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Abstract

Background Assessment of preoperative physiological status is crucial for optimizing clinical outcomes in patients
undergoing surgery for esophageal carcinoma (EC). We aimed to evaluate the prognostic impact of pulmonary
dysfunctions and their relationships with other physiological factors, especially sarcopenia, in EC patients receiving
esophagectomy.

Methods In total, 411 EC patients who underwent esophagectomy between 2006 and 2016 were retrospectively
reviewed. Preoperative pulmonary functions were evaluated based on %vital capacity (% VC) and forced expiratory
volume (FEV) 1.0%. The thresholds were set as the lowest quartile (99% for %VC and 68.6% for FEV1.0%) in this
cohort.

Results One hundred and two patients (24.8%) had low %VC (%VC < 99%), which was significantly associated
with age, comorbidity, sarcopenia and postoperative complications, while not correlating with pathological variables.
The overall survival (OS) of patients in the low %VC group was significantly poorer than that of those in the high
9%V C group (P < 0.001), especially in those with pStage O-II diseases (P < 0.001). In contrast, survival was not
stratified by FEV1.0% (P = 0.80). Notably, patients with both low %VC and sarcopenia showed very poor 5-year OS
(30.3%). Multivariate analysis revealed low %VC to be independently associated with poor OS (P = 0.03). In the
cause-specific survival analyses, low %VC was an independent predictor of deaths from non-EC-related causes
(P =0.03).

Conclusions Preoperative low %VC was independently associated with poor survival outcomes, especially when
present in combination with sarcopenia, due to an increased risk of death from non-EC-related causes. Preoperative
spirometry testing is useful for predicting long-term outcomes in EC patients undergoing esophagectomy.
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oS Overall survival

CSS Cancer-specific survival

COPD Chronic obstructive pulmonary disease
ESCC Esophageal squamous cell carcinoma

Introduction

Esophageal carcinoma (EC) is the sixth most common
cause of death from cancer worldwide, despite improve-
ments in survival outcomes due to advances in multimodal
treatment strategies [1]. Although histopathological find-
ings are the most powerful prognostic determinants for
patients with EC [2, 3], assessment of preoperative physi-
ological status is also crucial for optimizing clinical out-
comes in EC patients undergoing esophaegectomy, which
is a highly invasive procedure involving considerable
morbidity [4]. In fact, prior studies have suggested
impaired physiological functions, which are characterized
by advanced age [3], low-performance status [1] or
comorbidities [5], to be associated with poor short- and
long-term outcomes in EC patients treated by
esophagectomy.

Preoperative evaluation of pulmonary functions using
spirometry testing is widely employed to select surgical
candidates and predict the development of postoperative
pulmonary complications [6]. In patients undergoing
esophagectomy, decreased vital capacity (VC) [7], low
forced expiratory volume (FEV) [8] and reduced lung
diffusing capacity [9] are reportedly associated with post-
operative pulmonary complications. Poor lung functions
apparently represent a state of poor physical fitness
including comorbidities. Especially, preoperative pul-
monary dysfunctions reportedly show correlations with
sarcopenia [7], and these two factors are independent
predictors for poor survival outcomes in patients under-
going hepatectomy [10].

Some institutions have suggested low pulmonary func-
tions to be associated with high mortality in the general
population [11, 12] and in a cohort comprised of patients
with gastric carcinoma [13]. Since the long-term survival
impact of preoperative pulmonary dysfunctions has not as
yet been investigated in patients undergoing esophagec-
tomy, we focused on these factors in the present study.

This study aimed to evaluate the prognostic impact of
pulmonary dysfunctions and their relationships with other
possible prognostic factors, especially sarcopenia, in EC
patients undergoing radical surgery.
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Patients and methods
Patients

Between 2006 and 2016, a total of consecutive 468 patients
with esophageal malignancies underwent esophagectomy
in the University of Tokyo Hospital. Forty-four patients
undergoing salvage esophagectomy and 13 lacking data on
preoperative pulmonary functions and/or sarcopenia were
excluded. The clinical records of the remaining 411
patients were retrospectively reviewed from a prospec-
tively maintained database. At the time of the final follow-
up (April 2019), the median follow-up period was
60.8 months for the survivors. This retrospective study was
approved by the local ethics committee of the faculty of
medicine at the University of Tokyo (ID: 3962).

Evaluation of preoperative pulmonary function

Pulmonary functions were measured using spirometry
before surgery under the supervision of a respiratory
physician. When patients received neoadjuvant treatment,
the tests were performed before neoadjuvant therapy. Vital
capacity (VC) of predicted (%VC) and forced expiratory
volume in one second (FEV1.0)/forced VC ratio
(FEV1.0%) were employed to evaluate ventilatory func-
tions [12]. The cutoff values for %VC and FEV1.0% were
set as the lowest quartile (99% for %VC and 68.6% for
FEV1.0%) in this cohort.

The definition of sarcopenia

The skeletal muscle index (SMI) was calculated as previ-
ously described [14]. In brief, the cross-sectional area of
total skeletal muscle (cm2) was assessed at the third lumbar
vertebra. Skeletal muscle was identified and quantified
based on Hounsfield unit (HU) thresholds (—29 to +150).
SMI (cm*m?) was calculated by the following formula:
SMI (cm*/m?) = [total skeletal muscle at the third lumbar
vertebra (cmz)]/[height (m)z]. The cutoff values for SMI
were set as the sex-specific lowest quartile of SMI
42.7 cm?/m? for men and 34.3 cm?/m? for women) in this
cohort [15].

Surgical treatment

Our standard procedures consisted of subtotal esophagec-
tomy with mediastinal lymphadenectomy via right thora-
cotomy (transthoracic esophagectomy; TTE) either by the
Ivor Lewis’” or McKeown’s standard procedure. We usually
employed 3-field lymphadenectomy for the upper- and
middle-thoracic EC and 2-field lymphadenectomy for
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lower-thoracic and abdominal EC. For patients participat-
ing in our previous study on robot-assisted esophagectomy
[16], we used a non-transthoracic esophagectomy com-
bining transcervical video-assisted and transhiatal approa-
ches (transmediastinal esophagectomy, TME [16]).

Studied criteria

Patient characteristics included age, sex and charlson
comorbidity index (CCI) [17]. Histological staging of
tumors was based on the TNM classification (AJCC, 7th
edition) [2]. The PNI, an immunonutritional marker, was
calculated based on the following equation: [(10 x serum
albumin (g/dL)) + (0.005 x total lymphocyte count (/
mm3))]. The Clavien—-Dindo (C-D) scale was used to grade
the severity of all postoperative morbidities [18]. Adjuvant
chemotherapy was basically employed for patients with
metastatic lymph nodes, unless the patient’s general status
made the procedure unlikely to be tolerable [19].

Statistical analysis

Categorical variables were compared using Fisher’s exact
test or the Chi-squared test, as appropriate. Continuous
variables were compared using Wilcoxon’s rank-sum test.
Overall survival (OS) was calculated from the operation
date. Cancer-specific survival (CSS) was defined as the
period from the date of surgery until death due to EC. Non-
EC-related deaths included those from both non-malignant
diseases and malignancies other than EC. Survival curves
were constructed using the Kaplan—-Meier method, and we
used the log-rank test for making comparisons. Clinically
relevant factors with P < 0.1 in a Cox proportional hazard
model with univariable analysis were regarded as potential
risk factors and were further analyzed by applying a mul-
tivariable Cox model. Multivariable Cox proportional
splines model for each spirometric parameter was con-
structed to investigate the association between %VC or
FEV1.0% and the risk of overall death, with adjustment for
potential prognostic factors including age, comorbidity,
sarcopenia, complications, pStage II/IIl and non-curative
resection. Statistical analyses were carried out using JMP
13.0.0 (SAS Institute, Cary, NC).

Results
Patient characteristics

One hundred and two patients (24.8%) had a low %VC
(%VC < 99%, the low %VC group), and the remaining
309 patients (75.2%) had a high %VC (%VC > 99%, the
high %VC group). Low %VC was significantly associated

with age (P < 0.001), CCI (P =0.005) and sarcopenia
(P < 0.001) (Table 1). The value of PNI, FEV1.0%, tumor
location, surgical procedure and pathological findings did
not, however, differ significantly between the two groups.
One hundred and three patients (25.1%) had low FEV1.0%
(FEV1.0% < 68.56%), which was significantly associated
with age (P = 0.009) and male gender (P = 0.001), while
showing no association with CCI or sarcopenia.

Short-term outcomes according to % VC
and FEV1.0%

Overall postoperative complications (C-D classifica-
tion > Grade II) developed more frequently in the low
%VC than in the high %VC group (P = 0.02, Table 2).
Patients with low %VC had a higher incidence of pul-
monary complications than those with a high %VC, but the
difference did not reach statistical significance (P = 0.09).
In-hospital deaths were more prevalent in the low %VC
group than in the high %VC group (P = 0.002). In contrast,
low FEV1.0% was not significantly associated with poor
short-term outcomes.

Impact of low % VC and low FEV1.0% on survival

The OS of patients in the high %VC group was signifi-
cantly better than that of patients in the low %VC group (3-
year OS; 75.7% vs. 59.3%, 5-year OS; 67.6% vs. 47.7%,
P < 0.001, Fig. 1a). In marked contrast, OS in our cohort
could not be stratified according to FEV1.0% (P = 0.80,
Fig. 1b). Subdivision into pStage O-II and III showed a
significant survival difference according to %VC to be
present only in pStage 0-II patients (3-year OS; 90.0% vs.
68.5%, 5-year OS; 80.8% vs. 53.8%, P < 0.001, Fig. 1c),
while no increase was evident in pStage III patients
(P = 0.35, Fig. 1d).

We further employed the Cox proportional splines
model for each parameter adjusting for potential prognostic
factors identified by the univariable Cox proportional
model (age, comorbidity, sarcopenia, complications,
pStage II/III and non-curative resection, Table 3) to
describe the nonlinear relationships between pulmonary
functions and survival time. Adjusted hazard risks of
overall death significantly increased as %VC decreased
(Fig. 2a), whereas no increase was detected according to a
decline in FEV1.0% (Fig. 2b).

Impact of low % VC with sarcopenia on survival
Patients with sarcopenia had significantly lower %VC
[100.0% (69.0-136.0)] than those without sarcopenia

[108.0% (80.0-155.0)] (P < 0.001). In contrast, FEV1.0%
showed no significant association with sarcopenia
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Table 1 Characteristics of 411 patients according to vital capacity

Variables %VC < 99% %VC > 99% P value
(n =102) (n =309)

Age (year), mean (range) 70 (41-85) 65 (39-92) <0.001
Sex, male/female 90 (88)/ 12 (12) 260 (84)/49 (16) 0.3
CCI, 0/1-2/3-7 45 (44)/47 (46)/10 (10) 193 (62)/98 (32)/18 (6) 0.005
Smoking history 82 (82) 224 (77) 0.31
PNI, mean (range) 46.5 (34-60.5) 48 (19.9-63.3) 0.052
Pulmonary function

VC (L) 2.89 (1.29-4.08) 3.78 (1.89-5.88) <0.001

FEV1.0 (L) 2.08 (1.21-3.09) 2.73 (1.23-4.45) <0.001

FEV1.0% 74.6 (45.5-99.2) 73.7 (36.6-100) 0.17

Sarcopenia 40 (39) 63 (20) <0.001

Location, Ut-Ce/Mt/Lt-Ae 17 (17)/49 (48)/36 (35) 42 (14)/131 (42)/136(44) 0.29

Neoadjuvant chemotherapy 11 (10) 29 (9) 0.19
Surgical procedure

TTE/VATS/TME 79 (77)/6 (6)/17 (17) 236 (76)/22 (7)/51 (17) 0.15
Lymphadenectomy

1-/2-/3-field 5 (5)/55 (54)/142 (41) 5 (2)/137 (45)/163 (53) 0.08
Tissue type, SCC/AC/others 96 (93)/3 (3)/3 (3) 277 (90)/26 (8)/6 (2) 0.37
pStaging, 0-I/TI/III 38 (37)/17 (17)/47 (46) 112 (36)/75 (24)/122 (39) 0.23
Curability, RO/R1-2 91 (89)/11 (11) 287 (93)/22 (7) 0.25
Adjuvant chemotherapy 32 (31) 127 (41) 0.08

CCI charlson comorbidity index, PNI prognostic nutritional index, VC vital capacity, FEV forced expiratory volume, 7TE transthoracic
esophagectomy, VATS video-assisted thoracic surgery, TME transmediastinal esophagectomy, SCC squamous cell carcinoma, AC

adenocarcinoma

Table 2 Short-term outcomes according to %VC and FEV1.0%

Variables %V C FEV1.0%
<99% >99% P value <68.6% >68.6% P value
(n =102) (n =309) (n = 103) (n =308)
Overall complications 65 (64) 154 (50) 0.01 56 (54) 163 (53) 0.8
(>Grade I1%)
Pulmonary complications 27 (26) 57 (18) 0.09 26 (25) 58 (19) 0.17
Anastomotic leakage 24 (24) 55 (18) 0.21 20 (19) 59 (19) 0.95
Arrhythmia 77 20 (6) 0.89 99 18 (6) 0.32
In-hospital deaths 7 () 3(1) 0.002 4 4) 6(2) 0.29

VC vital capacity, FEV forced expiratory volume
“Clavien-Dindo classification

(sarcopenic patients; 73.9% (57.8-96.4), non-sarcopenic
patients; 73.6% (45.5-96.6), P = 0.74).

Subsequently, we evaluated the prognostic impact of
low %VC in combination with sarcopenia. Patients with
both low %VC and sarcopenia showed markedly poor OS
(5-year OS; 30.3%, Fig. 3), which was significantly poorer
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than that of patients with either low %VC or sarcopenia
(both P < 0.05). Survival outcomes of patients with either
low %VC or sarcopenia were essentially equivalent (5-year
0OS; 55.5%, 53.0%, respectively), while being significantly
worse than that of patients with neither low %VC nor
sarcopenia (5-year OS; 71.5%) (Fig. 3).
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(a) 1.0

%VC 2 99%

05 %VC < 99%

Overall Survival
0.0
0 12 24 36 48 60

P<0.001

No. at risk Months after surgery

High %VC 309 274 234 190 156 121

Low %VC 102 81 66 48 38 26
(c) 1.0 %VC 2 99%

0.5 %VC < 99%

Overall Survival

pStage O-ll

0.0 P<0.001

0 12 24 36 48 60
No. at risk Months after surgery

High %VC 187 177 167 139 115 90
Low %VC 55 47 40 30 24 16

Fig. 1 The prognostic impacts of low %VC and low FEV1.0%. a The OS of patients in the high %VC group was significantly better than that
of patients in the low %VC group (P < 0.001). b FEV 1.0% did not stratify OS (P = 0.80). Survival by %VC was ¢ notably higher in patients
with pStage 0-II EC (P < 0.001), while d there was no increase in patients with pStage III EC (P = 0.35).

(b) 1.0

FEV1.0% < 68.6%

FEV1.0% 2 68.6%

0.5

Overall Survival

P=0.80
0.0
0 12 24 36 a8 60
No. at risk Months after surgery
Low FEV1.0% 103 85 78 64 52 32

High FEV1.0% 308 270 222 173 142 115

(d) 1.0

%VC 2 99%

0.5
%VC <99%

Overall Survival

pStage Il
0.0 P=0.35
0 12 24 36 48 60
No. at risk Months after surgery
High %VC 122 97 68 51 42 32
Low %VC 47 35 27 19 15 "

Causes of death

Patients with low %VC had poorer cancer-specific survival
than those with high %VC, although the difference was not
statistically significant (P = 0.06, Fig. 4a). Of note, low
%V C was associated with significantly increased non-EC-
related deaths as compared to high %VC (P < 0.001,
Fig. 4b). Univariable analysis and subsequent application
of the multivariable Cox proportional hazards model
revealed low PNI (<45), low %VC, non-TME procedure,
pStage III disease and non-curative resection to be inde-
pendently associated with poor OS outcomes (Table 3).
Notably, multivariate Cox hazards model analysis focusing
on non-EC-related deaths showed low %VC to be an
independent predictor of non-EC-related deaths (HR 1.80,
95% CI 1.01-3.22, P = 0.04), as were age (HR 1.04 per
1-unit increase, 95% CI 1.00-1.08, P = 0.04), low PNI

(HR 2.51, 95% CI 1.40-4.49, P = 0.002) and high CCI
(>2) (HR 1.97, 95% CI 1.10-3.52, P = 0.02) (Table 3).
There were no distinct patterns among non-cancer causes
in either group.

Discussion

Lung functions gradually deteriorate after 20-25 years of
age due to diminishing lung elasticity and reduced inter-
costal muscle mass [20]. The presence of impaired lung
functions, especially reduced VC, is reportedly associated
with mortality in the large general population [11, 21]. Our
study highlighted a difference in survival impact between
%VC and FEV1.0%; preoperative low %VC significantly
worsened survival in patients undergoing esophagectomy,
while low FEV1.0% did not affect long-term outcomes.
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Table 3 Cox hazards models for survival

Variables Univariable analysis Multivariable analysis
HR 95%Cl1 P value HR 95%Cl1 P value

Overall survival
Age as a continuous value 1.02 0.999-1.004 0.06 1.01* 0.99-1.03 0.33
Male 1.45 0.89-2.54 0.14
CCI > 2 (vs. 0-1) 1.57 1.08-2.22 0.02 1.22 0.83-1.78 0.31
PNI < 45 2.24 1.59-3.15 <0.001 1.52 1.05-2.19 0.03
%VC < 99% 1.9 1.34-2.67 <0.001 1.44 1.01-2.07 0.04
FEV1.0% < 68.6% 1.02 0.71-1.45 0.9
Sarcopenia 1.96 1.38-2.75 <0.001 1.34 0.94-1.92 0.11
TME (vs. other approaches) 0.29 0.14-0.59 <0.001 0.44 0.21-0.91 0.03
Complications (C-D > Grade II) 1.33 0.95-1.86 0.09 1.15 0.81-1.62 0.43
Anastomotic leakage (C-D > Grade II) 1.30 0.88-1.92 0.19
pStaging

Stage 0-1 Ref. Ref.

Stage 11 1.2 0.69-2.05 0.51 1.26 0.73-2.19 0.41

Stage 111 3.49 2.34-5.34 <0.001 2.46 1.59-3.80 <0.001

R1-2 (vs.R0) 4.59 2.92-6.95 <0.001 2.51 1.58-4.00 <0.001
Non-EC-related deaths
Age as a continuous value 1.06 1.02-1.09 0.002 1.04° 1.00-1.08 0.04
Male 1.08 0.52-2.63 0.85
CCI > 2 (vs. 0-1) 2.97 1.67-5.21 <0.001 1.97 1.10-3.52 0.02
PNI < 45 3.39 1.93 — 5.95 <0.001 2.51 1.40-4.49 0.002
%VC < 99% 2.79 1.56-4.90 <0.001 1.80 1.01-3.22 0.04
FEV1.0% <68.6% 1.1 0.56-2.03 0.76
Sarcopenia 1.89 1.02-3.36 0.04 1.39 0.75-2.55 0.29
TME (vs. other approaches) 0.22 0.05-0.89 0.03 0.31 0.07-1.29 0.11
Complications (C-D > Grade II) 1.92 1.08-3.54 0.03 1.73 0.95-3.15 0.09
Anastomotic leakage (C-D > Grade II) 1.32 0.67-2.59 0.41
pStaging

Stage 0-1 Ref.

Stage 11 0.71 0.34-1.41 0.34

Stage III 0.62 0.31-1.19 0.15
R1-2 (vs. RO) 0.41 0.023-1.90 0.31

CCI Charlson comorbidity index, PNI prognostic nutritional index, VC vital capacity, FEV forced expiratory volume, TME transmediastinal

esophagectomy, C—D Clavien—Dindo

*Hazard ratio per 1-unit increase

As previously demonstrated [10, 12], our investigation

showed reduced %VC to be closely related to impaired
physiological conditions such as high comorbidity,
advanced age and sarcopenia, all of which negatively affect
survival outcomes after esophagectomy [3, 5, 22]. Of note,
multivariable analyses including all of the possible prog-
nostic factors revealed low %VC to be independently
associated with poor survival outcomes, which underscored
the powerful prognostic significance of low %VC itself.
Importantly, the negative survival impact of low %VC was
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due mainly to increased deaths from non-EC-related cau-
ses. Only a few studies have focused on non-cancer-related
deaths in EC patients [23], although this is a highly rele-
vant issue from a public health perspective [24]. Given that
non-cancer deaths generally influence survival in patients
with early-stage cancer [24], our observation of a signifi-
cant survival difference according to %VC only in pStage
O-II patients is consistent with earlier findings.

In line with prior results [7, 10, 20], low %VC signifi-
cantly correlated with sarcopenia characterized by
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Fig. 2 Association between %VC or FEV1.0% and the risk of overall death hazard ratios is shown for the association between a %VC or
b FEV1.0% and the risk of overall death. The analyses were adjusted for age, comorbidity, sarcopenia, complications, pStage II/IIl and non-
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Fig. 3 Survival according to
low %VC and sarcopenia
patients with both low %VC and
sarcopenia showed strikingly
poor OS (5-year OS; 30.3%).
Survival outcomes of patients
with either low %VC or
sarcopenia were essentially
equivalent (5-year OS; 55.5%,
53.0%, respectively), while
being significantly worse than
that of patients with neither low

%V C nor sarcopenia (5-year 0.5 High %VC with Sarcopenia
0S; 71.5%). Survival was
analyzed by Kaplan—Meier
method using the log-rank test
(*, P < 0.05; **, P <0.01; ns,
not significant). , . . . .
=== High %VC without Sarcopenia |, Low %VC with Sarcopenia
=== High %VC with Sarcopenia
=== Low %VC without Sarcopenia |nS L
=== _Low %VC with Sarcopenia *
00, 12 2 36 a8 60
Months after surgery
No. at risk
High %VC, Sarcopenia- 246 217 191 150 128 101
High %VC, Sarcopenia+ 63 58 44 40 29 21
Low %VC, Sarcopenia- 63 55 48 34 28 19
Low %VC, Sarcopenia+ 39 27 19 15 1 8

Overall Survival
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Low %VC without Sarcopenia

decreased skeletal muscle mass in our cohort. It is note-
worthy that patients with both low %VC and sarcopenia
exhibited quite poor survival outcomes, and the survival
difference according to %VC was highly apparent in sar-
copenic patients. These results allow us to hypothesize that
the concomitant presence of low %VC and sarcopenia
strongly reflects the vicious cycle of ever-worsening frailty,

as suggested by a recent study showing the combination of
high comorbidity and sarcopenia to clearly result in quite
poor survival outcomes for patients with gastric carcinoma
[15].

In contrast, the presence of low FEV1.0% did not affect
short- and long-term outcomes, a finding consistent with
those of some past studies [10]. The prognostic significance
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%VC 2 99%
1.0 1.0 o o
(@) (b)
%VC 2 99%
%VC < 99%
%VC <99%
0.5 0.5
Cancer-specific survival Non-EC related deaths
P=0.06 P<0.001
0.0 0.0
0 12 24 36 48 60 0 12 24 36 48 60
No. at risk Months after surgery No. at risk Months after surgery
higher %VC 309 274 234 190 156 121 higher %VC 309 274 234 190 156 121
Lower %VC 102 81 66 48 38 26 Lower %VC 102 81 66 48 38 26

Fig. 4 Cancer-specific survival and non-EC-related deaths according to low %VC. a Patients with low %VC had poorer cancer-specific
survival than those with high %VC, although the difference was not statistically significant (P = 0.06). b Low %VC was associated with
significantly increased non-EC-related deaths as compared to high %VC (P < 0.001).

of low FEV1.0% alone remains to be determined in large
general populations [11, 21]. Given that FEV1.0% itself
showed no correlation with either low muscle mass or
muscle quality [10, 20], low %VC, but not low FEV1.0%,
might affect general status and secondary comorbidities.

In this study, we employed the lowest quartiles of %VC
and FEV1.0% as the cutoff values, rather than the thresh-
olds commonly used in clinical settings (%VC < 80% or
FEV1.0% < 70%) [12]. In our cohort, the proportion of
patients with %VC < 80% was very small (n = 17, 4.1%),
which was consistent with prior findings [25] because
thoracic surgery is not feasible for patients with extremely
poor pulmonary functions. Furthermore, we employed the
Cox proportional splines model for each parameter and
revealed adjusted hazard risks of overall death to signifi-
cantly increase as %VC decreased, while showing no
increase according to a decline in FEV1.0%. These find-
ings highlight the robust survival impact of decreased
%VC in various statistical approaches, although how to
make use of our findings in clinical practice remains to be
fully addressed in this study.

Our study has limitations. First, we employed only
general spirometric parameters, such as VC and FEV1.0,
for preoperative pulmonary evaluations. Further, the sur-
vival impact of postoperative changes in pulmonary func-
tions merits scrutiny given that impaired physiological
status after esophagectomy, such as decreased SMI,
reportedly affects the long-term outcome [26]. Second, we
evaluated only the cross-sectional area of skeletal muscle
mass on computed tomography, rather than precise muscle
strength or physical performances, to determine whether or
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not sarcopenia was present. In addition, the optimal cutoff
values for diagnosing sarcopenia remain controversial. We
employed the sex-specific lowest quartile of SMI as the
cutoff value, which was lower than the Prado et al. pro-
posal [14], because our cohort was comprised mainly of
esophageal squamous cell carcinoma (ESCC) patients, in
whom low body muscle mass is much more prevalent than
in those with other types of cancer [22]. Considering that
adenocarcinoma is a common histological type in western
countries, further studies are warranted to verify whether
our conclusions are applicable to western populations.
Finally, the number of patients given neoadjuvant therapy
was limited in our institution during this study period. Our
findings thus need to be validated in patients undergoing
neoadjuvant chemotherapy.

In conclusion, preoperative low %VC is independently
associated with poor survival outcomes in EC patients,
especially when present in combination with sarcopenia. In
addition to oncological variables, preoperative patient
physiological factors should be underscored to optimize the
survival outcomes of EC patients. Less invasive approa-
ches such as minimally invasive esophagectomy reportedly
contribute to maintaining postoperative pulmonary func-
tions [27] and improving short-term outcomes [28], thus
might provide survival benefits for such high-risk patients.
Further, definitive chemoradiotherapy might be beneficial
for vulnerable patients with ESCC [29]. It might also be
very interesting to determine whether preoperative reha-
bilitation and intervention would improve not only pul-
monary functions [30] but also long-term survival
outcomes after esophagectomy.
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