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Abstract

Background Recently, numerous studies have reported an
association between sarcopenia and poor outcomes in vari-
ous kinds of malignancies. We investigated whether sarcope-
nia predicts the survival of patients with metastatic urothe-
lial carcinoma who underwent systemic chemotherapy.
Methods We reviewed 87 metastatic urothelial carcinoma
patients who underwent chemotherapy (gemcitabine plus
cisplatin or gemcitabine plus carboplatin for cisplatin-unfit
patients) between 2007 and 2015. A computed tomography
scan prior to chemotherapy was used for evaluating sarco-
penia, and we measured three cross-sectional areas of skel-
etal muscle at the third lumbar vertebra and calculated the
skeletal muscle index (SMI), the paraspinal muscle index
(PSMI), and the total psoas area (TPA) of each patient. Pre-
dictive values of survival were assessed using Cox regres-
sion analysis.

Results  The median overall survival (OS) was 16 months
(95% CI 13.5-18). Although SMI alone was not a significant
predictor of shorter OS (P = 0.117) in univariate analysis,
SMI stratified by the value of the body mass index (BMI)
was a significant predictor of shorter OS in univariate analy-
sis (P = 0.037) and was also an independent predictor of
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shorter OS in multivariate analysis (P = 0.026). PSMI and
TPA were not significant prognostic factors even when strati-
fied by BMI (P = 0.294 and 0.448), respectively.
Conclusion Neither PSMI nor TPA could substitute SMI
as a predictor for poor outcomes in metastatic urothelial car-
cinoma patients treated with systemic chemotherapy in our
study. SMI stratified by BMI is a useful predictor of prog-
nosis in these patients.

Keywords Sarcopenia - Body mass index - Muscle area -
Urothelial carcinoma - Chemotherapy - Prognosis

Abbreviations

GC Gemcitabine plus cisplatin
GCb Gemcitabine plus carboplatin
CT Computed tomography

SMI Skeletal muscle index

PSMI Paraspinal muscle index

TPA Total psoas area

oS Overall survival

CI Confidence interval

BMI Body mass index

EWGSOP European Working Group on Sarcopenia in
Older People

ucC Urothelial carcinoma

MVAC Methotrexate, vinblastine, doxorubicin and
cisplatin

mUC Metastatic urothelial carcinoma

ECOG PS Eastern Cooperative Oncology Group perfor-

mance status
LVI Lymphovascular invasion
CRP C-reactive protein
GPS Glasgow prognostic score
L3 Third lumber vertebra
IQR Interquartile range
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DXA Dual-energy X-ray absorptiometry
CT Computed tomography

MRI Magnetic resonance imaging
CVD Cardiovascular disease
Introduction

Recently, sarcopenia has been widely recognized by phy-
sicians and researchers because of its predictive potential
for various types of poor clinical outcomes. Originally, the
term ‘sarcopenia’ [Greek ‘sarx’ (flesh) + ‘penia (loss)] was
put forward by Rosenberg who describes the phenomenon
as ‘an age-related loss of muscle mass and function’ [1]. In
2010, the European Working Group on Sarcopenia in Older
People (EWGSOP) developed a clinical definition and came
to a consensus concerning diagnostic criteria for age-related
sarcopenia, indicating various causes for developing sarco-
penia [2]. As cancer can be one of the causes of sarcopenia,
many researchers have investigated the relationship between
sarcopenia and prognosis [3—-5], adverse events from treat-
ments [6, 7], and perioperative morbidity [8, 9] for various
kinds of malignancies.

Urothelial carcinoma (UC) is newly diagnosed in approxi-
mately 20,000 patients, resulting in 7000 deaths in Japan
annually [10]. While systemic chemotherapy, with both a
combination of gemcitabine and cisplatin (GC) and a com-
bination of methotrexate, vinblastine, doxorubicin and cis-
platin (MVAC) are the standard treatment for advanced UC,
GC is preferred due to lower toxicity [11]. However, large
numbers of UC patients are elderly and their renal function
tends to be impaired by their age and disease; therefore, it is
common for cisplatin to be replaced with other substitutes
for systemic chemotherapy in advanced UC [12]. Whether
sarcopenia influences the outcome of UC patients who may
have these frailties is extremely interesting. Thus, we inves-
tigated the significance of sarcopenia as a prognostic factor
for metastatic UC (mUC) patients who underwent systemic
chemotherapy, i.e., GC for normal patients and gemcitabine
plus carboplatin (GCb) for cisplatin-unfit patients.

Patients and methods
Patients

We reviewed 87 mUC patients who underwent first-line
systemic chemotherapy, namely, GC for patients with nor-
mal renal function and good performance status or GCb for
patients with renal insufficiency or frailty, at our institu-
tions between June 2007 and December 2015. The study
was approved by the local ethics board.

Clinical characteristics at the beginning of GC or GCb
therapy were reviewed to account for age, gender, tumor
location (upper urinary tract or bladder), prior radical sur-
gery, the Eastern Cooperative Oncology Group performance
status (ECOG PS), grade, T stage, lymphovascular invasion
(LVI), cisplatin-unfit status (GC or GCb), C-reactive protein
(CRP), albumin, Glasgow prognostic score (GPS), and body
mass index (BMI).

Imaging analysis

All patients underwent initial diagnostic or follow-up com-
puted tomography (CT). To assess sarcopenia, patients
had a CT evaluation within 30 days prior to systemic
chemotherapy.

The third lumbar vertebra (LL3) was set as a landmark,
and the cross-sectional areas of lumbar skeletal muscle that
were identified using Hounsfield unit thresholds of — 29 to
+ 150 were used for evaluating sarcopenia (Fig. 1a) [13]. We
assessed three parameters of skeletal muscle mass, namely
bilateral psoas muscle (total psoas) (Fig. 1b), paraspinal
muscle including total psoas, quadratus lumborum, erector
spinae and multifidus muscle (Fig. 1c), and skeletal muscle
including paraspinal muscle, transversus abdominus, exter-
nal and internal obliques and rectus abdominus (Fig. 1d).
To evaluate sarcopenia, these muscle areas were normal-
ized with square of the height, total psoas area (TPA) (cm¥
m?) (total psoas muscle cross-sectional area at L3), the par-
aspinal muscle index (PSMI) (cm*m?) (paraspinal muscle
cross-sectional area at L3), and the skeletal muscle index
(SMI) (cm?*/m?) (skeletal muscle cross-sectional area at L3).
Images were analyzed using Image J 1.48 (National Institute
of Health, Bethesda, MD, USA, http://rsb.info.nih.gov/ij).
Image analysis was performed by one investigator (KT) who
was blinded to other variables and patient outcomes.

Statistical analysis

Continuous variables were summarized with medians and
interquartile range (IQR). Categorical variables were sum-
marized with frequency and percentages. To confirm gender
differences in muscle mass, a ¢ test was used for each mus-
cle mass parameter. We chose the cut-off values for SMI
defining sarcopenia based on the international consensus
(<55 cm?m? for men and <39 cm?/m? for women) [14], and
the cut-off values for BMI based on the Japanese consensus
for obesity (>25 kg/m?). Other cut-off values for continu-
ous variables including PSMI and TPA were set at median
values. Pearson’s correlation coefficient was used to evaluate
correlations between each muscle mass parameter. Survival
curves were estimated using the Kaplan—-Meier method and
differences between groups were evaluated using the log-
rank test. Univariate and multivariate Cox hazard models
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Fig. 1 Three muscle areas were normalized with square of the height »

and defined as b TPA, ¢ PSMI, and d SMI, respectively. a Axial
image of CT scan at L3 (with being skeletal muscle enclosed by color
line). b The cross-sectional area at L3 of total psoas muscle (bilateral
psoas muscle). ¢ The cross-sectional area at L3 of paraspinal muscle
(including total psoas, quadratus lumborum, erector spinae and mul-
tifidus muscle). d The cross-sectional area at L3 of skeletal muscle
(including paraspinal muscle, transversus abdominus, external and
internal obliques and rectus abdominus)

tested the associations between variables and overall sur-
vival (OS). All statistical analyses were performed using
EZR version 1.33, which is a graphical user interface for R
[15], and statistical significance was defined as P < 0.05.

Results
Patient characteristics

During the median follow-up of 15.4 months (range
1.3-69.1), 70 patients (80.5%) died of cancer. All mortal
events in this cohort occurred because of cancer progres-
sion. The study comprised 65 (74.7%) men and 22 (25.3%)
women with a median age of 73 years (IQR 67—77). The pri-
mary site of cancer was the upper urinary tract in 41 (47.1%)
and the bladder in 46 (52.9%). Forty-two (48.3%) patients
underwent radical surgery prior to systemic chemotherapy.
Worse ECOG PS (>1) was seen in 25 (28.7%) patients.
Grade 3 in the pathological findings was found in 71 (81.6%)
patients, and a clinical high stage (>2) was found in 63
(72.4%) patients. Fifty-two (59.8%) patients were positive
for LVI, and 44 (50.6%) were unfit to receive cisplatin and
underwent chemotherapy with GCb as a substitute treatment
for GC. The median CRP value was 0.6 mg/dl (IQR 0.1-1.9)
and the median albumin value was 3.6 mg/dl (IQR 3.4-4.0).
Forty-four (50.6%) patients had a GPS of 0, 25 (28.7%) of 1,
and 16 (18.4%) of 2, and two (2.3%) patients were unknown.
The median BMI value was 22.8 kg/m2 (IQR 21.1-24.9)
and the median SMI, PSMI, and TPA values were 47.8 cm?/
m? (IQR 42.8-52.7), 26.5 cm*/m? (IQR 22.9-29.4), and
6.2 cm?/m” (IQR 4.8-6.9) in men and 39.8 cm?/m? (IQR
33.2-46.4), 21.2 cm*/m? (IQR 18.0-25.8), and 4.6 cm*/m?
(IQR 3.8-5.5) in women, respectively (Table 1).

Correlation between muscle indexes

The scatter plots of both PSMI and TPA with SMI to verify
the correlation of each index are shown in Fig. 1. The coef-
ficient of determination (+%) of Pearson’s product-moment
correlation for PSMI-SMI and TPA-SMI were 0.808 and
0.598, respectively (Fig. 2a, b). The three-dimensional scat-
ter plot of PSMI, TPA and SMI is shown in Fig. 2c.
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Table 1 Patient characteristics

Variables Values
Age (years), median (IQR) 73 (67-77)
Gender, n (%)

Male 65 (74.7)

Female 22 (25.3)
Tumor location, n (%)

Upper tract 41 (47.1)

Bladder 46 (52.9)
Prior radical surgery, n (%)

Yes 42 (48.3)

No 45 (51.7)
ECOG PS, n (%)

<1 62 (71.3)

>2 25 (28.7)
Grade, n (%)

<2 14 (16.1)

3 71 (81.6)

Unknown 2(2.3)
Clinical T stage, n (%)

<2 23 (26.4)

>3 63 (72.4)

Unknown 1(1.2)
Lymphovascular invasion, n (%)

Yes 52 (59.8)

No 33(37.9)

Unknown 2(2.3)
Cisplatin unfit, n (%)

Yes 44 (50.6)

No 43 (49.4)
CRP (mg/dl), median (IQR) 0.6 (0.1-1.9)
Albumin (mg/dl), median (IQR) 3.6 (3.4-4)
Glasgow prognostic score, n (%)

0 44 (50.6)

1 25 (28.7)

2 16 (18.4)

Unknown 2(2.3)

BMI (kg/m?), median (IQR)
SMI (cm*m?), median (IQR)
Total
Male
Female
PSMI (cm?/m?), median (IQR)
Total
Male
Female
TPA (¢cm*m?), median (IQR)
Total
Male
Female

22.8 (21.1-24.9)

39.0 (33.246.4)
47.8 (42.8-52.7)
39.8 (34.5-44.8)

21.9 (18.4-26.1)
26.5 (22.9-29.4)
21.2 (18.0-25.8)

4.7 (3.7-6.0)
6.2 (4.8-6.9)
4.6 (3.8-5.5)

Patient survival

Figure 3a shows Kaplan—Meier survival curves of OS.
Median OS time was 16 months (95%CI 13.5-18) in total
patients. Figure 3b—d shows Kaplan—Meier curves of
OS, which were divided into a lower group and a higher
group than the cut-off values of each index, respectively.
The median OS of the non-sarcopenic group (n = 9) was
23.8 months (95% CI 14.4, not reached), and the sarcopenic
group (n = 78) was 15.5 months (95% CI 12.5-18), and
there was no significant difference between the two groups
(P =0.11) (Fig. 3b). Similarly, there were no significant
differences between the lower and higher groups in terms
of both PSMI and TPA (P = 0.45 and 0.38, respectively)
(Fig. 3c, d).

We then stratified each sarcopenic and non-sarcopenic
group according to BMI (obesity >25 kg/m?, non-obe-
sity <25 kg/m?). The median OS of sarcopenic obesity
(n = 15), sarcopenic non-obesity (n = 63), non-sarcopenic
obesity (n = 5), and non-sarcopenic non-obesity (n = 4)
were 15.6 (95% CI 6.2-20.7), 15.4 (95% CI 11.8-18),
23.8 (95% CI 14.4, not reached), and 16.7 (95% CI 15, not
reached) months, respectively (P = 0.031) (Fig. 4a). After
this stratification, we identified that there was a significant
difference between the non-sarcopenic group regardless of
obesity status (n = 9) [median OS was 23.8 months (95%
CI 14.4-not reached)] and the sarcopenic obesity group
(n = 15) [median OS was 15.6 months (95% CI 6.2-20.7)]
(P = 0.044) (Fig. 4b). On the other hand, there were no
significant differences in the same stratification in terms of
PSMI with BMI and TPA with BMI (data not shown here).

Predictor of patient survival

Table 2 shows Cox regression analysis for OS. In univariate
analysis, CRP, GPS, and SMI stratified by BMI were candi-
dates for independent prognostic factors (P = 0.001, 0.028,
and 0.037, respectively). In multivariate analysis, CRP
(P=0.011,HR 2.401, 95% CI 1.219-4.727) and SMI strati-
fied by BMI (P = 0.026, HR 3.102, 95% CI 1.149-8.374)
were independent predictive factors for OS.

Discussion

The term ‘sarcopenia’ was first described in 1997 and means
‘poverty of flesh’ in Greek [1]. Its clinical relevance was
defined as the age-related loss of muscle mass and func-
tion. Sarcopenia has been well documented in the elderly
and is a known mortality risk in this population. The EWG-
SOP reported on additional clinical characteristics of sar-
copenia and created practical diagnostic criteria for use in
geriatric assessments. This resulted in categorization of the
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Fig. 2 The scatter plots. The coefficient of determination (%) of Pearson’s product-moment correlation for PSMI-SMI and TPA-SMI were 0.808
and 0.598, respectively. a PSMI vs SMI. b TPA vs SMLI. ¢ 3D scatter plot

condition into primary and secondary sarcopenia, with can-
cer being one of the causes of secondary sarcopenia and
cachexia was also identified as a factor in the development
of sarcopenia [2]. In 2011, Fearon et al. described a new
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international consensus on the definition and classification
of cancer cachexia, stating that the defining attribute is the
loss of skeletal muscle mass which cannot be fully reversed

by conventional nutritional support [14]. The EWGSOP’s
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Fig. 3 Kaplan—Meier curves of OS divided into a lower group and a higher group than the cut-off values of each index. a Total patients. b SMI

(non-sarcopenia vs sarcopenia). ¢ PSMI. d TPA

definition of sarcopenia requires measuring muscle strength
(i.e., hand-grip strength) or physical performance (i.e., gait-
speed) is also necessary, excluding accurate determination
of the loss of total body skeletal muscle using dual-energy
X-ray absorptiometry (DXA) or bioelectrical impedance
analysis, to diagnose sarcopenia [2]. However, in cancer
cachexia, sarcopenia is defined as low skeletal muscle mass
measured with the cross-sectional area at L3 [14], follow-
ing the results of studies showing a correlation between the
cross-sectional area of lumber skeletal muscle measured by
magnetic resonance imaging (MRI) or CT and total body
skeletal muscle measured by whole-body MRI or DXA [16,

17]. As a result of the consensus on the definition of cancer
cachexia, several studies have reported on the relationship
between sarcopenia and a variety of cancer outcomes [3-5],
adverse events [0, 7], and complications from cancer treat-
ments [8, 9].

From a urological perspective, cisplatin-based chemo-
therapy is the standard treatment for mUC. However, we
are often forced to choose a substitute because many patients
are unfit to receive cisplatin, due mostly to frailty [12].
Thus, we investigated the association between sarcopenia
and survival outcomes in order to define the significance of
sarcopenia as a prognostic marker of mUC patients treated
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A 6 Table 2 Cox regression analysis
' —— non-sarcopenic non-obesity (n=4) Univariate (P =) Multivariate (P =, HR,
— non-sarcopenic obesity (n=5) 95% CI)
— sarcopenic non-obesity (n=63)
0.8 — sarcopenic obesity (n=15)
: Age 0.156
P=0.031 Gender 0.61
0.6 - b Tumor location 0.219
= 1 . .
% : : Prior radical surgery 0.9
-g PS <l or >2 0.483
o 041 Grade <2 or 3 0.848
T <2or>3 0.981
0.2 LVI 0.144
L Cisplatin unfit 0.055
S CRP >0.6 0.001* 0.011%,2.401, 1.219-4.727
0.0 + Albumin <3.5 0.209
T T T T T T T
0 10 20 30 40 50 60 70 GPS 0.028* 0.822, 0.952, 0.618-1.466
os BMI 0.783
SMI 0.117
B 104 SMI + BMI 0.037* 0.026%, 3.102, 1.149-8.374
—— non-sarcopenia (n=9) PSMI 0.447
—— sarcopenic obesity (n=15)
PSMI + BMI 0.294
084 TPA 0.385
TPA + BMI 0.448
z 067 P=0.044 * P <0.05
=
8
o
o -
04 considered whether the loss of these muscles could lead to
frailty. Thus, we defined a group that included total psoas,
0.2 + the quadratus lumborum, the multifidus muscle and erector
spinae as paraspinal muscle that accounts for approximately
50% of the skeletal muscle cross-sectional area at L3. We
0.0 7 ‘ ‘ | ‘ | | evaluated this group to identify whether it reflects sarcopenic
0 10 20 30 40 50 60 status. In addition, TPA has been reported as having clinical
0s

Fig. 4 Kaplan—Meier curves of OS divided into each sarcopenic and
non-sarcopenic group stratified by BMI. a Divided stratified groups
were sarcopenic obesity, sarcopenic non-obesity, non-sarcopenic obe-
sity, and non-sarcopenic non-obesity. b Non-sarcopenic regardless of
obese status and sarcopenic obesity

with gemcitabine doublets, namely GC for normal patients
and GCb for cisplatin-unfit patients. However, neither age
nor ECOG PS were a significant prognostic factor in Cox
regression analysis (P = 0.156 and 0.483, respectively), and
although cisplatin-unfit status (GC or GCb) had a tendency,
it did not reach significance (P = 0.055) in our study.

To investigate the relationship between sarcopenia and
survival outcomes, we measured and calculated two other
parameters of muscle area index (excluding SMI) in each
patient. In orthopedics, it is known that atrophy of the mul-
tifidus muscle and erector spinae, which hold the spine,
is associated with the risk of back pain [18]. As such, we
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utility for predicting poor outcomes among several cancers
[9, 19]; however, the results of recent studies do not support
these findings [20, 21]. We then evaluated the associations
of each muscle area index for estimating whether PSMI and
TPA are available as substitutes for SMI, which has been
proven to reflect sarcopenic status. Although the values of
PSMI and TPA significantly correlated with the SMI value,
neither of them were associated with the survival outcome
of mUC patients treated with gemcitabine doublets, which
is similar to the results for SMI in our study. However, SMI
stratified by BMI was significantly associated with OS. More
importantly, there was a significant difference between the
non-sarcopenic (SMI > the gender cut-off value) groups
regardless of obese status and sarcopenic obesity (SMI < the
gender cut-off value and BMI > 25 kg/m?) group in OS.
Ironically, obesity is known to be associated with better
survival rates in patients with cardiovascular disease (CVD)
[22], and more recently in patients with some types of cancer
as well [23, 24]; hence the label ‘the obesity paradox’, due to
limitation when measuring BMI only. However, it was also
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reported that sarcopenia with obesity may be associated with
an increased risk of mortality as opposed to obesity or sarco-
penia alone in CVD patients [25]. To date, sarcopenic obe-
sity has not been reported as a significant predictor of cancer
survival; however, recent data have suggested that it could
be a prognostic marker for cancer patients [26, 27]. These
data support that taking skeletal muscle mass with the fat
component of the whole body into account can supplement
diagnosing sarcopenia by measuring SMI only regarding the
consensus of cancer cachexia. In this study, SMI stratified by
BMI was a potential predictor of OS in mUC patients treated
with gemcitabine doublets. Thus, sarcopenic obesity might
also be a prognostic marker for mortality in cancer patients
as it is in CVD patients or other types of cancer patients.
Moreover, it is known that inflammatory cytokines play
a key role in the development of both primary and second-
ary sarcopenia [28]. SMI stratified by BMI and inflamma-
tory markers like CRP, which reflect sarcopenic status, can
predict survival outcomes. As such, they could be useful
for clinical decision-making prior to systemic chemotherapy
despite some limitations in our study, namely retrospective,
small numbers of patients, and the multi-institutional setting.
In addition, we should pay attention to the reason why
only SMI stratified by BMI was a predictor of survival out-
come in our study. Sarcopenia is defined as only loss of
muscle mass in the definition and classification of cancer
cachexia. However, it has been considered by investigators
who specialize in sarcopenia that loss of muscle mass by
itself is a weak predictor of outcomes, as well as the fact
that the link between muscle mass, muscle function, physical
performance and other downstream outcomes is not linear.
Therefore, the definition of sarcopenia by the EWGSOP
requires not only loss of muscle mass but also weak muscle
strength or low physical performance when assessing geri-
atric people. Although most of the patients in this cohort
were geriatric and all of them had metastatic cancer, they
were still resilient enough to undergo gemcitabine doublets
in order to treat their cancer. Therefore, even though we
did not assess weight loss during a certain period which
is also required when defining cancer cachexia, we do not
think all of them were cachectic patients. This characteris-
tic of patients in this study could lead a discrepancy when
choosing an appropriate definition of sarcopenia. Although
many studies regarding the relationship between sarcopenia
and cancer outcomes have adopted the sarcopenia defini-
tion of cancer cachexia, we should be concerned about the
resilience of the patients in the cohort when investigating
it, especially in a small cohort. Thus, our strong messages
in this study are that the assessment of loss of muscle mass
alone is a weak predictor when researching cancer outcomes
and, moreover, the targeted area of muscle mass should not
be simplified and should be evaluated with body composi-
tion using obesity criteria. Lastly, sarcopenic obesity is a

strong predictor of short prognosis in mUC patients treated
with chemotherapy.

Finally, post-diagnosis recreational activity has been
reported to be associated with better cancer-specific sur-
vival outcomes in prostate cancer patients [29]. Thus, there
might be a possibility that active intervention, including ade-
quate education about appropriate nutrition and exercise for
patients before developing age- or cancer-related sarcopenia,
could promote resilience and also improve mortality risk in
mUC patients treated with systemic chemotherapy. Further
investigations are needed to prove this hypothesis.

Conclusion

SMI stratified by BMI is significantly associated with OS of
mUC patients treated with gemcitabine doublets as opposed
to PSMI and TPA. Neither PSMI nor TPA could substitute
SMI as an active predictor for poor outcomes in our study.
Sarcopenic obesity might be a prognostic marker for poor
outcomes in mUC patients treated with chemotherapy as it
is in CVD and in other types of cancer patients.
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