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Objective: Sarcopenia is associated with unfavorable prognosis in patients undergoing surgical treat-
ments of the respiratory tract, gastrointestinal tract and urinary tracts. We summarized all available
evidence to investigate the prognostic value of sarcopenia in patients with surgically treated urothelial
carcinoma (UC).

Methods: We conducted a comprehensive study search up to January 2019, searching the online data-
base Embase, PubMed and Cochrane Library. The hazard ratio (HR) and 95% confidence interval (CI) were
extracted from the studies.

K ds: . . . s .

Sg::;;re;ia Results: A total of 12 research consisting of 2075 patients were enrolled in the quantitative synthesis. We
Urothelial carcinoma observed that UC patients with sarcopenia had a worse OS (HR = 1.87; 95%CI 1.43—2.45; P <0.001) and
Prognosis CSS (HR =1.98; 95%CI 1.43—2.75; P < 0.001). Stratified by tumor, sarcopenia is also an unfavorable factor

for OS and CSS in patients with upper tract urothelial carcinoma (UTUC) or urothelial carcinoma of
bladder (UCB).

Conclusion: Sarcopenia is an unfavorable factor for OS and CSS in patients with surgically treated UC.
Besides, stratified by tumor, the results of patients with UTUC or UCB are consistent with previous re-

Meta-analysis

sults. More prospective studies are required to validate our findings.

© 2019 Published by Elsevier Ltd.

1. Introduction

Urothelial carcinoma (UC) remains to be one of the most causes
of cancer-related death, with an estimated 0.55 million new cases
and 0.2 million deaths worldwide in 2018 [1]. UC mainly consists of
bladder cancer (BC) and upper tract urothelial carcinoma (UTUC),
locating in the lower and upper urinary tract, respectively [2]. BC
occupies 90%—95% of UC and is the most common urinary tract
cancer, while UTUC is rare and takes up 5%—10% of UC [2—4].
Although radical cystectomy (RC) is the standard treatment for
muscle-invasive bladder cancer (MIBC) and high-risk non-muscle-
invasive bladder cancer (NMIBC) with curative intent, RC only
provides 5-year overall survival (OS) rate of approximately 60%
[3—5]. Similarly, radical nephroureterectomy (RNU) remains the
standard management for non-metastatic UTUC, but the prognosis
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of patients undergoing RUN is relatively poor, 20%—30% would have
distant metastasis and eventually die of cancer [2,6,7].

Therefore, the identification of high-risk patients as adjuvant
therapies is necessary to improve survival. Currently, an increasing
number of studies investigated various prognostic factors of UC to
stratify the risk of patients, such as pathological T stage, tumor
grade, lymphovascular invasion (LVI), performance status, body
mass index (BMI), nutritional status, systemic inflammation and
others [2—4,7—10].

Involuntary weight loss and cachexia have long been associated
with poor survival [11]. Sarcopenia, a concept reflecting the scarcity
of skeletal muscle mass, develops as a physiological change during
the development of cancer cachexia [11—13]. Reportedly, sarcope-
nia is associated with unfavorable prognosis in patients undergoing
surgical treatments of the respiratory tract, gastrointestinal tract
and urinary tracts [14—16]. However, in patients with UC treated
surgically, the prognostic value of sarcopenia remains controversial.
Some studies found that sarcopenia is not associated with survival
of patients with UC [17—19], while other studies revealed the
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prognostic value of sarcopenia in patients with UC [20—22].
Therefore, in order to explore the prognostic value of sarcopenia in
patients with UC, we carried out this systematic review and meta-
analysis. We summarized all available evidence to investigate the
prognostic value of sarcopenia in patients with surgically treated
UC.

2. Method
2.1. Literature search strategy

We performed this meta-analysis in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement [23]. We conducted a comprehen-
sive study search up to January 2019, searching the online database
Embase, PubMed and Cochrane Library. We used the following
items: urothelial carcinoma (bladder, urothelial, cancer, carcinoma
or tumor) and sarcopenia (skeletal muscle index, muscle mass,
muscle strength, muscle depletion or muscle insufficiency) as
keywords or Mesh. We also reviewed the reference lists of all
available studies in case of missing records. Two investigators
screened the literature independently, any conflicts were resolved
by discussing or consulting another one.

2.1. Study selection

We enrolled studies according to the following inclusion
criteria: 1) population-based studies; 2) patients were diagnosed
urothelial carcinoma and treated surgically; 3) sarcopenia was
identified based on skeletal muscle mass or psoas muscle mass
using images; 4) evaluated the prognostic value of preoperative
sarcopenia, 5) reported available data of survival such as overall
survival (0S) or cancer-specific survival (CSS). The following studies
were excluded: 1) non-English language; 2) patients were not
treated surgically; 3) did not define sarcopenia accurately, 4) did
not evaluate the prognostic value of sarcopenia, 5) no available data
for analysis. We also excluded conference abstracts because of the
lack of detailed information. As for duplicated records, we only
included the most recent and informative study.

2.3. Data extraction and quality assessment

Two authors extracted the following items from all eligible
studies independently: the name of the author, study design,
sample size, diseases, treatments, age, the definition of sarcopenia,
duration of follow-up. As for the outcome, we extracted hazard
ratio (HR) and 95% confidence interval (CI) from the studies. If the
HRs and 95%CI were not reported, we could estimate the HR and
95%CI according to the method by Tierney [24]. We used the
Cochrane Collaboration Risk of Bias Tool to evaluate the quality of
randomized-control studies [25]. Concerning the observational
studies, we applied the Newcastle-Ottawa Quality Assessment
Scale (NOS). And studies with a score of no less than 7 were
regarded as good quality.

2.4. Statistical analysis

All statistical analyses were performed using STATA version 12
(StataCorp, College Station, TX, USA). The endpoints of OS and CSS
were characterized by HR and 95%CIl. We used Q and I statistics to
identify the heterogeneity among studies. A fixed-effect model was
applied when no apparent heterogeneity was observed (P < 0.10 or
I? > 50%); otherwise, a random-effect model was applied [26]. We
also performed subgroup analyses based on available data.
Furthermore, we conducted sensitivity analyses to check the

stability of the pooled results. Regarding the publication bias, we
used Egger's test and Begg's test. A two-sided P-value <0.05 was
defined as a statistical difference. When no meta-analysis could be
conducted, we only described the study results.

3. Results
3.1. Literature search

The literature search strategy yield 394 literature, 30 of which
were duplicated records. After screening titles and abstracts of the
remaining 364 research, 55 research was accepted for further re-
view. Finally, a total of 12 research consisting of 2075 patients were
enrolled in the quantitative synthesis [17—22,27—32]. A flow dia-
gram of the literature search and selection is shown in Fig. 1.

3.2. Clinical characteristic of enrolled studies

All studies were retrospective and published in the recent five
years. Five studies involved patients with non-metastatic UTUC,
which were treated by RUN [17,18,21,27,29]. The remaining 7
studies enrolled patients with non-metastatic urothelial carcinoma
of the bladder (UCB), which underwent RC [19,20,22,28,30—32].
The sample sizes of eligible studies are relatively small, and only 4
studies enrolled more than 200 patients. The patients’ age of
included studies was relatively large, and the median age ranged
from 66.6 to 73. All studies identified sarcopenia by measuring
skeletal muscle and psoas muscle at the level of the L3 using
computed tomography (CT) images. One study did not report the
number of patients with sarcopenia [17]. To sum up, 51.9% (1012/
1950) patients had sarcopenia. Ten studies evaluated the associa-
tion between OS and sarcopenia, and 9 studies investigated the
actual impact of sarcopenia on CSS, only one study reported the
recurrence-free survival (RES). Nearly all studies except one had a
relatively long follow-up [19]. All studies were evaluated based on
NOS and considered as high quality. The detailed information was
summarized in Table 1.

3.2. Overall survival

Regarding 10 studies comprising 1816 patients, the incidence of
sarcopenia was found to be 897 cases out of 1816 (49.4%). We
observed that patients with sarcopenia had a worse OS compared
with those without sarcopenia, the pooled HR was 1.87 (95%CI,
1.43-2.45; P<0.001; Fig. 2A). Moderate heterogeneity was
revealed (I>=54.3%; P=0.016), so we used the random-effect
model. Stratified by tumors, sarcopenia is also associated with
inferior OS in patients with UTUC and UCB, the HRs were 2.53 (95%
Cl, 1.09-5.85; P=0.03) and 1.63 (95%CI, 1.37—1.94; P <0.001),
respectively.

3.4. Cancer-specific survival

Nine studies incorporating 1513 patients investigated the actual
impact of sarcopenia on CSS. As present in Fig. 2B, we demonstrated
that sarcopenia is associated with poor CSS, the pooled HR is 1.98
(95%Cl, 1.43—2.75; P<0.001). Because of heterogeneity among
studies (I*>=39.4%; P=0.095), we applied the random-effect
model. Stratified by tumors, sarcopenia is also associated with
poor CSS in patients with UTUC and UCB, the HRs were 2.61 (95%ClI,
1.03—-6.64; P=0.044) and 1.73 (95%Cl, 1.35-2.21; P<0.001),
respectively.
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Fig. 1. Flow diagram of literature search.

3.5. Sensitivity analyses and publication bias

We conducted sensitivity analyses by omitting each study
sequentially. After removing each study sequentially, we did not
detect relatively change, which indicated the robustness of our
results (Fig. 3). Concerning publication bias, we did not observe
significant publication bias of OS and CSS based on the Egger's test
(OS: P=0.081; CSS: P=0.152) and Begg's test (OS: P =0.119; CSS:
P =0.721; Fig. 4).

3.6. Subgroup analyses

We carried out subgroup analyses stratified by tumor, mea-
surement of sarcopenia and regions. Stratified by tumor, sarcopenia
is associated with inferior OS and CSS in patients with UTUC, the
pooled HRs were 2.53 (95%CI 1.09-5.85) and 2.61 (95%Cl
1.03—6.64). And for patients with UCB, the sarcopenia is also an
unfavorable factor for OS (HR = 1.63; 95%CI 1.37—1.94) and CSS
(HR = 1.73; 95%CI 1.35—2.21). The subgroup analyses stratified by
geographical regions showed that Asian patients with sarcopenia
had a decreased OS and CSS (HR=2.63; 95%Cl 1.37-5.07,
HR = 2.21; 95%CI 1.40—3.48, respectively). Similarly, as for the non-
Asia regions, the sarcopenia was associated with inferior OS
(HR = 1.63; 95%CI 1.37—1.94) and CSS (HR = 1.65; 95%CI 1.12—2.43).
The sarcopenia was identified by different measurements.
Measured by skeletal muscle, the patients with sarcopenia had a
worse OS (HR = 1.85; 95%CI 1.30—2.64) and CSS (H = 2.14; 95%CI
1.24-3.70) compared with those without sarcopenia. For

sarcopenia identified by skeletal muscle and adjusted for body
mass index (BMI), sarcopenia is also regarded as an unfavorable
factor for OS (HR = 2.31; 95%CI 1.44—3.70) and CSS (HR = 2.22; 95%
Cl 1.42—3.47). However, when measured by psoas muscle, the
pooled results suggested that there was no significant association
between sarcopenia and OS (HR = 1.46; 95%CI 0.79-2.68), CSS
(HR = 1.26; 95%CI 0.47—3.38). We summarized relevant informa-
tion in Table 2.

4. Discussion

The term “sarcopenia” was firstly described by Irwin Rosenberg
in 1989 and means “sarx for flesh and penia for loss” in Greek,
describing the age-related decrease of muscle mass [33]. According
to the recommend of European Working Group on Sarcopenia in
older people (EWGSOP), the diagnosis of sarcopenia should be
based on the co-occurrence of low muscle mass and low muscle
function (strength or performance) [34]. In cancer cachexia, sar-
copenia is defined as low skeletal muscle mass at the level of L3
[13]. More and more studies evaluated the relationship between
sarcopenia and outcome of various malignancies [14—16].

In this study, we focused on the prognostic value of sarcopenia
in patients with UC. We demonstrated that sarcopenia is correlated
with poor OS and CSS in patients with UC. Stratified by tumor, for
patients with UTUC or UCB, there was also a significant association
between sarcopenia and survival. Concerning the difference of re-
gions, we divided patients into Asia and non-Asia, and sarcopenia is
regarded as an unfavorable factor in both subgroups. While for



Table 1

Clinical characteristics of included studies.

Study/ Enrollment Study type  Treatment Tumor Number Age Sarcopenia definition sarcopenia Outcomes Follow-up NOS
Published date/Location of Median Median IQR
year patients (IQR) (months)
Itami 2019 October 1995  Retrospective RUN non- 125 Median The cross-sectional area of the skeletal muscle and psoas major muscle at the level of NA OS CSS 51(6-227) 7
and December metastatic (Range) 72 the L3. SMI of <43 cm?/m? among men with a BMI of <25 kg/m?, <53 cm?/m? for men
2016/Japan UCUT (38-90)  with a BMI of >25 kg/m?, and <41 cm?/m? for women. PMI <6.36 cm?/m? for men and
<3.92 cm?/m?
Mayr 2018 2004 and 2014/ Retrospective RC non- 500 72 (65.00 The cross-sectional skeletal muscle surface (cm?) at the level of the L3. SMI of <43 cm?/ 189 0SCSS 35(20-58) 8
Germany metastatic —78.00)  m? for men with BMI <25 kg/m?, SMI <53 cm?/m? for men with BMI>25 kg/m?, and SMI (37.8%)
UCB <41 cm?/m? for women.
Kocher 2002 and 2016/ Retrospective RUN non- 100 Mean (SD) The cross-sectional skeletal muscle area at the L3 level. SMI <55 cm?/m? for men and 42 (42%) OS Mean 8
2018 us metastatic 67.5(10.2) <39 cm?/m? for women (Range) 31.2
UTUC (5.0—-122.0)
Anno 2018 2003 and 2014/ Retrospective RUN non- 123 <70 years The area of skeletal muscle at L3. SMI<43 cm?/m? among men with a BMI <25, SMI 50 (40.7%) CSS 4.49 years 7
Japan metastatic 44 (35.8%) <53 cm?/m? among men with a BMI >25, and SMI <41 cm?/m? among women
UTuC
Miyake January 2006  Retrospective RC MIBC 117 72 (61—77) The cross-sectional area of the psoas major muscle at the level of L3. PMIs <6.36 cm?/m? 23 (20%) 0OS CSS 22 (10-64) 7
2017 and July 2016/ for men and <3.92 cm?/m? for women
Japan
Ishihara October 2003  Retrospective RUN non 137 Median The cross-sectional area of skeletal muscle at L3. SMI of <43 cm?/m? among men with a 90 (65.7%) OS CSS Median 7
2017 and December -metastatic (Range)  BMI of <25 kg/m?, <53 cm?/m? among men with a BMI of >25 kg/m?, and<41 cm?/m? RFS (range) 34.7
2013/Japan UcCuT 73.0 (39 among women (2.83—-140.3)
—92)
Miyake January 2006  Retrospective RC non- 89 71 (48—83) The cross-sectional area of skeletal muscle at the level of L3. SMIs of <43 cm?/m? for 67 (75%) OS CSS 29 (10-60) 7
2017 and October metastatic males with a BMI <25 kg/m?; <53 cm?/m? for males with a BMI >25 kg/m?; and
2014/Japan UCB <41 cm?/m? for females.
Hirasawa  March 2003 and Retrospective RC non- 136 Mean 68.6 The cross-sectional skeletal muscle area at the L3 level. SMI of <43 cm?/m? for men with 65 (47.8%) CSS Mean 46.7 8
2016  January metastatic BMI<25 kg/m?, SMI <53 cm?/m? for men with BMI >25 kg/m?, and SMi<41 cm?/m? for
2015/Japan UCB women
Fukushima November 2001 Retrospective RUN non- 81 Median The cross-sectional areas of skeletal muscle at L3. SMI <43 cm?/m? for males with BMI 47 (58%) 0OS CSS Median 7
2016 and February metastatic (Range) 71 <25 kg/m?, <53 cm?/m? for males with BMI>25 kg/m?, and <41 cm?/m? for females (Range) 41 (4
2015/Japan UTUC (41-87) —170)
Psutka 2000 and 2008/ Retrospective RC non- 262 71 (63—78) The cross-sectional skeletal muscle and adipose areas at L3. Male: SMI less than 55 cm?/ 177 0oS 6.3(5.7-9.5) 8
2015 us metastatic m [2], female: SMI less than 39 cm?/m? (67.6%)
UCB
Smith 2014 2008 and 2011/ Retrospective RC MIBC 200 Median The cross-sectional area of the right and left psoas muscles at L3. 653 cm?/m? for men, 121 (61%) OS Median 14 8
us 66.6 523 cm?/m? for women years
Psutka 2000 and 2007/ Retrospective RC non- 205 71 (63—78) The cross-sectional area of all skeletal muscle at L3. SMI of <55 cm?/m? for men and 141 0SCSS 6.7(59 8
2014 us metastatic <39 cm?/m? for women. (68.8%) —10.2) years
UCB

RUN: radical nephroureterectomy; RC: radical cystectomy; UTUC: upper tract urothelial carcinoma; UCB: urothelial carcinoma of bladder; MIBC: muscle-invasive bladder cancer; IQR: interquartile range; SMI: skeletal muscle

index; PMI: psoas muscle index; BMI: body mass index; NA: not available; OS: overall survival; CSS: cancer-specific survival; RFS: recurrence-free survival; NOS: Newcastle-Ottawa Quality Assessment Scale.
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Fig. 2. The association between sarcopenia and A): OS; B): CSS in patients with UC.
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different measurements of sarcopenia, sarcopenia is associated
with inferior OS and CSS except for the psoas muscle subgroup.
Furthermore, we conducted sensitivity analyses, and the adjusted
results did not tend to alter. No publication bias was observed,
which indicated the robustness of final results.

Our study suggested that sarcopenia is an unfavorable factor of
survival in UC patients undergoing surgical resection. Our findings

s.e. of: Inhr

are consistent with previous studies. Deng et al. conducted a meta-
analysis and found that sarcopenia was an independent predictor of
poor OS in patients with surgically treated non-small cell lung
cancer (HR = 2.85; 95%CI 1.67—4.86; P < 0.001) [ 15]. Besides, Psutka
et al. included 389 patients with localized renal cell carcinoma,
which were treated by radical nephrectomy, and demonstrated that
sarcopenia was associated with poor CSS (HR 1.70; 95%Cl



752

Table 2

Subgroup analyses of OS and CSS.
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Outcome Variable Number of studies Model HR (95%CI) 2 P value of heterogeneity
0S All 10 Random 1.87 (1.43—2.45) 54.3% P=0.016
tumor UTUC 4 Random 2.53 (1.09-5.85) 74.6% P =0.003
UCB 6 Random 1.63 (1.37-1.94) 0% P =0.448
measurement Skeletal muscle 2 Random 1.85(1.30—-2.64) 0% P=0.761
Skeletal muscle-adj 6 Random 2.31(1.44-3.70) 70.2% P =0.005
Psoas muscle 3 Random 1.46 (0.79—2.68) 53.2% P=0.118
regions Asia 5 Random 2.63 (1.37-5.07) 66.7% P=0.01
Non-Asia 5 Random 1.56 (1.30—1.86) 0% P=0.707
CSS All 9 Random 1.98 (1.43-2.75) 39.4% P =0.095
disease UTUC 4 Random 2.61(1.03—6.64) 64.7% P=0.023
UCB 5 Random 1.73 (1.35-2.21) 0% P=0.63
measurement Skeletal muscle 1 Random 2.14 (1.24-3.70) — —
Skeletal muscle-adj 7 Random 2.22 (1.42—-347) 51.9% P=0.052
Psoas muscle 2 Random 1.26 (0.47—-3.38) 33.2% P=0.221
regions Asia 7 Random 2.21(1.40—-3.48) 40.0% P=0.112
Non-Asia 2 Random 1.65 (1.12—2.43) 34.4% P=0.217

Skeletal muscle-adj: adjust for body mass index; UTUC: upper tract urothelial carcinoma; UCB: urothelial carcinoma of bladder; OS: overall survival; CSS: cancer-specific

survival; HR: hazard ratio; ClI: confidence interval; -: Not available.

1.01—-2.85; P =0.047) and OS (HR 1.48; 95%CI 1.02—2.15; P = 0.039)
[35]. Mayr et al. enrolled 500 patients undergoing RC and observed
that sarcopenia was an independent predictor of OS (HR = 1.43;
95%CI 1.09—1.87; P=0.01) and CSS (HR = 1.42; 95%CI, 1.00—2.02;
P =0.048) [20]. Pustka et al. revealed that sarcopenia was an un-
favorable factor of OS (HR=1.71; 95%CI 1.14—2.57; P=0.01) in a
single-institution cohort of 262 patients with RC treated UCB [30].
Ishihara et al. involved 137 UTUC patients undergoing RUN, and the
results suggested that sarcopenia was correlated with OS
(HR =12.1; 95%CI 4.31—44.2; P <0.001) and CSS (HR = 13.3; 95%CI
4.10—61.7; P<0.001) [21]. Except for the mortality outcomes, sar-
copenia is also associated with tumor relapse including recurrence-
free survival (RFS) or progression-free survival (PFS). Studies which
focused on RFS or PRS were few. Ishihara et al. observed that sar-
copenia negatively affected RFS (HR=5.18; 95%Cl 2.36—12.7;
P <0.001) among patients who were undergoing RUN for UTUC
[21]. Besides, they also found that sarcopenia was associated with
decreased PFS in patients with metastatic renal cell carcinoma [36].
Furthermore, sarcopenia may have an effect on survival in patients
with inoperable tumors. Taguchi et al. reported that sarcopenia was
associated with CSS in patients with metastatic UC (HR = 2.07; 95%
Cl 1.01—4.67; P=0.045) [37]. And Fukushima et al. found that
sarcopenia is an unfavorable factor for OS in patients with advanced
UC (HR = 3.36; 95%CI 1.90—6.08; P < 0.001) [38].

The relationship between sarcopenia and poor survival in pa-
tients with malignancies remains unclear. Hirasawa et al. found
that more patients with sarcopenia were elderly (P <0.001) and
had decreased serum albumin (P < 0.001), hemoglobin (P = 0.002)
and relatively higher serum levels of CRP than those without sar-
copenia. These factors might be related to cachexia, and they have
been established as potential factors for patients with UC. Muscle
wasting is the result of a combination of decreased protein syn-
thesis and increased protein degradation [39]. And recent studies
have shown a role of skeletal muscle as a secretory organ of cyto-
kines and other peptides (interleukin (IL)-6, IL-8, IL-15, Brain-
Derived Neurotrophic Factor (BDNF), and Leukemia Inhibitory
Factor), which were associated with inflammation [40]. These re-
sults suggested that systematic inflammatory response or nutri-
tional disorder exists in the patients with sarcopenia, which may
directly promote progression of tumor and affect the response to
treatments. As results, further studies are needed to explore the
relationship between sarcopenia and reduced survival.

The definition of sarcopenia is still controversial and slightly
different definitions were used in studies. Some studies used

skeletal muscle area, and some studies measured skeletal muscle
are and adjusted for BMI, while others total psoas muscle area. In
general, people with higher skeletal muscle mass present higher
BMI. However, some people with high BMI may have low skeletal
muscle mass because of excessive fat, which is regarded as “sar-
copenia obesity” [16]. Thus, it is necessary to take obesity into
consideration when identify sarcopenia. With the prevalence of
obesity increasing, skeletal muscle mass adjusted for BMI may be
more accurate and appropriate.

We conducted subgroup analyses based on measurements. We
found that except for the psoas muscle subgroup, sarcopenia is
associated with inferior OS and CSS in the other two subgroups.
While in the psoas muscle subgroup, only two studies were
enrolled. Japanese investigators have set psoas muscle index (PMI)
cutoff value as 36 cm?/m? for males and 3.92 cm?/m? for females
based on healthy young adult undergoing living donor liver
transplantation [41]. In this study, the PMI cutoff values were
established at the mean PMIs minus 2 standard deviations of the
younger donors (<50 years). However, this definition and cutoff
value need validation for application. Some studies evaluated the
prognostic value of skeletal muscle density. Skeletal muscle density
not only reflect the skeletal muscle mass but also others such as fat.
A low skeletal muscle density reflects more fat infiltration in the
skeletal muscle, which is thought to be associated with skeletal
quality [13,16]. Therefore, we did not include relevant studies in our
analysis. And the cut-off values of sarcopenia were also different.
Obesity is defined with different cutoff values of BMI based on
ethnicity. We should also consider the ethnicity difference when
evaluated the sarcopenia. In different regions, the body composi-
tion is also different. Recently, some studies found that skeletal
muscle index (SMI) cutoff values determined by Western pop-
ulations are unfit for Asian, because Asians have lower SMI
compared with Westerners [38,42]. Besides, Asians are known to
have higher visceral adipose tissue, higher subcutaneous adipose
tissue but lower skeletal compared with Caucasians for the same
BMI [43]. Considering this respect, Martin used a relatively lower
SMI cutoff value for non-obese men, which might be fit for Asian
males than the International Consensus of Cancer Cachexia defi-
nition [11,13]. For Asian populations, more relevant studies are need
to establish the optimal SMI cutoff values. Furthermore, according
to EWGSOP recommendation, the identification of sarcopenia is
based on not only skeletal muscle mass but also skeletal muscle
strength and physical performance. But most of the studies only
evaluate the sarcopenia based on skeletal muscle mass. Skeletal
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muscle strength and physical performance are not be evaluated
easily. Besides, they are evaluated by physicians, thus their evalu-
ation may be subjective and inconsistent. Although skeletal muscle
mass is related to strength, their trajectories of decline during
progress do not overlap. Furthermore, muscle strength is also a
stronger predictor of adverse outcomes [44]. In my opinion, skeletal
muscle strength and physical performance should also be evalu-
ated. Methods for evaluation include upper-limb hand-grip dyna-
mometry and lower-limb extension strength testing for the skeletal
muscle strength and walking speed for physical performance,
respectively [34]. Hence, a more accurate consensus should be
presented.

Sarcopenia has important implications for clinical practice. The
patients with sarcopenia experience an inferior survival. So these
patients might be candidates for adjuvant therapies. Sarcopenia
may be beneficial to suggest patients on their personalized risk to
determine therapeutic strategies including adjuvant therapies and
clinical trials. Close postoperative follow-up should be emphasized
for these patients. In addition to prognostic value, the identification
of sarcopenia offers a potential opportunity to improve outcomes in
patients. Physical exercise, vitamin D or omega-3 fatty acid dietary
supplementation and others could improve or decrease the inci-
dence of sarcopenia, which is also beneficial to survival [45].
Furthermore, sarcopenia is accessible to evaluate, without addi-
tional cost. Because the computed tomography (CT) images CT
scans are commonly used for diagnosis, staging, and follow-up of
patients. Besides, sarcopenia is a relatively objective measure
because it is likely to evaluate the body composition using CT with a
precision error of 1.4% [46].

However, our study is not free of limitations. Firstly, a total of 12
research consisting of 2075 patients were enrolled, which is a
relatively small number and may limit the power of the final re-
sults. So more studies are needed to confirm our findings. Next, all
studies were retrospective and may increase the risk of bias, which
may partially explain the heterogeneity among studies. Thirdly, the
discrepancies among studies exist, including the regions, tumor,
and definition of sarcopenia. Therefore, based on relevant infor-
mation, we carried out subgroup analyses. And further prospective
studies are needed to validate the prognostic value of sarcopenia.

5. Conclusion

We conducted this meta-analysis evaluate the actual impact of
sarcopenia on the survival of patients with surgically treated UC.
We demonstrated that sarcopenia is an unfavorable factor for OS
and CSS in patients with UC. Furthermore, stratified by tumor, the
results of patients with UTUC or UCB are consistent with previous
results. More studies are required to confirm our findings.

Authorship

Xu Hu, Wei-Chao Dou, and Xiang Li drafted the manuscript. Yan-
Xiang Shao, Jian-Bang Liu and Xu Hu collected those medical data.
Xu Hu, San-Chao Xiong and Wei-Xiao Yang performed statistical

analyses. Xu Hu, Wei-Chao Dou, and Xiang Li revised the manu-
script. Xu Hu and Xiang Li designed the study.

Conflict of interest

We declare that we have no conflict of interest.

Funding

None.

Acknowledgements

None.

References

[1] Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA A Cancer ] Clin 2018;68:394—424. https://
doi.org/10.3322/caac.21492.

Roupret M, Babjuk M, Comperat E, Zigeuner R, Sylvester R], Burger M, et al.

European association of urology guidelines on upper urinary tract urothelial

cell carcinoma: 2015 update. Eur Urol 2015;68:868—79. https://doi.org/

10.1016/j.eururo.2015.06.044.

Babjuk M, Bohle A, Burger M, Capoun O, Cohen D, Comperat EM, et al. EAU

guidelines on non-muscle-invasive urothelial carcinoma of the bladder: up-

date 2016. Eur Urol 2017;71:447—61. https://doi.org/10.1016/
j.eururo.2016.05.041.

Alfred Witjes ], Lebret T, Comperat EM, Cowan NC, De Santis M, Bruins HM,

et al. Updated 2016 EAU guidelines on muscle-invasive and metastatic

bladder cancer. Eur Urol 2017;71:462—75. https://doi.org/10.1016/
j.eururo.2016.06.020.

Stein JP, Lieskovsky G, Cote R, Groshen S, Feng AC, Boyd S, et al. Radical cys-

tectomy in the treatment of invasive bladder cancer: long-term results in

1,054 patients. J Clin Oncol 2001;19:666—75. https://doi.org/10.1200/

j€0.2001.19.3.666.

Cha EK, Shariat SF, Kormaksson M, Novara G, Chromecki TF, Scherr DS, et al.

Predicting clinical outcomes after radical nephroureterectomy for upper tract

urothelial carcinoma. Eur Urol 2012;61:818—25. https://doi.org/10.1016/

j.eururo.2012.01.021.

Roupret M, Hupertan V, Seisen T, Colin P, Xylinas E, Yates DR, et al. Prediction

of cancer specific survival after radical nephroureterectomy for upper tract

urothelial carcinoma: development of an optimized postoperative nomogram
using decision curve analysis. ] Urol 2013;189:1662—9. https://doi.org/
10.1016/j.juro.2012.10.057.

Ishihara H, Kondo T, Yoshida K, Omae K, Takagi T, lizuka J, et al. Preoperative

controlling nutritional status (CONUT) score as a novel predictive biomarker

of survival in patients with localized urothelial carcinoma of the upper urinary
tract treated with radical nephroureterectomy. Urol Oncol 2017;35. https://
doi.org/10.1016/j.urolonc.2017.04.012. 539.e9-539.e16.

[9] Kim M, Moon KC, Choi WS, Jeong CW, Kwak C, Kim HH, et al. Prognostic value
of systemic inflammatory responses in patients with upper urinary tract
urothelial carcinoma. World ] Urol 2015;33:1439—57. https://doi.org/10.1007/
s00345-015-1484-9.

[10] Saito K, Kawakami S, Fujii Y, Sakura M, Masuda H, Kihara K. Lymphovascular
invasion is independently associated with poor prognosis in patients with
localized upper urinary tract urothelial carcinoma treated surgically. ] Urol
2007;178:2291—6.  https://doi.org/10.1016/j.juro.2007.08.019.  discussion
2296.

[11] Martin L, Birdsell L, Macdonald N, Reiman T, Clandinin MT, McCargar LJ, et al.
Cancer cachexia in the age of obesity: skeletal muscle depletion is a powerful
prognostic factor, independent of body mass index. ] Clin Oncol 2013;31:
1539—47. https://doi.org/10.1200/jc0.2012.45.2722.

[12] Blum D, Stene GB, Solheim TS, Fayers P, Hjermstad M], Baracos VE, et al.
Validation of the Consensus-Definition for Cancer Cachexia and evaluation of
a classification model-a study based on data from an international multi-
centre project (EPCRC-CSA). Ann Oncol 2014;25:1635—42. https://doi.org/
10.1093/annonc/mdu086.

[13] Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger RL, et al. Defi-
nition and classification of cancer cachexia: an international consensus. Lancet
Oncol 2011;12:489—95. https://doi.org/10.1016/s1470-2045(10)70218-7.

[14] Prado CM, Lieffers JR, McCargar L], Reiman T, Sawyer MB, Martin L, et al.
Prevalence and clinical implications of sarcopenic obesity in patients with
solid tumours of the respiratory and gastrointestinal tracts: a population-
based study. Lancet Oncol 2008;9:629—35. https://doi.org/10.1016/s1470-
2045(08)70153-0.

[15] Deng HY, Hou L, Zha P, Huang KL, Peng L. Sarcopenia is an independent un-
favorable prognostic factor of non-small cell lung cancer after surgical
resection: a comprehensive systematic review and meta-analysis. Eur ] Surg
Oncol 2018. https://doi.org/10.1016/j.ejs0.2018.09.026.

[16] Fukushima H, Koga F. Impact of sarcopenia in the management of urological
cancer patients. Expert Rev Anticancer Ther 2017;17:455—66. https://doi.org/
10.1080/14737140.2017.1301209.

[17] Itami Y, Miyake M, Tatsumi Y, Gotoh D, Hori S, Morizawa Y, et al. Preoperative
predictive factors focused on inflammation-, nutrition-, and muscle-status in
patients with upper urinary tract urothelial carcinoma undergoing neph-
roureterectomy. Int J Clin Oncol 2019. https://doi.org/10.1007/s10147-018-
01381-y.

[18] Kocher NJ, Jafri S, Balabhadra S, Lehman E, Gardner ], Vijay K, et al. Is sarco-
penia and sarcopenic obesity associated with clinical and pathological out-
comes in patients undergoing radical nephroureterectomy? Urol Oncol
2018;36. https://doi.org/10.1016/j.urolonc.2017.12.004. 156.e17-156.e22.

[19] Smith AB, Deal AM, Yu H, Boyd B, Matthews ], Wallen EM, et al. Sarcopenia as

2

3

[4

(5

[6

(7

[8


https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.eururo.2015.06.044
https://doi.org/10.1016/j.eururo.2015.06.044
https://doi.org/10.1016/j.eururo.2016.05.041
https://doi.org/10.1016/j.eururo.2016.05.041
https://doi.org/10.1016/j.eururo.2016.06.020
https://doi.org/10.1016/j.eururo.2016.06.020
https://doi.org/10.1200/jco.2001.19.3.666
https://doi.org/10.1200/jco.2001.19.3.666
https://doi.org/10.1016/j.eururo.2012.01.021
https://doi.org/10.1016/j.eururo.2012.01.021
https://doi.org/10.1016/j.juro.2012.10.057
https://doi.org/10.1016/j.juro.2012.10.057
https://doi.org/10.1016/j.urolonc.2017.04.012
https://doi.org/10.1016/j.urolonc.2017.04.012
https://doi.org/10.1007/s00345-015-1484-9
https://doi.org/10.1007/s00345-015-1484-9
https://doi.org/10.1016/j.juro.2007.08.019
https://doi.org/10.1200/jco.2012.45.2722
https://doi.org/10.1093/annonc/mdu086
https://doi.org/10.1093/annonc/mdu086
https://doi.org/10.1016/s1470-2045(10)70218-7
https://doi.org/10.1016/s1470-2045(08)70153-0
https://doi.org/10.1016/s1470-2045(08)70153-0
https://doi.org/10.1016/j.ejso.2018.09.026
https://doi.org/10.1080/14737140.2017.1301209
https://doi.org/10.1080/14737140.2017.1301209
https://doi.org/10.1007/s10147-018-01381-y
https://doi.org/10.1007/s10147-018-01381-y
https://doi.org/10.1016/j.urolonc.2017.12.004

754

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

X. Hu et al. / European Journal of Surgical Oncology 45 (2019) 747—754

a predictor of complications and survival following radical cystectomy. ] Urol
2014;191:1714—20. https://doi.org/10.1016/j.juro.2013.12.047.

Mayr R, Gierth M, Zeman F, Reiffen M, Seeger P, Wezel F, et al. Sarcopenia as a
comorbidity-independent predictor of survival following radical cystectomy
for bladder cancer. J Cachexia Sarcopenia Muscle 2018;9:505—13. https://
doi.org/10.1002/jcsm.12279.

Ishihara H, Kondo T, Omae K, Takagi T, lizuka ], Kobayashi H, et al. Sarcopenia
predicts survival outcomes among patients with urothelial carcinoma of the
upper urinary tract undergoing radical nephroureterectomy: a retrospective
multi-institution study. Int ] Clin Oncol 2017;22:136—44. https://doi.org/
10.1007/s10147-016-1021-x.

Hirasawa Y, Nakashima ], Yunaiyama D, Sugihara T, Gondo T, Nakagami Y,
et al. Sarcopenia as a novel preoperative prognostic predictor for survival in
patients with bladder cancer undergoing radical cystectomy. Ann Surg Oncol
2016;23:1048—54. https://doi.org/10.1245/s10434-016-5606-4.

Moher D, Liberati A, Tetzlaff ], Altman DG. Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009;6:
€1000097. https://doi.org/10.1371/journal.pmed.1000097.

Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for
incorporating summary time-to-event data into meta-analysis. Trials 2007;8:
16. https://doi.org/10.1186/1745-6215-8-16.

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration's tool for assessing risk of bias in randomised trials.
BM] 2011;343:d5928. https://doi.org/10.1136/bmj.d5928.

Higgins JP, Thompson SG, Deeks ]J, Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003;327:557—60. https://doi.org/10.1136/
bm;j.327.7414.557.

Anno T, Kikuchi E, Fukumoto K, Ogihara K, Oya M. Preoperative sarcopenia
status is associated with lymphovascular invasion in upper tract urothelial
carcinoma patients treated with radical nephroureterectomy. Can Urol Assoc ]
2018;12:E132—6. https://doi.org/10.5489/cuaj.4786.

Miyake M, Morizawa Y, Hori S, Marugami N, lida K, Ohnishi K, et al. Inte-
grative assessment of pretreatment inflammation-, nutrition-, and muscle-
based prognostic markers in patients with muscle-invasive bladder cancer
undergoing radical cystectomy. Oncology 2017;93:259—69. https://doi.org/
10.1159/000477405.

Fukushima H, Nakanishi Y, Kataoka M, Tobisu K, Koga F. Prognostic signifi-
cance of sarcopenia in upper tract urothelial carcinoma patients treated with
radical nephroureterectomy. Cancer Med 2016;5:2213—20. https://doi.org/
10.1002/cam4.795.

Psutka SP, Boorjian SA, Moynagh MR, Schmit GD, Frank I, Carrasco A, et al.
Mortality after radical cystectomy: impact of obesity versus adiposity after
adjusting for skeletal muscle wasting. ] Urol 2015;193:1507—13. https://
doi.org/10.1016/j.juro.2014.11.088.

Miyake M, Morizawa Y, Hori S, Marugami N, Shimada K, Gotoh D, et al. Clinical
impact of postoperative loss in psoas major muscle and nutrition index after
radical cystectomy for patients with urothelial carcinoma of the bladder. BMC
Canc 2017;17:237. https://doi.org/10.1186/s12885-017-3231-7.

Psutka SP, Carrasco A, Schmit GD, Moynagh MR, Boorjian SA, Frank I, et al.
Sarcopenia in patients with bladder cancer undergoing radical cystectomy:
impact on cancer-specific and all-cause mortality. Cancer 2014;120:2910—-8.
https://doi.org/10.1002/cncr.28798.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Rosenberg IH. Sarcopenia: origins and clinical relevance. ] Nutr 1997;127:
990s—1s. https://doi.org/10.1093/jn/127.5.990S.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: report of the
European working Group on sarcopenia in older people. Age Ageing 2010;39:
412-23. https://doi.org/10.1093/ageing/afq034.

Psutka SP, Boorjian SA, Moynagh MR, Schmit GD, Costello BA, Thompson RH,
et al. Decreased skeletal muscle mass is associated with an increased risk of
mortality after radical nephrectomy for localized renal cell cancer. ] Urol
2016;195:270—6. https://doi.org/10.1016/j.juro.2015.08.072.

Ishihara H, Kondo T, Omae K, Takagi T, lizuka ], Kobayashi H, et al. Sarcopenia
and the modified glasgow prognostic score are significant predictors of sur-
vival among patients with metastatic renal cell carcinoma who are receiving
first-line sunitinib treatment. Targeted Oncol 2016;11:605—17. https://
doi.org/10.1007/s11523-016-0430-0.

Taguchi S, Akamatsu N, Nakagawa T, Gonoi W, Kanatani A, Miyazaki H, et al.
Sarcopenia evaluated using the skeletal muscle index is a significant prog-
nostic factor for metastatic urothelial carcinoma. Clin Genitourin Cancer
2016;14:237—43. https://doi.org/10.1016/j.clgc.2015.07.015.

Fukushima H, Yokoyama M, Nakanishi Y, Tobisu K, Koga F. Sarcopenia as a
prognostic biomarker of advanced urothelial carcinoma. PLoS One 2015;10:
e0115895. https://doi.org/10.1371/journal.pone.0115895.

Argiles JM, Busquets S, Stemmler B, Lopez-Soriano FJ. Cachexia and sarcope-
nia: mechanisms and potential targets for intervention. Curr Opin Pharmacol
2015;22:100—6. https://doi.org/10.1016/j.coph.2015.04.003.

Pratesi A, Tarantini F, Di Bari M. Skeletal muscle: an endocrine organ. Clin
Cases Min Bone Metab 2013;10:11—4. https://doi.org/10.11138/ccmbm/
2013.10.1.011.

Hamaguchi Y, Kaido T, Okumura S, Kobayashi A, Hammad A, Tamai Y, et al.
Proposal for new diagnostic criteria for low skeletal muscle mass based on
computed tomography imaging in Asian adults. Nutrition 2016;32:1200-5.
https://doi.org/10.1016/j.nut.2016.04.003.

Choi Y, Oh DY, Kim TY, Lee KH, Han SW, Im SA, et al. Skeletal muscle depletion
predicts the prognosis of patients with advanced pancreatic cancer under-
going palliative chemotherapy, independent of body mass index. PLoS One
2015;10:e0139749. https://doi.org/10.1371/journal.pone.0139749.

Waulan SN, Westerterp KR, Plasqui G. Ethnic differences in body composition
and the associated metabolic profile: a comparative study between Asians and
Caucasians. Maturitas 2010;65:315—9. https://doi.org/10.1016/
j.maturitas.2009.12.012.

Kim YH, Kim KI, Paik NJ, Kim KW, Jang HC, Lim JY. Muscle strength: a better
index of low physical performance than muscle mass in older adults. Geriatr
Gerontol Int 2016;16:577—85. https://doi.org/10.1111/ggi.12514.

Kung T, Springer ], Doehner W, Anker SD, von Haehling S. Novel treatment
approaches to cachexia and sarcopenia: highlights from the 5th Cachexia
Conference. Expert Opin Investig Drugs 2010;19:579—85. https://doi.org/
10.1517/13543781003724690.

Mitsiopoulos N, Baumgartner RN, Heymsfield SB, Lyons W, Gallagher D,
Ross R. Cadaver validation of skeletal muscle measurement by magnetic
resonance imaging and computerized tomography. ] Appl Physiol 1998;85:
115—22. https://doi.org/10.1152/jappl.1998.85.1.115.


https://doi.org/10.1016/j.juro.2013.12.047
https://doi.org/10.1002/jcsm.12279
https://doi.org/10.1002/jcsm.12279
https://doi.org/10.1007/s10147-016-1021-x
https://doi.org/10.1007/s10147-016-1021-x
https://doi.org/10.1245/s10434-016-5606-4
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1186/1745-6215-8-16
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.5489/cuaj.4786
https://doi.org/10.1159/000477405
https://doi.org/10.1159/000477405
https://doi.org/10.1002/cam4.795
https://doi.org/10.1002/cam4.795
https://doi.org/10.1016/j.juro.2014.11.088
https://doi.org/10.1016/j.juro.2014.11.088
https://doi.org/10.1186/s12885-017-3231-7
https://doi.org/10.1002/cncr.28798
https://doi.org/10.1093/jn/127.5.990S
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/j.juro.2015.08.072
https://doi.org/10.1007/s11523-016-0430-0
https://doi.org/10.1007/s11523-016-0430-0
https://doi.org/10.1016/j.clgc.2015.07.015
https://doi.org/10.1371/journal.pone.0115895
https://doi.org/10.1016/j.coph.2015.04.003
https://doi.org/10.11138/ccmbm/2013.10.1.011
https://doi.org/10.11138/ccmbm/2013.10.1.011
https://doi.org/10.1016/j.nut.2016.04.003
https://doi.org/10.1371/journal.pone.0139749
https://doi.org/10.1016/j.maturitas.2009.12.012
https://doi.org/10.1016/j.maturitas.2009.12.012
https://doi.org/10.1111/ggi.12514
https://doi.org/10.1517/13543781003724690
https://doi.org/10.1517/13543781003724690
https://doi.org/10.1152/jappl.1998.85.1.115

	The prognostic value of sarcopenia in patients with surgically treated urothelial carcinoma: A systematic review and meta-a ...
	1. Introduction
	2. Method
	2.1. Literature search strategy
	2.1. Study selection
	2.3. Data extraction and quality assessment
	2.4. Statistical analysis

	3. Results
	3.1. Literature search
	3.2. Clinical characteristic of enrolled studies
	3.2. Overall survival
	3.4. Cancer-specific survival
	3.5. Sensitivity analyses and publication bias
	3.6. Subgroup analyses

	4. Discussion
	5. Conclusion
	Authorship
	Conflict of interest
	Funding
	Acknowledgements
	References


