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Abstract

Background—Use of neoadjuvant chemotherapy for breast cancer is increasing. The objective
was to examine risk of post-operative wound complications in patients receiving neoadjuvant
chemotherapy for breast cancer.

Methods—~Patients undergoing breast surgery from 2005-2010 were selected from the American
College of Surgeons National Surgical Quality Improvement Program database. Patients were
included if pre-operative diagnosis suggested malignancy and an axillary procedure was
performed. A stepwise multivariable regression analysis of predictors of post-operative wound
complications, overall and stratified by breast surgery type, was performed. Our primary variable
of interest was receipt of neoadjuvant chemotherapy.

Results—Of 44,533 patients, 4.5% received neoadjuvant chemotherapy. Wound complications
were infrequent with or without neoadjuvant chemotherapy (3.4% vs. 3.1%, p= 0.4). Smoking,
functional dependence, obesity, diabetes, hypertension and mastectomy were associated with
wound complications. No association with neoadjuvant chemotherapy was seen (OR 1.01 [CI
0.78-1.32]). However, a trend towards increased complications in neoadjuvant patients
undergoing mastectomy with immediate reconstruction (OR 1.58 [CI 0.98-2.58]) was observed.

Conclusion—Breast post-operative wound complications are infrequent and not associated with
neoadjuvant chemotherapy. However, given the trend towards increased complications in patients
undergoing mastectomy with immediate reconstruction, neoadjuvant chemotherapy should be one
of many factors considered when making multidisciplinary treatment decisions.
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Background

Indications for neoadjuvant chemotherapy in the treatment of breast cancer are

expanding ). Neoadjuvant chemotherapy provides the advantages of monitoring the in situ
breast tumor for treatment response and the potential for breast conserving surgery (BCS) in
patients with locally advanced breast cancer who otherwise may not have been

candidates (@), Given that both overall and disease-free survival are equivalent after
neoadjuvant and adjuvant chemotherapy, neoadjuvant chemotherapy can be considered as a
treatment option for any patient who is expected to require systemic treatment (3-5),
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Therefore there is a need to improve understanding of the potential for post-operative
complications in recipients of neoadjuvant chemotherapy.

A recent study assessing post-operative morbidity following breast cancer surgery
demonstrated that the most frequent complication was wound infection ©). Given that
neutropenia is a common side effect of breast cancer chemotherapeutics (), this has raised
concern that patients treated with neoadjuvant chemotherapy may be at increased risk for
post-operative complications. This has been examined in several single institution series that
have focused primarily on mastectomy with or without immediate reconstruction; in these
studies, no increase in post-operative complications in patients treated with neoadjuvant
chemotherapy was identified (8-11)- However, the conclusions of these retrospective studies
conducted primarily at academic centers are limited by small sample size, exclusion of
patients undergoing breast conservation, and lack of generalizability to community settings.

The objective of our study was to examine the risk of post-operative wound complications in
patients receiving neoadjuvant chemotherapy for breast cancer using the American College
of Surgeons — National Surgical Quality Improvement Program (ACS-NSQIP) database (12).
By using this prospectively collected multi-institutional dataset, we were able to examine the
relationship between receipt of neoadjuvant chemotherapy and post-operative wound
complications, stratified by type of surgical procedure, across multiple institutions reflecting
a variety of settings. These results have the potential to influence the choice and sequencing
of the multidisciplinary components of breast cancer treatment.

The ACS-NSQIP is a quality improvement program that provides risk-adjusted surgical
outcomes data to participating hospitals. In 2010, the ACS-NSQIP database included data
contributed by 258 academic and community hospitals throughout the United States.
Operative cases are selected using a systematic sampling process to minimize bias in case
selection; in any 8-day sampling cycle, case selection is limited to no more than 3 breast
lumpectomies. Pre-operative and intra-operative variables are collected via chart abstraction
and other methods by a trained Surgical Clinical Reviewer. Thirty-day post-operative
outcomes include complications, mortality, re-operation, and length of stay. A full
description of the ACS-NSQIP program is available online (12)-

Patient Cohort

We selected a cohort of patients who underwent 1) BCS (CPT codes: 19162, 19301, 19160,
19300, 19140, 19120, 19125, 19126), 2) mastectomy (CPT codes: 19307, 19306, 19305,
19302, 19240, 19220, 19200, 19304, 19303, 19182, 19180), or 3) mastectomy and
reconstruction (CPT code: 19340 or codes for mastectomy plus 19340, 19342, 15734,
19350, 19357, 19360, 19361, 19364,19366, 19367, 19368, or 19369) from the 2005-2010
ACS-NSQIP Participant Use Files. Patients were included if their pre-operative diagnoses
included malignant neoplasm of the breast (ICD-9 diagnosis codes: 174.0 — 174.9),
neoplasm of the breast (239.3), personal history of breast cancer (v.10.3), secondary breast
cancer (198.81), ductal carcinoma in situ (233.0), breast lump or mass (611.72), or
inflammatory breast disease (611.0).

To further limit our cohort to patients likely to have malignant disease (thereby eligible for
neoadjuvant chemotherapy), patients were also required to have undergone either a sentinel
lymph node biopsy (CPT codes: 38500, 38505, or 38525), or an axillary lymph node
dissection (CPT codes: 38740, 38745 or codes for modified radical or radical mastectomy);
patients who did not undergo an axillary staging procedure at the time of their breast
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procedure were excluded. Finally, we excluded male breast cancer patients and any patients
with metastatic cancer at the time of their breast cancer surgery.

The primary outcome was wound complication. Wound complications were categorized as
superficial surgical site infection, deep infection (including deep surgical site infection and
organ space infection), and dehiscence. Although re-operation is considered a complication
by the ACS-NSQIP, we excluded it from our study, as it is impossible to differentiate re-
operation for positive margins or a positive sentinel lymph node from a true complication
that requires return to the operating room.

Our primary explanatory variable was receipt of neoadjuvant chemotherapy within 30 days
of the operation. We also evaluated a number of preoperative factors including
demographics (age, race), co-morbidities (diabetes mellitus, hypertension, congestive heart
failure, chronic obstructive pulmonary disease, steroid use, bleeding disorder, history of
cardiac surgery, history of stroke or transient ischemic event, open or infected wound),
laboratory values (white blood cell count, hematocrit, platelets) and other factors (smoking,
alcohol use, functional status, body mass index). Breast surgical procedure was categorized
as BCS, mastectomy, or mastectomy with immediate reconstruction. Axillary surgery was
categorized as either axillary lymph node dissection or sentinel lymph node biopsy; patients
undergoing both procedures were included in the axillary lymph node dissection group.

Data analysis

Results

General summary statistics were generated to describe our cohort. A univariate analysis
compared demographics, pre-operative, and operative variables between patients who did
and did not receive neoadjuvant chemotherapy. The Mantel-Haenszel Chi-squared test and
the Fisher’s exact test were used to examine the relationship between the variables and the
two chemotherapy groups. Variables having p < 0.1 were considered for inclusion into a
multivariable logistic regression model to further explore the association between
chemotherapy and wound complications while adjusting for other factors. Multivariable
models were built for the overall cohort, as well as stratified by type of breast surgery. All
statistical analyses were performed using SAS v.9.2 (Cary, NC, USA).

A cohort of 44,533 patients was identified. Of these, 2,006 (4.5%) received neoadjuvant
chemotherapy. Patient demographics, pre-operative and operative characteristics are
presented in Table 1. Patients treated with neoadjuvant chemotherapy were younger and had
less co-morbidities. However, they were more likely to smoke and to be overweight or
obese. Additionally, neoadjuvant patients had more frequent steroid use and hematologic
laboratory abnormalities.

Patients undergoing BCS were less likely to have been treated with neoadjuvant
chemotherapy than those undergoing mastectomy (1.6% vs. 5.8%, p<0.001). Additionally,
in those patients undergoing mastectomy, patients treated with neoadjuvant chemotherapy
were less likely to receive immediate reconstruction (21.3% vs. 29.3%, p<0.001). Axillary
lymph node dissections were more common in the neoadjuvant patient cohort (85.7% versus
48.2%, p<0.001).

As expected, short-term survival for patients was excellent, with an overall 30-day mortality
of 0.06% (Table 2). 30-day morbidity was slightly lower in those patients receiving
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neoadjuvant chemotherapy (5.6 vs. 7.0%, p= 0.01). However, the wound complication rate
was comparable between the two groups (3.4% vs. 3.1%, p = 0.4), with a slightly higher rate
of dehiscence in the neoadjuvant chemotherapy cohort (0.7% vs. 0.3%, p=0.009).

In the multivariable analysis, factors predictive of wound complications included smoking,
functional dependence, being overweight or obese, diabetes, hypertension, and mastectomy
(Table 3). Neoadjuvant chemotherapy was not significantly associated with wound
complication on multivariable analysis (odds ratio 1.01, 95% confidence interval 0.78-1.32,
p=0.9).

Because we anticipated that factors associated with wound complications would differ
dramatically based on the surgical procedure performed, we performed a stratified analysis
(Table 4). Patients undergoing BCS had a wound complication rate of 1.9%. In these
patients, being overweight or obese, being functionally dependent, and undergoing an
axillary lymph node dissection was associated with wound complications. Compared to
patients undergoing BCS, patients undergoing mastectomy had a higher rate of wound
complications (3.50% without reconstruction and 3.95% with immediate reconstruction).
Factors associated with an increased risk of wound complications included smoking, being
overweight or obese, and diabetes. For patients not undergoing immediate reconstruction,
functional dependence and hypertension were also associated with increased risk of wound
complication. Receipt of neoadjuvant chemotherapy was not significantly associated with an
increased risk of wound complications regardless of surgery received. However, a trend
towards increased wound complications was seen in those patients undergoing mastectomy
with immediate reconstruction but this did not reach statistical significance (odds ratio 1.58,
95% confidence interval 0.98-2.58, p = 0.06).

Discussion

In this analysis of the ACS-NSQIP database, we confirmed the findings from prior studies
demonstrating that wound complications after breast cancer surgery are infrequent (< 4%).
Wound complication rates do vary by type of surgical procedure performed, with the lowest
rates observed after BCS (1.9%) and the highest after mastectomy with reconstruction
(4.0%). As expected, factors associated with wound complications also varied by type of
surgical procedure. For patients undergoing BCS, age, obesity, functional dependence, and
undergoing a concurrent axillary lymph node dissection were associated with increased risk.
For patients undergoing mastectomy, factors differed. Some of the observed factors, such as
obesity, smoking, and hypertension, have been noted in prior studies ¢ 13). However, we
also identified functional dependence and diabetes as increasing risk; these factors have not
previously been reported. However, regardless of type of surgery received, use of
neoadjuvant chemotherapy did not significantly increase the risk of wound complications.

Concern regarding the theoretical increased risk of wound complications after the receipt of
neoadjuvant chemotherapy has existed within the breast surgery community for some time.
In response to early concerns, MD Anderson Cancer Center developed a protocol regarding
timing of surgery for recipients of pre-operative chemotherapy. Under their “strict operative
criteria”, all patients treated with neoadjuvant chemotherapy had to have a resectable tumor,
white blood cell count greater than 2500 cells/mm3, and platelet count greater than 50,000
cells/mm3 prior to mastectomy ). This early single-institution study demonstrated that post-
mastectomy morbidity in patients who received pre-operative chemotherapy was no
different from patients who did not have pre-operative chemotherapy. Since that time,
several studies have reported similar findings (¢-11.14); in these studies, “strict operative
criteria” as reported by the MD Anderson group were not required. The findings of our
study further corroborate the conclusions of these single-institution, retrospective studies.
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Recently, there has been growing interest in outcomes after neoadjuvant chemotherapy and
mastectomy with immediate reconstruction. Two single institution studies of patients who
underwent mastectomy and immediate reconstruction found no significant difference in
complication rates between patients who received neoadjuvant chemotherapy and those who
did not & 11), Although we did not identify a statistically significant association between
receipt of neoadjuvant chemotherapy and wound complications after mastectomy with
immediate reconstruction, a trend was observed. This is noteworthy given the selection bias
apparent in our patients undergoing immediate reconstruction after neoadjuvant
chemotherapy. Patients selected for immediate reconstruction after neoadjuvant
chemotherapy were younger and overall “healthier” than those who underwent mastectomy
alone. Despite this, a trend towards increased wound complications after neoadjuvant
chemotherapy and immediate reconstruction was noted. This may be a direct result of the
chemotherapy received. However, other clinical data unavailable in the ACS-NSQIP dataset,
including cancer stage and receipt of post-mastectomy radiation, may also impact patients’
risk of wound complications. Given the available data, we cannot conclude that expanding
the use of immediate reconstruction to all patients who undergo neoadjuvant chemotherapy
would be acceptable. However, our data does support the conclusion that neoadjuvant
chemotherapy recipients selected by their surgeons to be a good candidate for immediate
reconstruction can be expected to have good post-operative outcomes.

Several limitations exist for our study. First, patients in our study were not randomized to
either timing of chemotherapy or to type of surgery performed, and as a result selection bias
inevitably exists. Differences between the patient groups were evident for a number of
factors, including age and co-morbidities, and multivariable logistic regression was used to
adjust for this. Other variables relevant to patient selection, such as cancer stage, were not
available in our dataset and remain unaccounted for in this analysis.

Additionally, the sampling strategy utilized by the NSQIP under-samples patients
undergoing BCS compared to mastectomy; this is reflected in our BCS rate of 31%, which is
lower than what has been reported for the United States population (15 16). However,
because we are not reporting on rates of surgery, but rather complications according to
surgery type, this difference should not impact the conclusions of our study. Similarly, our
reported rates of wound complications are lower than complication rates reported in other
series (8 10) especially after breast reconstruction; this likely relates to the definitions of
complications used. As the ACS-NSQIP is a quality improvement program largely designed
to evaluate outcomes after general and vascular surgery, disease specific complications that
would be relevant to breast cancer surgery (such as seroma aspiration or delay of
chemotherapy) are not collected. This likely explains the difference between the rates
reported in our study and other single-institution series.

Next, it is possible that our cohort of neoadjuvant chemotherapy recipients is incomplete. In
the ACS-NSQIP, chemotherapy received in the 30 days prior to surgery is recorded and this
variable was used to define our neoadjuvant cohort. It is possible that some neoadjuvant
patients had a longer interval between the end of chemotherapy and surgery, and therefore
may have been misclassified. Currently, no standard exists for the optimal interval between
chemotherapy and surgery. However, one recently published randomized controlled trial
described surgery between 14 and 28 days after chemotherapy (2) and another study reported
a median 27 day interval (. This suggests that the majority of our cohort was appropriately
categorized.

Finally, we were underpowered to detect small differences in wound complication rates;
over 60,000 neoadjuvant chemotherapy patients would have been required to achieve a
power of 80%. However, wound complication rates were low, even for the group who
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underwent mastectomy with reconstruction. We therefore believe that a clinically
meaningful difference is unlikely to be observed with additional patients.

Although limitations exist to our study, these results currently represent the most
comprehensive evaluation of neoadjuvant chemotherapy and post-operative wound
complications following the surgical treatment of local-regional breast cancer. By using the
ACS-NSQIP database, we were able to examine the outcomes from a multi-institutional
cohort representing a range of community and academic surgical practices. Additionally, we
had the benefit of prospectively collected and validated pre-operative and operative
variables; this allowed us to control for both previously described risk factors for wound
complications (including obesity, smoking, axillary dissection, and mastectomy) (6. 1317, 18)
as well as other unique factors. One of the greatest strengths of our study, however, is the
rigorous methodology applied to collection of post-operative complications by the ACS-
NSQIP. This increases the reliability and validity of our conclusions.

Conclusions

In conclusion, we demonstrated that the rate of wound complications for breast cancer
patients undergoing neoadjuvant chemotherapy is low, at 3.4%. In our multivariable model,
a number of previously identified factors, including smoking, hypertension, and obesity
were associated with an increased risk of wound complications for patients undergoing
mastectomy. However, receipt of neoadjuvant chemotherapy was not associated with an
increased risk of wound complications.

Although it did not reach statistical significance, a trend towards increased risk of wound
complications after mastectomy and immediate reconstruction for patients who received
neoadjuvant chemotherapy was observed. This was observed despite the evident selection
bias in patients who were chosen to undergo immediate reconstruction. Although the
association between neoadjuvant chemotherapy and post-operative wound complications
was much less strong than that observed for other clinical factors (especially obesity), it
represents one of many factors that must be considered by surgeons when making
recommendations for immediate reconstruction in patients who have received neoadjuvant
chemotherapy.
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Table 3
Multivariable model of factors associated with wound complications in patients undergoing breast cancer
surgery

Factor N (%)N = 44533 | Adjusted OddsRatio | 95% ConfidencelInterval | Pvalue
Neoadjuvant chemotherapy 2006 (4.5%) 1.00 0.77-1.31 0.973
Age 1.00 0.99-1.00 0.252
Race

White 32025 (71.9%) 1.00 Reference

Black 4570 (10.3%) 0.82 0.65-0.98 0.431

Other 4098 (9.2%) 0.80 0.65-0.98 0.229
Smoker 6437 (14.5%) 1.56 1.35-1.80 <0.0001
Partial/fully dependent 604 (1.4%) 2.02 1.43-2.88 <0.0001
Overweight/obese 28903 (64.9%) 2.16 1.87-2.50 <0.0001
Diabetes mellitus 3837 (8.6%) 1.57 1.33-1.85 <0.0001
Hypertension 18811 (42.2%) 1.25 1.10-1.43 0.001
Type of Breast Surgery

Breast conserving surgery 13791 (31.0%) 1.00 Reference

Mastectomy 21888 (49.2%) 1.82 1.54-2.16 0.034

Mastectomy + reconstruction | 8854 (19.9%) 2.51 2.09-3.02 <0.0001
Axillary lymph node dissection ™ | 22197 (49.8%) 1.00 0.88-1.14 0.945

*
Analysis performed using sentinel lymph node biopsy as the reference
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Stratified Multivariable model of factors associated with wound complications in patients undergoing breast

cancer surgery

4a. Breast Conserving Surgery

Factor N (%) N=13791 | Adjusted OddsRatio | 95% ConfidenceInterval | Pvalue
Neoadjuvant Chemotherapy 220 (1.6%) 0.43 0.10-1.75 0.236
Age - 0.99 0.98-1.00 0.032
Race

White 10232 (74.2%) 1.00 Reference

Black 1320 (9.6%) 1.22 0.84-1.78 0.363

Other 1047 (7.6%) 1.02 0.64-1.63 0.739
Smoker 1849 (13.4%) 112 0.78-1.61 0.536
Partial/fully dependent 98 (0.7%) 3.16 1.25-7.95 0.015
Overweight/obese 9299 (67.4%) 2.14 1.51-3.01 <0.0001
Diabetes mellitus 1107 (8.0%) 1.33 0.89-2.00 0.167
Hypertension 6202 (45.0%) 1.14 0.85-1.53 0.398
Axillary lymph node dissection™ | 1663(12.1%) 1.56 1.10-2.20 0.012
4b. M astectomy
Factor N (%) N=21888 | Adjusted OddsRatio | 95% Confidencelnterval | P value
Neoadjuvant Chemotherapy 1406 (6.4%) 0.94 0.68-1.30 0.706
Age - 1.00 0.99-1.00 0.242
Race

White 15124 (69.1%) 1.00 Reference

Black 2620 (12.0%) 0.74 0.59-0.94 0.254

Other 2317 (10.6%) 0.74 0.56-0.97 0.285
Smoker 3368 (15.4%) 1.68 1.39-2.02 <0.0001
Partial/fully dependent 481 (2.2%) 2.01 1.37-2.97 0.0004
Overweight/obese 14737 (67.3%) 1.86 1.53-2.26 <0.0001
Diabetes mellitus 2401 (11.0%) 1.60 1.30-1.96 <0.0001
Hypertension 10483 (47.9%) 1.32 1.11-1.58 0.002
Axillary lymph node dissection ™ | 15992 (73.1%) 0.90 0.76-1.58 0.245
4c. Mastectomy with | mmediate Reconstruction
Factor N (%) N=8854 | Adjusted OddsRatio | 95% Confidencelnterval | P value
Neoadjuvant Chemotherapy 380 (4.3%) 1.58 0.98-2.58 0.062
Age - 1.01 1.00-1.02 0.209
Race

White 6669 (75.3%) 1.00 Reference

Black 630 (7.1%) 0.76 0.51-1.15 0.510

Other 734 (8.3%) 0.78 0.51-1.21 0.652
Smoker 1220 (13.8%) 1.60 1.21-2.14 0.001
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4a. Breast Conserving Surgery

Factor N (%) N=13791 | Adjusted OddsRatio | 95% ConfidenceInterval | Pvalue
Partial/fully dependent 25 (0.3%) 0.90 0.12-6.94 0.921
Overweight/obese 4867 (55.0%) 2.86 2.17-3.77 <0.0001
Diabetes mellitus 329 (3.7%) 1.86 1.22-2.84 0.004
Hypertension 2126 (24.0%) 1.16 0.89-1.52 0.263
Axillary lymph node dissection ™ | 4542 (51.3%) 101 0.80-1.26 0.949

*
Analysis performed using sentinel lymph node biopsy as the reference
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