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Background: The impact of sarcopenia on the outcome of esophageal cancer patients remains unknown 
in North American populations. The current study aims to investigate if sarcopenia at the time of 
esophagectomy for locally-advanced esophageal cancer (LAEC) is associated with survival.
Methods: Patients who underwent induction therapy followed by esophagectomy for LAEC between 
2010–2018 at a single institution were identified. Exclusion criteria included follow-up less than 90 days 
and distant metastatic disease at the time of surgery. Demographic, treatment, and outcome data were 
retrospectively collected. Computed tomography (CT) scans following induction therapy were analyzed to 
calculate skeletal muscle index (SMI). Overall survival (OS) and disease-free survival (DFS) were examined 
using Kaplan-Meier and Cox Proportional Hazard regression analysis.
Results: Overall, 52 patients met inclusion criteria with a median BMI of 25 (IQR, 22.4–29.1) kg/m2 and 
age of 65 (IQR, 57–70) years. Sarcopenia was present in 75% (39/52) of patients at the time of surgery. 
Sarcopenic patients had a lower median BMI and higher median age when compared to non-sarcopenic 
patients. There was no difference in gender, race, stage, operative technique, post-operative complications, 
or hospital length of stay between sarcopenic and non-sarcopenic patients. With a median follow-up of  
24.9 months, patients with sarcopenia at the time of esophagectomy had worse OS [median 24.3 (IQR, 
9.9–34.5) vs. 50.9 (IQR, 25.6–50.9) months, P=0.0292] and DFS [median 11.7 (IQR, 6.4–25.8) vs. 29.4 (IQR, 
12.8–26.7) months, P=0.0387] compared to non-sarcopenic patients.
Conclusions: Sarcopenia is associated with reduced overall and DFS in patients undergoing 
esophagectomy for LAEC. 
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Introduction

Esophageal cancer is the 8 th most common cancer 
diagnosis worldwide and carries a 5-year survival rate 
between 15–25% (1,2). Within the western hemisphere, 
esophageal cancer has increased in incidence faster than 
any other solid tumor in the last three decades (3). This 
rise has been primarily attributed to increased rates of 
obesity, gastroesophageal reflux disease (GERD), Barrett’s 
esophagus, and associated esophageal adenocarcinoma (4). 

Esophagectomy is a key component in the treatment 
of locally-advanced esophageal cancer (LAEC). However, 
esophagectomy carries with its high rates of morbidity and 
mortality, due to its invasive nature and the compromised 
functional status of patients at the time of surgery (5,6). 
Esophageal cancer frequently leads to dysphagia, loss-of-
appetite, and cancer-cachexia syndrome and induction 
chemoradiation (CRT) often exacerbates this impairment (7).  
Thus, identifying preoperative characteristics associated 
with poor long-term outcome may help determine which 
patients with LAEC benefit most from surgery after 
induction CRT and provide clinicians with data to guide 
preoperative optimization. 

Sarcopenia, defined as a physiological state of reduced 
skeletal muscle mass, has been found to be associated 
with increased rates of postoperative complications and 
worse long-term outcomes in patients with a variety of 
gastrointestinal malignancies (8,9). However, the impact 
of sarcopenia on the long-term outcomes of patients with 
LAEC who undergo esophagectomy remains controversial, 
especially in Western populations. We hypothesized that 
sarcopenic patients with LAEC who received induction 
CRT followed by surgery would have reduced overall and 
progression free survival when compared to non-sarcopenic 
patients. We present the following article in accordance 
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-2608).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and the 
Harmonized Tripartite Guideline for Good Clinical Practice 
from the International Conference on Harmonization. This 
study was reviewed and approved by the Rush University 
Medical Center Institutional Review Ethics Board (approval 
number 19100703-IRB01) and since it was retrospective in 
nature a waiver of the requirement for informed consent 

was included with approval.
An institutional database was used to identify all patients 

with LAEC that underwent induction CRT followed by 
esophagectomy between 2010–2018 at a single tertiary care 
medical center. Induction CRT regimens were administered 
at the discretion of the treating team in accordance with 
previously reported protocols (10,11). Neoadjuvant 
radiation treatment consisted of 41.4–50 Gy external beam 
radiation administered in 25 to 28 fractions over a period 
of 5 weeks. Neoadjuvant chemotherapy was administered 
concurrently and included biweekly administration of 
5-fluorouracil in combination with platinum based agent for 
up to 6 cycles or weekly administration of carboplatin and 
paclitaxel for up to 6 cycles. All cases were discussed at a 
multidisciplinary tumor board prior to therapy to establish 
a treatment plan. Exclusion criteria included follow-up less 
than 90 days from surgery, presence of distant metastatic 
disease at surgery, and absence of radiographic imaging 
prior to surgery. 

Variables collected included demographic, treatment, 
and outcome data. Sarcopenia was assessed by measuring 
skeletal muscle cross-sectional area at the 3rd lumbar level 
using restaging computed tomography (CT) scans obtained 
at our institution. (Figure 1A,B). SliceOMatic v5.0 software 
(TomoVision, Magog, Canada) was utilized for body 
composition analysis and all CT scans were assessed by two 
operators trained on the software. All CT scans analyzed 
were performed after induction therapy and within 30-day 
of esophagectomy. Sarcopenia was defined using skeletal 
muscle index (SMI) cut-off values of <41 cm2/m2 for females, 
<43 cm2/m2 for males with a BMI <25, and <53 cm2/m2 for 
males with a BMI ≥25, based on previous reports (12).

Statistical analysis

Baseline demographic and treatment data were compared 
between patients with sarcopenia and those without 
sarcopenia. Patients with missing data were excluded from 
analysis. Differences in baseline demographic and treatment 
data between the two groups were assessed with Student’s 
t-test for parametric continuous variables and Wilcoxon-
Ranked Sum for non-parametric continuous variables and 
Chi-square tests and Fisher’s Exact test for dichotomous 
and categorical variables. Interobserver correlation 
between the two operators who analyzed CT scans was 
assessed with Pearson correlation coefficient (r). Primary 
outcomes included overall survival (OS) and disease-free 
survival (DFS). Secondary outcomes included postoperative 
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complications, hospital length-of-stay (LOS), and  
30-day readmission rate. OS and DFS were examined using 
Kaplan-Meier survival analysis curves. Cox Proportional 
Hazard regression was utilized to perform adjusted survival 
analysis and to model which variables were independently 
associated with OS and DFS. Independent variables were 
selected for inclusion in the multivariate regression using 
stepwise selection and those found to have alpha <0.1 on 
univariate analysis or those previously reported in the 
literature to be significantly associated with esophagectomy 
outcomes were included in the Cox Proportional Hazard 
regression model. A proportional hazards assumption test 
was conducted for all Cox Proportional Hazard regression 
models utilizing Schoenfeld residuals. Two-sided statistical 
testing was utilized for all analyses and results with alpha 
≤0.05 was considered statistically significant for all analysis. 

Results

Overall, 75 patients underwent induction CRT followed by 
esophagectomy for LAEC during the study period. Patients 
were excluded from analysis for not having retrievable CT 
imaging prior to esophagectomy (n=11), distant metastatic 
disease identified at the time of surgery (n=5), or for being 
lost-to-follow-up (n=7). There were no patients who 
expired in the immediate postoperative period. Thus, 52 
patients met inclusion criteria with a median BMI of 25 
(IQR, 22.4–29.1) kg/m2 and age of 65 (IQR, 57–70) years  
(Table 1). Most patients were male [88% (45/52)] and had 
adenocarcinoma [83% (43/52)]. Sarcopenia was present in 

75% (39/52) of patients at the time of surgery. Sarcopenic 
patients had a median SMI of 38 (IQR, 34.6–42.1) cm2/m2  
compared  to  52 .6  ( IQR ,  45 . 7–56 .4)  cm 2/m 2 for 
nonsarcopenic patients (P<0.001). Interobserver agreement 
between both operators on measurements of skeletal muscle 
area (SMA) was determined to be good with a Pearson 
coefficient of 0.87. BMI was found to be significantly lower 
in the sarcopenic group, with a median value of 24.5 (IQR, 
21.7–27.1) kg/m2 compared to 28.6 (IQR, 23.8–32.2) kg/m2  

in the non-sarcopenic group (P=0.025). Non-sarcopenia 
patients were also found to be significantly younger with 
a median age of 62 (IQR, 52–65) compared to sarcopenic 
patients who had a median age of 66 (IQR, 61–71). There 
was no difference in race, gender, cancer histology, stage, 
or operative approach between the two groups. Open 
operative approaches consisted of Ivor Lewis approach in 
31 patients (60%), McKeown (3-hole esophagectomy) in 
7 patients (13%), and transhiatal approach in 2 patients 
(4%). Minimally invasive esophagectomy was performed in 
the remaining 12 patients (23%). There was no difference 
in postoperative complications or hospital LOS between 
groups (Table 2). No continuous variables were made 
categorical throughout all analysis.

With a median follow-up of 24.9 months, patients 
with sarcopenia at the time of esophagectomy had worse 
OS [median 24.3 (IQR, 9.9–34.5) vs. 50.9 (IQR, 25.6– 
50.9) months, P=0.0292] (Figure 2). Patients with sarcopenia 
at time of esophagectomy also had worse DFS [median 
11.7 (IQR, 6.4–25.8) vs. 29.4 (IQR, 12.8–26.7) months, 
P=0.0387] compared to non-sarcopenic patients (Figure 3). 

Figure 1 Pre-operative restaging CT scan of sarcopenic individual (A) and non-sarcopenic individual (B). Abdominal computed tomography 
scan at the 3rd lumbar level with skeletal muscle cross-sectional area highlighted in red. (A) was found to be sarcopenic with a cross-sectional 
skeletal muscle area of 109.1 cm2, and skeletal muscle index of 33.56 cm2/m2. (B) Patient was found to be non-sarcopenic with a cross-
sectional skeletal muscle area of 112.9 cm2, and skeletal muscle index of 56.95 cm2/m2.
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Cox Proportional Hazard regression revealed sarcopenia 
was associated with worse OS when adjusted for by age, 
BMI, presence of complication, and pathologic stage 
[hazard ratio 4.86, 95% confidence interval (1.41, 16.77), 
P=0.012] (Table 3). Both sarcopenia [hazard ratio 3.82, 95% 
confidence interval (1.09, 13.37), P=0.036] and pathologic 
stage III disease [hazard ratio 3.94, 95% confidence interval 
(1.07, 14.53), P=0.039] were found to be associated with 
worse DFS on Cox Proportional hazard regression when 
adjusting for age, BMI, and presence of complications 
(Table 4). 

Discussion

The effect of sarcopenia on long term outcomes in patients 
with LAEC remains controversial, with a paucity of data 
in Western populations. The current study suggests an 
association between preoperative sarcopenia and poor 
overall and DFS in patients with LAEC who underwent 
induction CRT followed by esophagectomy. 

Reports are mixed on the effect sarcopenia has on long-
term outcomes in patients who undergo esophagectomy 
for esophageal cancer (13-14). Two reports, one of 120 

Table 1 Patient demographics  

Characteristic Sarcopenic n=39 Non-sarcopenic n=13 P value

Age, median [IQR] 66 [61–71] 62 [52–65] 0.022

Sex

Male 33 (85.0) 12 (92.0) 0.482

Height (cm) 179.1 (174–186.1) 175.3 (165.1–185.4) 0.336

BMI, kg/m2 (IQR) 24.5 (21.7–27.1) 28.6 (23.8–32.2) 0.025

SMI, cm2/m2 (IQR) 38.0 (34.5–42.5) 52.6 (44.3–56.7) 0.000

Tobacco use 0.270

Current 10 (26.0) 3 (23.0)

Former 22 (56.0) 10 (77.0)

Never 7 (18.0) 0 (0.0)

Diabetes mellitus 10 (26.0) 3 (23.0) 0.585

Cardiovascular disease 12 (31.0) 2 (15.0) 0.275

Tube feeds prior to surgery 6 (15.0) 2 (15.0) 0.653

Cancer histology 0.399

Adenocarcinoma 33 (85.0) 10 (77.0)

Squamous cell carcinoma 6 (15.0) 3 (23.0)

Pathologic stage 0.392

0 12 (31.0) 3 (23.0)

I 8 (20.0) 6 (46.0)

II 12 (31.0) 3 (23.0)

III 7 (18.0) 1 (8.0)

Surgical approach 0.562

Minimally invasive 9 (23.0) 3 (23.0)

Open 30 (76.0) 10 (77.0)

All data presented as n (%), unless otherwise indicated. IQR, interquartile range; BMI, body mass index; SMI, skeletal muscle index.
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patients and the other of 173 patients who underwent 
esophagectomy for esophageal cancer found no difference 
in rates of morbidity, OS, or DFS between those with 
sarcopenia and those without (13,18). However, both 
authors based their definition of sarcopenia off a study 
examining obese patient with respiratory or gastrointestinal 
malignancy (25). The current study used SMI cut-off values 
that account for gender and body mass index (BMI) (12). 
Considering that 52% of our cohort was obese at the time 
of operation, we felt it was important to stratify for obesity. 
The need to adopt sarcopenic cut-off values that account 
for BMI was further supported by the significant difference 

in median BMI between the sarcopenic and non-sarcopenic 
groups. 

Other studies have found an association between 
sarcopenia and outcomes in esophageal cancer patients 
(15,21,26-28). One report on a large cohort of 230 patients, 
all who underwent induction CRT followed by transhiatal 
esophagectomy, found that sarcopenia was associated with 
both decreased OS and DFS (26). However, the authors 
used psoas muscle area (PMA) instead of total cross-sectional 
skeletal muscle area (SMA) when assessing for sarcopenia. 
Although PMA may offer some benefits, such as quicker 
assessment of sarcopenia, a recent study of patients with 

Figure 2 Kaplan-Meier curves for overall survival. Kaplan-Meier 
analysis of overall survival between patients with sarcopenia (red 
dotted line) and non-sarcopenic patients (blue solid line). 

Table 2 Hospital course and postoperative complications

Sarcopenic n=39 Non-sarcopenic n=13 P value

ICU LOS, median [IQR] 2 [2–4] 3 [2–4] 0.473

Hospital LOS, median [IQR] 9 [7–14] 9 (7.5–9.5) 0.513

Post-operative complications

Pneumonia 8 (20.0) 0 (0.0) 0.082

Respiratory failure 4 (10.0) 1 (8.0) 0.304

Atrial-fibrillation 6 (15.0) 1 (8.0) 0.432

Surgical site infection 0 (0.0) 2 (4.0) 0.059

Anastomotic leak 5 (12.0) 2 (2.0) 0.472

Any complication 17 (43.0) 6 (46.0) 0.561

Surgical take back required 8 (20.0) 2 (15.0) 0.518

Readmitted within 30-day 6 (15.0) 5 (38.0) 0.088

All data presented as n (%), unless otherwise indicated. ICU, intensive care unit; LOS, length of stay; IQR, interquartile range.

Figure 3 Kaplan-Meier curves for disease-free survival. Kaplan-Meier 
analysis of disease-free survival between patients with sarcopenia (red 
dotted line) and non-sarcopenic patients (blue solid line). 
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ovarian cancer demonstrated that PMA poorly correlates 
with SMA (r=0.52) and is not associated with OS (29).  
It is not clear if calculating PMA or SMA is superior 
when assessing sarcopenia in patients with esophageal 
cancer. In addition, the current study included patients 
that underwent various surgical techniques in comparison 
to only the transhiatal esophagectomy mentioned in the 
previous study. Another report of 130 esophageal cancer 
patients who received induction chemotherapy followed by 
surgery found that patients with sarcopenia had worse OS 
and DFS (15). However, in this European study, only 5.4% 
of patients received induction radiation therapy whereas our 
entire cohort received concurrent CRT, the standard of care 
in North America. Furthermore, 33.1% of patients in this 
study had squamous cell carcinoma (SCC), greater than the 
17.3% we report in our cohort. 

A few meta-analyses have investigated the association 

of sarcopenia and long-term outcomes in patients with 
esophageal or gastrointestinal malignancy (8,9,14). A meta-
analysis of 11 studies that reported the results of patients 
with esophageal cancer who underwent esophagectomy 
found those with sarcopenia had worse 3- and 5-year 
survival than those without sarcopenia (14). However, only 
1 out of the 11 studies included was from the United States, 
with a majority of the studies included coming from Asia. 
Another meta-analysis examining the outcomes of patients 
with gastrointestinal malignancies, which included some 
esophageal cancer patients, found those with sarcopenia had 
worse long-term outcomes than those without sarcopenia 
who underwent esophagectomy (9). This analysis also 
included only 1 study from the United States, thus it is 
unclear if these results are applicable to North American 
cohorts. 

It has been suggested that preoperative interventions 

Table 3 Cox proportional hazard regression model for overall survival

Hazard ratio Z score P value 95% CI

Presence of sarcopenia 4.86 2.50 0.012 [1.41, 16.80]

Age 0.96 −1.36 0.174 [0.91, 1.01]

BMI 1.06 1.22 0.221 [0.97, 1.16]

Pathologic stage

I 0.71 −0.57 0.569 [0.22, 2.31]

II 1.19 0.30 0.762 [0.39, 3.56]

III 1.05 0.08 0.939 [0.27, 4.08]

Any complication 1.14 0.28 0.781 [0.46, 2.78]

CI, confidence interval; BMI, body mass index.

Table 4 Cox proportional hazard regression model for disease-free survival

Hazard ratio Z score P value 95% CI

Presence of sarcopenia 3.82 2.10 0.036 [1.09, 13.37]

Age 1.00 −0.12 0.901 [0.94, 1.05]

BMI 1.06 1.29 0.198 [0.97, 1.17]

Pathologic stage

I 0.83 −0.29 0.775 [0.22, 2.31]

II 1.38 0.52 0.602 [0.39, 3.56]

III 3.95 2.07 0.039 [1.07, 14.53]

Any complication 0.67 -0.82 0.413 [0.26, 1.73]

CI, confidence interval; BMI, body mass index.
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can be included in enhanced recovery after surgery (ERAS) 
protocols to improve outcomes of sarcopenic patients who 
undergo combined CRT and esophagectomy (7). The 
concept of optimizing functional and nutritional status 
prior to major operations is not new, often being termed 
prehabilitation (30). A randomized control trial recently 
investigated the implementation of a prehabilitation 
program, including both preoperative exercise and 
nutritional therapy, in a cohort of patients with esophageal 
cancer (7). They found that those randomized to the 
prehabilitation program had improved pre- and post-
operative functional capacity compared to those in the 
control group. Another study reported that a prehabilitation 
program improved outcomes in patients with esophageal 
cancer that underwent induction CRT (31). The authors 
reported that their intervention led to less functional 
decline after chemotherapy and less need for intravenous 
nutritional support. Although these studies are promising, 
the impact of prehabilitation programs on the short- and 
long-term outcomes of patients with LAEC who undergo 
esophagectomy is still unclear and requires further 
investigation. 

There a number of reports that have examined the 
association of preoperative sarcopenia and development of 
postoperative complications after esophagectomy. Patients 
with sarcopenia in the immediate preoperative period 
have been found to be prone to respiratory complications 
after esophagectomy including re-intubation, respiratory 
failure, and pneumonia (14,21,32). Among our cohort, 9 
patients within the sarcopenia group developed respiratory 
complications, secondary to pneumonia, reintubation, and 
post-operative respiratory failure versus only 1 patient in 
the non-sarcopenia group who developed post-operative 
respiratory failure. Although this finding was not statistically 
significant the current study was inadequately powered to 
assess this outcome. 

There are certain limitations to this study. First, we 
examined a relatively small cohort of patients from a single 
institution that underwent combined induction CRT and 
esophagectomy for esophageal cancer, potentially limiting 
external validity. In addition, although the cohort was 
similar in regard to baseline demographics and therapy 
received, there was some degree of diversity in therapeutic 
regimens and surgical techniques that may have introduced 
bias. Finally, 7 patients had to be excluded for being lost 
to follow-up which could potentially confound survival 
analysis results. 

The current study suggests that preoperative sarcopenia 

in patients with LAEC at a single institution who received 
induction CRT is associated with worse OS and DFS after 
esophagectomy. Reports within the western hemisphere 
are currently conflicted on the impact sarcopenia has on 
the outcomes of patients who undergo esophagectomy. 
Patients found to be sarcopenic in the preoperative period 
may require more aggressive physical and nutritional 
optimization to mitigate these findings. However, this is yet 
to be confirmed in a prospective study and further research 
is needed to determine whether prehabilitation programs 
and enhanced ERAS protocols can improve the poor 
outcomes seen in this patient population. 
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