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Report: Information in the report should be consistent with the poster, but could include additional
material. Insert text in the following sections targeting 1500-3000 words overall; include key figures and
tables. Use Calibri 11-point font, single spaced and 1-inch margin; follow JAMA style conventions as
detailed in the full instructions.

Introduction (>250 words)

Obesity is a large and growing pandemic with an estimated 43% of the US population believed to
have the condition [1]. Obesity frequently co-occurs with metabolic syndrome (MetS) [2]. While obesity
and MetsS are related, they are considered to be separate entities. The former is defined by body mass
index (BMI) alone, while the latter is a set of clinical parameters which, in addition to being associated with
visceral adiposity, also predispose to chronic inflammation, coagulopathy, and an array of other pathologies
[3-5]. The impact of MetS on metabolic health is greater than the sum of its constituent parts.

Many gastrointestinal cancers are known to be associated with obesity. Among these, one of the
strongest associations is with esophageal adenocarcinoma (EAC) [6-10]. Further, MetS is associated with a
20% greater risk of developing EAC [11]. MetS is also associated with a two-fold increased risk of
developing Barrett’s Esophagus (BE), a known precursor to EAC found in at least 56% of cases [12, 13].
Several mechanisms have been proposed to connect the two conditions, including gastroesophageal reflux,
chronic inflammation, and others [14-16].

Incidence of EAC in the US has increased from 3.6 per million in 1973 to 39 per million in 2020, and
it is now responsible for 80% of US esophageal cancer diagnoses [17-19]. EAC remains a disease of very
poor prognosis with at least 30% of cases being diagnosed at advanced stage, and an overall 5-year survival
rate frequently cited around 20% [20]. Typically, the first-line treatments for locally advanced EAC are
perioperative chemotherapy or neoadjuvant chemoradiotherapy followed by esophagectomy. Work by our
group and others has highlighted the associations between obesity, obesity severity, and a host of
complications following esophagectomy, the definitive treatment for resectable EAC [21-26]. Notably,
Elliott et al. found that those with visceral obesity and metabolic syndrome had a significantly lower
disease-specific survival and overall survival than those with visceral obesity without MetS [27]. To our
knowledge, however, the impact of MetS alone on survival and postoperative complications in patients
undergoing esophagectomy for EAC remains unknown. We hypothesize that patients with MetS, a pro-
inflammatory and coagulopathic state, are at increased risk of post-esophagectomy complications,
independent of BMI.

\ Methods (>250 words)

This is retrospective analysis of patients with EAC in an institutional Esophageal Cancer and Related
Diseases (ECRD) database who underwent esophagectomy between the years of 2013 and 2023 within a
tertiary referral center. Emergent esophagectomies were excluded, as were esophagectomies for esophageal
squamous cell carcinoma (ESCC) and non-malignant conditions. One of the benefits of this institutional
database is that, during the period captured, all esophagectomies were performed in a team approach by a
relatively small number of very experienced surgeons, some of whom also specialize in bariatrics.

This study was approved by our Institutional Review Board (Protocol #26177). Electronic medical
records were reviewed to determine MetS status in addition to data on relevant comorbidities, postoperative
complications, and mortality. For statistical power, all races and ethnicities other than non-Hispanic white
(ie. Asian, African American, Hispanic, and Native American) were amalgamated into a “non-white”
category. A severe complication was defined by Clavien-Dindo Class III or higher [28, 29].

These data were then collated with data from our institution’s American College of Surgeons
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National Surgical Quality Improvement Program (ACS-NSQIP) for the same period of time. Our ECRD
database collects information on demographic, oncologic, and comorbidity data for every patient who
undergoes esophagectomy at our institution. ACS-NSQIP collects rigorous risk and case-mix adjusted data
on 30-day perioperative outcomes but does not collect data on all cases at a given institution. To merge these
databases, medical record numbers (MRN) were matched and patients without a matching MRN in one
database were excluded to merge the two databases. See Figure 1 for study participant schema.

Figure 1. Schema of study participants included and excluded

ECRD Database 2013-2023
410 Cases Esophageal
Cancer

Excluded:
Squamous Cell Carcinoma, n=57
No Matching NSQIP MRN, n =106

Institutional NSQIP Esophageal
Adenocarcinoma cases, n = 249

Excluded:
NSQIP Entries without Matching
ECRD MRN, n=2

247 Matching ECRD/NSQIP
Entries

Abbreviations: ECRD: institutional esophageal cancer and related diseases database; NSQIP: national
surgical quality improvement program database; MRN: medical record number

MetS was defined according to a modified version of the National Cholesterol Education Program’s Adult
Treatment Panel III definition [30, 31], requiring the presence of at least three criteria as described in Table
1.

Table 1. Criteria for Establishing Diagnosis of Metabolic Syndrome Based on Chart Review

Aspect Satistying Criteria

Insulin resistance or ~ Chart diagnosis of diabetes/prediabetes, Alc > 5.7%, FPG > 125 mg/dL, or

hyperglycemia anti-hyperglycemic pharmacotherapy

Hypertension Chart diagnosis, multiple outpatient blood pressure readings > 130/85, or anti-
hypertensive pharmacotherapy

Dyslipidemia or Chart diagnosis, TG > 150 mg/dL, low HDL (<40 mg/dL for men, <50 mg/dL

hyperlipidemia for women), or lipid-lowering medications

Obesity BMI > 30

Alc, hemoglobin Alc; FPG, fasting plasma glucose; TG, triglycerides; HDL, high-density lipoprotein; BMI,
body mass index

Quality control was ensured by verifying the correct date of surgery following MRN matching. This
process allowed us to compare the wide variety of complications listed in the ACS-NSQIP database between
groups with and without MetS. MetS is currently not possible to define with ACS-NSQIP data alone, as it
does not include data on lipids or non-diabetic insulin resistance/hyperglycemia. ACS-NSQIP and the
hospitals participating in ACS-NSQIP are a source of the data used herein; they have not verified and are not
responsible for the statistical validity of the data analysis or the conclusions derived by the authors.

The most frequently missing data was numerical lipid values (212 of 247 missing, or 85.8%).
However, ascertainment of the dyslipidemia/hyperlipidemia status was made when this comorbidity was
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listed in the electronic medical record and/or presence of anti-hyperlipidemic therapy on the medication list.
Hemoglobin Alc was the only other variable with a significant amount of missing data (78 of 247 missing,
or 31.6%). Ascertainment of insulin resistance status was similarly made by chart review, see Table 1. Those
participants for whom no ascertainment of dyslipidemia or insulin resistance status could be made by chart
review were excluded from MetS comparisons.

‘ Results (>500 words)

Of the 247 patients included, 79 (32%) met criteria for MetS, whereas 168 (68%) did not. Table 2
describes the demographics between groups. Age was not significantly different between those with and
without MetS (mean 66.8 + 8.7 vs 65.4 £ 9.2 years, p = 0.24, respectively). Patients with MetS had a
significantly higher average body mass index (BMI) (29.7 + 6.0 vs 26.7 £ 4.9, p < 0.001) and were
significantly more likely to be male (96.2% vs 84.6%, p = 0.002) and non-white (6.3% vs 1.2%, p = 0.02).

Those in the MetS group were more likely to present in stage 3 (69.6% vs 57.7%), while those in the
non-MetS group were more likely to present at stage 4 (25.0% vs 10.1%, p = 0.04). Rates of neoadjuvant
chemoradiotherapy and pathological complete response were not significantly different. Minimally invasive
surgical approach (ie. McKeown vs Ivor-Lewis vs transhiatal) was not significantly different between the
two groups.

Table 3 depicts the complications by group. Those with MetS had a significantly higher rate of
postoperative complications (64.6% vs 37.9%, p < 0.001). The MetS group specifically had higher rates of
conversion to open surgery (5.1% vs 0.6%, p = 0.048), acute kidney injury (AKI) (10.1% vs 3.0%, p = 0.008)
and hospital-acquired pneumonia (HAP) (22.7% vs 11.3%, p = 0.02). The rate of serious complications
(34.2% vs 23.8%, p = 0.08) and prolonged intensive care unit (ICU) stay (45.6% vs 33.7%, p = 0.07) trended
toward a significant difference between groups. 90-day mortality was higher in the MetS group (8.9% vs
1.8%, p = 0.009) with causes including respiratory failure (four patients), stroke, metastases, and malignant
effusion in the MetS group and respiratory failure (two patients) and arrhythmia in the non-MetS group,
see Supplemental Table S1. In the multivariate analysis for overall postoperative complications, MetS was
the strongest and only significant independent predictor (OR = 2.49, p = 0.005) (see Table 4).

Table 2. Demographics of the patient population who underwent esophagectomy comparing metabolic
syndrome status.

Non-Mets, Mets, p-value
n (%) n (%)
N 168 (68) 79 (32)
Age (SD) 65.4 (9.2) 66.8 (8.7) 0.24
BMI (SD) 26.7 (4.9) 29.7 (6.0) <0.001*
Obesity (BMI>30) 36 (21.4) 46 (58.2) <0.001*
Male Sex 139 (82.2) 76 (96.2) 0.003*
Smoker 26 (15.4) 15 (19) 0.48
ASA Class 3 or 4 143 (84.6) 75 (94.9) 0.02*
Race 0.02*
White 167 (98.8) 74 (93.7)
Non-white 2(1.2) 5(6.3)
Prediabetes 9(5.4) 20 (25.3) <0.001*
Diabetes 9(5.4) 41 (51.9) <0.001*
Hypertension 91 (54.2) 77 (97.5) <0.001*
Dyslipidemia 62 (36.9) 73 (92.4) <0.001*

6|Page



Scholarly Project Final Report

Severe COPD 6 (3.6) 9(11.4) 0.02*
Obstructive Sleep Apnea 21 (12.5) 28 (35.4) <0.001*
Coronary Artery Disease 18 (10.7) 20 (25.3) 0.003*
History of Ml or CVA 7 (1.4) 10(12.7) 0.01*
Clinical Stage 0.04*

Stage 1 10 (6) 8(10.1)

Stage 2 19 (11.3) 8(10.1)

Stage 3 97 (57.7) 55 (69.6)

Stage 4 42 (25) 8(10.1)
Neoadjuvant Chemoradiotherapy 156 (92.9) 71(89.9) 0.52
Pathologic complete response 33 (19.6) 14 (17.7) 0.74
Minimally Invasive 166 (98.8) 77 (97.5) 0.44
Surgical Approach 0.47

McKeown 152 (90.5) 72 (91.1)

Ivor-Lewis 4(2.4) 1(1.3)

Trans-hiatal 12 (7.1) 5(6.3)

ASA, American Society of Anesthesiologists Physical Status Score; BMI, Body mass index; COPD, Chronic Obstructive
Pulmonary Disease; CVA, Cerebrovascular accident; Ml, Myocardial infarction; SD, standard deviation; ICU, intensive
care unit. *statistically significant.

Table 3. Complications following esophagectomy for EAC comparing metabolic syndrome status

Non-Mets, MetsS, p-value
n (%) n (%)
N 168 (68) 79 (32)
Operative Time (Mean * SD) 521+79 524 + 100 0.80
Conversion to Open 1(0.6) 4(5.1) 0.048*
Superficial SSI 4(2.4) 6(7.6) 0.052
Anastomotic Leak 6 (3.6) 6 (7.6) 0.17
Chylothorax 10 (6.0) 5(6.3) 0.91
Conduit Necrosis 3(1.8) 4(5.1) 0.15
Hospital-Acquired Pneumonia 19 (11.3) 18 (22.7) 0.02*
Acute Kidney Injury 4(3.0) 8(10.1) 0.008*
Post-op Sepsis 9(5.4) 6 (7.6) 0.49
Pulmonary Embolism 1(0.6) 1(1.3) 0.58
Myocardial Infarction 1(0.6) 1(1.3) 0.58
ICU Stay > 3 days 57 (33.7) 36 (45.6) 0.07
Hospital Stay > 30 days 8(4.7) 6(7.6) 0.36
90-day Mortality 3(1.8) 7 (8.9) 0.009*
Clavien-Dindo Classification Grade 2l 40 (23.8) 27 (34.2) 0.08
Any Complication 64 (37.9) 51 (64.6) <0.001*

SD, standard deviation; SSI, surgical site infection; ICU, intensive care unit. *Statistically significant.
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Table 4. Multivariate Model for Complication following Esophagectomy

Odds Ratio 95% Cl p-value

Age 1.01 (0.98-1.04) 0.46
Race (white) 0.51 (0.09-2.88) 0.45
Sex (male) 1.35 (0.60-3.01) 0.47
BMI 1.02 (0.96-1.07) 0.55
Clinical Stage

Stage 1 0.27

Stage 2 0.21 (0.02-2.70)

Stage 3 0.49 (0.04-6.11)

Stage 4 0.51 (0.04-6.54)
nCRT 1.29 (0.12-13.97) 0.84
Operative Time 1.00 (0.997-1.004) 0.83
Metabolic Syndrome 2.49 (1.31-4.72) 0.005*

BMI, Body mass index; nCRT, neoadjuvant chemoradiotherapy: Cl, Confidence interval. *Statistically significant.

Discussion (>500 words)

The high prevalence of MetS within the EAC population [11, 32-34]—32% in our study—presents an
ongoing challenge in optimizing outcomes for esophagectomy patients. This study demonstrated that MetS
is associated with increased complications following esophagectomy for EAC, independent of BMI. The
utilization of MetS rather than BMI alone distinguishes obesity with visceral adipose accumulation from
obesity in general, an important clinical distinction [35].

Our findings are in agreement with previous work detailing the effects of perioperative
hyperglycemia [36-38], poor functional status [39], hypertension, obesity, and hyperlipidemia [40-43] on
postoperative outcomes following gastrointestinal surgery. MetS has also been associated with an
increased likelihood of experiencing a postoperative complication in spine surgery [44, 45] and in colorectal
surgeries [46]. Another study found that optimizing MetS parameters can improve outcomes following
hepatectomy [47].

An analysis of the ACS-NSQIP database, previously reported by our group [21] found that obesity
with BMI > 35 is associated with an increased rate of post-esophagectomy anastomotic leak. Similarly,
hypertension and type 2 diabetes have been associated with a higher risk of postoperative adverse events
including atrial fibrillation, short term mortality, anastomotic leak, and pneumonia [48, 49]. The fact that
individual components of MetS are associated with an increased rate of complication following
esophagectomy aligns well with our findings above.

The significantly higher 90-day mortality rate noted among the MetS group in this study is
consistent with previous studies reported by the EsoData group [50, 51]. These studies noted that extremes
of weight (BMI < 18.5 and BMI > 35), age, history of myocardial infarction (Ml), and peripheral vascular
disease (PVD) were predictors of 90-day mortality. Both Ml and PVD are strongly associated with MetS [52,
53], and other features of MetS such as hypercoagulability and inflammation may be responsible for
notable increase in mortality [54-58], though our study was not powered to detect this.

The MetS group had significantly more intraoperative conversions to the open approach. These
could be due to more visceral adipose tissue resulting in poorer visualization, hemodynamic instability, or
other cancer-specific intraoperative factors. Minimally invasive esophagectomy (MIE) has become standard
of care [59] and intraoperative conversions to open, while necessary, are associated with poorer outcomes
[60]. The learning curve performing esophagectomy on patients with obesity may be higher, despite our
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center performing 30-60 MIE per year during the study period with few changes in surgical faculty. As such,
attempts to pre-habilitate patients with MetS to decrease the visceral adiposity and inflammatory factors
should be considered. Further studies are needed to determine the role of “liver shrinking” diets
preoperatively along with other measures to improve intraoperative visibility and tissue quality [61].

One limitation of this study is that MetS alone does not capture the full extent of the underlying
disease or inflammation burden of a patient. Future work on a metabolic risk score [11] and/or
inflammatory markers (eg. C-reactive protein) that could work towards a predictive model of surgical
complications in this patient population may be useful. In this study, we incorporated BMl into our
definition of MetS. Ideally, additional data on visceral adipose tissue or waist circumference would be
available, as either would be a better indicator of the metabolic activity of a patient’s adipose tissue.
Finally, this was a single-center, retrospective study and therefore subject to the inherent biases of such
work. A prospective study on the impact of MetS with the benefit of improved follow-up would better
assess important outcomes such as long-term survival and causes of mortality.

Conclusions (2-3 summary sentences)

When planning esophagectomy for patients with EAC, consideration of operative risk and prognosis
related to comorbidities is paramount. The findings of our current study indicate that MetS is
independently associated with postoperative complication. Further research to understand the
mechanisms underlying the impact of MetS in this complex esophagectomy population is merited.
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