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Introduction 

The use of neoadjuvant chemotherapy (NAC) in breast 
cancer patients is increasing (1,2). Although the hope of 
NAC to improve cancer specific survival has not yet been 
realized, there is good evidence that NAC benefits patients 
by increasing their chance of successful breast-conserving 
therapy (BCT) (1,2). Patients previously excluded from the 
option of BCT, such as those with multi-focal tumors or 

tumors larger than 5 cm, increasingly undergo lumpectomy 
after NAC (3). In recent reports, their cancer outcomes 
were equivalent to those who underwent mastectomy 
(4,5). Patient-centered drivers of NAC also exist. If NAC 
is undertaken, there is time during which the patient can 
undergo genetic testing and plastic surgical consultation. 
Both aid decision making in those patients initially 
uncertain about their preference between mastectomy and 
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lumpectomy for their treatment. In addition, premenopausal 
patients interested in future pregnancy have time for 
fertility counseling. For all these reasons, the number of 
patients receiving NAC in the future is expected to rise.

In contrast to the well-established benefit of NAC for 
breast preservation, information on the influence of NAC 
on postoperative surgical outcomes after breast surgery 
is incomplete. Utilizing the statistical power of national 
databases, only a few studies have reported postoperative 
outcomes after receipt of NAC in patients with breast 
cancer (6-9). Due to the smaller number of patient 
encounters, single-institution reports of the effect of NAC 
on postoperative complications after breast surgery are 
more limited in their ability to distinguish differences in 
complications attributed to NAC (10-12). The association 
of NAC with morbidity and mortality (M&M) for organ 
sites other than breast has been reported many times (13-26), 
but these reports may not be relevant for breast patients. 
For example, patients undergoing breast surgery have 
lower overall M&M but higher reoperation rates compared 
with most other general surgical oncology operations 
(27-29). In addition, there are differences in the types of 
chemotherapy and targeted agents delivered to patients 
dependent on cancer type, further decreasing the relevance 
of NAC studies of other organs. To date, when all organ 
sites are considered, the findings of the influence of NAC 
on postoperative outcomes are mixed (6-26). Given the 
uncertain effects of NAC on surgical outcomes, the primary 
aim of this study was to utilize the American College 
of Surgeons National Surgical Quality Improvement 
Program (NSQIP) database to characterize the impact of 
NAC on postoperative complications after lumpectomy 
and mastectomy, the two most common breast cancer 
operations. 

Methods

We obtained Gundersen Clinic, Ltd. Human Subjects 
Committee/Institutional Review Board exemption for 
this study. Use of the de-identified NSQIP Participant 
Use Data File (PUF) is Health Insurance Portability and 
Accountability Act (HIPAA)-compliant (30).

The NSQIP database was used to determine associations 
between the predictor variable receipt of NAC within  
30 days of surgery and the primary study outcomes of 
serious morbidity and/or mortality within 30 days of 
surgery, reoperation rates within 30 days of surgery, 
readmission rates within 30 days of surgery, and duration 

of operative time-skin to skin (8,31-35). The composite 
(summative) performance measure of serious morbidity 
and/or mortality was used instead of individual morbidity 
measures, owing to the low number of these individual 
events in breast patients (27,28,33). This composite measure 
is endorsed by the National Quality Forum (35). It has also 
been validated and used extensively by other investigators 
and has been termed the “primary outcome measure of 
NSQIP” (33). Composite measures better reflect hospital 
quality than simple rates of risk-adjusted morbidity. Serious 
morbidity indicates one or more of the following events 
occurred: cardiac arrest, myocardial infarction, pneumonia, 
progressive renal insufficiency, acute renal failure, venous 
thromboembolism, deep incisional surgical site infection 
(SSI), organ space SSI, sepsis, septic shock, unplanned 
intubation, urinary tract infection, wound disruption, or 
reoperation. Readmission, first appearing as a NSQIP 
outcome in 2011, has not yet been incorporated into the 
composite M&M measure. 

Inclusion criteria included those with the International 
Classification of Disease, 9th Revision (ICD-9) diagnosis 
codes  for  lumpectomy for  cancer  (174.0–174.9) , 
lumpectomy-other (217, 611.72, 610.0–610.9, 611.0–611.79, 
611.8–611.9, 793.8–793.89), and mastectomy (174.0–174.9, 
233.0), and the common procedural term (CPT) codes 
for patients undergoing breast lumpectomy, mastectomy 
of any type, sentinel node biopsy, or axillary dissection 
(19160, 19162, 19180, 19182, 19240, 19301, 19302, 19303, 
19304, and 19307). Any combination of these CPT codes 
was acceptable. By design, NSQIP limits the number of 
smaller outpatient operations, such as lumpectomy, to a 
maximum of three cases during each of the 46 standard 
8-day NSQIP sampling cycles in a year (36). This limit 
minimizes bias in comparisons of institutions for overall 
general surgical M&M. Patients were excluded if they had 
a concurrent operation the CPT code of which was not one 
of the codes listed above. Thus, patients undergoing breast 
reconstruction were excluded. Patients were also excluded 
if they were male, pregnant, had disseminated cancer, had 
radiotherapy for malignancy in the last 90 days, underwent 
an emergency operation, or if the total operation time was 
less than 15 minutes. Patients with missing values for our 
predictor variable, confounding variables, or our outcomes 
were also excluded.

The statistical power for detecting the effect of NAC 
on M&M was investigated using simulation a priori. The 
simulated power analysis used sample sizes and the overall 
M&M rate from the observed data from 2005 to 2010, from 
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2011 to 2012, and the combined data from 2005 to 2012. 
The power for detecting a NAC effect was simulated for a 
wide range of odds ratios (ORs) using a logistic model with 
the NAC predictor variable and one binary confounding 
variable. For each OR value, M&M data were simulated 
using the binomial distribution, and a logistic model was fit 
to these simulated data 1,000 times. 

Separate analyses were performed for years 2005 to 2010 
and 2011 to 2012, owing to changes in NSQIP definitions 
beginning in 2011. Present at time of surgery (PATOS) 
variables were introduced in 2011. PATOS variables are 
used to remove postoperative morbidity events when they 
were present preoperatively. There was also a change in 
the reoperation variable beginning in 2011. Before 2011, 
NSQIP reported a variable for a reoperation for any 
reason, including reoperation for a close or positive surgical 
margin. In 2011, NSQIP introduced a different reoperation 
variable that captured unplanned reoperations related to the 
original or concurrent procedure but excluded reoperations 
for margins. The final change that began in 2011 was that 
reporting for the data field NAC within 30 days of surgery 
was changed from mandatory to optional for patients with 
cancer. 

All analyses were performed with SAS 9.3 software 
(SAS Institute, Cary, NC, USA). Patient characteristics 
and comorbidities (confounding covariates) and differences 
between the two study groups stratified by NAC within 
30 days of surgery were compared by χ2 or Fisher’s exact 
test (two-tailed P values with significance <0.05). The 
unadjusted univariable analysis of primary study outcomes 
and mortality stratified by the variable NAC within 30 days 
of surgery were also compared by χ2 test with significance 
established at a P value <0.05. An unadjusted univariable 
analysis of the individual morbidity outcomes that comprise 
the composite serious M&M for lumpectomy patients 
was also performed [Fisher’s exact test P values (two-
tailed P values with significance <0.05)]. Multiple logistic 
regression models were then developed to analyze the 
association between NAC within 30 days of surgery and 
our primary study outcomes. We adjusted for clinically and 
statistically relevant confounders. The significant predictors 
in the univariable analysis (P<0.05) were included in the 
multivariable models. 

The confounding covariates used for our logistic 
regression models included patient age, operation year, 
American Society of Anesthesiologists (ASA) class, body 
mass index (BMI), diabetes mellitus (with oral agents or 
insulin), steroid use for chronic condition, hypertension 

requiring medication, bleeding disorder, smoking status, 
preoperative functional status, congestive heart failure, 
dyspnea, chronic obstructive pulmonary disease (COPD), 
preoperative serum albumin <3.0 g/dL, renal failure or 
dialysis, systemic inflammatory response (SIRS) syndrome, 
sepsis/septic shock, and wound classification. These 
covariates have been used in prior NSQIP investigations 
for both breast and non-breast general surgical operations 
(8,33). Due to recent reports using the NSQIP database 
that identified differences in M&M stratified by procedure 
type (lumpectomy versus mastectomy), we enhanced our 
regression model by including procedure type as a covariate 
(9,37,38). Two covariates used by others for risk adjustment 
for general surgical operations, ventilator dependence 
and ascites, were excluded from our analysis because we 
found them to be exceptionally rare conditions in patients 
undergoing breast cancer operations.

A secondary study outcome, the effect of NAC on 
duration of time for the operation (NSQIP skin-to-skin 
data field), was also analyzed. The estimated effects of 
NAC and operative procedure type on mean operative 
times for all patients during 2005–2012 were calculated by 
using a generalized linear model with log link and gamma 
distribution. This model choice parallels the methods of a 
recently published study using the NSQIP database (34). 

A comprehensive but nonsystematic review of the 
NSQIP literature for breast surgery was performed with 
the search terms of “neoadjuvant and NSQIP” and “NSQIP 
and chemotherapy”. A secondary search was performed of 
the relevant references provided in the above publications. 
See Table 1. 

Results

From 2005–2012, there were 37,902 patients meeting 
inclusion criteria (Figure 1). After excluding all cases with 
missing values for any response, predictor, or confounding 
variable, there were 30,309 evaluable patients.

Based on the power analysis, the logistic model using 
the combined 2005–2012 sample size has at least 80% 
power for detecting an OR of 0.75 (or reciprocal 1.33) 
or more extreme when contrasting the odds of M&M for 
those who did not receive NAC to those who received it. 
Based on the 2005–2010 sample size, there is at least 80% 
power for detecting an OR of 0.73 (or reciprocal 1.37) or 
more extreme. The 2011–2012 sample size has at least 80% 
power for detecting an OR of 0.54 (or reciprocal 1.85).

There were differences in nearly all covariates between 
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the patient groups stratified by NAC within 30 days of 
surgery (Table 2). Patients receiving NAC more often 
underwent mastectomy and were younger and had more 
steroid use, ASA class III wounds, albumin <3.0 g/dL, BMI 
>25 kg/m2, bleeding disorders, and independent functional 
status. Patients not receiving NAC had more COPD, 
hypertension, renal failure, and diabetes. The groups were 
similar with regard to smoking status, dyspnea, sepsis, and 
congestive heart failure. 

The univariate analysis of our primary study outcomes 
stratified by NAC within 30 days of surgery is shown 
in Table 3. With this unadjusted analysis, inclusive of all 
study years [2005–2012], our primary study outcomes for 
M&M, M&M without reoperations, and reoperations were 
associated with receipt of NAC. 

The risk-adjusted multiple logistic regression analysis 

Figure 1 NSQIP patient encounters and dropouts based on 
inclusion and exclusion criteria. NSQIP, National Surgical Quality 
Improvement Program.

2005–2012
cases from NSQIP 
database meeting 
inclusion criteria

n=37,902

2011–2012
n=12,457

After excluding all cases 
with missing values for 

any response, predictor, 
or confounding variable

n=24,793

After excluding all cases 
with missing values for 

any response, predictor, 
or confounding variable

n=5,516

2005–2010
n=25,445

Table 2 Univariate analysis of differences in covariates between the patients stratified by receipt of neoadjuvant chemotherapy during 2005–2012†

Variable No NAC, n=28,527 NAC, n=1,782 P value

Age, years <0.0001

<40 1,453 (5.1) 216 (12.1)

40–49 4,530 (15.9) 446 (25.0)

50–59 6,732 (23.6) 549 (30.8)

60–69 7,146 (25.1) 362 (20.3)

70–79 5,129 (18.0) 162 (9.1)

>80 3,537 (12.4) 47 (2.6)

Albumin <3.0 g/dL 187 (0.7) 22 (1.2) 0.0042

ASA class <0.0001

I/II 19,202 (67.3) 1,073 (60.2)

III 8,854 (31.0) 700 (39.3)

IV 471 (1.7) 9 (0.5)

Bleeding disorder 623 (2.2) 52 (2.9) 0.0416

Body mass index, kg/m2 0.0042

<18.5 561 (2.0) 27 (1.5)

18.5–25 8,894 (31.2) 490 (27.5)

>25–30 8,647 (30.3) 539 (30.3)

>30–35 5,473 (19.2) 371 (20.8)

>35–40 2,833 (9.9) 193 (10.8)

>40–50 1,740 (6.1) 134 (7.5)

>50 379 (1.3) 28 (1.6)

Congestive heart failure 80 (0.3) 6 (0.3) 0.6649

Table 2 (continued)
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Table 2 (continued)

Variable No NAC, n=28,527 NAC, n=1,782 P value

Diabetes <0.001

No 24,826 (87.0) 1,619 (90.9)

Insulin 1,137 (4.0) 66 (3.7)

Noninsulin/oral 2,564 (9.0) 97 (5.4)

Dyspnea 114 (0.4) 5 (0.3) 0.4357

Functional health status 0.0015

Independent 27,921 (97.9) 1,766 (99.1)

Partially dependent 515 (1.8) 15 (0.8)

Totally dependent 91 (0.3) 1 (0.1)

History of COPD 943 (3.3) 29 (1.6) <0.0001

Hypertension 13,609 (47.7) 623 (35.0) <0.0001

Renal failure or dialysis 114 (0.4) 1 (0.1) 0.0221

SIRS or sepsis/septic shock 98 (0.3) 11 (0.6) 0.0611

Smoker in past year 3,888 (13.6) 253 (14.2) 0.498

Steroid use for chronic condition 424 (1.5) 74 (4.2) <0.0001

Wound class 0.0181

1-clean 27,891 (97.8) 1,741 (97.7)

2-clean/contaminated 457 (1.6) 25 (1.4)

3-contaminated 102 (0.4) 14 (0.8)

4-dirty/infected 77 (0.3) 2 (0.1)

Procedure <0.0001

Lumpectomy 15,765 (55.3) 404 (22.7)

Mastectomy 12,762 (44.7) 1,378 (77.3)
†, data are presented as number of patients (%). NAC, neoadjuvant chemotherapy; ASA, American Society of Anesthesiologists; COPD, 
chronic obstructive pulmonary disease; SIRS, systemic inflammatory response.

Table 3 Unadjusted univariate analysis of primary study outcomes stratified by receipt of neoadjuvant chemotherapy

Outcome Years
No NAC NAC

P value
All cases

Patients % Patients % Patients %

Overall M&M 2005–2010 2,134/23,521 9.1 84/1,272 6.6 0.0027 2,218/24,793 9.0

2011–2012 177/5,006 3.5 22/510 4.3 0.3694 199/5,516 3.6

2005–2012 2,311/28,527 8.1 106/1,782 6.0 0.0011 2,417/30,309 8.0

Reoperation 2005–2010 1,855/23,521 7.9 65/1,272 5.1 0.0003 1,920/24,793 7.7

2011–2012 125/5,006 2.5 15/510 2.9 0.5435 140/5,516 2.5

2005–2012 1,991/28,527 7.0 80/1,782 4.5 <0.0001 2,071/30,309 6.8

M&M excluding reoperations 2005–2010 345/23,521 1.5 27/1,272 2.1 0.0609 372/24,793 1.5

2011–2012 66/5,006 1.3 11/510 2.2 0.1242 77/5,516 1.4

2005–2012 411/28,527 1.4 38/1,782 2.1 0.0190 449/30,309 1.5

Unplanned readmission, likely related 2011–2012 122/4,613 2.6 16/475 3.4 0.5203 138/5,088 2.7

Unplanned readmission, any 2011–2012 204/4,613 4.4 18/475 3.8 0.3552 222/5,088 4.4

NAC, neoadjuvant chemotherapy; M&M, morbidity and mortality.
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of our study outcomes stratified by NAC within 30 days of 
surgery are provided in Table 4. For the years 2005–2012, 
NAC was not associated with the composite measure of 
postoperative M&M for all procedure types [P=0.376; 
OR 0.911; 95% confidence interval (CI), 0.740–1.121], 
mastectomy or lumpectomy reoperations (P=0.293; OR 
0.881; 95% CI, 0.696–1.116), mastectomy reoperations 
(P=0.153; OR 0.792; 95% CI, 0.575–1.090), or lumpectomy 
reoperations (P=0.947; OR 1.012; 95% CI, 0.715–1.432). 
For the years 2011–2012, NAC was not significantly 
associated with readmissions related to index procedure 
(P=0.528; OR 1.258; 95% CI, 0.710–2.229) or with 
readmissions related or not to index procedure (P=0.412; 
OR 0.805; 95% CI, 0.479–1.352). Twenty-four (0.08%) of 
30,309 patients died within 30 days of surgery: 2 (0.11%) of 
1,782 with NAC and 22 (0.08%) of 28,527 without NAC 
(P=0.609).

After segregation into the time periods before and after 
NSQIP changes in definitions for reoperations, the only 
significant association of any outcome with NAC was for 
higher M&M in lumpectomy patients during 2011–2012 
(P=0.011; OR 2.579; 95% CI, 1.239–5.368). A search 
was then undertaken to determine whether there were 
differences between the NAC groups for the individual 
events that make up this composite M&M performance 
measure (Table 5). Compared with patients who had not 
received NAC, patients who had received NAC had a 
higher percentage of reoperations, deep incisional SSI, 
organ space SSI, and urinary tract infections, but none of 
these differences reached statistical significance. 

For all patients, all procedures, and all years of study, 
mean operative times (skin-to-skin) for mastectomy and 
lumpectomy patients were 115 and 61 minutes, respectively. 
Mean operative times in patients who received and did 

Table 4 Multivariate logistical regression analysis of primary study outcomes stratified by receipt of neoadjuvant chemotherapy within 30 days of 
surgery

Outcome Years Estimated OR (95% CI) P value

Morbidity and mortality 2005–2010 0.8550 (0.678–1.078) 0.1840

2011–2012 1.0190 (0.630–1.650) 0.9380

2005–2012 0.9110 (0.740–1.121) 0.3760

Morbidity and mortality, minus reoperations 2005–2010 1.1216 (0.805–1.837) 0.3530

2011–2012 1.1240 (0.558–2.263) 0.7430

2005–2012 1.2050 (0.847–1.715) 0.3000

Morbidity and mortality, lumpectomy 2005–2010 0.9590 (0.663–1.387) 0.8350

2011–2012 2.5790 (1.239–5.368) 0.0110

2005–2012 1.1010 (0.793–1.529) 0.5650

Morbidity and mortality, mastectomy 2005–2010 0.7980 (0.594–1.073) 0.1350

2011–2012 0.6750 (0.367–1.243) 0.2080

2005–2012 0.8150 (0.625–1.063) 0.1310

Reoperations 2005–2010 0.8210 (0.633–1.066) 0.1380

2011–2012 1.0800 (0.607–1.922) 0.7930

2005–2012 0.8810 (0.696–1.116) 0.2930

Reoperations, lumpectomy 2005–2010 0.9260 (0.634–1.353) 0.6930

2011–2012 1.9820 (0.826–4.755) 0.1260

2005–2012 1.0120 (0.715–1.432) 0.9470

Reoperations, mastectomy 2005–2010 0.7450 (0.521–1.067) 0.1050

2011–2012 0.7940 (0.381–1.653) 0.5370

2005–2012 0.7920 (0.575–1.090) 0.1530

Readmissions, related 2011–2012 1.2580 (0.710–2.229) 0.5276

Readmissions, related or unrelated 2011–2012 0.8050 (0.479–1.352) 0.4121

OR, odds ratio; CI, confidence interval.
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not receive NAC for all patients were 123 and 83 minutes, 
respectively. Using the duration of time for operation 
model described by Daley et al. (34), the estimated effects of 
no NAC compared with receipt of NAC on operation time 
were 0.8436, 95% CI, 0.8224–0.8653 (P value <0.0001), 
demonstrating longer operation times in patients receiving 
NAC. The geometric mean operative time in patients 
without NAC was about 0.8 times that with NAC. 

Discussion

Excluding cutaneous cancer, breast cancer is the most 
common cancer in women in the United States (39). 
During the last decade, there is no doubt that NAC prior 
to breast surgery has increased in these patients (1,2). The 
primary driver of this change is the ability of NAC to 
increase BCT rates (1,2). In addition, the effectiveness of 
NAC to achieve a complete pathologic treatment response 
in selected patients generates enthusiasm for its use (40-42). 
As new, tumor-specific, multi-gene molecular signatures are 
discovered, it is also likely that novel targeted agents will 
be introduced into clinical trials, often in the neoadjuvant 
setting. Thus, it is anticipated that the proportion of all 

newly diagnosed breast cancer patients undergoing NAC 
will increase. 

Key questions regarding the influence of induction 
chemotherapy on postoperative outcomes after breast 
surgery remain unanswered. Does NAC increase the 
rate of surgical complications? If so, what types of 
complications? Since nearly all newly diagnosed breast 
cancer patients undergo surgery, it behooves us to study the 
impact of NAC on postoperative outcomes. Armed with 
increased understanding, the shared decision making and 
informed consent processes between provider and patient 
regarding the option of lumpectomy versus mastectomy 
and neoadjuvant versus postoperative adjuvant systemic 
treatment can be improved. Furthermore, if patient 
subpopulations are identified that have increased specific 
or unique morbidities from NAC, then strategies can be 
developed to either identify them early or mitigate their 
chance of occurring. 

Although the exact influence of NAC on postoperative 
complication rates is not fully established, Abt et al. 
commented that “most” surgeons believe that NAC 
increases morbidity (8). The results of prior investigations 
of NAC depend on the organ studied, procedure type, 

Table 5 Comparison of individual morbidity events stratified by receipt of neoadjuvant chemotherapy within 30 days of surgery during 2011–
2012†

Outcome
Events

P value‡

No NAC, n=2,983 NAC, n=116

Reoperation 70 (2.3) 6 (5.2) 0.063

Cardiac arrest 0 (0) 0 (0) N/A

Myocardial infarction 1 (<0.1) 0 (0) 1.000

Pneumonia 2 (0.1) 0 (0) 1.000

Renal insufficiency 0 (0) 0 (0) N/A

Acute renal failure 0 (0) 0 (0) N/A

Venous thromboembolism 0 (0) 0 (0) N/A

Deep incisional surgical site infection 5 (0.2) 1 (0.9) 0.205

Organ space surgical site infection 3 (0.1) 0 (0) 1.000

Sepsis 4 (0.1) 1 (0.9) 0.174

Septic shock 1 (<0.1) 0 (0) 1.000

Reintubation 1 (<0.1) 0 (0) 1.000

Urinary tract infection 2 (0.1) 1 (0.9) 0.108

Dehiscence 2 (0.1) 0 (0) 1.000

Death 1 (<0.1) 0 (0) 1.000

Overall morbidity and mortality 85 (2.8) 9 (7.8) 0.008
†, data are presented as number of patients (%); ‡, P values are two-tailed P values from Fisher’s exact test. NAC, neoadjuvant chemotherapy;  
N/A, not applicable.
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complication type, agents used, and whether radiation was 
delivered preoperatively (6-9,13,16-25). Findings also vary 
between studies of the same organ (Table 1) (6-12,37). In 
some reports of organ sites other than breast, NAC was 
associated with increased transfusions, readmissions, SSI, 
stroke, and mortality (13,15,21,22,24,25). In other reports, 
NAC was not associated with any complication (13-
21,23,25). Given this variability, our primary objective was 
to clarify the association between NAC and non-oncologic 
postoperative outcomes in patients undergoing breast 
surgery. 

The strengths of the NSQIP database to identify and 
compare postoperative surgical outcomes have been well 
described (43-45). With NSQIP, the number of patient 
encounters accessible for review far exceeds that of single 
institutional and regional databases, allowing better 
discriminatory power to identify even small differences 
between patient groups stratified by patient characteristics, 
comorbidities, or interventions. Prior studies of patients 
undergoing breast operations have demonstrated low overall 
M&M (27,28). The rates of complications are lower than 
those in patients undergoing more complex general surgical 
operations. The profile of postoperative complication types 
also differs between breast and general surgical operations. 
For example, reoperations for margins are more common in 
patients undergoing breast operations (29). These and other 
differences suggest that prior reports on the association 
between NAC and outcomes for other organ sites may 
not be relevant for breast. By the use of procedural codes, 
the NSQIP database can segregate breast from non-breast 
patient groups. 

Prior publications using the NSQIP database for 
interrogation of breast outcomes that recorded NAC as 
a predictor variable are sparse. None have been inclusive 
of all operation types. Some are limited in scope—that is, 
restricted to a single study year or procedure or to a single 
outcome measure, such as reoperations. Most report on 
individual outcome measures, such as SSI or bleeding, 
rather than the primary outcome measure of NSQIP, the 
composite measure of M&M. Since individual measures 
of morbidity occur so infrequently after breast surgery, 
investigations of single outcome measures, even in NSQIP, 
may be underpowered (6). A summative measure of 
postoperative complications, such as used herein, would 
be more likely to identify differences stratified by receipt 
of NAC. To our knowledge, only six investigators have 
reported on the effects of NAC in patients undergoing 
breast operations using the NSQIP database (6-9,37,46), 

and only two of these used NAC as the primary predictor 
variable (Table 1). Only a single study by Abt et al. (8) used, 
as we did, NAC as the predictor variable and the composite 
M&M measure as the outcome measure. 

In the current study, patients undergoing lumpectomy 
or mastectomy—with or without axillary surgery—had 
no increase in M&M, the primary postoperative outcome 
measure of NSQIP, except for patients undergoing 
lumpectomy in the years 2011–2012. After scrutiny of the 
individual measures that comprise the composite M&M 
measure, lumpectomy patients with NAC during these  
2 years had higher rates of reoperations, deep incisional SSI, 
sepsis, and urinary tract infections, but none of these events 
reached statistical significance (Table 5). Since the NSQIP 
data field for NAC was dropped after 2012, it is no longer 
possible to determine whether the association between 
NAC and M&M still exists for lumpectomy patients. 

We identified no association between NAC and 
reoperations or readmissions during any period of our study 
for either lumpectomy or mastectomy, corroborating prior 
reports that utilized slightly different analytic methodologies 
and procedure types, including reconstruction (7,10,12). 
Although the absolute differences were often small, we 
found multiple significant differences between patient 
characteristics (confounding variables) by receipt of NAC 
in the NSQIP registry (Table 2). These covariates should, 
therefore, be incorporated into regression models used in 
future investigations of the effect of NAC on postoperative 
outcomes. Confirming prior reports from many authors, 
we found the overall morbidity to be less than 10% after 
breast cancer operations. Combining all study years and 
both procedure types, the rates of composite M&M and 
readmissions was 8% and 4.4%, respectively. It should 
be noted that reoperations are included in this composite 
measure. In the years 2011–2012, reoperation rates were 
only 2.5%, but during these years NSQIP did not include 
reoperations for positive margins in their reoperation rate 
definition. Further review of reoperation rates, found in 
Figure 2 and Table 3, indicates that the largest contributor 
to the summative NSQIP composite measure of M&M 
proportionately is reoperations. 

The association between NAC and duration of surgical 
procedure time has been sparsely reported. In separate 
NSQIP studies of esophageal and bladder cancer, operative 
times did not differ based on receipt of NAC (13,20). In 
contrast, Abt et al. (8) reported longer operative times in 
mastectomy patients receiving NAC compared with those 
who did not. In agreement, we identified an association 
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between NAC and increased operative time. The reasons 
for this are unknown but are probably due to more 
mastectomy than lumpectomy patients in our patient cohort 
receiving NAC. The absence of cancer-specific staging data, 
tumor size, and breast size in the NSQIP database limits 
analyses of these contributors to operative time. However, 
given the recently reported finding that operations that are 
“too long” in NSQIP can be associated with postoperative 
M&M, further investigations into causes of long operative 
times are warranted (34).

The NSQIP database has many strengths (44). Within 
NSQIP, enough diversity by geography, hospital type, and 
patient demographics exists to increase the generalizability 
of study findings. The database is large, providing 
discriminatory power during comparisons of predictor 
variables. Patient characteristics and comorbidities that 
influence outcomes are known, allowing for risk adjustment, 
and are entered by trained abstractors, enhancing 
accuracy. Furthermore, a composite measure of outcome 
performance—serious M&M—has been developed, with 
standardized specifications for confounding covariates 
available for use in the development of regression models. 
Unlike prior regression models using NSQIP to study breast 
outcomes, our models included procedure type, owing 
to recent reports of increased M&M with mastectomy 
compared with lumpectomy (37). Another strength of our 

analyses was our segregation of outcomes reporting into two 
time periods. As previously mentioned, this was necessary 
because the NSQIP definition for a key outcome measure—
reoperation—changed after 2010, and reoperations comprise 
part of NSQIP’s composite M&M measure. 

The NSQIP database is not without limitations for 
the investigation of outcomes after breast surgery or the 
influence of NAC (6). Not all lumpectomies are reported. 
They are randomly selected, but case capture is limited to 
three lumpectomies per 8-day reporting cycle. In addition, 
some common breast-specific morbid complications are 
not captured at all, such as seroma and lymphedema. 
Furthermore, the NSQIP database does not include 
some confounding covariates that are known to increase 
reoperation rates, such as tumor size and cancer stage. The 
lack of these cancer-specific variables on models aiming to 
provide risk-adjusted peer comparisons of surgical outcomes 
after oncology operations has been addressed by Merkow 
et al. (47,48). Lastly, NSQIP does not record information 
on the type of chemotherapy. Safety profiles could differ 
by agent. If available, information on tumor characteristics 
and more detail about chemotherapy agents would enhance 
our multivariable analysis of surgical complications. The 
addition of just a few breast-specific variables, including 
tumor staging, could enhance and broaden the use of 
NSQIP for investigators of breast M&M, reoperations, 
and readmissions. Precedent for organ-specific additions to 
NSQIP’s database, including receipt of NAC, have recently 
occurred for hepatic surgeons (49).

Given the robust nature of the NSQIP database, as 
well as to the marked increase in use of NAC during the 
last decade, it is not surprising that many investigators 
from multiple subspecialties are using this database to 
determine its influence on M&M. However, there are 
substantial limitations to all these efforts, including the use 
of the NSQIP descriptor for NAC, NAC within 30 days of 
surgery, as a predictor variable. All prior reports, including 
our own, have used this descriptor as a surrogate for receipt 
of NAC, even though some patients who received NAC 
will be incorrectly classified as not having received NAC 
if the last chemotherapy was delivered more than 30 days 
before surgery. Some authors, but not all, acknowledge 
this limitation of the NSQIP descriptor. Prior authors 
have justified using the NSQIP definition for NAC as 
an appropriate surrogate, referencing past studies that 
indicate most operations do occur within 30 days of the 
last NAC cycle (8). This predictor variable also does not 
allow for analysis of the linear influence of the duration of 

Figure 2 Overall rates of the NSQIP composite measure (serious 
M&M) and reoperations. The definition of reoperation changed 
in 2010 to subsequently exclude reoperations for lumpectomy 
margins. †, summative NSQIP measure of all causes of serious 
morbidity and mortality (35). NSQIP, National Surgical Quality 
Improvement Program; M&M, morbidity and mortality.
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time between NAC and operation—or whether there is 
an inflection point between timing of NAC and its effect 
on outcomes—because the date field response choices are 
categorical and binary (“yes” or “no”). In other words, it 
is not possible to determine whether there is an optimal 
interval in days for recovery between NAC and surgery 
regarding risk of postoperative complications. Lastly, 
NSQIP discontinued the NAC field after 2012; even 
before discontinuation, many values were missing. Given 
the aforementioned restrictions of NSQIP to include no 
data field for NAC after 2012, a data descriptor that can 
misclassify patients by receipt of NAC and many missing 
values, we and others have not yet proven that NAC has no 
association with postoperative surgical outcomes. To assume 
there is no association based on the current NSQIP data, all 
prior to 2013, could be perilous. 

We conclude that from 2005–2012 NAC was not 
associated with an increase in the primary postoperative 
outcome measures of NSQIP: serious M&M, mortality, 
reoperations, or readmissions. However, for unknown 
reasons one subgroup—lumpectomy patients in 2011 and 
2012—had higher M&M with NAC, and it was not possible 
to study later years due to discontinuation of the NAC data 
field after 2012. Overall, these observations are consistent 
with the existing literature, which generally supports the 
safety of NAC but also identifies occasional subgroups with 
increased morbidity. This persistent lack of clarity provides 
a compelling reason to continue to track the impact of NAC 
on postoperative outcomes during the next decade, a time 
during which use of NAC will increase and newer agents 
will be introduced. We recommend reinstitution of a NAC 
data field into the NSQIP program.
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