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Background: Various methods of quantifying and correlating obesity to outcomes for patients with 
esophageal adenocarcinoma (EA) have been evaluated. Published data suggest that quantification of adiposity 
may be more accurate than body mass index (BMI) as a prognostic factor. We report our analysis of adiposity 
as a prognostic factor in a series of patients with EA.
Methods: This single institution retrospective review included patients with EA who underwent 
esophagectomy from 1994–2008. Patients with BMI <20 were excluded. Using the preoperative CT scan, the 
visceral (VFA), subcutaneous (SFA), and total abdominal fat (TFA) areas were calculated. Each was contoured 
on a Siemens Leonardo workstation at the level of the iliac crest (L4/5). The Hounsfield threshold was −30 
to −130. Outcomes were analyzed using Kaplan-Meier method and log-rank analysis. Multivariate analysis 
(MVA) was performed using the Cox proportion hazard regression model. 
Results: We identified 126 patients for the analysis. There were no statistically significant differences 
in overall survival or disease-free survival between groups above and below the medians for TFA, SFA, or 
VFA/SFA ratio. However, an increase in VFA was significantly associated with worsened OS and DFS when 
we further classified patients into quartiles. Patients with VFA ≥182 cm² had larger tumor size (P=0.016), 
fewer involved lymph nodes (P=0.047), longer operating times (P=0.032), and were more likely to be males 
(P=0.042).
Conclusions: Published data have demonstrated an association between treatment outcomes and degree 
of adiposity; our study found a correlation between VFA and OS and DFS in patients with EA. Median TFA, 
SFA, and VFA/SFA were not prognostic on MVA. While VFA >182 cm2 was associated with larger tumors, 
there were also fewer lymph nodes harvested in this group.
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Introduction 

Accounting for an estimated 16,980 new cases and 15,590 
deaths in the United States in 2015, esophageal cancer has 
been identified as the eighth most commonly diagnosed 
cancer and the sixth leading cause of cancer-related 
deaths in the world (1-4). While the rate of squamous 
cell carcinoma (the most common histological subtype 
worldwide) is decreasing in the West, adenocarcinoma is 
becoming increasingly prevalent in northern Europe and 
North America (5-8). Esophageal adenocarcinoma (EA) has 
the fastest increasing incidence of all malignancies in the 
United States, with a growth rate of over 500% in the past 
30 years (5,9). 

This rise in EA has been linked to the recent increase 
in obesity (7,10). Epidemiological evidence has identified 
a positive correlation between various measures of obesity 
and increasing risk for EA, with one recent meta-analysis 
showing a 3X increase risk associated with body mass index 
(BMI) ≥30 kg/m² (7,11,12). Obesity, moreover, is thought 
to be a prognostic factor in addition to a risk factor for  
EA (13). Body fat is traditionally distributed into two main 
compartments with different metabolic characteristics: 
subcutaneous fat (SFA) (peripheral) and visceral fat (VFA) 
(abdominal) with total fat (TFA) as a combination of 
SFA and VFA. More recently published data accounting 
for body fat distribution suggests that quantification of 
adiposity, especially visceral adiposity, rather than BMI, is 
a more accurate measure for evaluating the associated risk 
and prognosis (7,14). This finding has helped explain the 
epidemiological observation that men (who accumulate 
fat primarily in their abdominal area) have a significantly 
higher incidence of EA than women (who first accumulate 
fat in their hips and thighs) (15). Incidence of EA in men is 
7 times that found in women (16). Studies that compare the 
impact of visceral fat with subcutaneous fat (fat located just 
beneath the skin) and total fat adiposity on EA and other 
GI malignancies have found that VFA displays a strong 
correlation to risk and incidence, whereas SFA and TFA are 
not strongly correlated. 

Standard treatment of resectable EA is esophagectomy (17). 
Authors have examined the association between BMI and 
oncologic outcomes as well as peri-operative complications. 
Respiratory complications, anastomotic leak, and worsening 
of disease-specific survival, and overall survival have been 
reported in obese patients who underwent surgery for EA 
(13,18,19). However, studies on postoperative survival 
probability associated with measures of adiposity have 

been less clear. We evaluated preoperative adiposity as a 
prognostic factor for postoperative outcomes in patients 
with EA who have undergone esophagectomies. 

Methods

Patients

Our single institution study included 126 patients with 
EA who underwent esophagectomy from 2008–2012.  
They were retrospectively identified from a GI esophageal  
database (Institutional Review Board-approved esophagectomy  
database). Physicians reviewed and recorded all charts on 
standardized abstraction forms. To be included all patients 
had CT scans to determine adiposity, a diagnosis of 
adenocarcinoma, and underwent surgical resection. Patients 
with BMI <20 were excluded.

Determination of adiposity

Using the preoperative CT scan, the VFA, SFA, and 
TFA were calculated. Each was contoured on a Siemens 
Leonardo workstation at the level of the iliac crest (L4/5). 
The Hounsfield threshold was −30 to −130.

Oncologic assessment

All patients in our analysis underwent preoperative 
clinical staging with physical exams, endoscopy including 
endoscopic ultrasound (EUS), computed tomography (CT) 
scans, and positron emission tomography (PET) scans. 
Pathologists with specialty training in GI malignancies 
confirmed all pathology. Staging, lymph nodes, tumor 
size, histological grade, response to therapy, recurrence, 
and residual tumor were determined using postoperative 
pathology reports. Overall survival was defined as the time 
from date of surgery to date of death, while disease-free 
survival was defined as time from date of surgery to the date 
of discovery of recurrence. Overall survival was evaluated 
using medical records and social security death index. 

Statistical analysis

Univariate analysis was used to examine whether VFA or 
VFA/SFA ratio were associated with pre-treatment stage, 
number of involved lymph nodes, proportion of patients 
treated with neoadjuvant therapy, tumor size, operation 
time, type of surgery, histological grade, gender, age, 
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pathological response to therapy, or radial margins and 
residual tumor. Comparison of characteristics between 
groups was evaluated using Chi-squared analysis. Discrete 
variables between groups were compared using Fischer’s 
exact tests. Multivariate analysis (MVA) was used to assess 
VFA, TFA, SFA, and VFA/SFA as prognostic factors, and 
was performed using the Cox proportion hazard regression 
model. The Kaplan-Meier method and log-rank analysis 
were used to analyze disease-free survival and overall 
survival. Statistical significance was defined as P≤0.05. 
All analyses were performed using the STATA IC (Stata 
Statistical Software, Release 10.0; Strata Corp., College 
Station, TX, USA). 

Results 

We identified 126 patients who underwent esophagectomy 
for adenocarcinoma who met the inclusion criteria for this 
study. The medians for VFA, TFA, SFA, and VFA/SFA 
ratio were 182, 491.7, 281, and 0.655 cm2, respectively. 
Univariate analyses of patient characteristics with VFA 
and with VFA/SFA ratio medians are presented in  
Tables 1 and 2, respectively. VFA ≥182 cm2 was associated 
with fewer lymph nodes harvested (P=0.047), larger tumor 
size (P=0.016), male gender (P=0.042), and longer operating 
times (P=0.032). There were no statistically significant 
differences in clinical stage (T stage, P=0.687; N stage, 
P=0.895), proportion of patients treated with neoadjuvant 
therapy (P=0.563), type of surgery performed (P=0.342), 
histological grade (P=0.452), pathologic response to therapy 
(P=0.848), recurrence (P=0.660), R0 resections (P=0.080), 
or mean age (P=0.150) between groups. 

The only significant differences found by VFA/SFA 
ratio univariate analysis were gender (P=0.002) and mean 
age (P=0.002). Clinical stage (T stage, P=0.116; N stage, 
P=0.289), number of lymph nodes (P=0.207), proportion 
of patients treated with neoadjuvant therapy (P=0.083), 
tumor size (P=0.853), operating time (P=0.153), type of 
surgery performed (P=0.087), histological grade (P=0.471), 
pathologic response to therapy (P=0.289), recurrence 
(P=0.379), and resection level (P=0.080), were comparable 
between groups. 

Probabilities for overall survival and disease-free survival 
were determined in relation to VFA, SFA, TFA, and VFA/
SFA ratio. For each measure of adiposity, patients were 
analyzed for OS and DFS. There were no statistically 
significant differences in DFS or OS between groups for any 
measure of adiposity. Figure S1 demonstrates comparisons 

of OS and of DFS between groups above and below the 
VFA median. The 5-year and median OS for patients 
with VFA <182 and ≥182 were 63.63% and 67.6 months, 
and 43.77% and 47.9 months, respectively (P=0.94). The 
respective 5-year and median DFS were 62.48% and  
60.4 months, and 40.22% and 47.9 months (P=0.79). Figure S2  
displays overall and disease-free survival analysis for TFA. 
The 5-year and median OS for groups with TFA <491.7 
and ≥491.7 were 68.12% and 67.6 months, and 42.47% and 
47.9 months, respectively (P=0.78). The 5-year and median 
DFS for patients below and above TFA median were 
64.55% and 67.6 months, and 41.54% and 47.9 months, 
respectively (P=0.75). 

Comparisons of OS and DFS between groups above 
and below SFA median are shown in Figure S3. The 5-year 
and median OS for groups with SFA <281 and ≥281 were 
64.43% and 67.6 months, and 43.00% and 47.9 months, 
respectively (P=0.47). The 5-year and median DFS below 
and above the median were 61.89% and 67.6 months, and 
41.47% and 47.9 months, respectively (P=0.51). Figure S4  
displays OS and DFS for VFA/SFA ratio survival analysis. 
The 5-year and median OS for patients with VFA/SFA 
<0.655 and ≥0.655 were 51.32% and 63.9 months, and 
41.62% and 51.57 months, respectively (P=0.25). The 
5-year and median DFS below and above VFA/SFA 
median were 50.98% and 60.4 months, and 35.88% and  
47.9 months, respectively (P=0.66). 

We further classified patients into quartiles rather than 
median in an effort to identify any possible confounders 
from the lowest VFA/BMI categories which could possibly 
skew outcomes. We analyzed OS and DFS based upon 
quartiles for VFA. Quartile 1 was defined as 37.7 cm2 ≥ VFA 
≥117.2 cm2; quartile 2 was defined as 120≥ VFA ≥181.8; 
quartile 3 was defined as 182.2≥ VFA ≥254.2; and quartile 4 
was defined as 254.9≥ VFA ≥700.8. BMI equivalents for each 
quartile are shown in Table 3. Excluding quartile one, we 
found a significant decrease overall survival and disease-free 
survival with increasing VFA from quartile two to quartile 
three to quartile four. Figure 1 demonstrates comparisons 
of OS and of DFS by VFA quartiles (quartiles 2, 3, and 4). 
The 5-year and median OS for quartile one was 52.12% 
and 67.6 months; for DFS, 45.44% and 22.8 months,  
respectively. The 5-year and median OS and DFS for 
quartile two was 72.68% and 89.3 months, and 76.39% and 
60.4 months, respectively. The 5-year and median OS for 
quartile three was 49.18% and 46.9 months; the 5-year and 
median DFS was 42.65% and 46.9 months, respectively. 
The 5-year and median OS for quartile four was 43.20% 
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Table 1 Patient characteristics (univariate VFA analysis at the median)

Variable VFA <182 cm² (%) VFA ≥182 cm² (%) P value

T stage 0.687

Stage 1–2 20 (33.9) 21 (37.5)

Stage 3–4 39 (66.1) 35 (62.5)

N stage 0.895

N0 20 (33.9) 18 (32.7)

N1 39 (66.1) 37 (67.3)

Lymph nodes 0.047

≥10 32 (50.8) 21 (33.3)

<10 31 (49.2) 42 (66.7)

Neoadjuvant therapy 0.563

No 18 (28.6) 21 (33.3)

Yes 45 (71.4) 42 (66.7)

Tumor size (cm) 0.016

0–5 32 (51.6) 45 (72.6)

>5 30 (48.4) 17 (27.4)

Operation time (min) 0.032

≤275 40 (63.5) 28 (44.4)

>275 23 (36.5) 35 (55.6)

Surgery 0.342

Transhiatal 23 (36.5) 18 (28.6)

Transthoracic 40 (63.5) 45 (71.4)

Histological grade 0.452

Well 8 (16.7) 7 (14.3)

Moderate 21 (43.7) 28 (57.1)

Poor 19 (39.6) 14 (28.6)

Gender 0.042

Male 50 (79.4) 58 (92.1)

Female 13 (20.6) 5 (7.9)

Pathologic response to therapy 0.848

Complete 16 (36.4) 15 (37.5)

Partial 21 (47.7) 17 (42.5)

None 7 (15.9) 8 [20]

Recurrence 0.660

No 51 [81] 49 (77.8)

Yes 12 [19] 14 (22.2)

Radial margins/residual tumor 0.080

R0 59 (95.2) 62 (100.0)

R1 3 (4.8) 0 (0.0)

VFA, visceral fat area.
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Table 2 Patient characteristics (univariate VFA/SFA ratio analysis at the median)

Variable VFA/SFA <0.655 (%) VFA/SFA ≥0.655 (%) P value

T stage 0.116

Stage 1–2 17 (28.8) 24 (42.9)

Stage 3–4 42 (71.2) 32 (57.1)

N stage 0.289

N0 17 (28.8) 21 (38.2)

N1 42 (71.2) 34 (61.8)

Lymph nodes 0.207

≥10 30 (47.6) 23 (36.5)

<10 33 (52.4) 40 (63.5)

Neoadjuvant therapy 0.083

No 15 (23.8) 24 (38.1)

Yes 48 (76.2) 39 (61.9)

Tumor size (cm) 0.853

0–5 38 (61.3) 39 (62.9)

>5 24 (38.7) 23 (37.1)

Operation time (min) 0.153

≤275 30 (47.6) 38 (60.3)

>275 33 (52.4) 25 (39.7)

Surgery 0.087

Transhiatal 25 (39.7) 16 (25.4)

Transthoracic 38 (60.3) 47 (74.6)

Histological grade 0.471

Well 6 (11.3) 9 (20.5)

Moderate 29 (54.7) 20 (45.5)

Poor 18 (34.0) 15 (34.0)

Gender 0.002

Male 48 (76.2) 60 (95.2)

Female 15 (23.8) 3 (4.8)

Pathologic response to therapy 0.289

Complete 14 (29.8) 17 (46.0)

Partial 23 (48.9) 15 (40.5)

None 10 (21.3) 5 (13.5)

Recurrence 0.379

No 48 (76.2) 52 (82.5)

Yes 15 (23.8) 11 (17.5)

Radial margins/residual tumor 0.080

R0 59 (95.2) 62 (100.0)

R1 3 (4.8) 0 (0.0)

VFA, visceral fat area; SFA, subcutaneous fat area.
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and 51.57 months; the 5-year and median DFS was 42.24% 
and 47.9 months, respectively.

Individual comparisons between quartiles are shown in 
Table 4. Quartile 2 demonstrated a significant improvement 
in overall survival when compared to quartile 3 and 4 
combined, P=0.04 and when compared to quartile 4 
individually, P=0.05. Additionally, patient’s in quartile 2 
had improvement in disease free survival when compared 
to quartiles 1, 3, and 4 combined, P=0.03, and quartile 
4 individually, P=0.03. Patients in the lowest VFA/BMI 
quartile exhibited similar worse overall and disease free 
survival as those patients in the higher VFA quartiles, P=0.5, 
and 0.6 respectively.

Discussion

We found no significant correlation between either 
SFA or TFA and overall survival. Survival analysis also 
demonstrated no association between either SFA or 
TFA and disease-free survival. VFA/SFA ratio was not 

significantly associated with either OS or DFS. However, 
upon investigating the impact of VFA based on quartiles, 
we found a significant decrease in OS and DFS with 
increasing VFA. Quartile one consists of patients with the 
lowest VFA, and most likely represents patients who could 
have been malnourished or have less reserve to tolerate 
surgery. Quartile two was comprised of patients with mildly 
elevated VFAs, but the majority were in the correlative BMI 
25–29 category; survival outcomes progressively worsened 
as VFA increased from quartile two to quartile three and  
quartile four.

The global incidence of obesity is rapidly increasing, with 
an estimated 1.46 billion overweight adults in 2008, 502 
of which million were obese (20,21). It is projected that by 
2030 there will be 65 million more obese adults in US and 
11 million more in the UK (21). The mean overall survival 
for people diagnosed with EA is merely 12% (22). While 
epidemiologic evidence has clearly shown the connection 
between various measures of obesity and increased risk for 
EA, the association between obesity (especially measured 
as visceral adiposity) and prognosis has been explored only 
recently (23). The role of adiposity in postoperative survival 
is becoming increasingly important in the context of these 
obesity trends. 

While existing data have demonstrated an association 
between treatment outcomes and degree of adiposity, our 
study found that only VFA was significantly associated with 
OS or DFS. TFA, SFA, and VFA/SFA were not prognostic 
on MVA. While VFA >182 cm2 was associated with larger 
tumors, there were also fewer lymph nodes harvested in this 
group and no association with lymph node positivity.

The mechanistic link between VFA and EA is twofold. 

Table 3 BMI equivalent of VFA quartiles

Quartile BMI <24 BMI 25–29 BMI >30 Total

1 17 10 5 32

2 5 16 10 31

3 4 13 15 32

4 2 10 19 31

Total 28 49 49 126

BMI, body mass index; VFA, visceral fat area.

Overall survival by the quartiles of VFA Disease-free survival by the quartiles of VFA
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Excess VFA promotes gastroesophageal reflux (14). This 
may lead to the development of Barrett’s esophagus (BE), 
a pre-neoplastic lesion and a known precursor to EA (24). 
One case-control study demonstrated a 4.1-fold increased 
risk for BE associated with high waist-to-hip ratio, ≥0.90 for 
men and ≥0.85 for women (P=0.003). However, adjustment 
for BMI showed no increase in risk (25). In addition, 
visceral fat is metabolically active, secreting a number of 
adipokines, cytokines, and growth factors that may cause the 
esophageal inflammation leading to carcinogenesis (12,14).

Moreover, VFA has been shown to be a prognostic 
factor in other gastrointestinal malignancies including: 
colorectal, gastric, and pancreatic cancers. The authors of 
a single center Japanese study found that visceral obesity 
based on waist circumference was a significant risk factor 
for systematic complications following laparoscopic surgery 
for colorectal cancer. However, BMI had no independent 
impact on patient outcome (26). Similarly Seki et al., in a 
retrospective study investigating the impact of visceral fat 
on operation time, reported that VFA/BSA may be a more 
useful index than BMI in predicting technical difficulty 
of performing a laparoscopic resection of rectosigmoid 
carcinoma (27). In a study investigating the prognostic 
significance of visceral obesity and BMI in 161 resectable 
colorectal cancer patients, Moon et al. reported that 
increased visceral adiposity was a significant predictor of 
disease-free survival in patients with resectable colorectal 
cancer (28). 

A study from the Cancer Institute Hospital in Tokyo on 
the relationship between fat area and early post-operative 
outcomes in patients undergoing gastrectomy found that 
patients with a high VFA are more likely to develop an 
intra-abdominal infection following surgery. However, 
SFA and BMI did not correlate with worsened surgical 
outcomes (29). Similarly, Yoshikawa et al. found that the 

area of visceral fat tissue was more useful than BMI in 
predicting the risks of laparoscopy assisted gastrectomy and 
postoperative complications (30). Using preoperative CT 
imaging to measure intra-abdominal (visceral) fat, Balentine 
et al. reported found that increased visceral fat correlates to 
a worse prognosis in pancreatic cancer (31).

Obesity has been found to be positively correlated to 
development of EA (32). More recent studies have found 
the VFA rather than BMI is responsible for the associated 
increase in risk and incidence for EA (33). However, the 
correlation between measures of obesity and survival 
outcomes in patients undergoing resection for EA is less 
clear. We have previously demonstrated that BMI was 
neither associated with surgical complications nor survival 
in patients with EA treated with neoadjuvant chemo-
radiation therapy (5). 

Given that VFA has been found to be a greater 
predictor than BMI of outcomes in patients with other 
GI malignancies, our study offers a more accurate analysis 
of the association between body fat and outcomes in EA. 
Patients in the higher VFA quartiles are at greatest risk for 
recurrence and decreased survival. Other measurements 
such as TFA and SFA had no correlation between tumor 
recurrence or survival. Further studies with a larger number 
of patients should be conducted to further explore the 
impact of visceral fat adiposity on outcomes in patients  
with EA.
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Supplementary

Overall survival by VFA median Disease free survival by VFA median
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Figure S1 Displays overall and disease-free survival between groups above and below the visceral fat area (VFA) median.

Overall survival by TFA median Disease free survival by TFA median
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Figure S2 Displays overall and disease-free survival for total fat area (TFA) median.

Overall survival by SFA median Disease free survival by SFA median
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Figure S3 Displays overall and disease-free survival between groups above and below the subcutaneous fat area (SFA) median.
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Figure S4 Displays overall and disease-free survival for visceral fat area (VFA)/subcutaneous fat area (SFA) ratio median.


