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Abstract: Currently, the association between sarcopenia and long-

term prognosis after gastric cancer surgery has not been investigated.

Moreover, the association between sarcopenia and postoperative com-

plications remains controversial. This large-scale retrospective study

aims to ascertain the prevalence of sarcopenia and assess its impact on

postoperative complications and long-term survival in patients under-

going radical gastrectomy for gastric cancer.

From December 2008 to April 2013, the clinical data of all patients

who underwent elective radical gastrectomy for gastric cancer were

collected prospectively. Only patients with available preoperative

abdominal CT scan within 30 days of surgery were considered for

analysis. Skeletal muscle mass was determined by abdominal (com-

puted tomography) CT scan, and sarcopenia was diagnosed by the cut-

off values obtained by means of optimum stratification. Univariate and

multivariate analyses evaluating risk factors of postoperative compli-

cations and long-term survival were performed.

A total of 937 patients were included in this study, and 389 (41.5%)

patients were sarcopenic based on the diagnostic cut-off values

(34.9 cm2/m2 for women and 40.8 cm2/m2 for men). Sarcopenia was

an independent risk factor for severe postoperative complications

(OR¼ 3.010, P< 0.001), but not for total complications. However,

sarcopenia did not show significant association with operative mortality.

Moreover, sarcopenia was an independent predictor for poorer overall
Wen-Yang Pang, M Zhou, MD,
D, Zhen Yu, MD, PhD, and Xian Shen, MD, PhD

survival and disease-free survival in patients with TNM stage II and III,

but not in patients with TNM stage I.

Sarcopenia is an independent predictive factor of severe postopera-

tive complications after radical gastrectomy for gastric cancer. More-

over, sarcopenia is independently associated with overall and disease-

free survival in patients with TNM stage II and III, but not in patients

with TNM stage I.

(Medicine 95(13):e3164)

Abbreviations: ASA = American Society of Anesthesiologists,

BIA = bioimpedance analysis, BMI = body mass index, CT =

computed tomography, DXA = X-ray absorptiometry, EWGSOP =

European Working Group on Sarcopenia in Older People,

IQR = interquartile range, MRI = magnetic resonance imaging,
tumor-node-metastasis.

INTRODUCTION

G astric cancer is the fifth most common cancer and the third
leading cause of cancer death globally.1 In 2012, an

estimated 951,600 new stomach cancer cases and 723,100
deaths occurred.1 Despite potential improvements in treatment,
the prognosis of gastric cancer remains poor, particularly in
China and Western countries.2–4 Surgical resection remains the
most effective therapy for potentially curable gastric cancer.5

However, gastrectomy is associated with high complications
rates and operative mortality.3,6 In addition, a large proportion
of patients died within 5 years after a potentially curative (R0)
resection.2–4 Therefore, the prognostic assessment of patients
with gastric cancer after radical surgery is critical for guiding
therapeutic schedule and follow-up strategies.

Sarcopenia is a syndrome characterized by progressive and
generalized loss of skeletal muscle mass and strength.7 It is
a condition with many causes, such as malnutrition, aging,
inactivity, inflammatory disease, and cancer.7 Most recently,
3 studies have investigated the association between sarcopenia
and short-term outcomes after gastric cancer surgery, including
postoperative mortality and complication, but came up with
inconsistent results.8–10 Moreover, up to date, no study has
reported the impact of sarcopenia on long-term prognosis after
radical gastrectomy for gastric cancer.

The purpose of this retrospective study was to ascertain the
impact of sarcopenia on postoperative complications and long-
nts undergoing radical gastrectomy for
the prospectively maintained clinical

sample size.
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METHODS

Patients
This retrospective study was performed using data from a

prospectively maintained database of patients undergoing gas-
tric cancer surgery at the Gastrointestinal Surgical Department,
the First Affiliated Hospital of Wenzhou Medical University.
Only patients underwent radical gastrectomy and had abdomi-
nal computed tomography (CT) image within 1 month before
surgery were included in this study. The treatment for gastric
cancer was based on the Japanese Gastric Cancer Treatment
Guideline.11,12 All participants provided their written informed
consent and this study was approved by the ethics committee of
The First Affiliated Hospital of Wenzhou Medical University.

Follow-Up
All patients were followed up within the first month after

surgery. After that, patients were followed up every 3 months for
2 years, every 6 months thereafter for up to 5 years, and every 1
year thereafter. Patients were contacted by phone and were
scheduled to come back to the hospital to fulfill the follow-up
program in the above time points. The follow-up program was
consisted of a physical examination, laboratory tests, and
ultrasonography and/or CT and/or endoscopy. The last fol-
low-up date was December 2015.

Assessment of Skeletal Muscle Mass
A cross-sectional CT image of the third lumbar vertebra

(L3) in the inferior direction was selected for estimating muscle
mass as described previously.13 Skeletal muscles were separated
from other tissues by a Hounsfield units threshold range of�29
to þ15014 and tissue boundaries were manually outlined as
needed. The muscles in the L3 region contain psoas, erector
spinae, quadratus lumborum, transversus abdominis, external
and internal obliques, and rectus abdominis. To minimize the
measurement bias, 1 investigator (S.-L.W.) who was blinded for
the patient and surgical characteristics was trained to identify
and measure the muscle area, using a professional imaging
software (INFINITT PACS software version 3.0.11.3 BN17 32
bit, INFINITT Healthcare Co., Ltd, Seoul, Korea). L3 muscle
cross-sectional areas computed from each image were normal-
ized for height (m2) to obtain the L3 skeletal muscle index
(L3 SMI, cm2/m2).15 The median time between the date of the
CT scan and the surgical date was 3 days (interquartile range
[IQR]¼ 3 days).

Data Collection
Referring to our prospectively maintained computer data-

base, the following data were collected and analyzed retro-
spectively: the patient demographic and clinicopathological
features, including age, gender, body mass index (BMI), hemo-
globin concentration, plasma albumin concentration (plasma
albumin <35 g/L is defined as hypoproteinemia), American
Society of Anesthesiologists (ASA) grade, comorbidity,
previous abdominal surgery, histologic type, tumor location,
tumor size, tumor-node-metastasis (TNM) stage of tumor,
lymphovascular invasion; operative and treatment character-
istic, including operative time, estimated blood loss, transfu-
sion, adjuvant chemotherapy, type of resection, type of
reconstruction, extent of lymph node dissection and combined

Zhuang et al
resection; postoperative outcomes, including operative
mortality, length of postoperative hospital stays, postoperative
complications, overall survival and disease-free survival.
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Postoperative complications were classified according to the
Clavien–Dindo classification.16 Total complications were
defined as complications classified as Grade II or above. Severe
complications were defined as those classified as Grade III or
above and the operative mortality was defined as death within
30 days of the operation. Overall survival was calculated from
the date of surgery to the date of death from any cause and was
censored at the last follow-up. Disease-free survival was cal-
culated as the time from the date of surgery to the date of relapse
or death from any cause and was censored at the last verifiable
disease-free date.

Statistical Analysis
The normally distributed continuous data were presented

as mean and standard deviation (SD). The nonnormally dis-
tributed continuous distributed data were presented as median
and IQR. Categorical variables were presented as numbers and
percentages. Clinical variables were compared using Student t
test (normally distributed data), Pearson Chi-square test or
Fisher exact test (categorical data), and Mann–Whitney U test
(nonnormally distributed continuous data and ranked data) as
appropriate. Overall and disease-free survival rates were esti-
mated by Kaplan–Meier method, and the difference of overall
and disease-free survival between the subgroups was compared
with the log-rank test. For the test of potential risk factors
associated with the outcomes, univariate analyses with clini-
cally relevant parameters were performed. Variables with a
P-value of <0.10 were included into subsequent multivariate
(logistic regression or Cox proportional hazards regression)
analysis.

To determine the sex-specific cut-off values for the L3 SMI
at which the survival difference was most significant, we used
optimum stratification to find the most significant P-value by
means of log-rank Chi-square statistics. This method has been
previously described in literature to solve the threshold value of
the continuous covariable (L3 SMI) at which patients with
sarcopenia and patients without sarcopenia are best separated
with respect to time to mortality.15 The cut-off values obtained
by this method were used to classify patients into sarcopenic
and nonsarcopenic.

All tests were 2-sided and a P-value<0.05 was considered
statistically significant. The statistical analyses were performed
using SPSS statistics version 22.0 (IBM, Armonk, NY) and SAS
version 9.3 (SAS Institute, Inc., Cary, NC).

RESULTS

Patients
From December 2008 to April 2013, a total of 937 patients

met our inclusion criteria and were included for analysis. The
median follow-up time for these patients was 62.33 months.
Patient demographic and clinical characteristics are listed in
Table 1.

Cut-Off Values for L3 Skeletal Muscle Mass Index
Sex-specific cut-off values for L3 SMI associated with

overall mortality were 34.9 cm2/m2 for women and 40.8 cm2/m2

for men, obtained by means of optimum stratification. Using
these cut-off values, 41.5% patients were found to be sarcopenic
(Table 1). Demographic and clinical characteristics of patients

Medicine � Volume 95, Number 13, April 2016
with and without sarcopenia are shown in Table 1. Patients with
sarcopenia had an older age, a lower BMI, a lower albumin and
hemoglobin concentration, and a higher ASA grade than those
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TABLE 1. Patient Demographic and Clinical Characteristics

Factors All (n¼ 937)
�

Sarcopenic (n¼ 389)
�

Nonsarcopenic (n¼ 548)
�

P

Age, yz 64.0 (15.0) 70.0 (14.0) 60.0 (14.0) <0.001§

Gender 0.108
Female 207 (22.1) 96 (24.7) 111 (20.3)
Male 730 (77.9) 293 (75.3) 437 (79.7)

BMI, kg/m2y 21.86 (3.03) 20.30 (2.65) 22.97 (2.79) <0.001§

SMI, cm2/m2y 41.33 (7.68) 34.73 (4.37) 46.01 (5.88) <0.001§

Albumin, g/Ly 39.73 (5.20) 38.40 (5.05) 40.62 (5.11) <0.001§

Hemoglobin, g/Lz 123.00 (35.00) 116 (36.5) 129 (34.0) <0.001§

ASA grade 0.031§

I 67 (7.2) 23 (5.9) 44 (8.0)
II 759 (81.0) 308 (79.2) 451 (82.3)
III 111 (11.8) 58 (14.9) 53 (9.7)

Cardiopulmonary comorbidity 0.052
No 691 (73.7) 274 (70.4) 417 (76.1)
Yes 246 (26.3) 115 (29.6) 131 (23.9)

Diabetes 0.534
No 871 (93.0) 364 (93.6) 507 (92.5)
Yes 66 (7.0) 25 (6.4) 41 (7.5)

Other comorbidities 0.152
No 847 (90.4) 358 (92.0) 489 (89.2)
Yes 90 (9.6) 31 (8.0) 59 (10.8)

Tumor size, mmz 3.5 (3.0) 4.0 (3.0) 3.0 (3.0) <0.001§

Tumor location 0.133
Upper 178 (19.0) 65 (16.7) 113 (20.6)
Not upper 759 (81.0) 324 (83.3) 435 (79.4)

Histologic type 0.694
Differentiated 862 (92.0) 356 (91.5) 506 (92.3)
Undifferentiated 75 (8.0) 33 (8.5) 42 (7.7)

T stage <0.001§

T1 222 (23.7) 61 (15.7) 161 (29.4)
T2 110 (11.7) 47 (12.1) 63 (11.5)
T3 253 (27.0) 120 (30.8) 133 (24.3)
T4 352 (37.6) 161 (41.4) 191 (34.9)

N stage 0.001§

N0 398 (42.5) 136 (35.0) 262 (47.8)
N1 151 (16.1) 64 (16.5) 87 (15.9)
N2 196 (20.9) 94 (24.2) 102 (18.6)
N3 190 (20.5) 95 (24.4) 97 (17.7)

TNM stage <0.001§

I 271 (28.9) 79 (20.3) 192 (35.0)
II 219 (23.4) 93 (23.9) 126 (23.0)
III 447 (47.7) 217 (55.8) 230 (40.2)

Type of reconstruction 0.278
Roux-en-Y 345 (36.8) 140 (36.0) 205 (37.4)
Billroth I 237 (25.3) 95 (24.4) 142 (25.9)
Billroth II 321 (34.3) 144 (37.0) 177 (32.3)
Others 34 (3.6) 10 (2.6) 24 (4.4)

Extent of lymph node dissection 0.797
D1 65 (6.9) 26 (6.7) 39 (7.1)
D2 872 (93.1) 363 (93.3) 509 (92.9)

Type of resection 0.498
Subtotal gastrectomy 600 (64.0) 254 (65.3) 346 (63.1)
Total gastrectomy 337 (36.0) 135 (34.7) 202 (36.9)

Combined resection 0.265
Yes 87 (9.3) 41 (10.5) 46 (8.4)
No 850 (90.7) 348 (89.5) 502 (91.6)

ASA¼American Society of Anaesthesiologists, BMI¼ body mass index, SMI¼ skeletal muscle index, TNM¼ tumor-node-metastasis.�
Values are number of patients and percent unless indicated otherwise.
yValues are mean (standard deviation).
zValues are median (inter quartile range).
§ Statistically significant.
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TABLE 2. Details of Postoperative Complications According to the Clavien–Dindo Classification

Grade Total (n¼ 937) Sarcopenic (n¼ 389) Nonsarcopenic (n¼ 548) P

Total complications
�

227 (24.2)y 111 (28.5)y 116 (21.2)y 0.004z

Grade II 166 (17.7)y 71 (18.3)y 95 (17.3)y 0.717
Grade III 33 (5.5)y 17 (4.4)y 16 (2.9)y 0.235
Grade IV 18 (1.9)y 16 (4.1)y 2 (0.3)y <0.001z

Grade V 10 (1.1)y 7 (1.8)y 3 (0.5)y 0.130

�
Total complications were defined as complications classified as Grade II or above according to the Clavien–Dindo classification.
yValues are number of patients and percent.
z Statistically significant.

TABLE 3. Univariate and Multivariate Logistic Regression Analysis of Factors Associated With Severe Complications

Univariable Analysis Multivariate Analysis

Factors Case With Complication, n (%) P OR (95% CI) P

Age
�75/<75 19 (10.7)/42 (5.5) 0.012

�

Gender
Male/female 50 (6.8)/11 (5.3) 0.429

BMI
�18.5/18.5–25/>25 11 (8.6)/41 (6.1)/9 (6.6) 0.577

Sarcopenia
Yes/no 40 (10.3)/21 (3.8) <0.001

�
3.010 (1.732–5.228) <0.001

�

Hypoproteinemia
Yes/no 12 (8.2)/49 (6.2) 0.362

Anemia
Yes/no 32 (6.7)/29 (6.3) 0.802

ASA grade
�III/II, I 14 (12.6)/47 (5.7) 0.006

�

Diabetes
Yes/no 12 (18.2)/49 (5.6) <0.001

�
4.055 (2.002–8.212) <0.001

�

Cardiopulmonary comorbidity
Yes/no 26 (10.6)/35 (5.1) 0.003

�

Other comorbidities
Yes/no 8 (8.9)/53 (6.3) 0.336

Previous abdominal surgery
Yes/no 4 (4.0)/57 (6.8) 0.282

Tumor size
>50/�50 mm 20 (8.3)/41 (5.9) 0.199

Tumor location
Upper/not upper 12 (6.7)/49 (6.5) 0.889

TNM stage
I/II/III 34 (7.6)/15 (6.8)/12 (4.4) 0.240

Lymphovascular invasion
Yes/no 28 (7.8)/33 (5.7) 0.194

Extent of lymph node dissection
D2/D1 54 (6.2)/7 (10.8) 0.149

Type of resection
Total/subtotal 21 (6.1)/40 (6.7) 0.796

Combined resection
Yes/no 3 (3.4)/58 (6.8) 0.224

Operative time �210 min
Yes/no 31 (7.4)/30 (5.8) 0.339

Intraoperative bleeding �300 ml
Yes/no 19 (5.8)/42 (6.9) 0.491

Transfusion
Yes/no 8 (8.6)/53 (6.3) 0.389

ASA¼American Society of Anaesthesiologists, BMI¼ body mass index, CI¼ confidence interval, HR¼ hazards ratio, TNM¼ tumor-node-
metastasis.�

Statistically significant.

Zhuang et al Medicine � Volume 95, Number 13, April 2016
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cancer.10 Severe complications are of vital clinical significance
since surgical or endoscopical interventions are required for
these complications.16 Moreover, severe complications are
without. As for tumor characteristics, patients with sarcopenia
had a larger tumor size, a more advanced T stage, N stage, and
TNM stage than those without. Other host-related factors such
as gender, cardiopulmonary comorbidity, and diabetes were not
related to the presence of sarcopenia. Operative details (type of
reconstruction, extent of lymph node dissection, combined
resection and type of resection) were similar between the
2 groups (Table 1).

Sarcopenia and Short-Term Postoperative
Outcomes

Median postoperative hospital stay was 11 days (IQR¼ 5)
for patients with sarcopenia compared with 10 days (IQR¼ 4)
for patients without sarcopenia (P¼ 0.027). Operative mortality
was similar between sarcopenic and nonsarcopenic patients
(1.8% vs 0.5%; P¼ 0.130). Total postoperative complications
occurred in 227 (24.2%) patients. The distribution of post-
operative complications according to the Clavien–Dindo classi-
fication is listed in Table 2. Patients with sarcopenia had a
significant higher incidence of total complications and severe
complications compared with those without sarcopenia (28.5%
vs 21.2%, P¼ 0.004; 10.3% vs 3.8%, P< 0.001, respectively).
Multivariate logistic analysis showed that sarcopenia was an
independent risk factor for severe complications (Table 3), but
not for total complications (data were not shown).

Sarcopenia and Overall Survival
As shown in Figure 1, patients with sarcopenia had a

poorer overall survival than patients without sarcopenia
(P< 0.001). The 1-, 3-, and 5-year overall survival rates were
78.9, 53.8, and 42.6%, respectively, for patients with sarcope-
nia, and were 91.4, 73.6, and 69.4%, respectively, for those
without sarcopenia. The results of univariate and multivariate
analysis of factors associated with overall survival are shown in
Table 4. Age �75, male gender, sarcopenia, advanced TNM
stage, severe complications and total gastrectomy were inde-
pendent risk factors for a poorer overall survival rate, whereas
adjuvant chemotherapy was a protective factor.

Sarcopenia and Disease-Free Survival
As shown in Figure 2, patients with sarcopenia had a

poorer disease-free survival than patients without sarcopenia
(P< 0.001). The 1-, 3-, and 5-year disease-free survival rates
were 74.7, 54.7, and 47.2%, respectively, for the sarcopenic
patients, and were 88.8, 73.5, and 69.7%, respectively for
the nonsarcopenic patients. Table 5 shows the results of
univariate and multivariate analysis of factors associated with
disease-free survival. Sarcopenia, undifferentiated histologic
type, operative time �210 minutes, advanced TNM stage and
total gastrectomy were independently associated with a lower
disease-free survival rate, whereas adjuvant chemotherapy was
a protective factor.

Impact of Sarcopenia on the Long-Term
Prognosis Under Adjusted TNM Stage

Sarcopenic patients had a significantly poorer overall
survival (P< 0.001) and disease-free survival (P< 0.001) than
nonsarcopenic patients under TNM stage III. Similarly,
the overall survival (P< 0.001) and disease-free survival

Medicine � Volume 95, Number 13, April 2016
(P¼ 0.014) were lower in the sarcopenic than nonsarcopenic
group under TNM stage II (Figure 3). However, for patients
with TNM stage I, no significant differences were shown

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
between the sarcopenic and nonsarcopenic groups for overall
survival (P¼ 0.201) or disease-free survival (P¼ 0.344).

DISCUSSION
Sarcopenia is characterized by progressive and generalized

loss of skeletal muscle mass and strength with an increased
risk of adverse outcomes.7 In the present study, we reported
an incidence of sarcopenia of 41.5% in patients with gastric
cancer. Sarcopenia was identified as an independent risk
factor for severe complications. Moreover, sarcopenia was
independently associated with a worse overall and disease-free
survival.

According to consensus of European Working Group on
Sarcopenia in Older People (EWGSOP) in 2010,7 sarcopenia is
categorized into primary sarcopenia and secondary sarcopenia
by its cause. Age-related sarcopenia without other evident
causes is defined as ‘‘primary’’ sarcopenia, whereas ‘‘second-
ary’’ sarcopenia is considered when 1 or more other causes are
evident, such as inflammatory disease, malignancy, or malnu-
trition. In the present study, we enrolled patients with gastric
cancer, therefore, both advanced age and malignancy can be the
main causes of sarcopenia in our patient cohort. Previous
studies have investigated sarcopenia in patients with different
types of malignancy.14,17–22 It is noteworthy that most previous
studies adopted the cut-off values proposed by Prado et al15 or
van Vledder et al,23 both of which were based on the charac-
teristics of the Western population. However, it is well known
that the Western people generally have a larger physique and a
higher BMI than the Eastern people, which may make these
values unapplicable to the Eastern population. Therefore,
we propose the cut-off values obtained from our study to be
applicable for the diagnosis of sarcopenia in patients with
gastric cancer in Eastern population and identified the cut-off
values of 34.9 cm2/m2 for women and 40.8 cm2/m2 for men.

Three previous studies have investigated the association of
sarcopenia with postoperative complications after gastric can-
cer surgery and have obtained inconsistent results.8–10 In the
present study, we identified sarcopenia as an independent risk
factor for severe complications after gastrectomy for gastric
cancer, which is consistent with a previous study in patients
over 65 years of age who underwent gastrectomy for gastric

Sarcopenia Predicts Clinical Outcomes After Radical Gastrectomy
FIGURE 1. Kaplan–Meier survival curves for overall survival in
patients with and in those without sarcopenia.

www.md-journal.com | 5



TABLE 4. Univariate and Multivariate Analysis of Factors Associated With Overall Survival

Univariable Analysis Multivariate Analysis

Factors HR (95% CI) P HR (95% CI) P

Age
�75/<75 1.950 (1.550–2.454) <0.001

�
1.294 (1.023–1.639) 0.032

�

Gender
Male/female 1.375 (1.058–1.786) 0.017

�
1.375 (1.064–1.809) 0.023

�

BMI
�18.5/18.5–25 1.551 (1.190–2.020) 0.001

�

>25/18.5–25 0.563 (0.401–0.791) 0.001
�

Sarcopenia
Yes/no 2.280 (1.857–2.800) <0.001

�
1.653 (1.332–2.052) <0.001

�

Hypoproteinemia
Yes/no 1.637 (1.274–2.104) <0.001

�

Anemia
Yes/no 2.044 (1.653–2.528) <0.001

�

ASA grade
�III/II, I 1.526 (1.153–2.019) 0.003

�

Diabetes
Yes/no 1.562 (1.098–2.223) 0.013

�

Cardiopulmonary comorbidity
Yes/no 1.309 (1.049–1.633) 0.017

�

Other comorbidities
Yes/no 0.942 (0.662–1.341) 0.741

Previous abdominal surgery
Yes/no 1.065 (0.775–1.464) 0.697

Tumor size
>50/�50 mm 1.994 (1.610–2.470) <0.001

�

Histologic type
Undifferentiated/differentiated 1.406 (0.992–1.992) 0.055

Tumor location
Upper/not upper 1.393 (1.099–1.767) 0.006

�

TNM stage
III/I 2.891 (2.394–3.492) <0.001

�
9.040 (6.126–13.340) <0.001

�

II/I 3.243 (2.105–4.997) <0.001
�

3.183 (2.050–4.942) <0.001
�

Lymphovascular invasion
Yes/no 2.073 (1.689–2.544) <0.001

�

Extent of lymph node dissection
D2/D1 1.019 (0.689–1.508) 0.926

Type of resection
Total/subtotal 1.915 (1.562–2.347) <0.001

�
1.495 (1.210–1.847) <0.001

�

Combined resection
Yes/no 1.291 (0.936–1.779) 0.120

Severe complications
Yes/no 1.901 (1.330–2.718) <0.001

�
1.569 (1.092–2.255) 0.015

�

Operative time �210 min
Yes/no 0.884 (0.719–1.086) 0.241

Intraoperative bleeding �300 ml
Yes/no 0.889 (0.718–1.101) 0.281

Transfusion
Yes/no 1.338 (0.985–1.817) 0.062

Adjuvant chemotherapy
Yes/no 0.630 (0.484–0.819) 0.001

�
0.398 (0.320–0.494) <0.001

�

ASA¼American Society of Anaesthesiologists, BMI¼ body mass index, CI¼ confidence interval, HR¼ hazards ratio, TNM¼ tumor-node-
metastasis.�

Statistically significant.

Zhuang et al Medicine � Volume 95, Number 13, April 2016
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associated with a higher operative mortality24 and a poorer
long-term survival.25 Sarcopenic patients have an increased
complication rate for the following possible reasons. First,
sarcopenia was associated with a lower BMI (P< 0.001) and
lower serum albumin level in the present study, both of which
are common index to evaluate nutritional status. Moreover,
skeletal muscle mass has been reported to be a new index for
nutritional assessment.26 It is well known that poor nutritional
status is associated with an increased postoperative compli-
cation rate.27 Thus, sarcopenia serves as a reflection of poor
nutritional status, associated with an increased postoperative
complication rate. Second, the clinical relevance of sarcopenia
is due to the value of muscle mass and strength as critical
components in maintaining physical function, mobility, and
vitality.26 Low muscle quality would lead to physical disability
and frailty, and subsequently results in an impaired postopera-
tive recovery process.26

In the present study, we firstly reported that sarcopenia has
a negative impact on long-term survival after gastric cancer
surgery. The mechanisms by which sarcopenia confers
increased risk of tumor relapse and mortality are still unclear,
but the following reasons can be hypothesized. First, sarcopenia
may be a reflection of the increased metabolic activity of a more
aggressive tumor biology, and the increased metabolic activity
lead to a more severe systemic inflammation and subsequently
result in muscle wasting.28 Second, it has been reported that
myokines secreted from muscle cells can inhibit the cancer cell
growth.29 Therefore, we speculate that reduced muscle mass can
lead to an impaired myokine response and an increased risk of
cancer relapse.29 However, there is no evidence available to
support this conclusion. Third, in this study, we found that
sarcopenic patients have a lower tolerance for adjuvant che-
motherapy (P< 0.001, detailed data were not shown). Since
adjuvant chemotherapy is a strong independent protective factor
for overall survival and disease-free survival, lower tolerance
for chemotherapy can partially explain the negative impact of
sarcopenia on long-term survival. Fourth, our study and a
previous study both showed that patients with sarcopenia are
susceptible to severe complications after radical gastrect-
omy.8,10 Moreover, severe postoperative complications were
associated with lower survival rate after gastrectomy, revealed

FIGURE 2. Kaplan–Meier survival curves for disease-free survival
in patients with and in those without sarcopenia.
by our and previous study.25 Therefore, the higher complication
rate in the sarcopenic patients can also explain the worse long-
term prognosis after gastrectomy for gastric cancer.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
It is well known that advanced tumor stage is associated
with a poor long-term prognosis of malignancy. Similarly, in
our study, we found that TNM stage was an independent risk
factor for the worse overall and disease-free survival. It was
noteworthy that sarcopenic patients had a more advanced TNM
stage in this study. This is not surprising since malignancy is a
significant cause of sarcopenia.7 To objectively evaluate the
impact of sarcopenia on the long-term prognosis, we stratified
the patients according to their TNM stage, and compared the
long-term prognosis between sarcopenic and nonsarcopenic
patients. The results showed that sarcopenic patients have a
significantly poorer overall survival and disease-free survival
than nonsarcpenic patients under TNM stage II and III. How-
ever, for patients with TNM stage I, the difference was not
significant, although there was a trend toward worse long-term
prognosis in the sarcopenic patients. Since patients with TNM
stage I generally have a long postoperative survival time. We
propose a longer follow-up period is needed to further demon-
strate the impact of sarcopenia on long-term postoperative
survival in patients with TNM stage I.

BMI is another common measurement of patient general
condition. In this study, lower BMI was correlated with sarco-
penia but not with the postoperative outcomes. The Eastern
population has a significant lower BMI compared with the
Western population, as shown by our patient cohorts with a
mean BMI of 21.86. Our study demonstrated a better predictive
capacity of sarcopenia over BMI for postoperative outcomes,
even in Eastern patients who generally have a low BMI. This
result strengthens the notion that skeletal muscle should be
considered the most clinically relevant body composition.23,30

This study identified sarcopenia as a potent risk assessment
parameter for postoperative outcomes after gastric cancer
surgery. Compared with the widely used measurements such
as ASA grade, weight loss or BMI, sarcopenia is a more
subjective and precise parameter. CT scan is an accurate
approach for the quantification of skeletal muscle mass with
a reported measurement error of about 1.4%.31 In addition,
abdominal CT scan is a noninvasive, inexpensive and con-
venient examination, routinely available for most patients with
gastric cancer before surgery, and is generally used to assess
tumor location, size, and to look for abdominal metastases.
Therefore, we propose that sarcopenia, as determined by
abdominal CT scan should be included in the risk stratification
of patients undergoing radical gastrectomy for gastric cancer.
In addition to CT scans, magnetic resonance imaging (MRI)
is another gold standard for estimating muscle mass.7 X-ray
absorptiometry (DXA) is an alternative method for research and
clinical use. The main drawback of these methods is that these
equipments are not portable.7 Bioimpedance analysis (BIA) is a
portable, inexpensive, easy to use, and readily reproducible
method to estimate the volume of lean body mass.7

However, according to the EWGSOP,7 sarcopenia should
be defined as both low muscle mass and low muscle function
(strength or performance). In this study, we included only
muscle mass for the definition of sarcopenia due to the retro-
spective study design and this is a limitation of this study. There
are several other limitations in the present study. First, this was a
retrospective single-center study. However, the clinical data
were prospectively collected and the follow-up strategy was
strictly implemented. We therefore believe the results of this
study were reliable. Second, for 304 patients, preoperative CT

Sarcopenia Predicts Clinical Outcomes After Radical Gastrectomy
images were unavailable within 30 days of surgery, and there-
fore these patients were excluded, which may introduce selec-
tion bias to the study. To assess for possible bias introduced by

www.md-journal.com | 7



TABLE 5. Univariate and Multivariate Analysis of Factors Associated With Disease-Free Survival

Univariable Analysis Multivariate Analysis

Factors HR (95% CI) P HR (95% CI) P

Age
�75/<75 1.457 (1.122–1.893) <0.001

�

Gender
Male/female 1.277 (0.973–1.675) 0.078

BMI
�18.5/18.5–25 1.478 (1.111–1.966) 0.007

�

>25/18.5–25 0.712 (0.511–0.991) 0.044
�

Sarcopenia
Yes/no 2.017 (1.625–2.505) <0.001

�
1.620 (1.295–2.027) <0.001

�

Hypoproteinemia
Yes/no 1.592 (1.216–2.085) 0.001

�

Anemia
Yes/no 1.801 (1.444–2.247) <0.001

�

ASA grade
�III/II, I 1.220 (0.882–1.686) 0.229

Diabetes
Yes/no 1.037 (0.667–1.614) 0.871

Cardiopulmonary comorbidity
Yes/no 1.209 (0.952–1.536) 0.119

Other comorbidities
Yes/no 0.859 (0.584–1.266) 0.443

Previous abdominal surgery
Yes/no 1.283 (0.931–1.768) 0.128

Tumor size
>50/�50 mm 1.941 (1.544–2.439) <0.001

�

Histologic type
Undifferentiated/differentiated 1.708 (1.208–2.415) 0.002

�
1.456 (1.027–2.064) 0.035

�

Tumor location
Upper/not upper 1.496 (1.165–1.920) 0.002

�

TNM stage
III/I 3.408 (2.378–4.240) <0.001

�
11.985 (7.652–18.772) <0.001

�

II/I 3.945 (2.413–6.451) <0.001
�

3.927 (2.385–6.467) <0.001
�

Lymphovascular invasion
Yes/no 1.983 (1.595–2.465) <0.001

�

Extent of lymph node dissection
D2/D1 1.013 (0.668–1.535) 0.952

Type of resection
Total/subtotal 1.978 (1.594–2.456) <0.001

�
1.676 (1.343–2.091) <0.001

�

Combined resection
Yes/no 1.474 (1.063–2.045) 0.020

�

Severe complications
Yes/no 1.429 (0.927–2.203) 0.106
Operative time �210 min

Yes/no 0.726 (0.582–0.906) 0.005
�

0.720 (0.575–0.900) 0.004
�

Intraoperative bleeding �300 ml
Yes/no 1.050 (0.840–1.313) 0.667

Transfusion
Yes/no 1.189 (0.844–1.674) 0.322

Adjuvant chemotherapy
Yes/no 0.682 (0.549–0.846) 0.001

�
0.478 (0.382–0.598) <0.001

�

ASA¼American Society of Anaesthesiologists, BMI¼ body mass index, CI¼ confidence interval, HR¼ hazards ratio, TNM¼ tumor-node-
metastasis.�

Statistically significant.
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these missing data, we compared the characteristics of the 304
excluded patients with that of the patients in the analytic cohort.
No substantial differences were observed between the 2 groups
with regard to clinicopathological features, postoperative com-
plications, or long-term survival between the 2 groups (data not
shown).

The present study indicated that sarcopenia could be
a potential therapeutic target for improving the treatment of
gastric cancer in the future. Resistance training has been
recognized as a highly effective strategy to offset sarcopenia.32

Moreover, adequate nutritional intake and certain nutritional
supplements, such as leucine and omega-3 polyunsaturated fatty
acids, could have a synergistic effect with resistance training in
maintaining muscle mass.32

This study was strengthened by its large sample size, pro-
spectively data collection, and strict follow-up strategy. More-
over, the duration between the date of the CT scan and the date of
surgery was short and similar among the patients, with a median
of 3 days (IQR¼ 3 days). Since skeletal muscle mass reduces
with the progression of tumor and cancer cachexia,7,33,34 the
muscle mass may have reduced from the date of the CT scan to the
date of surgery. We minimized such bias by reducing this time
duration. In addition, all patients underwent a standard radical
gastrectomy for gastric cancer according to Japanese gastric
cancer treatment guidelines, and the long-term survival of our
study were comparable to that reported by previous large-scale
studies,4,35 both of which make the study feasible to generalize to
patients outside of our department.

In conclusion, we firstly identified the diagnostic cut-off
values for sarcopenia in patients with gastric cancer. Using
these criteria, the incidence of sarcopenia was 41.5% in the
present patient cohort. Sarcopenia is an independent predictive
factor of severe postoperative complications after radical gas-
trectomy for gastric cancer. Moreover, sarcopenia is indepen-
dently associated with overall and disease-free survival in
patients with TNM stage II and III, but not in patients with
TNM stage I. Sarcopenia, as determined by abdominal CT scan,
could be included in the preoperative risk assessments of
patients undergoing radical gastrectomy for gastric cancer.

FIGURE 3. Kaplan–Meier survival curves for overall survival and d
under adjusted TNM stage.
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