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SUMMARY

Neoadjuvant therapy has proven to be effective in the reduction of locoregional recurrence and 

mortality for esophageal cancer. However, induction treatment has been reported to be associated 

with increased risk of postoperative complications. We therefore compared outcomes after 

esophagectomy for esophageal cancer for patients who underwent neoadjuvant therapy and 

patients treated with surgery alone. Using the American College of Surgeons National Surgical 

Quality Improvement Program database (2005–2011), we identified 1939 patients who underwent 

esophagectomy for esophageal cancer. Seven hundred and eight (36.5%) received neoadjuvant 

therapy, while 1231 (63.5%) received no neoadjuvant therapy within 90 days prior to surgery. 

Primary outcome was 30-day mortality, and secondary outcomes included overall and serious 

morbidity, length of stay, and operative time. Patients who underwent neoadjuvant treatment were 

younger (62.3 vs. 64.7, P < 0.001), were more likely to have experienced recent weight loss 

(29.4% vs. 15.9%, P < 0.001), and had worse preoperative hematological cell counts (white blood 

cells <4.5 or >11 × 109/L: 29.3% vs. 15.0%, P < 0.001; hematocrit <36%: 49.7% vs. 30.0%, P < 

0.001). On unadjusted analysis, 30-day mortality, overall, and serious morbidity were comparable 

between the two groups, with the exception of the individual complications of venous 

thromboembolic events and bleeding transfusion, which were significantly lower in the surgery-

only patients (5.71% vs. 8.27%, P = 0.027; 6.89% vs. 10.57%, P = 0.004; respectively). 

Multivariable and matched analysis confirmed that 30-day mortality, overall, and serious 

morbidity, as well as prolonged length of stay, were comparable between the two groups of 

patients. An increasing trend of preoperative neoadjuvant therapy for esophageal cancer was 

observed through the study years (from 29.0% in 2005–2006 to 44.0% in 2011, P< 0.001). 

According to our analysis, preoperative neoadjuvant therapy for esophageal cancer does not 

increase 30-day mortality or the overall risk of postoperative complications after esophagectomy.
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INTRODUCTION

Esophageal cancer is estimated to affect more than 450 000 individuals worldwide and its 

incidence shows a net rising trend.1 The most common esophageal cancer subtype in the 

United States is adenocarcinoma, affecting predominantly white overweight males, while 

squamous esophageal cancer remains the most prominent histologic type worldwide.2 Even 

though the ongoing advancements in medical and surgical treatment have improved the 

prognosis for this condition, the overall 5-year survival of patients with resectable 

esophageal cancer remains disappointing, ranging from 15% to 34%.3 Surgery has 

traditionally been considered the mainstay of treatment for localized esophageal cancer; 

however, over the last decade, new treatment protocols have been proposed in order to 

increase disease free and overall survival. Numerous trials have been designed to evaluate 

the benefits of neoadjuvant therapies for esophageal cancer, and it is current practice to treat 

locally advanced disease with trimodality therapy (concurrent chemotherapy and radiation 

followed by surgery) after the encouraging results of the CROSS trial were published.4 This 

study reported a remarkable increase in survival in patients undergoing esophagectomy after 

chemoradiotherapy (CRT), when compared with patients treated with surgery alone, with 

similar rates of postoperative complications. The influence of induction therapy on the 

surgical outcomes after esophagectomy remains a subject of controversy in the literature, 

since some authors advocate that neoadjuvant therapy negatively impacts several organ 

systems leading to worse surgical results. Improvements in oncological outcomes after CRT, 

in particular, have been reported to come at the cost of significantly increased postoperative 

mortality.5 The analysis of a surgical, research-oriented database has the potential to offer a 

meaningful insight on the topic, providing complementary information to previously 

reported studies. We therefore queried the American College of Surgeons National Surgical 

Quality Improvement Program (ACS-NSQIP) database, in order to analyze the effects of 

neoadjuvant therapies on 30-day outcomes of esophagectomy for cancer in the United 

States.

MATERIALS AND METHODS

Data source

This was a retrospective analysis using the ASC-NSQIP database from 2005 to 2011. 

NSQIP is a large nationally validated, risk-adjusted, outcomes-based program and it is used 

to measure and improve the quality of surgical care. Any hospital that performs surgery may 

join NSQIP, with requirements that a dedicated surgical clinical reviewer be hired to capture 

and review the data, a surgeon champion or leader be identified to lead the program at the 

hospital, the hospital agree to the program protocols and meet minimum case standards, and 

an annual participation fee be paid to American College of Surgeons. Nearly 500 hospitals 

that vary in size and academic affiliation participate in NSQIP.6 This program employs a 

prospective systematic data collection on 150 preoperative and intraoperative variables, as 

well as 30-day postoperative morbidity and mortality. The development history and current 

details of ACS-NSQIP are described elsewhere.7 This study was deemed exempt by the 

Institutional Review Board of the Johns Hopkins University School of Medicine.
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Inclusion criteria

This study was restricted to adult patients (aged 18 years or older) who underwent 

esophagectomy (defined as Current Procedural Terminology [CPT] codes of 43107, 43108, 

43112, 43113, 43116, 43117, 43118, 43121, 43122, 43123, or 43124) for esophageal cancer 

(defined by International Classification of Diseases, 9th revision codes of 150, 150.1, 150.2, 

150.3, 150.4, 150.5, 150.8, 150.9, 151, or 151.0). The neoadjuvant treatment group consisted 

of patients who received either chemotherapy, radiation therapy, or both prior to undergoing 

a surgical procedure. The primary surgery group consisted of patients who did not receive a 

neoadjuvant therapy prior to the operation. NSQIP provides information on receiving 

chemotherapy for malignancy 30 days prior to the operation and receiving radiation therapy 

within 90 days before the operation. The chemotherapy variable, as measured by NSQIP, 

may include oral and parenteral treatment with chemotherapeutic agents.7 Patients who 

underwent an emergency surgery (n = 17) and who were diagnosed with a disseminated 

cancer (n = 61) were excluded from the study. In addition, patients for whom data regarding 

neoadjuvant treatment information were missing (n = 286) were also excluded.

Baseline characteristics of patients

Patient baseline characteristics were compared between the groups of patients. As a 

subgroup analysis, the surgery-only patients were compared with the chemotherapy only 

group, radiation therapy only, and both chemo and radiation therapy patients, respectively. 

Demographic characteristics included age, gender, and race (white, black, other, or 

unknown/not reported). Clinical characteristics consisted of American Society of 

Anesthesiology (ASA) classification of patient physical condition, body mass index (BMI), 

and preoperative comorbidities such as diabetes mellitus (with oral agents or insulin), 

current history of smoking (within 1 year before the operation), history of alcohol 

consumption (of more than two drinks per day in 2 weeks before admission), dyspnea, 

hypertension requiring medication, previous cardiac surgery, weight loss (<10% of body 

weight in last 6 months), steroid use for chronic condition, pre-operative hematological cell 

counts (white blood cell [WBC] and hematocrit), and lastly, history of chronic obstructive 

pulmonary disease (COPD), congestive heart failure, and myocardial infarction (MI) within 

6 months. On average, the blood samples were collected 8 days prior to undergoing 

esophagectomy.

Outcomes

In NSQIP, patients are followed after surgery for a maximum of 30 days. Complications or 

death after that period are not included. Intraoperative and postoperative outcomes between 

the two groups of patients were compared. Thirty-day mortality was the primary outcome of 

interest. The secondary outcomes included overall and serious morbidity, length of stay 

(LOS) and total operative time. Overall morbidity was defined by presence of at least one of 

the following NSQIP complications: wound infection, pneumonia, urinary tract infection, 

return to operating room (OR), venous thromboembolic events (VTE), cardiac complication, 

shock/sepsis, unplanned intubation, bleeding requiring transfusion (at least one unit of 

packed or whole red blood cells given from the surgical start time up to and including 72 

hours postoperatively), renal complication, ventilator dependency >48 hours, and organ/
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space surgical site infection (SSI). Of note, there is no specific code for anastomotic leak in 

the NSQIP database; however, the variable ‘postoperative organ space surgical site 

infection’ has been previously used as a logical proxy for anastomotic leaks, although it 

carries a relatively low sensitivity.8 Serious morbidity included occurrences of the following 

NSQIP complications: return to OR, cardiac complication, shock/sepsis, unplanned 

intubation, ventilator dependence for >48 hours, and organ/space SSI. From our data, 

prolonged length of stay (PLOS) was defined as a stay greater than or equal to 17 days, 

whereas prolonged operation time was defined as an operative time greater than or equal to 

418.5 minutes. Similar NSQIP measured intraoperative and postoperative complications 

were combined into groups as follows: the wound infection variable was classified as the 

combination of superficial wound infection, deep incisional superficial SSI, and wound 

disruption; the cardiac complication variable included cardiac arrest requiring 

cardiopulmonary resuscitation and MI; the renal complication variable was defined as a 

postoperative acute failure or progressive renal insufficiency; and the VTE variable 

consisted of deep vein thrombosis/thrombophlebitis and pulmonary embolism. In addition, 

LOS and operation time were defined as prolonged if they were greater than or equal to the 

75th percentile.

Statistical analysis

Patients’ baseline characteristics and outcomes were compared between the two groups 

using Pearson’s chi-squared test for categorical variables and Student’s t-test for continuous 

variables. Fisher’s exact test was used when appropriate. As the two groups were noted to be 

significantly different at a baseline, a matching algorithm was employed to generate a 

control cohort of neoadjuvant patients that were well matched to the surgery-only patients 

with regards to the demographic and clinical characteristics. In particular, the one-to-one 

nearest neighbor matching algorithm without replacement was used. This strategy resulted 

in successful balancing of the treatment groups with regards to baseline variables. In 

addition to using the matching algorithm, multivariable logistic regression analysis was 

applied to confirm the finding from the matched analysis by predicting the odds of 30-day 

mortality, overall, and serious morbidity, as well as PLOS for the neoadjuvant patients in 

comparison to surgery-only patients. First, exploratory data analysis was performed using 

univariate logistic regression. Initially, the four models included all covariates with 

associations in exploratory analysis at the P < 0.25 level as recommended by Hosmer and 

Lemeshow.9 Additionally, all covariates of clinical importance were included, regardless of 

statistical significance. Models were then refined based on clinical importance of covariates 

and their impact on overall fit as assessed by likelihood ratio tests. As a result, the 30-day 

mortality model was adjusted for treatment received, age, BMI, ASA, alcohol consumption, 

and diabetes; the overall and serious morbidity models were adjusted for treatment received, 

age, gender, ASA, alcohol consumption, diabetes, dyspnea, history of COPD, hypertension, 

year of operation, WBC, hematocrit, and prolonged operative time; and lastly, the PLOS 

model was adjusted for age, ASA, smoking status, alcohol consumption, diabetes, dyspnea, 

history of COPD, hypertension, year of operation, WBC, hematocrit, and prolonged 

operative time. The fit of these four models was validated with the goodness of fit test. All 

data analyses and management were performed using Stata/MP version 12 (StataCorp LP, 

College Station, TX, USA). Statistical significance was indicated by P < 0.05.
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RESULTS

Patient characteristics

One thousand nine hundred and thirty-six patients who underwent esophagectomy for 

esophageal cancer and whose preoperative neoadjuvant therapy information was available 

were identified. Ivor Lewis was the most common procedure in the study (41.8%) followed 

by transhiatal esophagectomy (34.3%), three-field (18.3%), intestinal conduit (4.0%), and 

other (1.7%). Of the 1936 patients, 708 (36.5%) received either chemotherapy, radiation 

therapy, or both prior to undergoing an operation. An increasing rate of preoperative 

neoadjuvant therapy for esophageal cancer was observed (from 29.0% in 2005–2006 to 

44.0% in 2011, P < 0.001) (Fig. 1). The neoadjuvant patients were significantly younger 

(62.3 vs. 64.7 years, P < 0.001), had lower BMIs, and had significantly lower rates of 

diabetes, hypertension, and worse preoperative hematological cell counts (Table 1). As 

expected, weight loss was significantly greater in patients who underwent preoperative 

neoadjuvant therapy.

Unadjusted and adjusted outcomes

Thirty-day mortality, overall, and serious morbidity were comparable between the two 

groups with the exception of the individual complications of VTE and bleeding transfusion, 

which were significantly lower in the surgery-only patients (5.4% vs. 7.8%, P = 0.042; 6.7% 

vs. 10.7%, P = 0.002; respectively) (Table 2). Overall length of hospital stay and operative 

time were similar between the two groups, as were PLOS and prolonged operative time. In 

the subgroup analysis, the outcomes of interest were comparable in of all three separate 

analyses. However, patients with no preoperative neoadjuvant treatment had lower rates of 

VTE (5.7% vs. 9.1%, P = 0.013) when compared with radiation therapy patients, and rates 

for bleeding transfusion were lower for the non-treatment group when compared with the 

chemotherapy group and both treatments combined (6.89% vs. 13.92%, P = 0.020; 6.89% 

vs. 15.94%, P < 0.001; respectively).

After performing matching analysis, there were 495 neoadjuvant patients that were 

identified and well matched in terms of baseline characteristics to the surgery-only patients 

(Table 3). Overall, there were 39 mortalities with no differences between the groups. There 

was also no significant difference between the two groups in terms of overall and serious 

morbidity, LOS, and operative time. Of note, the rate of venous thromboembolism was 

significantly higher in neoadjuvant patients when compared with the surgery-only patients 

(9.3% vs. 5.3%, P = 0.014) (Table 4).

Results using multivariable logistic regression analysis were consistent with the unadjusted 

and matched analyses. Multivariable analysis confirmed that 30-day mortality, overall, and 

serious morbidity, as well as PLOS were comparable between the neoadjuvant and surgery-

only patients while adjusting for other factors (Table 5).

DISCUSSION

In our study, results from both unadjusted and adjusted analysis showed substantially no 

differences in postoperative outcomes between patients who underwent neoadjuvant therapy 
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prior to esophagectomy and those treated with surgery alone. Thirty-day mortality and 

morbidity and overall LOS were comparable between the two groups, with a few exceptions 

among individual complications. Despite the fact that neoadjuvant treatment has been 

described to increase the difficulty of a surgical procedure, we found similar operative times 

in our two groups.10

The differences noted at baseline between the two groups were to be expected, likely as a 

consequence of induction therapy; treated patients, in fact, demonstrated signs of 

neoadjuvant-induced anorexia and marrow suppression, such as lower BMI, preoperative 

weight loss, and lower blood counts. In parallel, it is justified to hypothesize that several 

preoperative characteristics of patients in the surgery-only group, such as more advanced 

age and comorbidities (diabetes, hypertension, previous cardiac surgery), might have 

contributed to the decision of avoiding neoadjuvant therapy. Even though we found no 

differences in mortality and global morbidity between the two groups, we observed that 

treated patients experienced more bleeding requiring transfusion and venous 

thromboembolism. Of note, after performing matching analysis, only the difference in the 

rate of venous thromboembolism remained significant. The occurrence of the 

aforementioned adverse events can easily be related to neoadjuvant therapy, which is known 

to impact several organ systems in a multifactorial fashion. A component of chemotherapy-

induced myelotoxicity, e.g., is thrombocytopenia, which potentially increases the risk of 

bleeding in solid tumor patients, regardless of the specific chemotherapy regimen 

administered.11 In addition, radiation-induced fibrosis makes dissection between the 

anatomical planes during esophagectomy more difficult, likely predisposing to injury to the 

adjacent structures and related bleeding.10 Moreover, treated patients are more likely to 

present to surgery with a lower red cell count than non-treated patients, leading to a more 

pronounced postoperative anemia and hence increasing the likelihood of blood transfusion.

Both chemotherapy and radiotherapy have been associated with increased risk of developing 

venous thrombosis.12 Some authors reported that the addition of radiation therapy to the 

neoadjuvant regimen remarkably increases postoperative mortality, when compared with 

preoperative chemotherapy alone.13 Conversely, we only found isolated differences between 

CRT, chemotherapy alone, and radiation therapy alone in subgroup analysis, with 

comparable mortality and overall and serious morbidity.

Our findings correlate well with the results of a recent randomized trial by van Hagen et al., 

which showed no significant differences in the occurrence of surgical complications 

between patients who underwent preoperative CRT and patients treated with surgery only.4 

Benefits of neoadjuvant CRT include clearance of micrometastatic disease and tumor down 

staging, which allows for a more radical surgical resection; these effects were reflected in 

their results in terms of increased survival and R0 resection rate in the neoadjuvant group. 

Of note, a remarkable percentage of patients in their CRT group experienced the same 

induction-related events that we described, such as anorexia and poor blood cell counts. 

Other investigations led to similar conclusions about safety of preoperative CRT for 

esophageal cancer: results from a recent multicenter study showed a comparable 90-day 

mortality rate between patients treated with neoadjuvant therapy and surgery alone.14 A 

meta-analysis by Lv et al. showed no difference in adverse events rate between preoperative 
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CRT and surgery alone; however, the authors observed a trend in favor of surgery alone for 

operative mortality.15

The NSQIP database has already been queried for the purpose of studying the influence of 

neoadjuvant therapy on early outcomes of surgical procedures for other types of cancer, with 

results similar to ours. Fahy et al. compared patients who either received or not 

chemotherapy within 30 days prior to liver resections, finding no differences in 30-day 

survival and major complication rates between the two groups.16 Similarly, Cho et al. 

demonstrated comparable mortality and morbidity after pancreaticoduodenectomy for 

pancreatic cancer in patients treated with or without neoadjuvant radiation therapy.17 More 

recently, the NSQIP database has been used to study the impact of preoperative 

chemotherapy or radiotherapy on perioperative outcomes of surgery for retroperitoneal 

sarcoma and bladder cancer.18,19

Even though the characteristics of the NSQIP dataset don’t allow us to analyze oncologic 

outcomes, we observed an increasing trend of preoperative neoadjuvant therapy for 

esophageal cancer, from 29.0% in 2005–2006 to 44.0% in 2011, P < 0.001. Since numerous 

reports (especially the CROSS trial) have documented, over the last decade, an increased 

survival for esophageal cancer patients treated with multimodality therapy, it is reasonable 

to attribute our finding to a progressively augmented confidence toward the beneficial role 

of induction treatment.4

The limitations of our study are mostly due to the characteristics of the queried database. 

Specifically, NSQIP only provides information on receiving chemotherapy for malignancy 

30 days prior to the operation and receiving radiation therapy within 90 days before the 

operation. This could potentially lead to misclassification of patients in the different 

treatment subgroups, in case a patient had undergone chemotherapy, radiotherapy, or both 

earlier than the treatment window recorded by NSQIP. In addition, we had to exclude 286 

patients from our analysis, due to missing data on neoadjuvant treatment. Of note, NSQIP 

only collects information on patients who underwent surgery; as a consequence, individuals 

experiencing severe adverse complications of neoadjuvant treatment precluding surgery 

could not be included in our study. Moreover, we had no information on specific treatment 

protocols, which would have allowed for a study of correlation between different radiation 

doses or drugs and specific complications. Similarly, one could hypothesize that patients 

treated with neoadjuvant chemotherapy may be different at baseline from those receiving 

neoadjuvant CRT, in regard to patient’s or tumor’s characteristics. Unfortunately, NSQIP 

lacks sufficient details to explore the indications for neoadjuvant treatment. In the same 

vein, the dataset does not allow for studying the specific results of minimally invasive 

surgical techniques in this group of patients. NSQIP, in fact, relies on CPT codes for 

classifying surgical procedures and unfortunately, to date, there is no dedicated code for 

minimally invasive or hybrid esophagectomy. Of note, in addition, NSQIP dataset records 

the variable postoperative bleeding basing on the number of transfusions received. Since 

treated patients are more likely to present to surgery with a lower red cell count than non-

treated patients, they have higher odds of developing a more pronounced postoperative 

anemia; this, rather than higher surgical bleeding, might justify the differences in the NSQIP 

variable ‘bleeding transfusion’. Finally, as mentioned previously, NSQIP only gives us 
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information on the first 30 postoperative days, therefore precluding the opportunity of 

analyzing oncological outcomes.

Despite the abovementioned limitations, we believe that the use of an outcomes specific 

oriented database, as well as the large number of patients analyzed in this study, represent a 

valuable tool for evaluating the comparative safety of esophagectomy performed alone or 

after induction therapy.

In conclusion, the results of our analysis show that preoperative neoadjuvant therapy for 

esophageal cancer does not increase 30-day mortality or the overall risk of postoperative 

complications after esophagectomy. In parallel, there is increasing evidence, in the literature, 

that induction therapy leads to longer survival than surgery alone. With these assumptions, 

we strongly believe that surgeons should not be hindered by the misleading perception that 

neoadjuvant treatment negatively affects postoperative outcomes to such an extent to 

outweigh its oncological benefits.
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Fig. 1. 
Rates of neoadjuvant therapy over the years. *P-value for the difference in proportion of 

patients who received neoadjuvant treatment prior to undergoing esophagectomy in 2005–

2006 (29.0%) versus 2011 (44.0%).
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Table 1

Baseline demographic and clinical characteristics

Characteristic

Total Neoadjuvant patients Surgery-only patients

Pn = 1939 n = 708 (36.5%) n = 1231 (63.5%)

Age, mean (median) 63.9 ± 10.5 (65) 62.3 ± 10.2 (63) 64.7 ± 10.5 (65) <0.001

Male (%) 1618 (83.6) 601 (84.9) 1017 (82.8) 0.237

Race (%) 0.382

 White 1634 (84.3) 610 (86.2) 1024 (83.2)

 Black 57 (2.9) 19 (2.7) 38 (3.1)

 Other 61 (3.2) 19 (2.7) 42 (3.4)

 Unknown 187 (9.6) 60 (8.5) 127 (10.3)

ASA classification (%) 0.446

 No disturb/mild disturb 414 (21.4) 142 (20.1) 272 (22.1)

 Serious disturb 1386 (71.5) 511 (72.2) 875 (71.1)

 Life threat/moribund 138 (7.1) 55 (7.8) 83 (6.8)

Body mass index 27.7 ± 6.1 26.8 ± 5.8 28.2 ± 6.2 <0.001

Diabetes (%) 360 (18.6) 113 (16.0) 247 (20.1) 0.025

Current smoker (%) 502 (25.9) 206 (29.1) 296 (24.1) 0.015

Alcohol consumption (%) 93 (4.8) 29 (4.1) 64 (5.2) 0.274

Dyspnea (%) 211 (10.9) 76 (10.7) 135 (11.0) 0.874

History of COPD (%) 143 (7.4) 51 (7.2) 92 (7.5) 0.827

History of CHF (%) 2 (0.1) 2 (0.3) 0 (0.0) 0.133

History of MI (%) 13 (0.7) 6 (0.9) 7 (0.6) 0.469

Hypertension (%) 1051 (54.2) 335 (47.3) 716 (58.2) <0.001

Previous cardiac surgery (%) 133 (6.9) 35 (4.9) 98 (8.0) 0.011

Weight loss (%) 404 (20.8) 208 (29.4) 196 (15.9) <0.001

Steroid use (%) 29 (1.5) 9 (1.3) 20 (1.6) 0.537

Year of operation (%) 0.003

 2005–2007 473 (24.4) 147 (20.8) 326 (26.5)

 2008–2009 720 (37.1) 258 (36.4) 462 (37.5)

 2010–2011 746 (38.5) 303 (42.80) 443 (36.0)

Preoperative WBC (%) <0.001

 Normal (4.5–11 × 109/L) 1507 (79.8) 490 (70.7) 1017 (85.0)

 Abnormal (<4.5 or >11 × 109/L) 382 (20.2) 203 (29.3) 179 (15.0)

Preoperative hematocrit (%) <0.001

 Normal (≥36) 1178 (62.8) 347 (50.3) 831 (70.0)

 Abnormal (<36) 699 (37.2) 343 (49.7) 356 (30.0)

Different denominators due to missing data: gender (n = 1936; n1 = 708; n2 = 1228); WBC (n = 1889; n1 = 693; n2 = 1196); Hematocrit (n = 1877; 
n1 = 690; n2 = 1187). Bold indicates statistically significant values. ASA, American Society of Anesthesiology; CHF, congestive heart failure; 
COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; WBC, white blood cell.
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Table 2

Observed unadjusted rates of intraoperative and postoperative outcomes

Outcome

Total Neoadjuvant patients Surgery-only patients

Pn = 1939 n = 708 (36.5%) n = 1231 (63.5%)

30-day mortality (%) 70 (3.6) 21 (3.0) 49 (4.0) 0.249

Overall morbidity† (%) 956 (49.3) 343 (48.5) 613 (49.8) 0.567

 Wound infection 265 (13.7) 100 (14.1) 165 (13.4) 0.657

 Pneumonia 303 (15.6) 90 (12.7) 213 (17.3) 0.007

 Urinary tract infection 68 (3.5) 18 (2.5) 50 (4.1) 0.080

 Return to OR 240 (12.4) 197 (13.7) 143 (11.6) 0.180

 Venous thromboembolism 122 (6.3) 55 (7.8) 67 (5.4) 0.042

 Cardiac complication 57 (2.9) 17 (2.4) 40 (3.3) 0.287

 Shock/sepsis 361 (18.6) 117 (16.5) 244 (19.8) 0.073

 Unplanned intubation 266 (13.7) 89 (12.6) 177 (14.4) 0.265

 Bleeding transfusion 158 (8.2) 76 (10.7) 82 (6.7) 0.002

 Renal complication 39 (1.93) 10 (1.36) 29 (2.27) 0.151

 On ventilator >48 hours 293 (15.1) 96 (13.6) 197 (16.0) 0.148

 Organ space SSI 113 (5.8) 40 (5.7) 73 (5.9) 0.800

Serious morbidity‡ (%) 651 (33.6) 223 (31.5) 428 (34.8) 0.142

Length of stay, days (median) 15.8 ± 21.0 (11) 15.2 ± 14.4 (11) 16.2 ± 24.0 (12) 0.279

Prolonged length of stay (%) 512 (26.4) 173 (24.4) 339 (27.5) 0.136

Operative time, minute (median) 340.4 ± 124.7 (325) 344.3 ± 122.3 (325) 338.1 ± 126.0 (324) 0.290

Prolonged operative time (%) 485 (25.0) 175 (24.7) 310 (25.2) 0.820

†
Overall morbidity: wound infection, pneumonia, urinary tract infection, venous thromboembolism, bleeding transfusion, renal complication, 

return to OR, cardiac complication, shock/sepsis, unplanned intubation, on ventilator >48 hours, and organ space SSI.

‡
Serious morbidity: return to OR, cardiac complication, shock/sepsis, unplanned intubation, on ventilator >48 hours, and organ space SSI. Bold 

indicates statistically significant values. OR, operative room; SSI, surgical site infection.
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Table 3

Baseline demographic and clinical characteristics in the matched cohort

Characteristic

Total Neoadjuvant patients Surgery-only patients

Pn = 990 n = 495 n = 495

Age, mean (median) 62.8 ± 10.3 (63) 62.8 ± 9.8 (63) 62.8 ± 10.7 (63) 0.958

Male (%) 847 (85.6) 429 (86.7) 418 (84.4) 0.320

Race (%) 0.091

 White 850 (85.9) 429 (86.7) 421 (85.1)

 Black 32 (3.2) 10 (2.0) 22 (4.4)

 Other 29 (2.9) 12 (2.4) 17 (3.4)

 Unknown 79 (8.0) 44 (8.9) 35 (7.1)

ASA classification (%) 0.927

 No disturb/mild disturb 219 (22.1) 109 (22.0) 110 (22.2)

 Serious disturb 698 (70.5) 351 (70.9) 347 (70.1)

 Life threat/moribund 73 (7.4) 35 (7.1) 38 (7.7)

Body mass index 27.5 ± 5.9 27.6 ± 5.8 27.5 ± 6.1 0.773

Diabetes (%) 178 (18.0) 87 (17.6) 91 (18.4) 0.741

Current smoker (%) 280 (28.3) 141 (28.5) 139 (28.1) 0.888

Alcohol consumption (%) 45 (4.6) 21 (4.2) 24 (4.9) 0.647

Dyspnea (%) 117 (11.8) 52 (10.5) 65 (13.1) 0.201

History of COPD (%) 79 (8.0) 36 (7.3) 43 (8.7) 0.412

History of CHF (%) 2 (0.2) 2 (0.4) 0 (0.0) 0.499

History of MI (%) 9 (0.9) 5 (1.0) 4 (0.8) 0.999

Hypertension (%) 515 (52.0) 256 (51.7) 259 (52.3) 0.849

Previous cardiac surgery (%) 53 (5.4) 28 (5.7) 25 (5.1) 0.672

Weight loss (%) 210 (21.2) 103 (20.8) 107 (21.6) 0.756

Steroid use (%) 16 (1.6) 6 (1.2) 10 (2.0) 0.313

Year of operation (%) 0.991

 2005–2007 211 (21.3) 106 (21.4) 105 (21.2)

 2008–2009 372 (37.6) 185 (37.4) 187 (37.8)

 2010–2011 407 (41.1) 204 (41.2) 203 (41.0)

Preoperative WBC (×109/L) (%) 0.491

 Normal (4.5–11 × 109/L) 771 (77.9) 381 (77.0) 390 (78.8)

 Abnormal (<4.5 or >11 × 109/L) 219 (22.1) 114 (23.0) 105 (21.2)

Preoperative hematocrit (%) 0.438

 Normal (≥36) 586 (59.2) 299 (60.4) 287 (58.0)

 Abnormal (<36) 404 (40.8) 196 (39.6) 208 (42.0)

ASA, American Society of Anesthesiology; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; MI, myocardial 
infarction; WBC, white blood cell.

Dis Esophagus. Author manuscript; available in PMC 2015 October 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mungo et al. Page 14

Table 4

Observed unadjusted rates of intraoperative and postoperative outcomes in the matched cohort

Outcome

Total Neoadjuvant patients Surgery-only patients

Pn = 990 n = 495 n = 495

30-day mortality (%) 39 (3.9) 18 (3.6) 21 (4.2) 0.624

Overall morbidity† (%) 487 (49.2) 242 (48.9) 245 (49.5) 0.849

 Wound infection 134 (13.5) 72 (14.6) 62 (12.5) 0.353

 Pneumonia 146 (14.8) 64 (12.9) 82 (16.6) 0.107

 Urinary tract infection 33 (3.3) 12 (2.4) 21 (4.2) 0.111

 Return to OR 123 (12.4) 66 (13.3) 57 (11.5) 0.386

 Venous thromboembolism 72 (7.3) 46 (9.3) 26 (5.3) 0.014

 Cardiac complication 24 (2.4) 10 (2.0) 14 (2.8) 0.408

 Shock/sepsis 176 (17.8) 84 (17.0) 92 (18.6) 0.506

 Unplanned intubation 130 (13.1) 64 (12.9) 66 (13.3) 0.851

 Bleeding transfusion 85 (8.6) 43 (8.7) 42 (8.5) 0.910

 Renal complication 14 (1.4) 5 (1.0) 9 (1.8) 0.282

 On ventilator >48 hours 148 (15.0) 72 (14.5) 76 (15.4) 0.721

 Organ space SSI 53 (5.4) 28 (5.7) 25 (5.1) 0.672

Serious morbidity‡ (%) 324 (32.7) 156 (31.5) 168 (33.9) 0.416

Length of stay, days (median) 16.0 ± 26.8 (11) 14.8 ± 14.6 (10) 17.1 ± 34.8 (12) 0.190

Prolonged length of stay (%) 250 (25.3) 112 (22.6) 138 (27.9) 0.057

Operative time, minute (median) 341.3 ± 126.1 (326) 342.2 ± 122.2 (324) 340.5 ± 130.1 (328) 0.832

Prolonged operative time (%) 246 (24.9) 120 (24.2) 126 (25.5) 0.659

†
Overall morbidity: wound infection, pneumonia, urinary tract infection, venous thromboembolism, bleeding transfusion, renal complication, 

return to OR, cardiac complication, shock/sepsis, unplanned intubation, on ventilator >48 hours, and organ space SSI.

‡
Serious morbidity: return to OR, cardiac complication, shock/sepsis, unplanned intubation, on ventilator >48 hours, and organ space SSI. Bold 

indicates statistically significant values. OR, operative room; SSI, surgical site infection.
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Table 5

Multivariable logistic regression analyses

Outcome OR (95% CI) P

30-day mortality 0.79 (0.46–1.35) 0.392

Overall morbidity† 1.01 (0.82–1.24) 0.930

Serious morbidity‡ 0.97 (0.78–1.20) 0.768

Prolonged length of stay 0.84 (0.67–1.05) 0.130

Reference group is the surgery-only patients.

†
Overall morbidity: wound infection, pneumonia, urinary tract infection, venous thromboembolism, bleeding transfusion, renal complication, 

return to OR, cardiac complication, shock/sepsis, unplanned intubation, on ventilator >48 hours, and organ space SSI.

‡
Serious morbidity: return to OR, cardiac, shock/sepsis, intubation, on ventilator > 48 hours, and organ space SSI. CI, confidence interval; OR, 

odds ratio.
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