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ABSTRACT

Background. Oncoplastic breast-conserving surgery

(OBCS) broadens the indications for breast conservation.

Neoadjuvant systemic chemotherapy (NAC) is used

increasingly in the treatment of patients with early-stage

and locally advanced breast cancer. This study aimed to

evaluate the outcomes for patients who received NAC

followed by OBCS.

Methods. A retrospective chart review was performed for

all patients who underwent OBCS involving the masto-

pexy/breast-reduction technique, including synchronous

mastopexy/breast reduction for symmetry, at the University

of Texas MD Anderson Cancer Center between January

2010 and January 2016. Patients who had received NAC

were compared with those who had undergone surgery

first. Demographic, treatment, and outcomes data were

collected.

Results. The study included 429 patients, corresponding to

713 breasts. Of these patients, 122, corresponding to 199

breasts, received NAC. The patients who received NAC

were younger (p\ 0.001) and had a more advanced cancer

stage (p\ 0.001). The overall complication rate per patient

was 25.9%, with major complications occurring in 9.1% of

the patients. After adjustment for risk factors, NAC was not

shown to be associated with an increased risk of compli-

cations or delayed adjuvant radiation therapy (p = 0.37),

irrespective of the chemotherapy regimen used or whether

the interval between NAC and surgery was 4 weeks or

longer.

Conclusions. In a high-volume center, OBCS can be

performed safely for carefully selected patients after NAC

without an increased risk of complications or delayed

adjuvant radiation therapy. An interval of at least 4 weeks

between completion of NAC and surgery can be regarded

as safe irrespective of the chemotherapy regimen used.

Approximately two thirds of patients with breast cancer

receive breast-conserving therapy (BCT).1 It is safe and

effective, with survival similar to that for mastectomy.1–4

Oncoplastic breast-conserving surgery (OBCS) most

commonly incorporates mastopexy/breast-reduction tech-

niques to avoid the often undesirable aesthetic results from

BCT,5–7 and its use is increasing.8,9 The OBCS option

broadens the indications for BCT by enabling resection of

larger parenchymal volumes, particularly in cosmetically

sensitive areas of the breast.10–14 Several studies have

reported a lower positive margin rate for patients with

OBCS than with BCT alone,9,10,12,15,16 and the local

recurrence rate for OBCS is the same as for breast-con-

serving surgery (BCS) or lower, although the clinical stage
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is often more advanced.9,14 Compared with BCT alone,

OBCS is associated with improved self-esteem and quality

of life, as well as with improved patient satisfaction, and

achieves long-lasting aesthetic results.10,15,17

Neoadjuvant systemic chemotherapy (NAC), also

known as preoperative chemotherapy, is the standard of

care for locally advanced and inoperable tumors and cur-

rently is commonly used to treat patients with early-stage

breast cancer. The advantages of NAC include its utility for

assessment of tumoral response and its associated increase

in the rate of breast conservation, with recurrence and

survival rates similar to those for adjuvant systemic

chemotherapy.18–22 Although multiple studies have failed

to demonstrate increased complications of breast surgery in

the setting of NAC,11,12,23–31 patients who receive NAC are

less likely to receive immediate breast reconstruction,23

partly due to concerns for increased wound-related com-

plications and the consequent possibility of delayed

adjuvant radiation therapy. No study, however, has

specifically examined the effect of NAC on complications

of OBCS.

Although there is no known difference in oncologic

outcomes when surgery is performed up to 8 weeks after

the completion of NAC,32 in practice, most patients

undergo surgery about 4 weeks after the completion of

NAC.24,33,34 A shorter interval between completion of

NAC and surgery often is observed when paclitaxel is

administered last due to the faster cell count recovery

associated with weekly administration of paclitaxel than

with anthracycline- or docetaxel-based chemotherapy. This

study aimed to characterize the complications associated

with OBCS involving the mastopexy/breast-reduction

technique for patients who received NAC, and to determine

the rate of such complications according to NAC regimen

and timing.

PATIENTS AND METHODS

An institutional review board (IRB)-approved (PA17-

0901) retrospective chart review was conducted. All

patients with a diagnosis of breast cancer who underwent

OBCS involving the mastopexy/breast-reduction technique

at The University of Texas MD Anderson Cancer Center

from 1 January 2010 through 1 January 2016 were inclu-

ded. Patients who had received NAC were compared with

those who had not. All patients had a minimum 24-month

follow-up period to capture all complications and treatment

delays after the primary surgery. Patient demographics,

preoperative white blood cell count (WBC) and absolute

neutrophil count (ANC) the day before surgery, procedure

details, tumor characteristics, chemotherapy regimen and

timing, complications, and follow-up data were recorded.

Only complications that occurred as a result of the primary

operation were collected. Major complications were

defined as those that required hospital readmission,

involved a return to the operating room, or resulted in

delayed radiation adjuvant therapy, defined as administra-

tion more than 8 weeks after surgery and documented to

have occurred as a result of a complication.32,35–39

The study defined OBCS involving the mastopexy/

breast-reduction technique as parenchymal rearrangement,

with nipple relocation based on an established vascular

pedicle with breast skin envelope resection/reshaping.

Patients were excluded from the study if they had under-

gone local parenchymal tissue rearrangement only or

contralateral oncologic breast surgery or were receiving

chemotherapy for non-breast primary cancers.

Statistical Analysis

Statistical analysis was performed to compare the two

study groups (NAC and no-NAC cohorts). Descriptive

statistics including means and standard deviations as well

as medians and ranges were used as appropriate. Fre-

quencies and percentages were used to summarize the

categorical clinical characteristics and outcomes. Pearson’s

Chi square and Fisher’s exact tests were used to assess

associations between categorical variables and treatment.

Univariate analysis and a multivariable generalized esti-

mating equation (GEE) model were used to evaluate the

risk factors for complications. A backward selection

algorithm was used to fit the most parsimonious multi-

variable model. The final multivariate GEE model

controlled for body mass index (BMI), diabetes, and

immediate contralateral mastopexy for symmetry (bilateral

surgery). Simple imputation was applied to handle missing

data in model selection. Subgroup analysis was performed

to compare outcomes relative to the timing of surgery after

completion of NAC. A p value lower than 0.05 was con-

sidered statistically significant. The analyses were

performed using SAS 9.2 (SAS Institute Inc., Cary, NC,

USA).

RESULTS

The study included 429 patients, 284 of whom under-

went immediate contralateral mastopexy/breast-reduction

surgery for symmetry of 713 breasts. The median patient

age was 55 years (range, 24–78 years), and the median

BMI was 32 kg/m2 (range, 17.6–64 kg/m2). A total of 122

patients (199 breasts, 28.4%) received NAC, and 307

patients (514 breasts; 71.6%) did not (Table 1). The NAC

and non-NAC groups were similar, except that the patients

in the NAC group were younger (p\ 0.001), had more
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TABLE 1 Characteristics of patients undergoing oncoplastic breast-conserving surgery: comparison of patients who underwent neoadjuvant

systemic chemotherapy with those who did not

Total n (%) Neoadjuvant chemotherapy

n (%)

No neoadjuvant chemotherapy

n (%)

p Value

No. of patients 429 122 (28.4) 307 (71.6)

Median age: years (range) 55 (24–78) 52 (24–73) 57 (31–78) \ 0.001

Median BMI: kg/m2 (range) 32 (17.6–64) 31.5 (20.2–58) 32 (17.6–64) 0.6

Median follow-up period: months

(range)

51.6

(27.8–112.7)

49.8 (28.1–112.7) 53.2 (27.8–110.5) 0.16

Comorbidities

Hypertension 182 (42.4) 45 (36.9) 137 (44.6) 0.14

Diabetes mellitus 62 (14.5) 19 (15.6) 43 (14) 0.68

Coronary artery disease 33 (7.7) 9 (7.4) 24 (7.8) 0.88

Pulmonary disease 31 (7.2) 11 (9) 20 (6.5) 0.37

Active cigarette smoker 10 (2.3) 3 (2.5) 7 (2.3) 1

No of comorbidities

None 211 (49.2) 67 (54.9) 144 (46.9) 0.13

1 148 (34.5) 34 (27.9) 115 (37.5) 0.06

C 2 70 (16.3) 21 (17.2) 48 (15.6) 0.69

Bra cup size 0.65

A 0 (0) 0 (0) 0 (0)

B 19 (4.4) 4 (3.3) 15 (4.9)

C 72 (16.8) 24 (19.7) 48 (15.6)

D 12 (2.8) 34 (27.9) 78 (25.4)

DD 92 (21.4) 28 (23.0) 64 (20.8)

DDD or larger 36 (8.4) 8 (6.6) 28 (9.1)

Unknown 98 (22.8) 24 (19.7) 74 (24.1)

Breast cancer stage \ 0.001

0 76 (17.7) 0 (0) 76 (24.4)

1 127 (29.6) 4 (3.3) 123 (40.1)

2 198 (46.1) 97 (79.5) 101 (32.9)

3 28 (6.5) 21 (17.2) 7 (2.3)

Clinical tumor (T) category \ 0.001

0 75 (17.5) 0 (0) 75 (24.4)

1 141 (32.9) 13 (10.7) 128 (41.7)

2 184 (42.9) 87 (71.3) 97 (31.6)

3 26 (6.1) 19 (15.6) 7 (2.3)

4 3 (0.7) 3 (2.5) 0 (0)

Clinical nodal (N) category \ 0.001

0 329 (76.7) 54 (44.2) 275 (89.6)

1 74 (17.2) 45 (36.9) 29 (9.4)

2 7 (1.6) 6 (4.9) 1 (0.3)

3 19 (4.4) 17 (13.9) 2 (0.7)

Mean preoperative WBC count 6.87 ± 2.46 6.4 ± 3.4 7 ± 1.9 0.01

Mean preoperative ANC 4.09 ± 1.87 4 ± 2.5 4.1 ± 1.5 1

Postoperative chemotherapy 96 (22.4) 12 (9.8) 84 (27.4) \0.001

Postoperative radiation therapy 409 (96.3) 120 (98.4) 289 (94.1) 0.01

BMI body mass index, WBC white blood cell, ANC absolute neutrophil count
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advanced stage cancer (p\ 0.001), and were more likely

to receive postoperative radiation therapy (p = 0.01). The

patients in the NAC group had a lower preoperative white

blood cell count (WBC) at the time of surgery (p = 0.01),

but the ANC was similar between the two groups. The

demographic data for the patients who underwent uni- or

bilateral surgery were similar, except that the incidence of

hypertension was higher in the bilateral surgery group

(p = 0.04). The mean postoperative follow-up period was

59.2 ± 22.4) months.

The total complication rate for the first stage of recon-

struction was 25.9% per patient (15.6% per breast), with

major complications occurring for 9.1% of the patients

(9.3% of the breasts). Additional surgery for treatment of

complications was required for 4.9% of the patients

(Table 2; Fig. 1). Complications occurred in the index

breast in 10.9%, the contralateral breast in 2.4%, and both

breasts in 2.2% of the cases. Any complication resulted in a

delay of any adjuvant therapy (defined as longer than

8 weeks) for 18 patients (4.2%). Delayed radiation therapy

occurred for 13 patients who received adjuvant radiation

therapy (3.2%) and for 5 patients who received adjuvant

chemotherapy first (5.2%).

Higher BMI and diabetes mellitus were correlated with a

higher risk of overall complications, whereas bilateral

surgery was not associated with a higher risk of compli-

cations than unilateral surgery (Table 3). We observed the

same findings after adjustment for BMI, diabetes mellitus,

and bilateral surgery in the multivariate analysis (Table 3).

Higher BMI (p\ 0.001), breast size greater than a D cup

(p = 0.034), higher WBC (p = 0.003), and higher ANC

(p = 0.002) were correlated with a higher risk of major

complications in the univariate analysis. Youden’s index

suggested a BMI cutoff of 29.6 kg/m2 for increased risk of

complications, but complications increased gradually with

an increase in BMI.

Postoperative complications between the NAC and no-

NAC groups were evaluated independently per breast. The

findings showed that NAC did not increase overall com-

plications (p = 0.62) or major complications (p = 0.35),

and did not delay adjuvant radiation therapy (p = 0.37;

Table 4). After adjustment for confounders (BMI, diabetes,

and immediate contralateral mastopexy for symmetry) in a

multivariate GEE model, NAC was not found to be asso-

ciated with an increased risk of complications (adjusted OR

0.85; 95% CI 0.53–1.37; p = 0.50), major complications

(adjusted OR 1.46; 95% CI 0.69–3.06; p = 0.32), or mul-

tiple complications (OR 1.65; 95% CI 0.7–3.88; p = 0.33).

TABLE 2 Postoperative complications: comparison of patients who underwent neoadjuvant systemic chemotherapy with those who did not

Total n (%) Neoadjuvant

chemotherapy n (%)

No neoadjuvant

chemotherapy n (%)

OR (95% CI) p Value

No. of patients 429 122 (28.4) 307 (71.6) –

No. of breasts 713 199 (27.9) 514 (72.1) –

Overall complications (per patient) 111 (25.9) 28 (23) 83 (27.04) 1.24 (0.76–2.03) 0.4

Delayed wound healing 62 (14.4) 16 (13.1) 46 (15) 1.17 (0.63–2.15) 0.65

Dehiscence 18 (4.2) 4 (3.3) 14 (4.6) 1.41 (0.45–4.37) 0.61

Hematoma/seroma 10 (2.3) 3 (2.5) 7 (2.3) 0.93 (0.24–3.64) 1

Fat necrosis 24 (5.6) 5 (4.1) 19 (6.2) 1.54 (0.56–4.23) 0.49

Wound infection 29 (6.8) 5 (4.1) 24 (7.8) 1.98 (0.74–5.33) 0.204

Skin necrosis 6 (1.4) 1 (0.8) 5 (1.6) 2 (0.23–17.3) 0.68

T-junction necrosis 15 (3.5) 3 (2.5) 12 (3.9) 1.61 (0.45–5.82) 0.57

Multiple complications 35 (8.2) 2 (1.6) 11 (3.6) 1.65 (0.7–3.88) 0.33

Major complication (per patient) 39 (9.1) 14 (11.5) 25 (8.1) 1.46 (0.73–2.92) 0.35

Complication causing delayed adjuvant radiation

(for those who received it)

13 (3.2) 2 (1.7) 11 (3.8) 0.43 (0.09–1.96) 0.36

Complication causing delayed adjuvant chemotherapy

(for those who received it first)

5 (5.2) 0 (0) 5 (6.0) – 1

Reexcision for involved margins (per patient) 30 (7.0) 12 (6) 22 (4.3) 0.48 (0.18–1.29) 0.15

Additional surgery for complication (per patient) 21 (4.9) 7 (5.7) 14 (4.6) 1.27 (0.5–3.24) 0.62

OR odds ratio, CI confidence interval
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In the multivariate analysis, higher BMI (p = 0.001) and

higher preoperative WBC (p = 0.001) were correlated with

a higher risk of complications for patients who received

NAC (Table 4). Higher BMI (OR 1.1; 95% CI 1.02–1.19;

p = 0.01) and higher preoperative WBC (OR 1.19; 95% CI

1.06–1.34; p = 0.003) also were correlated with a higher

risk of major complications in the multivariate analysis of

the patients who received NAC.

Of the patients who received NAC at MD Anderson

Cancer Center whose regimens therefore were known, 80

received an anthracycline-based combination as the last

component of their chemotherapy, and 28 received single-

agent paclitaxel as the last component of their

chemotherapy regimen. The groups were similar except

that the patients treated last with single-agent paclitaxel

were older (average, 55.3 vs. 49.2 years; p = 0.003) and

more likely to have hypertension (p = 0.02) and coronary

artery disease (p = 0.007). In the univariate analysis, the

different regimens did not influence overall complications
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FIG. 1 Complications (per patient) for patients who underwent

oncoplastic breast-conserving surgery according to neoadjuvant

systemic chemotherapy administration (p C 0.05 for all variables)

TABLE 3 Univariate and multivariate analyses of overall complications for all patients

Univariate analysis Multivariate analysis

Variable OR (95% CI) p Value OR (95% CIl) p Value

Neoadjuvant chemotherapy 0.89 (0.55–1.43) 0.62 –

BMI (continuous) 1.05 (1.03–1.08) \ 0.001 1.05 (1.02–1.07) 0.002

Diabetes mellitus 2.37 (1.45–3.87) 0.001 1.91 (1.14–3.20) 0.001

Hypertension 1.61 (1.06–2.44) 0.025 –

Immediate contralateral mastopexy for symmetry (per breast) 0.56 (0.35–0.88) 0.013 0.57 (0.36–0.91) 0.002

Preoperative WBC count 1.09 (1.01–1.17) 0.024 –

ANC 1.09 (0.98–1.22) 0.11 –

Bra cup size C D 1.29 (0.80–2.09) 0.29 –

OR odds ratio, CI confidence interval, BMI body mass index, WBC white blood cell, ANC absolute neutrophil count

TABLE 4 Univariate and multivariate analyses of overall complications for patients undergoing oncoplastic breast-conserving surgery who

received neoadjuvant systemic chemotherapy

Variable Univariate analysis Multivariate analysis

OR (95% CI) p Value OR (95% CI) p Value

Surgery[4 weeks after preoperative chemotherapy versus B4 weeks 0.89 (0.36–2.21) 0.81 –

Taxol chemotherapy 1.05 (0.40–2.76) 0.92 –

BMI (continuous) 1.07 (1.03–1.11) \ 0.001 1.08 (1.02–1.13) 0.006

Diabetes mellitus 2.70 (1.05–6.97) 0.04 –

Hypertension 1.93 (0.84–4.41) 0.12 –

Immediate contralateral mastopexy for symmetry (per breast) 0.34 (0.15–0.80) 0.013 0.17 (0.07–0.46) 0.002

Preoperative WBC count 1.13 (1.04–1.24) 0.005 1.16 (1.06–1.28) 0.001

Preoperative ANC 1.16 (1.02–1.33) 0.024 –

OR odds ratio, CI confidence interval, BMI body mass index, WBC white blood cell, ANC absolute neutrophil count
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(p = 0.89) or major complications (p = 0.91), and in sub-

group multivariate analysis, the observations remained

unchanged. Lower preoperative ANC was not correlated

with an increase in the complication rate. The interval

between NAC and surgery did not differ significantly

between the patients who received a single-agent paclitaxel

last and those who received an anthracycline-based regi-

men (mean, 32.6 vs. 35.1 days; p = 0.11).

Among the patients who underwent NAC, 88 (145

breasts) underwent surgery more than 4 weeks after com-

pletion of NAC, and 32 (52 breasts) received surgery

within 4 weeks. Both the uni- and multivariate analyses

demonstrated that the interval between completion of NAC

and surgery did not increase overall complications or major

complications (Table 4). It should be noted that due to the

retrospective study design, this analysis was underpowered

to detect a difference and may have been subject to a type 2

error.

DISCUSSION

In this large study of patients treated with complex

OBCS involving the mastopexy/breast-reduction tech-

nique, the administration of preoperative chemotherapy

was not associated with a higher rate of postoperative

overall (p = 0.33), major (p = 0.35), or multiple (p = 0.33)

complications. The results of this study are in accord with

those of others demonstrating similar complication rates

for patients undergoing oncologic breast surgery after

NAC.11,12,24–31,40 This is the first study specifically to

examine the effect of NAC on outcomes of OBCS.

Despite evidence that overall and recurrence-free sur-

vival rates are similar when the oncologic surgery is

performed any time up to 8 weeks after completion of

NAC, in clinical practice, this interval is significantly

shorter due to concerns for adverse oncologic outcomes.

Chemotherapy affects rapidly dividing cells, which can

impair wound healing and may increase susceptibility to

infection in patients undergoing surgery. A short interval

between completion of NAC and surgery therefore raises

concerns that cell counts may not have recovered, poten-

tially increasing the risk of wound infection and delayed

wound healing, with the consequent potential for delayed

adjuvant radiotherapy, particularly for patients undergoing

more complex OBCS procedures with immediate sym-

metrizing surgeries.

The recommendation for earlier surgery in the setting of

NAC often comes from medical oncologists, particularly

when patients receive single-agent paclitaxel as the last

component of their chemotherapy regimen because cell

count recovery from paclitaxel (usually administered

weekly) is faster than with anthracycline-based regimens

(which usually are administered every 3 weeks). This is the

first study to examine the effect of NAC timing on the rate

of complications in breast surgery. No increase in com-

plications was found for patients with an interval shorter

than 4 weeks between completion of NAC and surgery

compared with an interval of 4 weeks or longer. Our study

was underpowered to detect an absolute cutoff, but at least

a 4-week interval between NAC and oncologic surgery

seems to be a practical and safe compromise. Interestingly,

no difference in complication rates based on the last

chemotherapy component was found.

Performing contralateral mastopexy for symmetry at the

time of OBCS to the index breast did not increase the risk

of overall complications compared with performing

delayed or no surgery to the contralateral breast, and no

differences in the rate of delayed adjuvant radiation therapy

were observed. The decision to delay surgery to the con-

tralateral breast likely was due to greater medical

comorbidity. Consistent with previous breast surgery lit-

erature, BMI was found to be an independent predictor of

complications in this study.25,27,30,41–44 The number of

active cigarette smokers was too small for statistical con-

clusions to be reached regarding independent or

multivariable risk in this population. A gradual increase in

complication rate was demonstrated with an increase in

BMI, and the inflection point was at an approximate BMI

of 30 kg/m2, consistent with other literature.45,46 Although

higher preoperative WBC also correlated with an increased

risk of complications for the patients who received NAC,

this likely was a confounder due agents often used in the

setting of chemotherapy (e.g., pegfilgrastim) to stimulate

WBC production artificially.

Evidence exists to support better surgical outcomes for

patients treated in high-volume hospitals or by high-vol-

ume or specialized surgeons,47,48 suggesting that these

complex patients are optimally managed in high-volume

breast cancer centers that have careful patient selection

within a multidisciplinary framework. Delayed adjuvant

therapy is an unintended consequence of surgical proce-

dures, and although immediate contralateral mastopexy for

symmetry was not associated with an increased risk of

complications or delayed adjuvant radiation therapy in this

patient population, patient selection should strongly take

comorbidities, including the presence of obesity, into

account. Clinicians should always bear in mind that OBCS

is an oncologic procedure with cure as the goal of care, so

all efforts should be concentrated on avoiding delays in

adjuvant treatments to preserve the associated survival

benefit.

The current study had several limitations including the

retrospective design and the inherently heterogeneous

surgical group of patients given the multiple ablative and

reconstructive surgeons. This study also did not evaluate
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whether OBCS in the setting of NAC could have an impact

on long-term disease control, and this is an area for future

investigation. Despite these limitations, this is the first

study specifically to evaluate complications after NAC

among patients undergoing OBCS. The study focused on

the most complex OBCS procedures involving the masto-

pexy/breast-reduction technique, including patients

undergoing synchronous symmetrizing mastopexy/breast

reduction. The findings are therefore likely to be general-

izable to less complex local parenchymal tissue

rearrangement procedures. The findings of this study pro-

vide much needed real evidence for the low rates of

complications from these procedures in the setting of NAC

and highlight the importance of multidisciplinary care and

careful patient selection.

CONCLUSIONS

In a high-volume center and with careful patient selec-

tion, OBCS can be safely performed for patients receiving

NAC without an increased the risk of complications or

delayed adjuvant radiation therapy. An interval of at least

4 weeks between completion of NAC and surgery can be

regarded as safe irrespective of the chemotherapy regimen

used.
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