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a b s t r a c t

Background: There were few studies assessed the postoperative sarcopenia in patients with cancers. The
objective of present study was to assess whether postoperative development of sarcopenia could predict
a poor prognosis in patients with adenocarcinoma of esophagogastric junction, (AEG) and upper gastric
cancer (UGC).
Methods: Patients with AEG and UGC who were judged as non-sarcopenic before surgery were reas-
sessed the presence of postoperative development of sarcopenia 6 months after surgery. Patients were
divided into the development group or non-development group, and clinicopathological factors and
prognosis between these two groups were analyzed.
Results: The 5-year overall survival rates were significantly poorer in the development group than non-
development group (68.0% vs. 92.6%, P¼ 0.0118). Multivariate analyses showed that postoperative
development of sarcopenia was an independent prognostic factor for poor overall survival (P¼ 0.0237).
Conclusions: Postoperative development of sarcopenia was associated with a poor prognosis in patients
with AEG and UGC.

© 2018 Elsevier Inc. All rights reserved.
Introduction

In 1989, Rosenberg1 referred to the progressive systematic
skeletal muscle loss with atrophy or aging as sarcopenia. The
presence of sarcopenia is approximately 20% in adults aged <70
years to >50% in those aged >70 years.2 Sarcopenia has been
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suggested as a risk factor for physical disability, limitation of
function, and ultimately death.3 The number of reports on the
relationship between cancer and sarcopenia is increasing.4e11

We previously reported that preoperative sarcopenia can pre-
dict a poor prognosis in patients of the adenocarcinoma esoph-
agogastric junction (AEG) and upper gastric cancer (UGC).12 Our
data showed that sarcopenia was an independent poor prognostic
factor for overall survival (OS) for AEG and UGC. On the other hand,
few studies have assessed the clinical significance of postoperative
development from non-sarcopenia to sarcopenia in patients with
cancers. Previous reports have suggested that postoperative skel-
etal muscle loss can predict recurrence of hepatocellular carci-
noma13 as well as shorter OS in patients with renal cell carcinoma14

and urothelial carcinoma of the bladder.15 However, the relation
between postoperative decrease in skeletal muscle mass and
gastrointestinal cancers remains controversial.

Some predictive biomarkers of survival in patients with
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malignancies were recently reported. Representative predictive
biomarkers include the platelet-lymphocyte ratio (PLR),
neutrophil-lymphocyte ratio (NLR), prognostic nutrition index
(PNI), prognostic index (PI), and controlling nutritional status
(CONUT) score.16e18 These inflammation-based scores have
exhibited prognostic significance in patients with various types of
malignancies.16,18e20 However, no studies have analyzed whether
these biomarkers can predict postoperative development of
sarcopenia.

In the present study, we focused on postoperative development
of sarcopenia in patients with AEG and UGC and researched
whether development can predict long-term outcomes. Overall, we
found that postoperative development of sarcopenia could predict
a poor prognosis independently in patients who underwent sur-
gery of AEG and UGC. We propose the importance of postoperative
nutritional care in patients after upper digestive surgery.

Methods

Patients

In this single-institutional retrospective analysis, we investi-
gated patients with AEG and UGC diagnosed as adenocarcinoma
pathologically, who underwent surgery from January 2005 to
March 2016 in Kyushu University. Patients with other types of tu-
mors were excluded from this analysis.

Nine patients who had undergone noncurative or palliative
surgery were excluded among 157 patients. Finally, 148 patients
with AEG and UGC were analyzed in this study (Fig. 1). We applied
the Siewert classification regarding tumor location.21 Siewert type
I, II, and III tumors were defined as AEG and tumors in which the
Fig. 1. Flow chart depicting the
center was located >5 cm below the esophagogastric junction in
the upper third of the stomach as UGC12 in present study. By these
criteria, 59 patients were categorized into AEG, and remaining 89
patients were categorized as UGC.

Permission to perform present retrospective study was pro-
vided by the Institutional Review Board in Kyushu University
(27e192).

Criteria of sarcopenia

Computed tomography (CT) images were used for measure-
ment of the skeletal muscle area. The skeletal muscle area was
measured by manual outlining of the quadratus lumborum, psoas,
transversus abdominis, erector spinae, the rectus abdominis
muscle and external and internal oblique muscles of the abdomen
at the level of the third lumbar vertebra.4,12,22,23 The skeletal
muscle index (SMI) was computed as follows: (cross-sectional
area of the skeletal muscle at the level of the third lumbar vertebra
[cm2])/(height [m]� height [m]). Because the difference related
gender in the SMI and the degree of obesity should be considered
for accurate assessment, sarcopenia was evaluated based on
generally accepted sex-specific and body mass index (BMI)-spe-
cific cut-off values. In menwith a BMI of �25 kg/m2, the threshold
for sarcopenia was an SMI of 53 cm2/m,2 whereas in men with a
BMI of <25 kg/m2, the threshold for sarcopenia was an SMI of
43 cm2/m.2 In women, the threshold was an SMI of 41 cm2/m2

regardless of the BMI.11,12,24 According to these criteria, 42 and 106
patients were preoperatively divided into the sarcopenia group
and non-sarcopenia group, respectively (Fig. 1). In total, 106 pa-
tients in the non-sarcopenia group were reassessed after surgery.
Preoperative sarcopenia was assessed using the CT images
patient selection process.
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obtained before surgery, and postoperative sarcopenia was
assessed using the CT images obtained approximately 6 months
(range, 5e7 months) after surgery. Fifteen patients whose post-
operative CT images were unavailable within this period and five
patients who developed recurrence within 6 months were
excluded. As a result, 86 patients were eligible for assessment
regarding whether postoperative development of sarcopenia had
occurred 6 months after surgery (Fig. 1).
Table 1
Clinicopathological features between development and non-development group.

Factor

Sex Male
Female

Age

Tumor location AEG
UGC

pStage I
II-IV

pT T1
T2-T4

pN N0
N1-N3

Serum albumin (g/dl)

CRP (mg/dL) <0.3
�0.3

Surgical procedure Total gastrectomy
Proximal gastrectomy

All postoperative complications No
Yes

Severe complications (CD grade� IIIa) No
Yes

Neoadjuvant chemotherapy No
Yes

Adjuvant chemotherapy No
Yes

PNI �45
<45

NLR <2.58
�2.58

PLR <150
�150

PI 0
1

CONUT score <2
�2

Recurrence No
Yes

AEG: adenocarcinoma of esophagogastric junction, UGC: upper gastric cancer, CRP: C-reac
neutrophil-lymphocyte ratio, PLR: platelet-lymphocyte ratio, PI: prognostic index, CONU
Data are presented as n (%) with the exception of age and serum albumin, which are pre
Prognostic biomarkers

The PLR, NLR, PNI, PI, and CONUT score were calculated. The
blood data were inspected preoperatively. The PNI was computed
as follows: 10 � serum albumin (g/dl) þ 0.005 � total lymphocyte
count (per mm3).16 Calculation of the PI was based on the white
blood cell count and C-reactive protein level. The upper limits of the
normal ranges for the C-reactive protein level (1.0mg/dl) and white
Development of sarcopenia P value

No Yes

(n¼ 60) (n¼ 26)

47 (78.3) 19 (73.1) 0.5904
13 (21.7) 7 (26.9)

62.9 (35e91) 61.7 (43e82) 0.6772

18 (30.0) 16 (61.5) 0.0084
42 (70.0) 10 (38.5)

30 (50.0) 11 (42.3) 0.6393
30 (50.0) 15 (57.7)

26 (43.3) 10 (38.5) 0.9250
34 (56.7) 16 (61.5)

38 (63.3) 12 (46.2) 0.1591
22 (36.7) 14 (53.8)

4.1 (3.1e5.0) 4.2 (3.3e5.0) 0.1691

51 (85.0) 23 (88.5) 1.0000
9 (15.0) 3 (11.5)

58 (96.7) 25 (96.2) 1.0000
2 (3.3) 1 (3.8)

46 (76.7) 12 (46.2) 0.0111
14 (23.3) 14 (53.8)

56 (93.3) 21 (80.8) 0.1218
4 (6.7) 5 (19.2)

55 (91.7) 26 (100.0) 0.3166
5 (8.3) 0 (0.0)

41 (68.3) 13 (50.0) 0.1453
19 (31.7) 13 (50.0)

48 (80.0) 24 (92.3) 0.2112
12 (20.0) 2 (7.7)

39 (65.0) 19 (73.1) 0.6173
21 (35.0) 7 (26.9)

40 (66.7) 14 (53.8) 0.3324
20 (33.3) 12 (46.2)

56 (93.3) 23 (88.5) 0.4274
4 (6.7) 3 (11.5)

44 (73.3) 18 (69.2) 0.7947
16 (26.7) 8 (30.8)

56 (93.3) 17 (65.4) 0.0020
4 (6.7) 9 (34.6)

tive protein, CD: Clavien-Dindo classification, PNI: prognostic nutritional index, NLR:
T: controlling nutritional status.
sented as mean (range).
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blood cell count (11,000/mm3) were used as cut-off points.16 The PI
was 0 if both values were lower than the cut-off points, and the PI
was 1 if one of the twomarkers was elevated. The CONUT scorewas
computed based on the serum albumin level, total cholesterol level
and peripheral lymphocyte count, as previously described.17 The
optimal cut-off values of the PLR, NLR, and PNI were determined to
be 150, 2.58, and 45, respectively, as previously described.16,18

Statistical analysis

The unpaired t-test or Fisher's exact testwere used for assessment
of differences in characteristics between the two groups. Survival
curveswerevisualizedby theKaplan-Meiermethod, and the log-rank
test was used for analyses. Univariate andmultivariate analyses were
performed with a Cox proportional hazard model to detect the in-
dependent prognostic factors. All P values were two-sided, and a P
value of<0.05was determined to be statistically significant. JMP PRO
11 software was used for all analyses in present study.

Results

Clinicopathological features according to postoperative development
of sarcopenia

In total, 26 (30%) of the 86 patients in the non-sarcopenia group
had converted to sarcopenia by 6 months after surgery (Fig. 1).
These patients were assigned to the development group, and their
clinicopathological features were compared with those of patients
in the non-development group (Table 1).

With respect to tumor location, the proportion of patients with
AEG was higher in the development group than non-development
group (P¼ 0.0084). The incidence of all postoperative complica-
tions was also higher in the development group than non-
development group (P¼ 0.0111), while the incidence of severe
complications (Clavien-Dindo25,26 grade� IIIa) was not associated
with the development of sarcopenia (P¼ 0.1218) (Table 1). There
were no differences in any other clinicopathological or periopera-
tive features between the two groups (Table 1).

Prognostic biomarkers and postoperative development of sarcopenia

The PNI, NLR, PLR, PI, and CONUT were calculated, and the
Fig. 2. Postoperative survival of patients in the development group and non-development
year and 5-year recurrence-free and overall survival rates were significantly lower in the dev
patients were divided into two groups based on the cut-off values
of these biomarkers. We examined the relationship between the
values of these biomarkers and development of sarcopenia. There
were no significant correlations between any of these biomarkers
and development of sarcopenia (Table 1).

Postoperative development of sarcopenia and recurrence of AEG and
UGC

We compared the recurrence rate between the development
and non-development groups to validate whether postoperative
development of sarcopenia can predict recurrence of AEG and UGC.
The recurrence rate was higher in the development group than
non-development group significantly (P¼ 0.0020) (Table 1).

Long-term outcomes according to postoperative development of
sarcopenia

The prognosis was compared between patients in the develop-
ment group and non-development group. Among all patients, the
3-year and 5-year RFS and OS rates were significantly lower in the
development group than non-development group (3-year RFS:
62.7% vs. 93.1%, 5-year RFS: 62.7% vs. 93.1%, P¼ 0.0004; 3-year OS:
82.0% vs. 92.6%, 5-year OS: 68.0% vs. 92.6%, P¼ 0.0118) (Fig. 2).

Factors associated with poor prognosis of AEG and UGC

To detect predictive factors for recurrence of AEG and UGC, we
compared representative clinicopathological features, periopera-
tive features, and prognostic biomarkers between patients with
recurrence and those without recurrence. With respect to periop-
erative features, the proportion of patients with an intraoperative
blood loss volume of �500ml and the incidence of postoperative
complications were significantly higher in the patients with
recurrence (P¼ 0.0470 and P¼ 0.0239, respectively). No prognostic
biomarkers were associated with recurrence of AEG or UGC.
(Supplementary Table 1).

We also calculated the postoperative change in the SMI using
the formula [(preoperative SMI� postoperative SMI)/preoperative
SMI]� 100 and regarded this value as the rate of decrease in the
SMI. The mean rate of decrease in the SMI was significantly higher
in the patients with recurrence than those with non-recurrence
group: (a) recurrence-free survival and (b) overall survival of all study patients. The 3-
elopment group than non-development group (P¼ 0.0004 and P¼ 0.0118, respectively).



Fig. 3. Rate of decrease in the skeletal muscle index (SMI) between patients with
recurrence and those with non-recurrence. The rate of decrease in the SMI was
calculated as the percentage of change in the SMI as follows: [(preoperative
SMI� postoperative SMI)/preoperative SMI]� 100. Data are represented as
mean± standard deviation.
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(22.3% vs. 8.4%, P< 0.0001) (Fig. 3 and Supplementary Table 1).
To identify prognostic factors for OS, we carried out univariate

and multivariate analyses with a Cox proportional hazard model.
The univariate analyses showed that the T-stage (T1e3 vs. T4)
(P< 0.0001), N-stage (N0e1 vs. N2e3) (P< 0.0001), postoperative
complications (P¼ 0.0120), and postoperative development of
sarcopenia (P¼ 0.0207) were correlated with poor OS in patients
with AEG and UGC. We included these four factors in the multi-
variate analyses and found that the T-stage, N-stage, and develop-
ment of sarcopenia were independent predictive factors for OS in
patients with AEG and UGC (P¼ 0.0356, P¼ 0.0018, and P¼ 0.0273,
respectively) (Table 2). Additionally, the N-stage and development
of sarcopenia could predict poor RFS in patients with AEG and UGC
(P¼ 0.0156 and P¼ 0.0101, respectively) (Supplementary Table 2).

Discussion

In this study, the recurrence rate in patients with postoperative
Table 2
Univariate and multivariate analyses for overall survival.

Factor Univariate analysis

HR (95% CI)

Male (vs female) 3.050 (0.572e56.25)

Age< 65 y (vs� 65 y) 1.613 (0.448e7.487)

AEG (vs UGC) 1.587 (0.441e5.709)

T-Stage (T4 vs T1-3) 13.19 (3.743e51.88)

N-Stage (N2-3 vs N0-1) 19.89 (4.924e132.6)

IBL� 500ml (vs< 500ml) 2.288 (0.635e8.241)

Postoperative complication 5.137 (1.427e23.85)

PNI< 45 (vs� 45) 0.489 (0.027e2.606)

NLR� 2.58 (vs< 2.58) 0.255 (0.014e1.361)

PLR� 150 (vs< 150) 0.416 (0.063e1.663)

PI¼ 1 (vs PI¼ 0) 4.359 (0.656e17.48)

CONUT score� 2 (vs< 2) 0.281 (0.015e1.497)

Development of sarcopenia 4.433 (1.263e17.37)

HR: hazard ratio, CI: confidence interval, AEG: adenocarcinoma of esophagogastric ju
nutritional index, NLR: neutrophil-lymphocyte ratio, PLR: platelet-lymphocyte ratio, PI:
development of sarcopenia was higher than that in patients who
did not undergo development. Both the univariate andmultivariate
analyses indicated that postoperative development of sarcopenia
could predict a poor prognosis for OS independently. Several
studies showing postoperative skeletal muscle loss in patients with
other malignancies have been reported to date. Kobayashi et al.13

reported that postoperative decrease of skeletal muscle could
predict recurrence of hepatocellular carcinoma after hepatectomy.
Fukushima et al.14 reported that postoperative decrease in the SMI
after cytoreductive nephrectomy was correlated with shorter OS in
patients with renal cell carcinoma. Miyake et al.15 reported that
postoperative psoas muscle loss was associated with shorter OS in
patients with urothelial carcinoma of the bladder. These studies as
well as the present study suggest that postoperative skeletal
muscle loss can be a novel prognostic factor for OS or RFS. Both
Kobayashi et al.13 and Fukushima et al.14 evaluated the SMI 5e6
months after surgery, similar to our study. Miyake et al.15 evaluated
postoperative changes in skeletal muscle mass from 6 to 24months
after surgery. A 6-month postoperative follow-up seems to be
reasonable for reassessment of the SMI because follow-up CT is
generally recommended 6 months after surgery for patients with
gastric cancer of any stage according to the Japanese gastric cancer
treatment guidelines.27

The proportion of patients with AEG and the incidence of
postoperative complications were higher in the development
group than non-development group (P¼ 0.0084 and 0.0111,
respectively). Surgical stress is often more severe in patients with
AEG than UGC. Additionally, postoperative complications can delay
recovery of the patient's physical status. Therefore, these factors
can affect the progression of postoperative sarcopenia. However,
our multivariate analysis showed that development of sarcopenia
could predict poor prognosis, whereas tumor location and post-
operative complications were not significant. We also evaluated
prognostic biomarkers. Previous studies showed that these bio-
markers were predictors of poor prognosis in patients with gastric
Multivariate analysis

P value HR (95% CI) P value

0.2211 e

0.4761 e

0.4671 e

<0.0001 4.971 (1.111e27.18) 0.0356

<0.0001 12.83 (2.466e100.1) 0.0018

0.1975 e

0.0120 0.603 (0.098e3.956) 0.5848

0.4561 e

0.1225 e

0.2305 e

0.1114 e

0.1558 e

0.0207 4.801 (1.192e22.18) 0.0273

nction, UGC: upper gastric cancer, IBL: intraoperative blood loss, PNI: prognostic
prognostic index, CONUT: controlling nutritional status.
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cancer.18e20 Analysis of the relationships between these bio-
markers and postoperative development of sarcopenia showed no
correlation. Univariate and multivariate analyses for OS revealed
that these biomarkers were not associated with long-term out-
comes of AEG and UGC in our study (Table 2). We targeted patients
who were judged as non-sarcopenic before surgery and excluded
patients with preoperative sarcopenia. This might have resulted in
selection of patients whose general conditions were relatively
good, and this bias might have masked the significance of these
biomarkers.

There are a few limitations in present study. First, this was a
single-institutional retrospective study. However, the prospective
studies are thought to be impractical or difficult to evaluate the
clinical significance of sarcopenia. Also, few studies focusing on
patients with gastrointestinal tumors has investigated the clinical
importance of postoperative sarcopenia. Therefore, accumulation
of the findings obtained from retrospective studies of patients with
other malignancies from various institutes would be meaningful.
The data from the present study offer beneficent information
regarding the clinical value of postoperative decrease in the skeletal
muscle mass. Second, some criteria for sarcopenia are available. We
applied internationally accepted criteria; however, the criteria for
sarcopenia were not integrated in many studies on
sarcopenia.4e12,23 Whether the criteria used in the present study
might help to precisely reflect the clinical impact of sarcopenia
requires further study.

Our study has shown that postoperative loss of skeletal muscle
can predict a poor prognosis in patients with AEG and UGC, but one
question remains unanswered: Is depletion of skeletal muscle mass
an effect or cause of tumor progression? Indeed, cancer cells
generally grow rapidly and require high levels of nutrition. This
may cause nutrition disorders and resultant skeletal muscle loss.
However, recent studies have shown that some myokines, which
are secreted bymuscle cells, can regulate the growth of cancer cells.
Aoi et al.28 reported that a novel myokine, secreted protein acidic
and rich in cysteine (SPARC), suppresses growth of colon tumor via
exercise by increasing apoptosis. Hojman et al.29 reported that
exercise-induced muscle-derived cytokines inhibit growth of
mammary cancer cells. These results suggest that nutritional sup-
port and increased muscle mass may contribute to prevention of
tumorigenesis by secreting myokines. The relationship between
sarcopenia and myokines in patients with malignancies requires
further investigation.

The clinical significance of postoperative sarcopenia remains
controversial. Since postoperative therapeutic strategy should be
determined according to the pathological diagnosis within 2
months after surgery, postoperative sarcopenia at 6 months after
surgery does not affect adjuvant treatment plan. We should pay
attention to avoid decrease of patients' skeletal muscle mass within
postoperative 6 months. Intensive dietary counselling, oral nutri-
tional supplementation and promotion of exercise during post-
operative period might be beneficial.
Conclusions

Postoperative development of sarcopenia could predict a poor
prognosis in patients who underwent surgical treatment for AEG
and UGC. Our results suggest that strict attention may be needed
for patients who exhibit a progressive decrease in the volume of
skeletal muscle after surgery for AEG and UGC.
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