
Abstract. Background/Aim: To evaluate the impact of
sarcopenia in muscle invasive bladder cancer (MIBC) elderly
patients submitted to curative radiotherapy. Patients and
Methods: Patients received radiotherapy between 2013 and
2018, and the skeletal muscle index was calculated to classify
them as sarcopenic or non-sarcopenic. Primary endpoints
were overall survival (OS), cancer specific survival (CSS),
90-day mortality and toxicity. Results: A total of 28 patients
with a median age of 85 years met our inclusion criteria and
8 of them were sarcopenic. With a median prescribed dose of
61 Gy and a median follow-up of 24.5 months, OS rates in
the sarcopenic and non-sarcopenic groups were 100% and
84.4% at 3 months, 57.1% and 56.6% at 12 months, 38.1%
and 50.3% at 24 months and 38.1% and 33.5% at 48 months,
respectively;  the CSS rates were 100% and 94.1% at 3
months and 68.6% and 88.2% at 12, 24 and 48 months,
respectively. The actuarial 90-day mortality rate was 17.9%
for the whole cohort, and 20% and 12.5% for the non-
sarcopenic and sarcopenic groups, respectively. The radio-
induced toxicity was similar in both groups. Conclusion:
Sarcopenia cannot be considered a negative prognostic factor
for MIBC elderly patients treated with external beam
radiotherapy. Irradiation is therefore a feasible and effective
choice for these patients, especially if unfit for surgery.

In Italy, bladder carcinoma is the fourth most common
cancer in males, with a lower incidence among women.
Urothelial carcinoma mostly affects the elderly population
that frequently has comorbidities and general performance
decline (1).

Radical cystectomy currently represents the gold standard
treatment in patients affected by muscle invasive bladder
cancer (MIBC), with a five-year overall survival rate
between 42% and 58% after surgery and a significant
mortality risk within the first 90 days that reached 9% in the
larger case series of patients (2, 3). Some factors like
multiple age-related comorbidities and a poor perfomance
status can have a negative impact on patients’ ability to
tolerate radical cystectomy (4), but also a suboptimal
nutritional state can seriously put at risk the postoperative
recovery even leading to death in some cases (5).

For a systematic assessment of comorbidities and
perfomance status impact on the preoperative risk of radical
cystectomy many indexes with poor reproducibility and
therefore low reliability have been suggested (6), whereas
regarding the nutritional state an objective evaluation can be
made through general clinical assessment and some easily
quantifiable measures of body composition. In this sense, the
most used indexes are the body mass index, body surface
area, appendicular skeletal muscle mass, total psoas area,
psoas muscle volume, psoas muscle index and skeletal
muscle index (5, 7-9).

Sarcopenia indicates the loss of muscle mass, and an
exhaustive definition has been provided by the European
Working Group on Sarcopenia in Older People (EWGSOP)
(10). An excellent tool to evaluate sarcopenia is the
skeletal muscle index (SMI), introduced by Fearon et al.
and calculated on axial computed tomography (CT) images
thus being poorly affected by the inter-operator variability
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(11). It has been shown that sarcopenia is a negative
prognostic factor both for the overall survival (OS) and
cancer specific survival (CSS) of patients affected by
melanoma, and breast, pancreas, colorectal, hepatobiliary
and small cell lung cancer (12-16). Furthermore, some
authors have recently reported that sarcopenia significantly
increases both overall and cancer-specific mortality rates
in MIBC patients submitted to radical cystectomy (8, 17-
19), thus paving the way to a wide spread of non-invasive
treatments.

In this scenario, radiotherapy (RT) as part of a bi/trimodal
approach including the transurethral resection of the bladder
(TURB) with or without chemotherapy represents a valid
alternative for all patients who refuse or are not suitable for
surgical treatment due to comorbidities or unresectable
tumor, as confirmed in other clinical scenarios (20-22).

Since muscolar mass loss is frequently correlated with
age, the main purpose of the present study was to evaluate
sarcopenic status in a cohort of elderly MIBC irradiated
patients and to estimate its impact on treatment-related
toxicity, 90-day mortality, OS and CSS.

Patients and Methods

Criteria for inclusion. All patients gave a written informed consent
to the use of their anonymized clinical and image data for research
and training purposes prior to treatment. The study was conducted
in accordance with the general principles of “The Code of Ethics of
the World Medical Association (Declaration of Helsinki)”. Data
related to MIBC patients irradiated between April 2013 and August
2018 were retrospectively collected by searching in the database of
the Radiation Oncology Units of “Policlinico Universitario G.
Martino” and “Azienda Ospedaliera Papardo” of Messina. Only
patients ≥70 years, unfit for surgical treatment or having refused it,
with a MIBC TNM staging T≥2 N0 M0 and eligible for RT were
recruited.

Imaging, clinical and sarcopenia assessment. To perform each
patient’s muscular assessment, a single axial slice at the level of the
body of L3 vertebra was extracted from the RT planning CT. The
muscle area, expressed in cm2 and comprised the psoas, paraspinal
muscles, transverse muscles, exterior and inner obliques, and rectus
of the abdomen, was computed (Figure 1) and divided by the square
of the body height expressed in meters to calculate the SMI.

In detail, the analysis of L3-slice body composition was carried out
assuming specific thresholds of Hounsfield Unit (HU) for the different
represented tissues. The reference range was between -29 and 150 HU
for the skeletal muscle (Figure 1C) and between -30 a -190 HU for
the adipose tissue (Figure 1B), whereas the muscular area was finally
calculated by automatically adding the related pixels (Figure 1D, E)
and, if necessary, manual adjustments were made by the operator.
According to the international consensus of cancer cachexia by Fearon
et al., an SMI <55 cm2/m2 for men and <39 cm2/m2 for women was
highly indicative of sarcopenic status (11).

Finally, the Charlson Comorbidity Index (CCI) was calculated to
estimate the impact of several coexisting comorbidities on patient’s
survival.

RT and follow-up. Patients were irradiated within 4-6 weeks after a
maximum TURB. CT simulation was performed with the patient
placed in a supine position having an empty bladder and lower
limbs immobilized through a specific immobilization system (knee-
fix). Volumes to be treated were defined as follows: the gross tumor
volume (GTV) included the macroscopic tumor clearly visible on
CT simulation and MRI imaging if available, the clinical target
volume (CTV) included the whole bladder excluding the negative
limph nodes, and the planning target volume (PTV) derived from a
radial expansion of 1.5 cm of the CTV in order to overcome setup
bias and consider physiological bladder position variation from one
RT session to another. The minimum reference isodose to cover
PTV was 95%. Rectum, femoral heads and small bowel were
defined as organs at risk, so that specific dose-volume constraints
were fixed and a maximum of two constraints could be unrespected:
rectum V50 <50%, V60 <33%; femoral head V42 <50%; small
bowel V45 <195 ml and V35 <230 ml if the volume included both
the whole peritoneal cavity and the intestinal loops, V15 <120 ml
with Dmax <55.5 Gy in case only the intestinal loops included.

RT was delivered with a 6-10 MV linear accelerator adopting
different irradiation techniques including 3D-conformal RT (3D-
CRT), intensity modulated RT (IMRT) and volumetric modulated
arc therapy (VMAT). A 50 Gy dose was delivered to the CTV with
a dose of 60 Gy, and in some cases slightly above, on GTV, through
2-Gy daily fractions and a weekly schedule (5 days/week). Set-up
check was carried out through cone-beam CT or EPID.

All patients were provided with a supportive therapy during all
the irradiation time, including intestinal probiotics and urinary
antiseptics in addition to dietary advices.

Acute toxicities, evaluated according to the RTOG scale, were
weekly registered during and after treatment contextually to the 3-, 6-
and every 4-month follow-up visits. Treatment response has been
evaluated through CT and/or cystoscopy at 8 weeks after the end of RT.

Statistical analysis. The primary endpoints of the present study
were: 1) OS, defined as the time interval between the start of the
RT and the date of death or, for alive patients, of the last follow-up
and evaluated at fixed time points of 3, 12, 24 and 48 months; 2)
CSS, defined as the time interval between the start of the RT and
the date of death due to cancer evaluated at fixed time intervals of
3, 12, 24 and 48 months; 3) 90-day mortality, defined as the death
rate at 90 days after the start of RT relative to the total number of
patients that underwent the treatment. These three outcomes were
calculated using the Kaplan–Meier method and all the results were
considered significant if p-value was lower than 0.05.

Results
According to the selection criteria, we identified 28 MIBC
patients with a median age of 85 years (range=71-90 years).
One patient received pre-RT chemotherapy administered
systemically and one patient received concomitant
chemoradiotherapy. All patients were previously submitted
to an as wide as possible TURB that provided a histological
classification of the tumor which resulted in the diagnosis of
urothelial carcinoma in 26/28 cases and a squamous
carcinoma in 2/28 cases; an infiltration beyond the detrusor
muscle (T4) was detected in only one case. Comorbidity
burden was assessed by the CCI obtaining a median score of
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8 (range=5-16). A complete list of the characteristics of the
irradiated patients is provided in Table I.

The RT delivered was a 3D-CRT in 13/28 patients, an
IMRT in 14/28 patients and a VMAT in 1/28 patient. The
total median dose was 61 Gy (range=29.1-69.6 Gy) achieved
through an average daily dose of 210.9 cGy, and the median
follow-up time was 24.5 months (range=3-64 months). Only
in two cases dysuria was so severe to cause the interruption
of the planned schedule. Median SMI was 72.4 cm2/m2
(range=42.9-94.2 cm2/m2), and 8 of the 28 enrolled patients
were sarcopenic.

At the last follow-up 14/28 patients had died, 13/28 were
alive, and 1/28 was lost to follow-up. Median OS of the
whole cohort was 12 months (range=3-60 months), and no
substantial differences emerged comparing the median OS
rates of the sarcopenic and the non-sarcopenic groups (15 vs.
42 months, respectively). For the whole sample, OS rates at
3, 12, 24 and 48 months were 88.6%, 56.8%, 47.3% and
35.5% respectively, whereas for the aforementioned groups

the OS rates at the same time intervals were 100% vs.
84.4%, 57.1% vs. 56.6%, 38.1% vs. 50.3%, 38.1% vs. 33.5%,
respectively (Figure 2). Only in 4 out of 13 dead patients,
exitus was caused by cancer progression; of them, 2 were
sarcopenic and 2 were non-sarcopenic. CSS rates at 3, 12,
24 and 48 months were 95.8% at the first interval of time
and 82.9% at the remaining three. Comparing the sarcopenic
and non-sarcopenic groups, the CSS rates were 100% vs.
94.1% at 3 months, and 68.6% vs. 88.2% at 12, 24 and 48
months, respectively (Figure 2). Finally, the actuarial 90-day
mortality rate was 17.9% for the whole sample, and 20% vs.
12.5% for the non-sarcopenic and sarcopenic groups
respectively (Figure 2).

Regarding the radio-induced toxicities, among the 28
irradiated patients 14, 6, 6 and 2 experienced a G0/G1, G2,
G3 and G4 toxicity, respectively, according to the RTOG
scale (Table II). No significant differences were registered
neither for frequency nor for severity between the sarcopenic
and the non-sarcopenic patients, and only one of the two
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Figure 1. Workflow of the computation of the muscular area (cm2). (A) CT slice passing through L3; (B) tissues with density between -30 and -190
HU corresponding to adipose tissue; (C) tissues with density between -29 and 150 HU corresponding to skeletal muscle; (D) manually processed
image to rule out non-muscular tissues; (E) final result.



individuals that developed the G4 toxicity, causing RT
interruption at the 14th out of the 28th and the 18th out of the
30th planned sessions, was defined as sarcopenic.

According to the experienced toxicity, patients can be
classified in two groups (Table III); the first one (20
patients, 6 of which sarcopenic) exhibited minor to
moderate gravity (G0/G1/G2) of the adverse events, and
the second one (8 patients, 2 of which sarcopenic) showed
a more severe treatment-related symptomatology (G3/G4).
Examining the non-sarcopenic cohort, no increase in the
frequency of G3-G4 toxicity versus G1-G2 toxicity was
observed (6 vs. 14, respectively, with 30% of G3-G4
among the non-sarcopenic patients); comparable results
were obtained conducting the same analysis in the
sarcopenic group (2 vs. 6, respectively, with 25% of G3-
G4 among the sarcopenic patients), confirming the lack of
correlation of sarcopenia with a greater tendency to give
RT-related side effects.

Patients’ age did not significantly affect OS of our sample,
as emerged by the lack of statistical correlation between
them. The median CCI score of the whole sample was 8
(range=5-16), and comparing the OS of patients with a score
higher and lower than this median value no significant
differences were obtained regarding the 3-month OS (83.3%
vs. 92.9%, respectively) and the 12-month OS (58.3% vs.
55%, respectively). Within the sarcopenic group, the number
of patients with a CCI score >8 was not greater than the
number of patients with a <8 score (3 vs. 5), being equally
distributed. However, the number of patients with a score
higher than 8 among the non-sarcopenic group were the
same as those with a score lower than 8 (10 vs. 10). No
significant correlation was observed neither between CCI
and OS nor between CCI and sarcopenia.

Finally, higher grade toxicities (G3-G4) were significantly
more frequent among patients with a greater CCI score (p-
value=0.03).
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Table I. Patient and tumor characteristics.

Patient    Gender    Age    Histology    Grading    TNM            CHT             GTV          Side       RTOG  Comorbidities    CCI        SMI       Sarcopenic
                                                                                                                    dose (Gy)     effects       score                                          (cm2/m2)

1                  M         83            0                 2            T2                 /                   63              0, 4             3                  0                 9         67.95             No
2                  M         87            0                 2            T4                 /                   64                5               2            0, 1, 3, 4          8         70.13             No
3                  M         85            0                 2            T2                 /                   60              0, 8             1                0, 4               8         54.55             Yes
4                  M         78            0                 2            T2                 /                 69.6              6               1                  5                 6         84.82             No
5                  M         86            0                 2            T2                 /                   60                /                1                  /                 6         54.86             Yes
6                  M         80            0                 2            T2                 /                   60                /                1              0, 6, 7            11        71.76             No
7                  M         89            1                 3            T2                 /                   63                8               1                  /                 6         75.01             No
8                  M         76            0                 3            T2                 /                   56             6, 10            2                  7                 8         54.24             Yes
9                  M         85            0                 3            T2                 /                   36              4, 7             4         0, 3, 5, 6, 7       16        76.71             No
10                F          87            0                 2            T2                 /                   60              0, 1             3                  0                 9         70.81             No
11                M         81            0                 2            T2                 /                   62                1               3                  8                 7         73.32             No
12               M         86            0                 3            T2                 /                   64           1, 3, 4           3                0, 1              10        67.69             No
13               M         86            0                 3            T2                 /                   60                8               1                  0                 8         94.15             No
14               M         85            0                 3            T2                 /                   64                6               2              1, 4, 5             9         54.38             Yes
15                M         81            0                 3            T2                 /                   66              0, 2             2                  0                 8         66.71             No
16               M         71            0                 3            T2                 /                   60                7               1                  0                 7         73.27             No
17               M         90            0                 3            T2                 /                   60                /                1                0, 6              10        47.21             Yes
18                M         89            0                 3            T2                 /                 29.1              9               4                  /                 8         42.88             Yes
19                M         87            0                 3            T2                 /                   63              6, 8             2                0, 1               9         82.54             No
20               M         85            0                 3            T2                 /                   63                /              0/1                 /                 5         54.97             Yes
21                F          83            0                 3            T2                 /                   60                0               1                  /                 9         74.58             No
22               M         89            1                 3            T2                 /                   63                /              0/1              0, 4               9         74.71             No
23               M         81            0                 3            T2                 /                   64                /                1                0, 2               8         80.44             No
24               M         86            0                 3            T2                 /                   60                7               1                0, 5               9         88.60             No
25               M         78            0                 3            T2                 /                   66              0, 6             2                0, 1               9         89.40             No
26               M         83            0                 2            T2                 /                   60                /              0/1                0                 8         72.96             No
27                F          75            0                 3            T2        Concomitant         66                0               3                  0                 6         80.57             No
                                                                                              carboplatin
28                M         90            0                 3            T2        Gemcitabine         60              0, 1             3                2, 5              11        50.90             Yes

Histology: 0 urothelial carcinoma, 1 squamous carcinoma; Side effects: 0 cystitis, 1 haematuria, 2 incontinence, 3 pollakiuria, 4 pelvic pain, 5
proctitis, 6 diarrhea, 7 strangury, 8 dysuria, 9 anuria, 10 skyn erythema; Comorbidities: 0 cardiovascular diseases, 1 metabolic disease, 2 glaucoma,
3 anaemia, 4 prostatic disease, 5 gastroinstestinal diseases, 6 BPCO, 7 renal diseases, 8 anaemia; CHT: chemotherapy; CCI: Charlson Comorbidity
Index; SMI: Skeletal Muscle Index.
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Figure 2. Overall Survival, Cancer Specific Survival and 90-day mortality curves for the whole sample (left column) and comparison of the curves
between sarcopenic and non-sarcopenic patients (right column).

Table II. Radiation-induced toxicity according to the RTOG scale.

Symptoms                                                                                                                                         RTOG grade                            No. of patients

Cystitis, dysuria, strangury, haematuria, pollakiuria, anuria, incontinence,                                      G0/G1                                           14
proctitis, diarrhea, pelvic-lumbar pain, skin erythema                                                                         G2                                                6
                                                                                                                                                                  G3                                                6
                                                                                                                                                                  G4                                                2



Discussion

Sarcopenia is defined as a muscular mass loss resulting from
catabolic processes activated by old age and stress factors.
Surgery, radiotherapy, and chemotherapy tremendously strain
the body of cancer patients, causing a greater expenditure of
energy and consequently an increase in all cellular catabolic
processes that, as a result, subvert tissue composition (7).

Sarcopenia is typically associated with muscular
weakness, accidental falls, fractures, restriction of the daily
activity and increased risk of death (23) and it provides an
accurate estimate of patients’ frailty thus being recently
recognized as an independent predictive factor for a poor
surgical outcome in elderly patients (24). The evidences that
a poor muscular reserve leads to more perioperative
complications, longer hospitalization and negative impact on
both OS and CSS have been widely demonstrated in patients
with urothelial carcinoma of the bladder submitted to radical
cystectomy (8, 17, 19), and similar results have been
reported analyzing the outcomes of many other types of
cancer such as breast, lung, gastric, colorectal, pancreatic,
hepatobiliary carcinomas and melanoma (12-15).

In addition to an advanced stage of disease and a poor
performance status, sarcopenia seems to affect not only
surgery outcomes, but also chemotherapy and RT ones. In
support, sarcopenic patients presenting a limited or extended
small-cell lung cancer submitted to chemotherapy and/or RT
showed a reduced OS (16), and those with metastatic
urothelial carcinoma receiving chemotherapy developed
more severe treatment-related toxicities (25). Furthermore,
although not significantly affecting the OS sarcopenia was
also associated to a higher frequency of acute toxicities after
a stereotactic body radiation therapy for borderline resectable
locally advanced pancreatic cancer (26).

Considering these results, in the present study we focused
on the impact of sarcopenia on the RT outcomes of MIBC
elderly patients. Despite the limited size of our sample,
sarcopenic and non-sarcopenic patients responded to RT in
a similar way, and no significant correlations emerged
between SMI and OS, CSS, 90-day mortality and RT-
toxicity. In addition, patients’ comorbidities expressed
according to the CCI score did not influence the OS

outcomes though presenting a significant correlation with the
experienced toxicity level, in agreement with the results of
Santacaterina et al. and in contradiction with the studies by
Mayr et al. and Boorjian et al. (4, 19, 27). Conversely, as
only a small number of patients underwent chemotherapy
with different regimens in terms of way of administration,
time of delivery and pharmacological agents chosen, it is not
possible to state how and how much its addition to RT
influenced our outcomes.

We recognize that the validity of these promising results
could be seriously compromised by the small size and
heterogeneity of the analyzed sample; moreover, the poor life
expectancy of elderly patients could hide the actual influence
of both nutritional status and comorbidities on the outcomes
under investigation. Another limitation is that even if the
muscular status assessment of the enrolled patients was made
through the accurate, reproducible and widely validated SMI
method, the retrospective nature of the present study did not
allow for a comparison between the SMI and other indicators
of patients’ frailty such as the walk test or the grip strenght test.

Nevertheless, we stress the opportunity of an active
intervention on sarcopenia; indeed, the gradual understanding
of the molecular and cellular basis of this potentially
reversible condition is leading to the development of new
therapies aimed to the restoration of muscle reserve (28).

Since the OS and CSS did not deviate from the ones
reported in surgical series, RT can be safely considered a
feasible treatment for sarcopenic patients unfit for surgery.
Finally, it is worth to point out that the present study has an
important pivotal role as it is currently the third reported
study aimed to a systematic assessment of sarcopenic effects
on RT’s outcomes in MIBC elderly patients. Indeed, in line
with our results, Stangl-Kremser et al. have highlighted how
sarcopenia is not prognostic of survival in patients unfit for
radical cystectomy or systemic chemotherapy (29).
Furthermore in the comparison between sarcopenic (n=67)
and non-sarcopenic (n=79) patients by Fraisse et al.
sarcopenia was associated with neither survival nor severity
of radiation-related adverse events (30).

As stated above, the results obtained in our retrospective
series can not be considered conclusive due to the small and
hetereogeneous sample and the related limited power of
statistical analysis. However, it indicates the efficacy and
excellent tolerance of radiotherapy in the entire cohort of
patients who are not candidates or who refuse surgery,
regardless of their sarcopenic condition. For this reason,
studies similar to this but with a necessarily greater number
of patients will be carried out.

Conclusion

Sarcopenia does not seem to be a negative prognostic factor
for elderly patients affected by MIBC submitted to RT. Thus,
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Table III. Different toxicity grades in sarcopenic and non-sarcopenic
patients.

RTOG grade goups                  No. of          No. of             No. of non-
                                                patients   sarcopenic (%)    sarcopenic (%)

Mild-moderate (G0/G1/G2)      20               6 (30)                 14 (70)
Severe (G3/G4)                            8               2 (25)                   6 (75)



RT is a feasible and effective treatment of sarcopenic
patients thanks to its low toxicity profile which makes this
the best alternative to surgery. Prospective randomized
studies are necessary to strenghten results’ reliability and
confirm this preliminary hypothesis.
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