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INTRODUCTION
Among patients with muscle-inva-
sive bladder cancer (MIBC), the 
standard of care is neoadjuvant 
chemotherapy (NAC) followed by 
radical cystectomy (RC) with bilat-
eral pelvic lymph node dissection. 
A 2005 meta-analysis demonstrated 
that NAC was associated with an 
absolute improvement in overall 
survival (OS) of 5% at five years 
compared to local treatment only.1 
Despite this improvement in OS, 
NAC is associated with toxicity that 
can lead to morbidity and poten-
tially delayed definitive treatment 
in some patients.2 Predicting which 
patients will not tolerate NAC is 
challenging.3

Sarcopenia is defined as the loss 
of skeletal muscle with associated 
decreased strength. It can contrib-
ute to patients’ overall frailty4 and is 
correlated with disability, lower qual-
ity of life, and even death.5 Multiple 
studies have linked sarcopenia with 
inferior outcomes in cancer patients. 
Specific to urothelial carcinoma, can-
cer-specific survival (CSS) and OS 
following RC is negatively affected 
by sarcopenia.6-9 It is currently not 
known if NAC tolerability is affected 
by sarcopenia.

Because sarcopenia, sarcopenic 
obesity, and frai lty are correl-
ated, we hypothesized that these 
patients would have increased rates 
of NAC adverse events (AEs) due 
to decreased physiologic reserve. 
In addition, we hypothesized that 
NAC would worsen skeletal muscle 
index (SMI) and therefore increase 
the rate of sarcopenia. The present 
study describes the results of body 
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composition analysis using a retrospective cohort of 
patients with MIBC who underwent NAC prior to RC. 

METHODS
After receiving approval from the local research eth-
ics committee (NSHA REB 1024534), a retrospective 
database was created consisting of patients with MIBC 
who underwent RC by one of three uro-oncologists 
between 2013 and 2018. Patients with cN1 or greater 
were excluded from our analysis. Patient demographics, 
details of NAC, and postoperative course following RC 
were documented. 

Computed tomography (CT) scans are not routinely 
performed after completion of NAC at our institu-
tion. For each patient, staging CT scans done prior 
to and during NAC administration (usually after two 
cycles) were obtained as DICOM files. Determination 
of body composition was completed by one member 
of the data analysis team using SliceOmatic version 
5.0 (Tomovision, Magog, Canada). This software uses 
attenuation data from DICOM files to give an estimate 
of skeletal muscle surface area. 

Skeletal muscle surface area at the L3 level was 
calculated by measuring the tissue surface area within 
the following muscles with attenuation limits of -29 to 
150 HU: rectus abdominus, internal oblique, external 
oblique, and lateral oblique, psoas, quadratus lumbor-
um, and erector spinae muscles. SMI was calculated 
using: 

Sarcopenia was defined as <55 cm2/m2 for men and 
<39 cm2/m2 for women.10 

Measurements of fat mass index (FMI) were calcu-
lated by using the equation proposed by Mourtzakis et 
al, which was developed to convert measurements of 
cross-sectional adipose area at the L3 level to fat mass 
(FM).11 This methodology has been used previously in 
studies of bladder cancer.12 The FMI was calculated for 
each patient by dividing FM by height in meters squared:

Patients were then classified as obese or non-obese 
by using the National Health and Nutrition Examination 
Survey (NHANES) standards for obesity (FMI >13 kg/
m2 for women and FMI >9 kg/m2 for men).13 SMI and 
FMI were calculated for each patient at two specific 
times: the staging CT scan prior to NAC, and a fol-
lowup CT scan after two rounds of NAC used to 
measure response. Statistical significance in SMI and 
FMI changes were calculated between each CT scan 
using a paired Student’s t-test. Patients were classified 
as having sarcopenic obesity (SO) if they reached the 
cutoff values for both sarcopenia and obesity. 

As part of routine followup, after each round of 
NAC, patients met with specialized oncology nurses 
who meticulously documented the number, type, and 
grade of AEs using the Common Terminology Criteria 
for Adverse Events (CTCAE). AE data was extracted 
from these standardized assessments. Postoperative 
outcomes included in the database were length of hos-
pital stay, number of transfusions received, and highest 
Clavien-Dindo complication.

After confirming that the data was normally dis-
tributed (D’Agostino and Pearson’s test), changes 
in body composition were calculated using a paired 
Student’s t-test. Clinical characteristics were compared 
using descriptive statistics. A logistic regression was 
performed to predict factors that contribute to the 
presence of grade 3 or higher AEs. A stepwise regres-
sion strategy (significance of at least 0.10 on univari-
able analysis) was employed to determine the factors 
included in the multivariable logistic regression, which 
included patient characteristics, disease stage, and body 
composition. 

RESULTS
Seventy patients were included in our study. Cohort 
demographic data is shown in Table 1. The average 
patient age was 65 years, with 83% being male. The aver-
age body mas index (BMI) was 28 kg/m2. Most patients 
(71%) had cT2 pathology prior to NAC. The average 

█  Neoadjuvant chemotherapy is associated 
with significant morbidity.

█  Neoadjuvant chemotherapy increases rates 
of sarcopenia.

█  Sarcopenic obesity is associated with higher-
grade adverse events.

█  Body composition should be considered 
when deciding on neoadjuvant chemotherapy.

KEY MESSAGES

SMI (       ) = Surface area of muscle at L3
height2

cm2

m2

FMI(     ) = 
(0.042       )(Surface area of adipose tissue at L3 [cm2]) + 11.2

height2

kg
m2

kg
m2



182 CUAJ  •  JUNE 2024  •  VOLUME 18, ISSUE 6  

MacDonald et al

time between CT scans was 69 days. NAC consisted 
of gemcitabine/cisplatin for 68 patients (97%), with the 
remaining two patients receiving carboplatin/gemcitabine. 

Table 2 summarizes the body composition changes 
of the cohort. Most patients were sarcopenic (54%) 
at baseline. Of the males, 32 (55%) were sarcopenic, 
with an average SMI of 54.6 cm2/m2. Six female patients 
(50%) were sarcopenic, with an average SMI of 41.2 
cm2/m2. The mean reduction of SMI after two rounds of 
NAC was 2.2 cm2/m2 (median reduction of 3.4%); this 
was statistically significant (p<0.001). Figure 1 shows the 
distribution of SMI changes using a violin plot. 

Thirty-six (51%) of patients were obese, with an 
average FMI of 9.72 kg/m2 (males: 9.74 kg/m2, females: 
9.61 kg/m2) prior to initiating NAC. The mean increase 
in FMI between CT scans was 0.03 kg/m2 and was not 
statistically significant (p=0.78). Figure 1 shows the dis-
tribution of FMI changes. Fifteen (21%) of patients were 
classified as having SO prior to NAC; this increased to 
17 (24%) following NAC. 

Table 3 summarizes AEs associated with NAC. In 
total, there were 670 documented toxicities. Outcomes 
of the logistic regression are found in Table 4. To con-
trol for comorbidities and performance status, American 
Society of Anesthesiologists (ASA) score was included 
in the logistic regression. The presence of high-grade 
AEs (greater than or equal to CTCAE grade 3) were 
significantly increased by the presence of SO. 

Using linear regression, obesity was predictive of 
increased length of hospital stay, increased transfusions, 
and higher Clavien-Dindo complications. This result did 
not hold true when performing a multivariable analy-
sis; body composition was not associated with any 
increased risk of worse postoperative outcomes. 

DISCUSSION
Our study shows that SMI decreases after initiating 
NAC for MIBC; however, measures of obesity are 
unaffected. Higher-grade AEs were correlated with 
the presence of SO.The rate of sarcopenia in BC 
patients ranges from 25–69%.14 Sarcopenia is known 
to negatively affect OS, CSS, and all-cause mortal-
ity following RC.6-9 Five-year OS decreases by up to 
31% for sarcopenic patients.8 Sarcopenia also predicts 
90-day mortality and postoperative complications fol-
lowing RC.15,16 Furthermore, NAC has been shown to 
cause a measurable decrease in SMI of 3–8.4%.17,18 In 
our study, we hypothesized that NAC is associated 
with increased chances of a decrease in SMI, and that 
sarcopenic patients would have a higher number and 
grade of AEs associated with NAC (prior to RC). 

Table 1. Demographic information for patient 
population (N=73)
Demographic n (%) Mean SD

Age 65 8

BMI 28 5

Gender

Male 59 83

Female 11 17

Smoker 50 71

ASA score 2.4 0.6

BCG 6 9

Presence of CIS 16 23

cT-stage

cT1 9 13

cT2 50 71

cT3 6 9

cT4 5 7

ASA: American Society of Anesthesiologists; BCG: bacillus Calmette-
Guérin; BMI: body mass index; CIS: carcinoma in situ; SD: standard 
deviation.

Figure 1. Violin plots showing distribution of the change in (A) skeletal muscle index (SMI); and (B) fat mass index (FMI). 
Solid lines denote the mean and extremes of the distribution.

A

B
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We found a median change in SMI of -3.4% in 70 
patients, which is consistent with published values for 
patients receiving cisplatin-based chemotherapy prior 
to RC. One retrospective review calculated the change 
in SMI in 30 patients before and after receiving NAC. 
They found a median SMI decrease of 3%, with 73.3% 
of the patients experiencing some decrease in SMI.18 
Another study found a median decrease of 8.4% in SMI 
attributed to NAC. The authors also concluded that 
SMI was not associated with downstaging after NAC 
and RC.17 Another retrospective study examined the 
relationship between NAC and SMI using 26 patients. 
The authors found a median decrease of 6.4%.19 Finally, 
psoas muscle volumes were measured in 60 patients 
undergoing NAC prior to RC. A decline of 4.9% in 
psoas muscle volume was found and was associated 
with NAC dose reductions, although there were no 
surgical outcomes affected by this decrease.20

The effects of sarcopenia on NAC toxicity have been 
studied in other cancers but not bladder cancer spe-
cifically. For example, cisplatin-based NAC was associ-
ated with higher rates of serious AEs in patients with 
esophageal cancer.21 Because body surface area (BSA) 
is used to calculate dosing of chemotherapy agents; 
sarcopenic patients have less lean body mass to metabol-
ize chemotherapy, theoretically leading to a higher inci-
dence of toxicity.22 Our study found that the presence 
of sarcopenia, specifically SO, increased the chances of 
having higher grade AEs (CTCAE grade 3 and higher). 
The combination of sarcopenia and obesity may have a 
synergistic effect on toxicity; when sarcopenia and obes-
ity were used as separate variables in the logistic regres-
sion, neither were strong predictors of higher-grade AEs. 

SO, specifically, has been shown to negatively affect 
OS, recurrence-free survival, disease-free survival, 
and CSS for many different cancers.23 It is theorized 
that SO worsens these outcomes due to increased 
metabolic derangements, increased surgical complica-
tions, and decreased tolerance to chemotherapy.24,25 
Chemotherapy toxicity associated with SO has con-
flicting evidence. SO increased the risk of dose-limit-
ing toxicity for patients receiving NAC for esophageal 
cancer.26 Another study found that patients with SO 
had increased rates of hematologic toxicity when being 
treated with FOLFIRINOX chemotherapy;27 however, 
SO was not found to be associated with toxicity for 
patients treated with palliative chemotherapy for 
esophageal cancer.28 Limitations

Several limitations to the current study are worth men-
tioning. First, the observational design of this study lends 
it to potential selection bias, whereby more robust indi-
viduals were selected to receive NAC. Only patients 

Table 4. Logistic regression using the presence of any 
high-grade AE (CTCAE ≥grade 3) 
Variable Odds ratio 95% CI p

Constant 7.37

Age 0.94 0.86–1.02 0.13

Male gender 0.39 0.08–1.95 0.25

Sarcopenic obesity 8.37 2.06–34.04 0.003*

>cT2 0.42 0.07–2.62 0.35

ASA score 1.94 0.70–5.40 0.20

*Statistically significant. AE: adverse event; ASA: American Society 
of Anesthesiologists; CI: confidence interval; CTCAE: Common 
Terminology Criteria for Adverse Events. 

Table 3. Number and severity of adverse events by body composition

Group Number of adverse events by grade

1 2 3 4 5 Total

All patients 517 120 33 0 0 670

Sarcopenic 307 67 16 0 0 390

Non-sarcopenic 210 53 14 0 0 277

Obese 240 63 21 0 0 324

Non-obese 277 57 12 0 0 346

Table 2. Change in sarcopenia and obesity before and after NAC

Baseline Post-NAC Difference p

Sarcopenic, n (%) 38 (54%) 41 (58%) 3 (4%) 0.73*

Obese, n (%) 36 (51%) 36 (51%) 0 (0%) 1.00*

Sarcopenic and obese, n (%) 15 (21%) 17 (24%) 2 (3%) 0.84*

SMI, mean ± SD, cm2/m2

Male
Female
All patients

54.6±10.3
41.2±4.0
52.3 ± 10.8

52.4±9.4
39.2±4.5
50.1±10.1

-2.2±3.2
-2.0 2.7
-2.2±3.2

<0.001†

0.003†

<0.001†

FMI, mean ± SD, kg/m2

Male
Female
All patients

9.8±2.7
9.7±1.6
9.8±2.6

9.8±2.7
9.6±1.5
9.8±2.5

0.01±0.64
0.09±0.70
0.03±0.65

0.88†

0.66†

0.73†

p-values calculated using Fisher’s exact test* and paired Student’s t-tests. †FMI: fat mass index;  
NAC: neoadjuvant chemotherapy; SD: standard deviation; SMI: skeletal muscle index.
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who went on to receive a RC were included in our 
database. 

Second, we were unable to control the interval 
between CT scans, introducing inaccuracy in measuring 
the impact of NAC on sarcopenia. The CT scans are 
performed midway through the chemotherapy course; 
therefore, we are not capturing effects of chemother-
apy on sarcopenia later in the treatment course. 

Third, we relied on AEs as a measure of the impact 
of NAC, whereas sarcopenia may impact other factors, 
such as quality of life, that we could not capture with 
this study design.

Fourth, our design is unable to determine if reverse 
causality is playing a role in our analysis, meaning that 
the AEs may be the cause of changes in body com-
position. 

Finally, given the relatively small number of patients 
and events, our model may be over-specified to the 
data and must, therefore, be interpreted with caution. 

CONCLUSIONS
A significant proportion of patients with bladder can-
cer undergoing NAC have pre-existing sarcopenia 
and were found to have a further decline in skeletal 
muscle mass throughout chemotherapy. SO was associ-
ated with higher-grade AEs, even when compared to 
sarcopenia or obesity alone. As such, the presence of 
this factor may help predict tolerance of NAC.
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