 In our institution, the median interval
between cessation of chemotherapy and surgery
was 37 days (range, 32 to 49 days). The aim is for
this to be between 4 and 6 weeks.
Reconstructive Outcomes
In this study, the reconstructive complications
were classified into either major or minor ones.
The major complications required operative intervention or readmission to the hospital and thus
altered the planned course of treatment. The minor complications included delayed wound healing requiring antibiotics or prolonged wound
care. There was no difference in the rate of major
complications between the two study groups. The
incidence of minor complications was 10 percent
in the neoadjuvant chemotherapy group but only
6 percent in the control group. The excess of
minor complications in the neoadjuvant chemotherapy group could be explained simply by the
higher frequency of flap reconstructions. Although the difference in minor complications between the two groups was not statistically significant, they are clinically important. They constitute
a general irritation for the patients and their families as they involve multiple visits to the hospital
or general practice nurse for dressings and possibly a delay in return to work. Patients undergoing neoadjuvant chemotherapy and considering immediate breast reconstruction should
therefore be warned that they may be almost
twice as likely to suffer these problems with reconstruction, but the overall reconstructive success should be unaffected.
A direct comparison of our complications with
other studies is limited by inconsistencies. For example, other authors do not consider having a
seroma as a complication unless it requires surgery
or is complicated by an infection. In one study, it
was suggested that immediate breast reconstruction would decrease the risk of seroma from axillary dissection and mastectomy because it reduces the dead space compared with cases of
mastectomy alone.33 Furthermore, we did not assess the incidence of radiologic fat necrosis. The
main areas of concern of the study were the failed
reconstructions, the reoperation rates, and the
effect on adjuvant radiotherapy. It is important to
note that the failed reconstructions were included
in the reoperation rate figures in our study; the
flap loss rate and rate of major complications were
identical in both groups.
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Mehrara et al. presented a multioperator series of 1195 free flap breast reconstructions in 952
patients.30 Of these, 70 patients (7.7 percent) had
neoadjuvant chemotherapy. In our study, the percentage of neoadjuvant chemotherapy recipients
among free flaps reconstructions was much higher
(44 percent), possibly reflecting the involvement
of the university unit in several neoadjuvant trials
during the study period. They recorded an overall
complication rate of 27.9 percent (minor complications, 21.7 percent; major complications, 7.7
percent), including six total flap losses (0.5 percent). In our study, the minor complication rates
were lower, possibly because radiologic and
asymptomatic fat necrosis were not formally assessed. Indeed, after exclusion of asymptomatic fat
necrosis, the minor complication rate of Mehrara
et al. dropped to 15 percent, which was comparable to ours. It is also important to state that this
study consisted entirely of free flaps, whereas our
study included all types of reconstruction, although 52 percent of our reconstructions (28 of
53) were with free flaps in the neoadjuvant group.
A number of investigators have studied the
effect of other risk factors on the outcomes of
reconstruction.30,34,35 These include previous
scars, smoking, obesity, and other medical conditions. Neoadjuvant chemotherapy has also been
identified as an independent predictor of complications. A direct comparison of the effect of chemotherapy is difficult, as these other articles also
included delayed breast reconstruction.
In a study of 79 randomized cases of mastectomy with or without systemic therapy, Forouhi et
al. concluded that systemic therapy (i.e., neoadjuvant chemotherapy and hormone therapy) did
not increase the complication rate of surgery.31 In
contrast, in another study of 31 patients with locally advanced breast cancer who had received
neoadjuvant therapy before mastectomy and immediate reconstruction with the transverse rectus
abdominis musculocutaneous (TRAM) flap, Deutsch et al. found that 55 percent of them developed
postoperative complications.22
In our study, there appeared to be some increase of complications among smokers; however,
the number of complications was too small for
statistical analysis. It is important to note the high
percentage of smokers (49 percent) in the control
group at the time of surgery. This was possibly
attributable to the neoadjuvant chemotherapy patients having the time and opportunity to heed our
encouragement to stop smoking while undergoing chemotherapy. Similarly, a reduction in smok-
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ing in the neoadjuvant group may have helped in
reducing their complication rate.
Oncologic Aspects
Useful consequences of neoadjuvant chemotherapy include enhanced surgical ability to eradicate the tumor and possible reduction of the extent
of required surgery.20,36 –38 Clinical regression may be
achieved in 70 to 80 percent of patients.39 In addition, because breast cancer is considered to be a
systemic disease, such primary systemic chemotherapy could help in eradication of micrometastases40
and thus reduce the incidence of distant metastases.38 Neoadjuvant chemotherapy may indicate
better survival and thus is considered to be of prognostic value.40,41 Clinically significant resistance may
also allow earlier identification of cases that require
an alternative approach with non– cross-resistant or
novel therapies.41
In our center, tumor response to neoadjuvant
chemotherapy is monitored objectively using magnetic resonance imaging. The local clinical response
to neoadjuvant chemotherapy is thought to theoretically correlate with response of micrometastases
or distant metastases.17 The prevention of these metastases is thought to be a major rationale for the use
of neoadjuvant chemotherapy over adjuvant chemotherapy. Nevertheless, one of the concerns over the
use of neoadjuvant chemotherapy is that it may affect accurate estimation of tumor size and axillary
node involvement at the time of surgery and thus
result in loss of important prognostic information.
In our institution, this concern is addressed by ensuring that tumor size is estimated by multiple imaging modalities and all axillae are staged by sentinel
lymph node biopsy before commencement of neoadjuvant chemotherapy.42
Effect on Adjuvant Treatment
A major concern of immediate breast reconstruction in recipients of neoadjuvant chemotherapy is the possible delay in instituting any adjuvant
radiotherapy. Gouy et al. retrospectively investigated
whether reconstruction following neoadjuvant chemotherapy and mastectomy for large operable
breast cancer affected the interval between surgery
and adjuvant treatment and thus had an effect on
survival.23 The study compared three groups,
namely, mastectomy without reconstruction, mastectomy with nonimplant reconstruction, and mastectomy with implant reconstruction. It found that
immediate reconstruction did not delay the commencement of adjuvant therapy and had no significant effect on local relapse-free or distant disease-

free survival.23 Although there may be no benefit to
earlier initiation of radiotherapy, a delay of greater
than 3 months could be associated with higher overall mortality.43 This occurred regardless of the cause
of the delay.43 This prompted a suggestion to delay
breast reconstruction in patients who were preoperatively deemed to require radiotherapy (stage III
breast cancer) to avoid complications associated
with administration of radiation following immediate breast reconstruction.44
In the Cambridge Breast Unit, the radiotherapy
protocol45 recommends that radiotherapy should be
initiated ideally within 4 weeks of surgery and no
later than 8 weeks. The indications for chest wall
irradiation are listed in Table 6. In our study, following reconstruction, 39 of 53 patients (74 percent)
in the neoadjuvant group received radiotherapy, although 28 of 118 (23 percent) of those in the control
group received adjuvant therapy in the form of radiotherapy. This difference is explained by patient
selection: those receiving neoadjuvant chemotherapy had higher grade and stage of tumors compared
with the controls, and the latter also included those
with ductal carcinoma in situ and prophylactic mastectomy patients, who were unlikely to receive adjuvant therapy. The start of radiotherapy was delayed
in a nearly similar percentage in the two study
groups. However, it is vital to note that reconstructive
choices were somewhat affected by the need for
postoperative radiotherapy. There was an obvious
infrequency of implant-based reconstructions in the
neoadjuvant group to prevent the occurrence of
severe periimplant capsular contracture following
adjuvant radiotherapy.45– 47 Autologous tissue reconstructions are, however, not immune from the effects of radiotherapy,48,49 despite tolerating radiation
better than prostheses. There may be an unpredictable volume, contour, and symmetry loss with immediate TRAM flap breast reconstruction followed
by postoperative irradiation. Contracture of pedicled TRAM flaps,50 –52 free TRAM flaps,51,53 and even
deep inferior epigastric perforator flaps54 following
radiotherapy has been reported, although this may
be partially compensated for by deliberate use of
larger flaps. Other authors have reported less conTable 6. Indications for Chest Wall Radiotherapy in
the Cambridge University Unit
● Tumor size ⱖ50 mm (T3)
● Any T4 tumor
● High risk of local recurrence because of tumor
characteristics: histologic grade, multicentric, vascular or
lymphatic invasion
● Inadequate tumor excision
● Skin involvement
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tracture of free TRAM flaps or totally autologous
latissimus dorsi flaps.55 A two-stage delayed-immediate reconstruction technique of preserving the mastectomy skin flaps with a temporary expander while
waiting for the definitive histopathologic assessment
of the mastectomy specimen and final oncologic
decision on the need for subsequent radiotherapy
has been proposed by Kronowitz et al.56,57 Those who
do not require radiotherapy proceed to reconstruction 2 weeks later, whereas those needing radiotherapy undergo delayed reconstruction. This concept,
although interesting, has yet to gain widespread acceptance. Although radiotherapy has significant effects on long-term immediate breast reconstructive
outcomes, neoadjuvant chemotherapy remains an
important factor, especially in the early outcomes of
immediate breast reconstruction. By association
with postoperative radiotherapy, neoadjuvant chemotherapy has an additional indirect effect on aesthetic outcome of immediate breast reconstruction
(but only to the extent that its indications overlap
those for adjuvant radiotherapy).
This article focused on the reconstructive
complications of immediate breast reconstruction
following neoadjuvant chemotherapy, although
no aesthetic disadvantages in those undergoing
adjuvant radiotherapy were reported. This may be
explained by the differing radiotherapy regimens
used in the United Kingdom that differ from the
higher total doses and fractionations administered elsewhere.

CONCLUSIONS
In our series, neoadjuvant chemotherapy did
not appear to statistically increase the risk of major
surgical complications following mastectomy and
immediate breast reconstruction or inordinately delay the institution of adjuvant postoperative radiotherapy. Our data suggest a higher incidence of minor complications in the neoadjuvant group which,
although clinically important, did not attain a statistically significant difference. It is concluded that
neoadjuvant chemotherapy and immediate breast
reconstruction are not incompatible and that successful reconstruction can be achieved in this group
of patients.
Charles M. Malata, M.B.Ch.B.
Department of Plastic and Reconstructive Surgery
Box 186
Addenbrooke’s University Hospital
Cambridge CB2 2QQ, United Kingdom
cmalata@hotmail.com
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12. Mustonen P, Lepistö J, Papp A, et al. The surgical and oncological safety of immediate breast reconstruction. Eur
J Surg Oncol. 2004;30:817–823.
13. Sandelin K, Wickman M, Billgren AM. Oncological outcome
after immediate breast reconstruction for invasive breast cancer: A long-term study. Breast 2004;13:210–218.
14. Taylor CW, Horgan K, Dodwell D. Oncological aspects of
breast reconstruction. Breast 2005;14:118–130.
15. Jacquillat C, Auclerc G, Khayat D, et al. The role of neoadjuvant chemotherapy in breast cancers (in French). Pathol
Biol (Paris) 1990;38:851–852.
16. Kaufmann M, Hortobagyi GN, Goldhirsch A, et al. Recommendations from an international expert panel on the use
of neoadjuvant (primary) systemic treatment of operable
breast cancer: An update. J Clin Oncol. 2006;24:1940–1949.
17. Fisher B, Bryant J, Wolmark N, et al. Effect of preoperative
chemotherapy on the outcome of women with operable
breast cancer. J Clin Oncol. 1998;16:2672–2685.
18. Kaufmann M, von Minckwitz G, Smith R, et al. International
expert panel on the use of primary (preoperative) systemic
treatment of operable breast cancer: Review and recommendations. J Clin Oncol. 2003;21:2600–2608.
19. Gray R, Clarke M, Collins R, Peto R. The EBCTCG overview
of adjuvant therapy of breast cancer. What are the implications for future studies? Early Breast Cancer Trialists’ Collaborative Group. Ann N Y Acad Sci. 1993;698:339–348.
20. von Minckwitz G. Breakthrough for neoadjuvant chemotherapy. Breast Cancer 2008;15:27–30.
21. Scholl SM, Asselain B, Palangie T, et al. Neoadjuvant chemotherapy in operable breast cancer. Eur J Cancer 1991;27:
1668–1671.
22. Deutsch MF, Smith M, Wang B, Ainsle N, Schusterman MA.
Immediate breast reconstruction with the TRAM flap after
neoadjuvant therapy. Ann Plast Surg. 1999;42:240–244.

rich3/zpr-prs/zpr-prs/zpr00610/zpr3451-10z xppws Sⴝ1 4/14/10 19:50 4/Color Figure(s): F1-6 Art: PRS202136 Input-nlm

Volume 126, Number 1 • Chemotherapy and Breast Reconstruction
23. Gouy S, Rouzier R, Missana MC, Atallah D, Youssef O,
Barreau-Pouhaer L. Immediate reconstruction after neoadjuvant chemotherapy: Effect on adjuvant treatment starting
and survival. Ann Surg Oncol. 2005;12:161–166.
24. Silverstein MJ, Lagios MD, Groshen S, et al. The influence of
margin width on local control of ductal carcinoma in situ of
the breast. N Engl J Med. 1999;340:1455–1461.
25. Park CC, Mitsumori M, Nixon A, et al. Outcome at 8 years
after breast-conserving surgery and radiation therapy for
invasive breast cancer: Influence of margin status and systemic therapy on local recurrence. J Clin Oncol. 2000;18:
1668–1675.
26. Caffo O, Cazzolli D, Scalet A, et al. Concurrent adjuvant
chemotherapy and immediate breast reconstruction with
skin expanders after mastectomy for breast cancer. Breast
Cancer Res Treat. 2000;60:267–275.
27. Rastogi P, Anderson SJ, Bear H, et al. Preoperative chemotherapy: Updates of National Surgical Adjuvant Breast and
Bowel Project Protocols B-18 and B-27. J Clin Oncol. 2008;
26:778–785.
28. Earl H, Vallier A-L, Hiller L, et al. Neo-tAnGo: A neoadjuvant
randomised phase III trial of epirubicin/cyclophosphamide
(EC) and paclitaxel (T) ⫾ gemcitabine (G) in the treatment
of women with high-risk early breast cancer (EBC): First
report of the primary endpoint—pathological complete response (pCR). J Clin Oncol. 2009;27:●●●–●●●.
29. Evans TR, Yellowlees A, Foster E, et al. Phase III randomized
trial of doxorubicin and docetaxel versus doxorubicin and
cyclophosphamide as primary medical therapy in women
with breast cancer: An anglo-celtic cooperative oncology
group study. J Clin Oncol. 2005;23:2988–2995.
30. Mehrara BJ, Santoro TD, Arcilla E, Watson JP, Shaw WW, Da
Lio AL. Complications after microvascular breast reconstruction: Experience with 1195 flaps. Plast Reconstr Surg. 2006;
118:1100–1109.
31. Forouhi P, Dixon JM, Leonard RC, Chetty U. Prospective
randomized study of surgical morbidity following primary
systemic therapy for breast cancer. Br J Surg. 1995;82:79–82.
32. Gargan TJ, Come SE, Satwicz PR. Breast cancer chemotherapy: Perioperative considerations in breast reconstruction.
Plast Reconstr Surg. 1985;75:430–434.
33. Woodworth PA, McBoyle MF, Helmer SD, Beamer RL. Seroma formation after breast cancer surgery: Incidence and
predicting factors. Am Surg. 2000;66:444–450; discussion
450–451.
34. Gill PS, Hunt JP, Guerra A, et al. A 10-year retrospective
review of 758 DIEP flaps for breast reconstruction. Plast
Reconstr Surg. 2004;113:1153–1160.
35. Selber JC, Kurichi JE, Vega SJ, Sonnad SS, Serletti JM. Risk
factors and complications in free TRAM flap breast reconstruction. Ann Plast Surg. 2006;56:492–497.
36. Bonadonna G. Conceptual and practical advances in the
management of breast cancer. J Clin Oncol. l989;7:1380–1397.
37. Ang PT, Buzdar AU, Smith TL, Kau S, Hortobagyi GN. Analysis of dose intensity in doxorubicin-containing adjuvant chemotherapy in stage II and III breast carcinoma. J Clin Oncol.
l989;7:1677–1684.
38. Gajdos C, Tartter PI, Estabrook A, Gistrak MA, Jaffer S,
Bleiweiss IJ. Relationship of clinical and pathologic response
to neoadjuvant chemotherapy and outcome of locally advanced breast cancer. J Surg Oncol. 2002;80:4–11.

39. Smith I, Chua S. Medical treatment of early breast cancer: IV.
Neoadjuvant treatment. BMJ. 2006;332:223–224.
40. Kim R, Osaki A, Toge T. Current and future roles of neoadjuvant chemotherapy in operable breast cancer. Clin Breast
Cancer 2005;6:223–232; discussion 233–234.
41. Cameron DA, Gregory WM, Bowman A, et al. Identification
of long-term survivors in primary breast cancer by dynamic
modelling of tumour response. Br J Cancer 2000;83:98–103.
42. Papa MZ, Zippel D, Kaufman B, et al. Timing of sentinel
lymph node biopsy in patients receiving neoadjuvant chemotherapy for breast cancer. J Surg Oncol. 2008;98:403–406.
43. Hershman DL, Wang X, McBride R, Jacobson JS, Grann VR,
Neugut AI. Delay in initiating adjuvant radiotherapy following breast conservation surgery and its impact on survival. Int
J Radiat Oncol Biol Phys. 2006;65:1353–1360.
44. Kronowitz SJ, Kuerer HM. Advances and surgical decisionmaking for breast reconstruction. Cancer 2006;107:893–907.
45. Whitfield GA, Horan G, Irwin MS, Malata CM, Wishart GC,
Wilson CB. Incidence of severe capsular contracture following implant-based immediate breast reconstruction with or
without postoperative chest wall radiotherapy using 40 Gray
in 15 fractions. Radiother Oncol. 2009;90:141–147.
46. Hodgson EL, Malata CM. Implant-based breast reconstruction following mastectomy. Breast Dis. 2002;16:47–63.
47. Spear SL, Onyewu C. Staged breast reconstruction with saline-filled implants in the irradiated breast: Recent trends
and therapeutic implications. Plast Reconstr Surg. 2000;105:
930–942.
48. Javaid M, Song F, Leinster S, Dickson MG, James NK. Radiation effects on the cosmetic outcomes of immediate and
delayed autologous breast reconstruction: An argument
about timing. J Plast Reconstr Aesthet Surg. 2006;59:16–26.
49. Fodor J, Gulyas G, Polgar C, Major T, Kasler M. Radiotherapy
and breast reconstruction: The issue of compatibility. Orv
Hetil. 2003;144:549–555.
50. Spear SL, Ducic I, Low M, Cuoco F. The effect of radiation
on pedicled TRAM flap breast reconstruction: Outcomes
and implications. Plast Reconstr Surg. 2005;115:84–95.
51. Tran NV, Evans GR, Kroll S, et al. Postoperative adjuvant
irradiation: Effects on transverse rectus abdominis muscle
flap breast reconstruction. Plast Reconstr Surg. 2000;106:313–
317; discussion 318–320.
52. Carlson GW, Page AL, Peters K, Ashinoff R, Schaefer T,
Losken A. Effects of radiation therapy on pedicled transverse
rectus abdominis myocutaneous flap breast reconstruction.
Ann Plast Surg. 2008;60:568–572.
53. Tran NV, Chang DW, Gupta A, Kroll SS, Rob GL. Comparison of immediate and delayed free TRAM flap breast reconstruction in patients receiving postmastectomy radiation
therapy. Plast Reconstr Surg. 2001;108:78–82.
54. Rogers NE, Allen RJ. Radiation effects on breast reconstruction with the deep inferior epigastric perforator flap. Plast
Reconstr Surg. 2002;109:1919–1926.
55. Hussein M, Salah B, Malyon A, Wieler-Mithoff EM. The effect
of radiotherapy on the use of immediate breast reconstruction. Eur J Surg Oncol. 2004;30:490–494.
56. Kronowitz SJ, Hunt KK, Kuerer H, et al. Delayed-immediate
breast reconstruction. Plast Reconstr Surg. 2004;113:1617–1628.
57. Kronowitz SJ, Robb GL. Controversies regarding immediate
reconstruction: Aesthetic risks of radiation. In: Spear SL, ed.
Surgery of the Breast: Principles and Art. Philadelphia: Lippincott Williams & Wilkins; 2006:679–699.

11

JOBNAME: AUTHOR QUERIES PAGE: 1 SESS: 1 OUTPUT: Wed Apr 14 19:50:47 2010
/rich3/zpr⫺prs/zpr⫺prs/zpr00610/zpr3451⫺10z

AUTHOR QUERIES
AUTHOR PLEASE ANSWER ALL QUERIES
AQ1: AUTHOR—Author lines: The Journal allows the use of academic degrees (e.g., MD, MSc) or
fellowship affiliations (e.g., FRCP), but not both. Academic degrees were used for all authors.
If fellowship affiliations are preferred for any author, please indicate such on the page proofs.
AQ2: AUTHOR—Table 1: Correct as formatted? Please advise.

1

