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Abstract

Purpose: To assess the prognostic importance of sarcopenia in survival in patients with high-risk urothelial carcinoma of the bladder

(UCB) who were unfit for radical cystectomy or systemic chemotherapy and were, therefore, treated with radiotherapy only.

Methods: We evaluated 94 patients treated with transurethral resection of the bladder and radiotherapy for UCB. Sarcopenia, identified

from pretreatment computed tomography scans, was defined as a skeletal muscle index of <39 cm2/m2 for women and <55 cm2/m2 for

men. Body mass index -adjusted definition of sarcopenia was used to evaluate for sarcopenic obesity. Univariate models were used to assess

the association between body composition and nutritional parameters with survival outcomes.

Results: Overall, 68 patients were eligible for the final analysis, and 49 (72%) patients were sarcopenic. After body mass index adjust-

ment of the definition of sarcopenia, its prevalence changed to 53.8% in women and 52.7% in men. Median age was 82 (interquartile

range [IQR] 75−86) years, with a median, age-adjusted comorbidity index of 7.5 (IQR 6−10). The median time of follow-up was 12.5

(IQR 5.1−23.5) months. There were 42 (61.7%) patients who died of any cause and 19 (45.2%) who died because of UCB during the study

period. Of all the body composition and nutritional parameters investigated, sarcopenic obesity was associated with cancer-specific survival

(hazard ratio 5.0, 95% confidence interval 1.4−16.7, P = 0.01) and a low prognostic nutritional index was associated with overall survival

(hazard ratio 0.46, 95% confidence interval 0.2−0.9, P = 0.02).

Conclusion: In patients who are too high risk for the standard treatment of UCB, sarcopenia is highly prevalent, but not prognostic of

survival. Nevertheless, sarcopenic obesity and the prognostic nutritional index might act as prognostic markers for patients with UCB

undergoing radiotherapy. � 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Bladder cancer is the ninth most commonly diagnosed

malignancy worldwide. The most common histology is uro-

thelial carcinoma of the bladder (UCB), accounting for
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approximately 90% of all bladder cancers. The estimated

incidence is 430,000 per year and shows a strong male pre-

dominance [1].

Radical cystectomy (RC) is the standard treatment for

muscle-invasive bladder cancer and for high-risk, non-

muscle-invasive bladder cancer [2]. While RC results in

sustained disease control in more than 60% of the patients,

it is also associated with significant morbidity and mortal-

ity, especially in elderly patients [3].

Therefore, for patients who are too high risks for RC,

bladder-preserving trimodal therapy is a treatment option in

selected patients. It is comprised of maximal transurethral

resection of the bladder (TURB), radiotherapy (RT) and

platinum-based systemic chemotherapy [4−6]. Due to the

complexity of bladder-preserving trimodal therapy, careful

patient selection is of paramount importance in order

to maximize therapy efficacy and minimize side effects

[6−8]. Several biomarkers have been investigated over the

last few years [9,10]. However, none of these tools have

been implemented into standard clinical practice due to

limitations in study design and the lack of a structured,

phased approach to development and validation [11,12]. In

this context, the prognostic importance of sarcopenia and

poor nutritional status has been evaluated in patients treated

with RC and correlated with poor overall survival (OS)

[13,14]. Data regarding the prognostic role of sarcopenia

and nutritional indices in patients treated with RT for UCB

are lacking.

In this study, we investigated the prognostic value of sar-

copenia, sarcopenic obesity, and nutritional indices in a

cohort of patients considered unfit for RC or systemic che-

motherapy and therefore treated with RT with curative

intent.
2. Materials and methods

2.1. Patient data collection

After obtaining institutional review board approval

(#2056/2016), we retrospectively reviewed the charts of

94 patients with high-risk bladder cancer, where we

included patients with clinical tumor stage ≥T2 and non-

muscle-invasive tumors at highest risk of progression

[15,16]. No patients with evidence of distant metastatic dis-

ease were included. They were treated with RT for UCB

between 2004 and 2015 at our tertiary referral center. Over-

all, 3 patients were excluded because full data were not

available for the measurement of the skeletal muscle areas,

3 were lost to follow-up, and 20 received concurrent che-

motherapy. The final cohort consisted of 68 patients with

UCB, who were clinically considered unfit for RC and/or

chemotherapy because of comorbidities and low general

health condition and were thus treated with RT only.

In our cohort, all patients underwent TURB for primary

UBC according to guideline recommendations at that time

[17]. A second-look resection was performed after the first
resection based on pathologic and intraoperative findings.

Concomitant upper urinary tract urothelial carcinoma was

excluded with a radiological work-up in all patients. All

surgical specimens were processed according to standard

pathologic procedures and staged based on the 2009

Tumor-Node-Metastasis (TNM) classification. Tumor

grade was assigned according to the 1973 World Health

Organization system. A standard radiation schedule

included external beam radiation to the bladder and pelvic

lymph nodes. The target dose of 45 to 50 Gray (Gy) was

reached in 5 weeks, with 1.8 to 2 Gy single doses were

given for 5 days a week. Subsequently, a tumor boost was

given in 1.8 to 2 Gy single doses at 5 to 7 days, resulting in

a total boost of 9 to 14 Gy. Radiation was mostly done with

4-field box technique after 3D planning of the procedure.

Age-adjusted Charlson comorbidity index (CMI) was cal-

culated, and patients were classified according to the Amer-

ican Society of Anaesthesiologists’ physical status group

by reviewing perioperative anesthesia protocols for each

patient [18,19]. A follow-up schedule was not standardized

because of the retrospective nature of the study. Neverthe-

less, patients generally underwent physical examination,

cytology, cystoscopy, and radiologic work-up every 3

months within the first 2 years, semiannually from the sec-

ond to the fifth year, and then, annually thereafter. In case

of suspicious lesions at cystoscopy, patients underwent re-

TURB. Disease recurrence was defined as the first tumor

relapse in the bladder regardless of tumor stage or occur-

rence of distant metastases. Cause of death was coded

according to chart review and/or death certificate [20].

2.2. Image analysis and assessment of nutritional markers

Two trained investigators measured the skeletal muscle

area, as well as fat areas from preradiation computed

tomography scans at the level of the third lumbar vertebra

[21]. Images were analyzed using the image processing

application OsiriX (version 6.0.2; Bernex, Switzerland) and

the regions of interest were defined by using their specific

Hounsfield units (skeletal muscle area ¡29 to 150, subcuta-

neous fat area ¡190 to ¡30, and visceral fat area ¡150

to ¡50). The skeletal muscle area was normalized to the

square of the height (m2) to create the skeletal muscle index

(SMI). A gender-specific, international consensus definition

was used to stratify patients with regard to the presence

of sarcopenia: women with an SMI of <39 cm2/m2 and

men with a SMI <55 cm2/m2 [22] were defined as sarco-

penic. We also assessed sarcopenia with body mass index

(BMI)-incorporated cut-off values of SMI, according to

definition to Martin et al. in order to assess for the condition

of sarcopenic obesity. BMI-adjusted sarcopenia was

therefore defined as SMI <43 cm2/m2 for males with BMI

<25 kg/m2, <53 cm2/m2 for males with BMI ≥25 kg/m2

and <41 cm2/m2 for females [23]. To evaluate the body

skeletal muscle volume, we used the formula skeletal

muscle volume = 0.166£ skeletal muscle area + 4.142, and,



Table 1

Clinicopathologic features of 68 patients with high-risk urinary bladder

cancer clinically considered unfit for radical cystectomy and/or systemic

chemotherapy and treated, therefore, with radiotherapy. Clinical lymph

node status was only evaluable for 59 of 68 patients.

Variable Median IQR

Age (y) 82 75−86
CMI 7.5 6−10
BMI (kg/m2) 25.2 22.9−29.6
Dose pelvis (Gy) 45 45−48.6
Dose bladder (Gy) 59.8 55−65
SMA (cm2) 136.4 114.7−154.8
SFA (cm2) 138.5 95.6−186.8
VFA (cm2) 190.5 81.5−266.8
CONUT 1583 1009−1969
PNI 45.2 41.7−50.3

2 2
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for the adipose tissue volume, ATV = 0.068£ (subcutane-

ous fat area + visceral fat area) + 2.142 [24]. To estimate

the distribution of body composition (fat areas and skeletal

muscle area), the visceral-to-subcutaneous fat area ratio

and the visceral fat-to-muscle area ratio were calculated,

respectively.

Two nutritional indices were calculated using laboratory

data collected within 30 days prior to radiation therapy. The

prognostic nutritional index (PNI) was calculated by the for-

mula: 0.005£ lymphocyte count (per mm3) + 10£ serum

albumin concentration (g/dl) [25]. For the controlling nutri-

tional status, total cholesterol (mg/dl), lymphocytes (per

mm3), and serum albumin (g/dl) [8,9,26] were summed. The

BMI was calculated by weight (in kg) divided by height

squared.

SMI (cm /m ) 46.3 40.3−53.2
ATV (l) 25.6 15.7−33.3
SMV (l) 26.7 23.1−29.8
VSR 1.1 0.6−1.7
VMR 1.4 0.6−1.9

Variable n %

Male gender 55 80.9

Hydronephrosis 14 20.6

ASA

1 5 7.4

2 17 25.0

3 44 64.7

4 2 2.9

Clinical tumor stage

T1 6 8.9

T2 56 82.4

T3 5 7.4

T4 1 1.5

n = 68.

ASA =American Society of Anaesthesiologists’ classification;

ATV = adipose tissue volume; BMI = body mass index;
2.3. Outcome of interest and statistical analysis

Continuous variables are presented using median and

interquartile range (IQR) and categorical variables with

numbers and proportions. The primary outcome of interest

was OS, defined as time from RT start to death due to any

cause. The secondary outcome was cancer-specific survival

(CSS). Sarcopenic vs. nonsarcopenic patients were com-

pared by using the Kruskal−Wallis equality-of-populations

rank test. Univariate Cox proportional hazards regression

analyses were used to evaluate the association of sarcope-

nia, body composition parameters, and nutritional indices

with OS and CSS. Kaplan−Meier curves were used to

graphically visualize the survival function. Multivariate

analyses were omitted due the low number of events. A P

value <0.05 was considered statistically significant and all

tests were 2-sided. STATA v14 (StataCorp, College Sta-

tion, TX) was used for statistical analyses.

CMI = comorbidity index; CONUT = controlling nutritional status;

PNI = prognostic nutritional index; SFA = subcutaneous fat area;

SM = skeletal muscle volume; SMA = skeletal muscle area; SMI = skeletal

muscle index, VFA = visceral fat area, VMR = visceral to skeletal muscle

ratio; VSR = visceral to subcutaneous fat ratio.
3. Results

3.1. Patient characteristics

Demographic data and clinicopathological features

are summarized in Table 1. The histological report from

the TURB revealed muscle-invasive bladder cancer in

91.1% of the patients, the other 6 patients had pT1 blad-

der cancer, 3 with high grade and 3 associated with

bladder carcinoma in situ (CIS). None of the patients

displayed neither lymph node metastases nor distant

metastasis on pretreatment imaging, albeit in 9 patients

the lymph node status was not precisely evaluable. For

our primary outcome, 49 patients were disease free after

TURB and RT with curative intent. Additionally, during

a median follow-up time of 13.5 (IQR 7.3−31.5)

months, of these 49 patients who were disease free,

only 8 patients experienced a recurrence of disease. The

median time of follow-up was 12.5 (IQR 5.1−23.5)

months for all patients who were alive at their last fol-

low-up. In our study population, 42 patients of 68
(61.7%) died during follow-up, including 19 patients

(45.2%) who died of UCB.

3.2. Pretreatment body composition and nutritional

markers

The median BMI was in the normal range at 25.2 kg/m2

(IQR 23.0−29.6). Despite that, the overall prevalence of

sarcopenia was 72% (n = 49). Six women (46.2%) and 43

men (78.2%) were sarcopenic, with a median SMI of 40.8

(IQR 37.3−46.3) and 47.6 (IQR 40.7−54.6), respectively.
Using the BMI-adjusted definition for sarcopenia, the over-

all prevalence of sarcopenia changed to 52.9% (n = 36) and

was detected in 29 men (52.7%) and 7 women (53.8%). We

compared the body composition parameters of sarcopenic

to nonsarcopenic patients and found that the only
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statistically significant difference was between the parame-

ters related to muscle mass. The evaluation for differences

between patients, where BMI-incorporated cut-off values

of SMI for defining sarcopenia was used, revealed that non-

sarcopenic patients had higher PNI values (43.4 vs. 46.1, P

= 0.02; Table 2). The boxplot shown in Fig. 1 demonstrates

the distribution of the SMI of survivors vs. deceased

patients. The SMI between the groups did not differ signifi-

cantly (P = 0.1) in Kruskal−Wallis equality-of-populations

rank test.
Fig. 1. Distribution of SMI in 68 patients with high-risk urinary bladder

cancer clinically considered unfit for radical cystectomy and/or systemic

chemotherapy and treated, therefore, with radiotherapy, stratified by alive

vs. dead patients at last follow-up, with a median of 48.5 cm2/m2 (IQR

40.7−55.4) for alive patients vs. deceased patients, with a median of

44.6 cm2/m2 (IQR 38.7−50.0). IQR = interquartile range; SMI = skeletal

muscle index.
3.3. Prognostic value of body composition and nutritional

markers

Univariate Cox regression analysis examining sarcope-

nia was neither significantly associated with OS (hazard

ratio [HR] 1.31, 95% confidence interval [CI] 0.6−2.6, P =

0.44) nor with CSS (HR 0.6, 95% CI 0.1−2.2, P = 0.45).

Within the evaluated body composition parameters and

nutritional indices, PNI was the only parameter
Table 2

Comparison of nutritional and body composition parameters in 68 patients with high-risk urinary bladder cancer clinically considered unfit for radical cystec-

tomy and/or systemic chemotherapy and treated, therefore, with radiotherapy, stratified by sarcopenic vs. nonsarcopenic [1] and BMI-adjusted sarcopenic vs.

nonsarcopenic patients [2].

[1] Sarcopenic (n = 49) Nonsarcopenic (n = 19)

Variable Median IQR Median IQR P value

SMA (cm2) 133.4 110−147.8 163.6 130.3−178.3 <0.001
SFA (cm2) 139.5 93.4−180.6 137.5 107.3−204.2 0.62

VFA (cm2) 184.5 95.6−252.2 200.1 72.8−317.8 0.75

SMI (cm2/m2) 44.6 37.7−48.5 57 47.8−60.8 <0.001
ATV (l) 25.4 16.4−32.5 28 14.4−37.0 0.75

SMV (l) 26.2 22.4−28.6 31.2 25.7−33.7 <0.001
VSR 1.15 0.72−1.77 1.05 0.4−1.5 0.4

VMR 1.6 0.9−1.9 1.2 0.4−1.9 0.24

BMI (kg/m2) 24.62 22.8−27 28.6 23.6−31.8 0.09

CONUT 1520.9 989.1−1893.3 1620.9 1534.3−2029.8 0.41

PNI 45.1 39.5−50.2 45.8 44.0−50.5 0.21

[2] BMI-adj. sarcopenic (n = 36) Nonsarcopenic (n = 32)

Variable median IQR median IQR P value

SMA (cm2) 154.8 133.8−173.8 120.9 102.5−137.7 <0.001
SFA (cm2) 157.6 94.1−191.4 136.1 99.7−186.7 0.60

VFA (cm2) 179.7 92.6−222.6 219.4 79.1−316.8 0.29

SMI (cm2/m2) 40.62 36.1−46.8 53.9 46.9−59.2 <0.001
ATV (l) 25.3 15.7−30.0 28.49 15.4−35.1 0.52

SMV (l) 24.2 21.1−27.0 29.8 26.3−32.9 <0.001
VSR 1.01 0.61−1.56 1.3 0.6−2.1 0.25

VMR 1.5 0.8−1.8 1.3 0.4−1.9 0.46

BMI (kg/m2) 25.2 23.5−28.0 25.0 22.6−30.3 0.97

CONUT 1449.3 921.4−1893.3 1620.9 1352.8−1999.6 0.23

PNI 43.4 37.5−49.6 46.1 44.2−50.5 0.02

n = 68.

ATV = adipose tissue volume; BMI = body mass index; CONUT = controlling nutritional status; PNI = prognostic nutritional index; SMA = skeletal muscle

area; SFA = subcutaneous fat area; SMI = skeletal muscle index; SMV = skeletal muscle volume; VFA = visceral fat area; VMR = visceral to skeletal muscle

ratio; VSR = visceral to subcutaneous fat ratio.
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significantly associated with OS. We used the median of

45.2 to dichotomize the population into low-PNI and high-

PNI. Patients with low-PNI had a significantly shorter OS

(HR 0.46, 95% CI 0.2−0.9, P = 0.02) but patients with

low-PNI had no shorter CSS (HR 0.56, 95% CI 0.1−1.8, P
= 0.34). The BMI-adjusted sarcopenia was not statistically

associated with OS (HR 1.36, 95% CI 0.7−2.5, P = 0.32)

but we detected a significant association with CSS (HR 5.0,

95% CI 1.4−16.7, P = 0.01; Fig. 2). Results of the univari-

ate analyses for survival outcomes are shown in Table 3.

After adjusting the model for gender and CMI, the HR was

0.50 (95% CI 0.24−1.03, P = 0.06) with a nonstatistically

significant prognostic trend for PNI. However, the PNI did

only differ significantly between sarcopenic and nonsarco-

penic patients (P = 0.02) when using the BMI-adjusted def-

inition for sarcopenia [23].

4. Discussion

In this study, we assessed the effect of sarcopenia, body

composition parameters, and nutritional indices on survival
Fig. 2. Overall and cancer-specific survival of patients with high-risk urinary bl

temic chemotherapy and treated, therefore, with radiotherapy, stratified by BMI-a

survival data shown for 23.9 and 31.6 months (75% percentile levels), respectively
in patients treated with transurethral resection and RT for

UCB. Although nutritional parameters correlated with sur-

vival, there was no such association with sarcopenia.

In patients with advanced renal cancer who were under-

going radical nephrectomy, sarcopenia is associated with a

higher complication rate (P = 0.03) [27]. In metastatic renal

cancer patients who were undergoing cytoreductive

nephrectomy, Sharma et al. demonstrated that sarcopenia is

a negative prognostic factor for OS (HR 2.13; P = 0.016)

[28]. In patients who were undergoing RC for UCB, Psutka

et al. showed a significantly poorer OS after radical surgery

in sarcopenic patients compared to their nonsarcopenic

counterparts (39% vs. 70%; P = 0.003) [13]. Furthermore,

sarcopenia is negatively predictive for perioperative major

complications, especially in women [29]. Advanced age

and an impaired performance status also carry an increased

risk of perioperative complications and mortality [30−33].
Regarding body composition in patients who were undergo-

ing bladder-sparing treatment for UCB, there are data

showing that baseline BMI and weight loss during four

weeks of RT might have a significant influence on survival
adder cancer clinically considered unfit for radical cystectomy and/or sys-

djusted sarcopenia and prognostic nutritional index (PNI) groups. RT group

. BMI =body mass index; RT = radiotherapy.



Table 3

Univariate Cox regression analysis evaluating the association of body com-

position parameters and nutritional indices with [1] overall survival and [2]

cancer-specific survival in 68 patients with high-risk urinary bladder can-

cer clinically considered unfit for radical cystectomy and/or systemic che-

motherapy and treated, therefore, with radiotherapy.

[1] Univariate analysis for OS

Variable HR 95% CI P value

Age 1.03 0.9−1.0 0.15

CMI 1.10 0.9−1.2 0.07

SMA (cm2) 0.99 0.9−1.0 0.51

SFA (cm2) 0.99 0.9−1.0 0.46

VFA (cm2) 0.99 0.9−1.0 0.45

SMI (cm2/m2) 0.98 0.9−1.0 0.47

Sarcopenia 1.31 0.6−2.6 0.44

BMI-adj. sarcopenia 1.36 0.7−2.5 0.32

ATV (l) 0.98 0.9−1.0 0.37

SMV (l) 0.98 0.9−1.0 0.51

VSR 1.04 0.7−1.6 0.83

VMR 0.78 0.5−1.2 0.28

BMI (kg/m2) 0.99 0.9−1.0 0.81

CONUT 0.99 0.9−1.0 0.38

PNI 0.98 0.9−1.0 0.37

PNI (<45.2) 0.46 0.2−0.9 0.02

[2] Univariate analysis for CSS

Variable HR 95% CI P value

Age 0.97 0.9−1.0 0.39

CMI 1.09 0.9−1.3 0.35

SMA (cm2) 0.99 0.9−1.0 0.80

SFA (cm2) 1.00 1.0−1.0 0.02

VFA (cm2) 1.00 0.9−1.0 0.48

SMI (cm2/m2) 0.98 0.9−1.0 0.73

Sarcopenia 0.60 0.1−2.2 0.45

BMI-adj. sarcopenia 5.00 1.4−16.7 0.01

ATV (l) 1.03 0.9−1.1 0.07

SMV (l) 0.98 0.8−1.1 0.80

VSR 0.90 0.4−1.9 0.80

VMR 1.39 0.7−2.5 0.29

BMI (kg/m2) 1.06 0.9−1.1 0.06

CONUT 0.99 0.9−1.0 0.43

PNI 0.98 0.9−1.0 0.17

PNI (<45.2) 0.56 0.1−1.8 0.34

n = 68.

ATV = adipose tissue volume; BMI = body mass index;

CMI = comorbidity index; CONUT = controlling nutritional status;

PNI = prognostic nutritional index; SFA = subcutaneous fat area;

SMA = skeletal muscle area; SMI = skeletal muscle index; SMV = skeletal

muscle volume; VFA = visceral fat area; VSR = visceral to subcutaneous

fat ratio; VMR = visceral to skeletal muscle ratio.
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[34]. Patients with larger tumors have a greater amount of

weight loss compared to those with a smaller tumor [35],

which could be attributable to higher metabolism.

In our analyzed patients, the median age was 82 years

(IQR 75−86). A relatively high CMI of 7.5 (IQR 6−10),
and 46 patients (67.6%) stratified to American Society of

Anaesthesiologists’ classification ≥3, indicates that a low

general health condition is a prevalent observation in our

population. Similarly, the univariate analysis demonstrated
that patients with more comorbidities have a trend toward a

poorer survival outcome (HR 1.1, 95% 0.9−1.2, P = 0.07).

In contrast to previous findings in the literature, the pre-

treatment BMI in our cancer patients was not significantly

associated with OS (P = 0.50). The prevalence of sarcope-

nia is reported to be 29% to 33 % for elderly patients in the

general population [36,37]. Simultaneous gain of adipose

tissue and loss of skeletal muscle can occur in cancer

patients and might end in the unfavorable condition of sar-

copenic obesity. In women, it has been demonstrated that

BMI variation does not have an association to the amount

of skeletal muscle and therefore sarcopenia only needs to

be BMI-adjusted in men. In our patients, after BMI-adjust-

ment of the definition of sarcopenia according to Martin et

al., the prevalence was almost equal in both sexes (53.8%

in women vs. 52.7% in men). [23]. The only significant

prognostic body composition parameter was BMI-adjusted

sarcopenia which was associated with CSS (HR 5.0, 95%

CI 1.4−16.7, P = 0.01). A trend for longer survival is also

supported by the higher SMI in the survivor group. We con-

clude from our findings that sarcopenia has only limited

prognostic relevance for survival outcomes in elderly

patients with several comorbidities, as their life expectancy

is limited. Furthermore, we should be aware of the phenom-

enon of sarcopenic obesity as it comes along with the worst

prognosis for patients.

Besides the body composition, we evaluated nutritional

indices in our patients. A normal preoperative serum albu-

min, which is also part of the calculation formula for PNI,

is associated with survival in patients undergoing RC for

UCB [35,36]. In patients undergoing radiation, there are

few studies supporting decreased albumin as an unfavor-

able prognostic biomarker [13,37]. For the calculation of

the PNI, the peripheral lymphocytes and serum albumin are

combined. Peripheral lymphocytes play an essential role in

the cell-mediated immune response to tumor growth [38],

and the serum albumin reflects nutritional intake. The con-

trolling nutritional status calculation total serum cholesterol

as a variable. However, in our patient cohort, the only sig-

nificant prognostic nutritional index was the PNI (HR 10.3;

95% CI 1.1−95.8; P = 0.04). Patients with a PNI <45.2
had a poorer OS than those with a higher PNI (HR 0.5;

95% CI 0.3−0.8; P = 0.01). This finding supports the study

of Peng et al. [36], suggesting that PNI might be a novel

reliable index for patients with UCB OS that is easy to

assess and modified.

Our study has several limitations that need to be consid-

ered when interpreting our results. The retrospective nature

of this single center study and the small sample size with

may introduce selection bias. Though sarcopenia might have

a prognostic value in younger patients who undergo RT as

an organ-sparing alternative treatment, because only 68

patients were eligible for the final analysis, the study was

underpowered which could also explain why no statistically

significant association of sarcopenia with survival outcomes

was found. Weight loss throughout the course of the RT and
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neutrophil to lymphocyte ratio are also known prognostic

factors for UCB patients, but were not evaluated in our

study, and therefore may be confounders. Furthermore, those

patients who underwent RT after transurethral resection of

their bladder tumor were included. This cohort is, therefore,

only a subgroup of UCB patients who received suboptimal

therapy because of their comorbidities. In addition, the fol-

low-up time was short, with a median time of 12.5 months

(IQR 5.1−23.5). Despite these limitations, to our knowledge,

this is the first study to investigate the association of nutri-

tional and body composition parameters, including sarcope-

nia, with survival outcomes in UCB patients undergoing RT.

It should initiate further validation studies with larger patient

cohorts that should include younger, more medically fit

patients.
5. Conclusion

Sarcopenia is not a suitable surrogate biomarker for sur-

vival in UCB patients who are treated with RT only. This

could be due to advanced age and/or the high number of

comorbidities, which influence OS more than the presence

of sarcopenia. Our findings underline the importance of sar-

copenic obesity and state its prognostic value for CSS in

patients undergoing RT for high-risk bladder cancer. Fur-

thermore, PNI might act as prognostic biomarker for

patients with UCB.
Funding sources

This research did not receive any specific grant from

funding agencies in the public, commercial, or not-for-

profit sectors.
Disclosures

Conflict of interest: Shahrokh F. Shariat. Advisory board

of/and or speaker for Astellas, Astra Zeneca, Bayer, BMS,

Cepheid, Ferring, Ipsen, Jansen, Lissy, MSD, Olympus,

Pfizer, Pierre Fabre, Roche, Sanochemia, Sanofi, Wolff.
Acknowledgments

We thank Mrs. Laura Seewald and Mrs. Mary McAllis-

ter for proofreading and editing the manuscript.
References

[1] Antoni S, Ferlay J, Soerjomataram I, Znaor A, Jemal A, Bray F. Blad-

der cancer incidence and mortality: a global overview and recent

trends. Eur Urol 2017;71:96–108.

[2] Alfred Witjes J, Lebret T, Comp�erat 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.
[3] Kamat AM, Hegarty PK, Gee JR, Clark PE, Svatek RS, Hegarty N, et al.

ICUD-EAU international consultation on bladder cancer 2012: screen-

ing, diagnosis, and molecular markers. Eur Urol 2013;63:4–15.

[4] R€odel C, Weiss C, Sauer R. Trimodality treatment and selective

organ preservation for bladder cancer. J Clin Oncol Off J Am Soc

Clin Oncol 2006;24:5536–44.

[5] Shipley WU, Kaufman DS, Tester WJ, Pilepich MV, Sandler HM.

Radiation Therapy Oncology Group. Overview of bladder cancer tri-

als in the Radiation Therapy Oncology Group. Cancer 2003;97(8

Suppl):2115–9.

[6] Efstathiou JA, Spiegel DY, Shipley WU, Heney NM, Kaufman DS,

Niemierko A, et al. Long-term outcomes of selective bladder preser-

vation by combined-modality therapy for invasive bladder cancer: the

MGH experience. Eur Urol 2012;61:705–11.

[7] Coen JJ, Paly JJ, Niemierko A, Kaufman DS, Heney NM, Spiegel

DY, et al. Nomograms predicting response to therapy and outcomes

after bladder-preserving trimodality therapy for muscle-invasive

bladder cancer. Int J Radiat Oncol Biol Phys 2013;86:311–6.

[8] Shariat SF, Karakiewicz PI, Palapattu GS, Amiel GE, Lotan Y, Rog-

ers CG, et al. Nomograms provide improved accuracy for predicting

survival after radical cystectomy. Clin Cancer Res Off J Am Assoc

Cancer Res 2006;12:6663–76.

[9] Shariat SF, Chade DC, Karakiewicz PI, Ashfaq R, Isbarn H, Fradet Y,

et al. Combination of multiple molecular markers can improve prog-

nostication in patients with locally advanced and lymph node positive

bladder cancer. J Urol 2010;183:68–75.

[10] Shariat SF, Zlotta AR, Ashfaq R, Sagalowsky AI, Lotan Y. Coopera-

tive effect of cell-cycle regulators expression on bladder cancer

development and biologic aggressiveness. Mod Pathol Off J U S Can

Acad Pathol Inc 2007;20:445–59.

[11] Bensalah K, Montorsi F, Shariat SF. Challenges of cancer biomarker

profiling. Eur Urol 2007;52:1601–9.

[12] Shariat SF, Lotan Y, Vickers A, Karakiewicz PI, Schmitz-Dr€ager BJ,

Goebell PJ, et al. Statistical consideration for clinical biomarker

research in bladder cancer. Urol Oncol 2010;28:389–400.

[13] 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.

[14] Gregg JR, Cookson MS, Phillips S, Salem S, Chang SS, Clark PE,

et al. Effect of preoperative nutritional deficiency on mortality after

radical cystectomy for bladder cancer. J Urol 2011;185:90–6.

[15] Fernandez-Gomez J, Madero R, Solsona E, Unda M, Martinez-Pi~neiro

L, Gonzalez M, et al. Predicting nonmuscle invasive bladder cancer

recurrence and progression in patients treated with bacillus Calmette-

Guerin: the CUETO scoring model. J Urol 2009;182:2195–203.

[16] Palou J, Sylvester RJ, Faba OR, Parada R, Pe~na JA, Algaba F, et al.

Female gender and carcinoma in situ in the prostatic urethra are prog-

nostic factors for recurrence, progression, and disease-specific mortal-

ity in T1G3 bladder cancer patients treated with bacillus Calmette-

Gu�erin. Eur Urol 2012;62:118–25.

[17] Committee for Establishment of the Clinical Practice Guidelines for

the Management of Bladder Cancer and the Japanese Urological

Association. Evidence-based clinical practice guidelines for bladder

cancer (summary−JUA 2009 Edition). Int J Urol Off J Jpn Urol

Assoc 2010;17:102–24.

[18] D’Hoore W, Sicotte C, Tilquin C. Risk adjustment in outcome assess-

ment: the Charlson comorbidity index. Methods Inf Med 1993;32:

382–7.

[19] American Society of Anaesthesiologists physical status classification

[Internet]. [cited 2018 May 31]. Available from: https://www-ncbi-

nlm-nih-gov.ez.srv.meduniwien.ac.at/pmc/articles/PMC3106380/

[20] Rink M, Fajkovic H, Cha EK, Gupta A, Karakiewicz PI, Chun FK,

et al. Death certificates are valid for the determination of cause of

death in patients with upper and lower tract urothelial carcinoma. Eur

Urol 2012;61:854–5.

http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0001
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0001
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0001
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0002
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0002
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0002
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0002
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0003
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0003
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0003
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0004
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0004
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0004
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0004
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0005
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0005
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0005
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0005
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0006
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0006
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0006
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0006
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0007
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0007
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0007
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0007
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0008
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0008
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0008
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0008
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0009
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0009
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0009
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0009
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0010
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0010
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0010
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0010
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0011
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0011
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0012
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0012
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0012
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0012
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0013
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0013
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0013
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0013
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0014
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0014
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0014
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0015
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0015
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0015
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0015
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0015
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0016
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0016
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0016
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0016
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0016
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0016
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0016
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0017
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0017
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0017
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0017
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0017
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0018
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0018
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0018
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0018
https://www-ncbi-nlm-nih-gov.ez.srv.meduniwien.ac.at/pmc/articles/PMC3106380/
https://www-ncbi-nlm-nih-gov.ez.srv.meduniwien.ac.at/pmc/articles/PMC3106380/
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0019
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0019
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0019
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0019


J. Stangl-Kremser et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 372−379 379
[21] Mourtzakis M, Prado CMM, Lieffers JR, Reiman T, McCargar LJ,

Baracos VE. A practical and precise approach to quantification of

body composition in cancer patients using computed tomography

images acquired during routine care. Appl Physiol Nutr Metab Phys-

iol Appl Nutr Metab 2008;33:997–1006.

[22] Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger RL,

et al. Definition and classification of cancer cachexia: an international

consensus. Lancet Oncol 2011;12:489–95.

[23] Martin L, Birdsell L, Macdonald N, Reiman T, Clandinin MT, McCar-

gar LJ, et al. Cancer cachexia in the age of obesity: skeletal muscle

depletion is a powerful prognostic factor, independent of body mass

index. J Clin Oncol Off J Am Soc Clin Oncol 2013;31:1539–47.

[24] Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge M-P, Albu J,

et al. Total body skeletal muscle and adipose tissue volumes: estima-

tion from a single abdominal cross-sectional image. J Appl Physiol

Bethesda Md 1985 2004;97:2333–8.

[25] Onodera T, Goseki N, Kosaki G. [Prognostic nutritional index in gas-

trointestinal surgery of malnourished cancer patients]. Nihon Geka

Gakkai Zasshi 1984;85:1001–5.

[26] Ignacio de Ul�ıbarri J, Gonz�alez-Madro~no A, de Villar NGP, Gonz�alez
P, Gonz�alez B, Mancha A, et al. CONUT: a tool for controlling nutri-

tional status. First validation in a hospital population. Nutr Hosp.

2005;20:38–45.

[27] Peyton CC, Heavner MG, Rague JT, Krane LS, Hemal AK. Does sar-

copenia impact complications and overall survival in patients under-

going radical nephrectomy for stage III and IV kidney cancer? J

Endourol 2016;30:229–36.

[28] Sharma P, Zargar-Shoshtari K, Caracciolo JT, Fishman M, Poch MA,

Pow-Sang J, et al. Sarcopenia as a predictor of overall survival after

cytoreductive nephrectomy for metastatic renal cell carcinoma. Urol

Oncol 2015;33:339; e17−23.
[29] Smith AB, Deal AM, Yu H, Boyd B, Matthews J, Wallen EM, et al.

Sarcopenia as a predictor of complications and survival following

radical cystectomy. J Urol 2014;191:1714–20.
[30] Bolenz C, Ho R, Nuss GR, Ortiz N, Raj GV, Sagalowsky AI, et al.

Management of elderly patients with urothelial carcinoma of the blad-

der: guideline concordance and predictors of overall survival. BJU Int

2010 Nov;106:1324–9.

[31] Chromecki TF, Mauermann J, Cha EK, Svatek RS, Fajkovic H, Kara-

kiewicz PI, et al. Multicenter validation of the prognostic value of

patient age in patients treated with radical cystectomy. World J Urol

2012;30:753–9.

[32] Shariat SF, Sfakianos JP, Droller MJ, Karakiewicz PI, Meryn S,

Bochner BH. The effect of age and gender on bladder cancer: a criti-

cal review of the literature. BJU Int 2010;105:300–8.

[33] Nielsen ME, Shariat SF, Karakiewicz PI, Lotan Y, Rogers CG, Amiel

GE, et al. Advanced age is associated with poorer bladder cancer-spe-

cific survival in patients treated with radical cystectomy. Eur Urol

2007;51:699–706; discussion 706−708.
[34] Enig B, Winther E, Hessov I. Nutritional status of patients with can-

cer of the bladder before and during radiation therapy. Influence on

survival? Radiother Oncol J Eur Soc Ther Radiol Oncol 1986;5:

277–85.

[35] Enig B, Winther E, Hessov I. [Energy and protein consumption and

nutritional status in patients with cancer of the bladder treated with

irradiation]. Ugeskr Laeger 1984;146:95–8.

[36] Cruz-Jentoft AJ, Landi F, Schneider SM, Z�u~niga C, Arai H,

Boirie Y, et al. Prevalence of and interventions for sarcopenia in

ageing adults: a systematic review. Report of the International

Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing 2014;

43:748–59.

[37] Bischoff-Ferrari HA, Orav JE, Kanis JA, Rizzoli R, Schl€ogl M,

Staehelin HB, et al. Comparative performance of current defini-

tions of sarcopenia against the prospective incidence of falls

among community-dwelling seniors age 65 and older. Osteoporos

Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos

Found USA 2015;26:2793–802.

http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0020
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0020
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0020
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0020
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0020
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0021
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0021
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0021
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0022
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0022
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0022
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0022
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0023
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0023
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0023
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0023
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0024
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0024
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0024
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0025
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0025
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0025
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0025
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0025
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0025
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0025
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0025
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0025
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0026
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0026
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0026
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0026
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0027
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0027
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0027
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0027
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0028
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0028
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0028
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0029
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0029
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0029
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0029
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0030
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0030
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0030
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0030
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0031
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0031
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0031
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0032
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0032
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0032
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0032
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0033
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0033
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0033
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0033
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0034
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0034
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0034
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0035
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0035
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0035
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0035
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0035
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0035
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0036
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0036
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0036
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0036
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0036
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0036
http://refhub.elsevier.com/S1078-1439(18)30447-2/sbref0036

	Prognostic value of nutritional indices and body composition parameters including sarcopenia in patients treated with radiotherapy for urothelial carcinoma of the bladder
	1. Introduction
	2. Materials and methods
	2.1. Patient data collection
	2.2. Image analysis and assessment of nutritional markers
	2.3. Outcome of interest and statistical analysis

	3. Results
	3.1. Patient characteristics
	3.2. Pretreatment body composition and nutritional markers
	3.3. Prognostic value of body composition and nutritional markers

	4. Discussion
	5. Conclusion
	Funding sources
	Disclosures
	Acknowledgments
	References


