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ABSTRACT

TAAFFE, D. R, S. P. MCCOMBIE, D. A. GALVAO, R. U. NEWTON, S. LA BIANCA, S. K. CHAMBERS, N. SPRY, F. SINGH, P.
LOPEZ, O. SCHUMACHER, C. HAWKS, and D. HAYNE. Efficacy and Feasibility of Presurgical Exercise in Bladder Cancer Patients
Scheduled for Open Radical Cystectomy. Med. Sci. Sports Exerc., Vol. 55,No. 7, pp. 1123—1132,2023. Purpose: This study aimed to examine
the feasibility and potential efficacy of presurgical exercise in patients with bladder cancer scheduled for open radical cystectomy with follow-up
postsurgery. Methods: Prospective single-group design with assessments at baseline, presurgery, and 3 months postsurgery was used in this study.
Multimodal supervised resistance and aerobic exercise was undertaken 2-3 d-wk ' at moderate intensity for a median of 3.5 wk (interquartile range
[IQR] = 1.3-5.6). Feasibility was assessed by recruitment and completion rates, patient safety, program tolerance, adherence, and compliance. Lean
and fat mass were assessed by dual-energy x-ray absorptiometry, physical function by a battery of tests (chest press and leg press strength, 6-min walk
test [EMWT], timed up-and-go, repeated chair rise), and quality of life (QoL), psychological distress, and body image by questionnaire. Hospital
length of stay (LOS) and complications were assessed by medical records. Results: Thirty-seven patients were referred with 20 recruited
(67.3 + 12.2 yr) and a presurgery intervention completion rate of 80% (16 of 20). The individual median program adherence was 100.0%
(IQR =89.4-100.0) with compliance of 100.0% (IQR = 90.5-100.0) for resistance exercise and 81.8% (IQR = 55.0-99.5) for acrobic exercise. There
were no exercise-related adverse events. Body composition did not change presurgery; however, there were improvements (P < 0.05) in leg press
strength (16%), 6MWT distance (8%), timed up-and-go (12%), chair rise (10%), and multiple QoL domains including mental health. Median
LOS was 8.0 d (IQR = 7.0, 15.0). Postsurgery, there were declines in components of QoL and apparent body image dissatisfaction. Conclusions:
A preradical cystectomy exercise program is feasible, safe, and well tolerated with improvements in physical function and QoL. Supervised
multimodal exercise in bladder cancer patients before cystectomy can enhance physical and mental health potentially buffering the effects
of surgery. Key Words: BLADDER CANCER, EXERCISE, CYSTECTOMY, NEOADJUVANT CHEMOTHERAPY

adical cystectomy, with or without neoadjuvant che-
motherapy (NAC), is widely considered to be the best
oncologic treatment option for patients of reasonable
performance status with muscle-invasive bladder cancer, and
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some patients with high-risk non—muscle-invasive bladder cancer.
In the male, radical cystectomy involves removal of the blad-
der and prostate, and in the female anterior pelvic exenteration
(removal of bladder, utereus, fallopian tubes, ovaries, and an
anterior cuff of vagina). Pelvic lymphadenectomy is routinely
performed and urinary diversion is fashioned, usually with ei-
ther an ileal conduit or an orthotopic neobladder fashioned
from small intestine. Radical cystectomy is a complex, techni-
cally demanding, and high-risk surgical procedure that is asso-
ciated with long periods of hospital stay, significant morbidity,
high readmission rates, and mortality (1-3). Postoperative compli-
cations are common and are related to preexisting morbidity and
age (4). Furthermore, patients with poor preoperative cardiopul-
monary capacity have a higher risk of complications postsurgery
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and increased hospital length of stay (LOS), which increases
healthcare costs (5,6). Given that patients are older and smoking
is a major risk factor (7), associated pulmonary and cardiovascular
diseases may also contribute to increased risk of surgical com-
plications, poorer overall function, quality of life (QoL), and
risk of mortality.

Exercise before surgery as a single intervention or as part of
prehabilitation or enhanced recovery after surgery (ERAS) pro-
grams (8) may improve preoperative patient status and postop-
erative patient outcomes by enhancing “fitness for surgery,”
thereby reducing hospital LOS and complications, reducing
healthcare costs and time to return to usual activities (9). We
have previously reported the beneficial effects of presurgical ex-
ercise in prostate cancer (10) and rectal cancer patients (11), and
others have reported improvements in lung cancer (12) as well
as in noncancer patients (13). In regards to cystectomy, Jensen
and colleagues (14) reported improvements in leg extension
muscle power after a 2-wk home-based preoperative exercise
program, and Banerjee et al. (15) found improvements in car-
diopulmonary fitness variables after 3—6 wk of aerobic interval
exercise. Recently, Kaye et al. (16) reported that a presurgical
exercise program improved physical health outcomes and
patient-reported QoL and Minnella et al. (17) reported prehabilitation
that included home-based exercise enhanced postcystectomy recov-
ery as assessed by the 6-min walk test (6MWT).

Here we report the findings from our recently completed ex-
ercise trial in patients scheduled for open radical cystectomy
with follow-up 3 months postsurgery. In this report, we extend
findings from previous trials by including patients exercising
while undergoing NAC resulting in a longer training period,
including exercise delivery via telehealth, undertaking a
comprehensive assessment battery for both objective and
patient-reported outcomes, and comparing hospital LOS, an
important clinical/patient/economic outcome, to a historical
patient series. We hypothesized that undertaking a structured
and supervised preoperative multimodal resistance and aero-
bic exercise program apart from being feasible in the current
setting would improve physical function and QoL before sur-
gery, potentially reducing hospital LOS and complications.

METHODS

Patients

Twenty patients scheduled to undergo open radical cystectomy
were recruited by invitation from their attending urologist at two
hospitals in Perth, Western Australia, between May 2018 and
April 2021. Potential patients were those with muscle-invasive
bladder cancer (=T2), patients with high-risk non—muscle-
invasive bladder cancer with atypical pathologic features (e.g.,
nested variant, micropapillary, etc.) or who preferred upfront
cystectomy, and those undertaking salvage cystectomy after
failed curative intent treatment with external beam radiation
therapy. Exclusion criteria included musculoskeletal, cardio-
vascular, or neurological conditions that could inhibit patients
from exercising as determined by their physician. All patients
undergoing cystectomy were managed using an established

ERAS pathway without a formal preoperative exercise compo-
nent. The study was approved by the Human Research Ethics
Committee of Edith Cowan University, the South Metropolitan
Health Service, and St John of God Health Care, and all partic-
ipants provided written informed consent.

Exercise Program

This was a single-armed trial with patients undertaking ex-
ercise before surgery with follow-up 3 months postsurgery.
Supervised training was undertaken 2—3 times per week for
approximately 60 min in duration and comprised resistance and
aerobic exercise, with a home program of walking 2 d-wk ' or
more that consisted of 20-30 min of activity. For patients un-
dergoing surgery only, supervised training was anticipated to
be for ~4 wk duration with a minimum of 2 wk and undertaken
3 times per week. For patients undergoing NAC, which was
anticipated to be for ~12 wk, supervised sessions were generally
2 d'wk™'. The supervised sessions were initially one on one
with an accredited exercise physiologist and then progressed
to small groups of three to five cancer patients undertaken in
several exercise clinics. Resistance exercise comprised six to
eight exercises that targeted the major upper- and lower-body
muscle groups and included chest press, seated row, leg press,
leg extension, leg curl, calf raise, biceps curl, and triceps exten-
sion. Intensity was set at 8—12 repetition maximum (RM, the
maximal weight that can be lifted 8 to 12 times) for 2-3 sets
per exercise (if training extended beyond 12 wk, then 4 sets
could be undertaken). The aerobic exercise component was be-
tween 15 and 20 min at an intensity of ~60% to 80% of esti-
mated maximum heart rate, using a variety of modes such as
walking or jogging on a treadmill, cycling, or rowing on a sta-
tionary ergometer. For patients undergoing surgery only and
hence training 3 times per week the resistance and aerobic train-
ing progression was as follows:

Weeks 1-2: resistance exercise, 2 sets of 12 RM; aerobic
exercise, 15-20 min 60% HR .«
Weeks 3—4: resistance exercise, 3 sets of 10 RM; aerobic
exercise, 15-20 min 70% HR .,
Weeks 5-6: resistance exercise, 3 sets of 8 RM; aerobic ex-
ercise, 20 min 70%—80% HR .

For patients undergoing neoadjuvant therapy and training 2
times per week, the progression was as follows:

Weeks 1-2: resistance exercise, 2 sets of 12 RM; aerobic
exercise, 15-20 min 60% HR .,

Weeks 3—4: resistance exercise, 3 sets of 12 RM; aerobic
exercise, 15-20 min 70% HR .

Weeks 5-8: resistance exercise, 3 sets of 10 RM; aerobic
exercise, 20 min 70%—80% HR .«

Weeks 9-12: resistance exercise, 3 sets of 8 RM; aerobic
exercise, 20 min 70%—-80% HR .«

Weeks 13-19: resistance exercise, 4 sets of 8 RM; aerobic
exercise, 20 min 70%—80% HR,,.x-
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Sessions commenced and concluded with a 5-min warm-up and
cooldown consisting of low-level aerobic activities and stretching.
Because of COVID-19 restrictions, two patients underwent
telehealth sessions supervised by an accredited exercise physi-
ologist instead of in-clinic sessions. The exercise sessions incor-
porated similar exercises/movements to the in-clinic program
using the resistance equipment provided to them (set of dumb-
bells) or bodyweight. Exercises were chest press, bent over row,
biceps curl, lateral raise, sit-to-stand, squat, calf raise, and glu-
teal bridge at 8—12 RM for 2-3 sets per exercise. The aerobic
component was walking outside for 15-20 min at an RPE of
12—-15 (somewhat hard to hard) using the Borg 6-20 scale (18).

Outcomes and Measures

Measurements of physical function, body composition, and
QoL/distress/body image were undertaken at baseline, presurgery,
and 3 months postsurgery. Hospital LOS, complications, and re-
turn to usual activities were assessed at 3 months postsurgery.
For the two patients undergoing the telehealth program, body
composition was not assessed and for physical function only the
chair rise test was performed.

Primary Study End Point

Feasibility. Feasibility was assessed by the following: 1)
recruitment and completion rates (number referred, number el-
igible, number enrolled, number of withdrawals, trial recruit-
ment rate, trial completion rate), 2) patient safety (number
and severity of adverse events), 3) program tolerance (ses-
sional RPE using the Borg 6-20 scale [18] after every exercise
session), 4) program adherence (number of completed ses-
sions, number of missed sessions), and 5) program compliance
(prescribed vs actual exercise completed, % of total volume
completed). The trial was considered feasible in the absence
of severe or life-threatening adverse events (19) and achieved
three or more of: recruitment rate >50% (19), completion rate
>80% (20), program adherence >80% (19,20), program com-
pliance >75% (20), and program tolerance from 12 to 15
(equivalent to “somewhat hard” to “hard”).

Secondary Study End Points

Length of hospital stay and complications. LOS and
complications (up to 3 months postsurgery) were obtained from
hospital records (including the use of the Clavien—Dindo Clas-
sification of surgical complications) with comparison to a pro-
spectively collected radical cystectomy patient series at a single
institution from investigator DH.

Physical function. Physical function was assessed by a
battery of standard tests that included 1) 1RM strength (21) for
chest press and leg press which represents upper- and lower-body
muscle strength, respectively; 2) 6MWT as a validated submaximal
surrogate measure for VO,y,a (acrobic capacity or aerobic fitness)
(22); 3) repeated chair rise (time to rise from a chair 5 times as a
measure of lower-body muscle function) (23); and 4) the timed
up-and-go (TUG) test to assess agility and dynamic balance (24).
Given the potential limited time for training before surgery, a

familiarization session before the physical function testing ses-
sion was not undertaken; however, instructions and a demon-
stration were provided, and patients performed a practice trial
(except for the 6MWT) before testing. The coefficients of var-
iation (CV) for repeat chest press and leg press 1RM measures in
our laboratory are 2.2% and 7.5%, respectively, and 5.6% for the
repeated chair rise test, whereas the reported CV for the 6SMWT
in cancer patients is 3% (25) and 6.5% for the TUG test (26).

Qol, psychological distress, and body image. Health-
related QoL was assessed using the Medical Outcomes Short
Form 36 (SF-36) (27), which is used to assess patient-rated phys-
ical and mental health outcomes across the domains of physical
function, role function (physical, emotional), bodily pain, general
health, vitality (encompassing energy level and fatigue), social
functioning, and mental health, with two summary health mea-
sures (physical component summary and mental component sum-
mary). Higher scores on the SF-36 indicate higher health-related
QoL. Bladder cancer—specific QoL was assessed using the Func-
tional Assessment of Cancer Therapy—Bladder (FACT-BI), which
includes additional questions covering urinary and bowel func-
tion, sexual symptoms, and body image with higher scores in-
dicating better QoL (28,29). The Brief Symptom Inventory-18
(BSI-18) was used to assess psychological distress across the
domains of anxiety, depression, and somatization, as well as
a global severity index where higher scores indicate higher
distress (30). Body image was specifically assessed using the
10-item body image scale (BIS) where higher scores indicate
increasing dissatisfaction/distress (31).

Body composition. Whole-body lean mass and fat mass,
percent body fat, and appendicular skeletal muscle (ASM) were
derived by dual-energy x-ray absorptiometry (DXA; Hologic
Discovery A, Waltham, MA). ASM was calculated as the sum
of upper-limb and lower-limb bone-free lean mass (32).

Return to usual activities. Return to usual activities was
assessed using the Resumption of Activities of Daily Living
Scale (33), modified for time since surgery. The extent to
which the patient resumed their normal activities in the areas
of self-care, sexual activity, household chores, shopping, so-
cializing, traveling, and recreation was assessed with scores
averaged over the 11 items with 0 for “not at all,” 50 for “mod-
erate resumption,” and 100 for “complete resumption.”

Other Measures

Demographics, lifestyle behaviors, and health history were
obtained by questionnaire and medical records. Height and
weight were assessed using a stadiometer and electronic scales,
respectively, with body mass index (BMI) calculated from weight
divided by height squared (kg'm 2). Self-reported physical ac-
tivity was assessed by the Leisure Score Index from the Godin
Leisure-Time Exercise Questionnaire (34) and nutritional status
by the Mini Nutritional Assessment (35). Preoperative comorbid
status and risk were assessed using the Charlson Comorbidity In-
dex (36) and the American Society of Anesthesiologists Physi-
cal Status Classification System (37), respectively. LOS was
obtained from hospital records, and the Clavien—Dindo classifi-
cation was used for complications postsurgery (38).

EXERCISE BEFORE CYSTECTOMY
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Statistical Analyses

Data were analyzed using IBM SPSS Version 28 (IBM Corp.,
Armonk, NY). Our recruitment target was 20 patients to deter-
mine feasibility and potential efficacy. With 20 patients, we
would have 80% power (alpha = 0.05, two-tailed test) to detect
a moderate effect size of 0.67 in a number of our secondary
outcome measures such as physical function, which we would
consider to be clinically meaningful. For the primary outcome,
rates for recruitment, completion, adherence, and compliance
as well as adverse events were calculated. For the secondary
outcomes, the normality of the distribution was assessed using
the Shapiro—Wilk test. Analyses included standard descriptive
statistics, and for baseline and presurgery analyses Student’s
t-tests or the Wilcoxon signed-rank test, as appropriate. For
three time points, given the reduced number of participants and
that not all variables were normally distributed, Friedman’s
ANOVA was used to enable consistency in reporting, and where
appropriate, a Bonferroni-corrected Wilcoxon signed-rank test
was used to locate the source of significant differences. Tests
were two-tailed with significance set at an alpha level of 0.05. Es-
timates of effect size were calculated using Cohen’s d where a
small effect is 0.2, a medium effect is 0.5, and a large effect is
0.8, and for the Freidman’s test, Kendall’s 7 was calculated
(across all time points) with a small effect 0.1, a moderate effect
0.3, and a large effect 0.5. Values are reported as the mean = SD,
median and IQR, or 7 (%).

RESULTS

Patient flow through the study is shown in Figure 1. Thirty-seven
patients were referred for screening with 20 consenting and
undertaking baseline assessments. The main reason for exclu-
sion was distance from or access to the exercise clinics for
training (n = 9) as well as commencing chemotherapy and
did not wish to exercise (n = 2). Sixteen patients completed

presurgery measures, with 4 patients ceasing exercise due to
rescheduling of cystectomy, which was brought forward (n = 2);
a cardiac event post their first dose of chemotherapy (n = 1); and
family commitments (n = 1). Of these 16 patients, 1 patient
had undergone immunochemotherapy and did not require
cystectomy but completed the postexercise assessment at
the end of immunochemotherapy treatment, 2 patients had
NAC while undertaking exercise, and 1 patient had NAC before
exercise. Follow-up was undertaken at 3 months postsurgery
with clinical data on all 15 patients and questionnaires for
14 patients, with varying patient numbers for the other out-
come measures.

Characteristics of the patients are shown in Table 1. The pa-
tients were 32—83 yr old with a mean = SD age of 67.3 + 12.2
and a BMI 0f29.0 + 4.5, predominantly married and no longer
employed, and with a Godin Leisure Score Index indicating
insufficiently active. The median weeks of exercise training
was 3.5 (IQR = 1.3-5.6) and ranged from 1 to 19 wk. The me-
dian number of sessions completed was 9.5 (IQR = 4.0-13.0)
and ranged from 1 to 36 sessions, with the median number of
missed sessions being 0.0 (IQR = 0.0—-1.0) and ranged from 0
to 12. Of the 16 patients with presurgery measures, 9 had com-
plete home-based exercise logs with a median of 15 sessions
(IQR = 7.5-19.5) with a range of 642 sessions.

Feasibility. The trial recruitment rate was 54% (20 re-
cruited from 37 patients referred) with a completion rate of
80% (16 of the 20 enrolled). Throughout the study, there were
two serious adverse events, although these were not directly
related to the exercise sessions: one patient had a cardiac event
after his first chemotherapy treatment and withdrew from the
trial, and one patient developed a blood clot during chemother-
apy treatment (forearm at site of cannula) and ceased exercise
(the patient initially underwent exercise for 6 wk then ceased for
the following 6 wk before assessments and surgery). There were
241 exercise sessions scheduled with 212 attended with the

Unable to contact (n=1)

| | Excluded (o=16)

» Distance/access (n=9)
+ Commenced chemotherapy and did not
wish to exercise (n=2)

»| « Not interested (n=1)

* Feels fit so no need (n=1)

* Missed baseline/noncontactable (n=1)
* Having knee surgery (n=1)

* No reason (n=1)

Lost to follow-up (n=4)

»| < Rescheduled cystectomy (n=2)
+ Cardiac event post chemotherapy (n=1)

+ Family/holiday commitments (n=1)

Lost to follow-up (n=1)

* Post immunochemotherapy did not
require surgery (n=1)

f | Referred by clinicians (n=37) |
» |
g |
v y
% | Patients screened (n=36)
=
=
\—/
f ) Consented and baseline
_% assessment (n=20)
@
» >
=
—
( o ) I Pre-surgery (n=16) |
7
3 N
=]
3
F | 3 months post-surgery (n=15) |

FIGURE 1—Consolidated Standards of Reporting Trials (CONSORT) diagram.
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TABLE 1. Patient characteristics (n = 20).

Variable Value Range
Age (yr) 67.3+12.2 32-83
Sex, male/female 18/2
Height (cm) 173279 160-193
Weight (kg) 87.0+15.0 63.0-125.3
BMI (kg-m™2) 29.0+£45 22.2-36.2
Married, n (%) 13 (65)

Postsecondary education, n (%) 5 (25)
Employed, 1 (%) 3(15)
Ever smoked, 1 (%) 13 (68)
Drinks per week 92+89 0-24
MNA? 25327 19.5-28
Godin LSI? 17.2+£19.7 0-70
Medications (number) 36x24 0-8
Clinical Stage, n (%)

Tis 2 (10)

T 9 (45)

T2 8 (40)

Urethral adenocarcinoma 1(5)
Charlson Comorbidity Index, n (%)

0 1(5)

1-2 low 6 (30)

3-4 moderate 8 (40)

>5 severe 5 (25)
ASA score, n (%)

2 10 (50)

3 9 (45)

Missing 15
Chronic conditions

Hypertension, 1 (%) 10 (50)

CVD, n (%) 4 (20)

Hypercholesterolemia, n (%) 10 (50)

Diabetes, n (%) 2(10)

Values are presented as mean = SD unless otherwise indicated.

aMalnourished <17, undernourished 17-23.5, well-nourished >23.5.
bModerate-to-strenuous LS| > 24 classed as active and <23 classed as insufficiently active.
MNA, Mini Nutritional Assessment; LSI, Leisure Score Index; CVD, cardiovascular disease;
ASA, American Society of Anesthesiologists physical status.

average median individual program adherence of 100.0%
(IQR = 89.4, 100.0). Program compliance (actual exercise
completed vs prescribed) was a median of 100.0% (IQR = 90.5,
100.0) for resistance exercise and 81.8% (IQR = 55.0, 99.5) for
aerobic exercise. Program tolerance based on session RPE ranged
from 8 to 17 with a median of 13.5 (IQR = 12.9 to 13.8) equivalent
to “somewhat hard.”

Body composition and physical function. There were
no significant changes in lean mass, fat mass, percent body fat, or
ASM from baseline to postintervention before surgery (Table 2).
However, leg press strength improved (16%) as did 6MWT

TABLE 2. Body composition and physical function at baseline and presurgery.

distance (8%), as well as the time to undertake the TUG test
(12%) and repeated chair rise test (10%) (P = 0.003-0.008).
Results for a subgroup of patients who underwent follow-up
assessments at 3 months postsurgery are shown in Table 3.
The patient numbers for the tests vary compared with presurgery
because of an unwillingness during COVID-19 outbreaks to return
for in-person testing as well as concerns in undertaking some of the
physical function tests. Although there was a significant difference
across baseline, presurgery, and postsurgery measures for lean
mass (P = 0.012), ASM (P = 0.018), and chest press strength
(P = 0.022), the source of the differences was not located with
follow-up testing. However, for the chair rise test (P = 0.005), per-
formance significantly declined postsurgery.

Qol, psychological distress, and body image. After the
intervention, several domains for health-related QoL improved
(P <0.05), including physical functioning, vitality, and mental
health, as well as the physical component summary of the SF-36
(Table 4). Similarly, there was an improvement (P < 0.05) in
emotional well-being, the bladder cancer subscale, and the to-
tal score for the FACT-BL. Results for patients who had com-
plete measures at all time points are shown in Table 5. At
3 months postsurgery, there was a decline (P < 0.05) in
patient-reported physical functioning as well as role—physical
compared with presurgery. There was also a significant change
across time for body image (P = 0.010), with an apparent in-
crease in dissatisfaction postsurgery.

Length of hospital stay, complications, and resump-
tion of usual activities. For the 15 patients that underwent ex-
ercise and cystectomy, LOS ranged from 4 to 30 d with a median
of 8.0 d (7.0, 15.0) (Table 6). In comparison, for a patient series
of 100 patients undergoing open radical cystectomy by a study
urologist (D.H.) from the one participating hospital, LOS ranged
from 4 to 27 d with a median 0f 9.0 d IQR =7.0, 13.0). Of the 15
exercised patients, rates of the 90-d Clavien—Dindo complica-
tions of severity grades I-II and III-IV were 11/15 (73%) and
2/15 (13%) in comparison with 69/100 (69%) and 16/100
(16%) for the study urologist series.

Five patients from the current trial visited the emergency de-
partment for a total of seven visits with wound infection/leak
and pain being the most common reasons. The 30-d readmission
rate was 33.3% (five patients) and was due to urosepsis (n = 2),

Baseline Presurgery Mean Change (95% Cl) Effect Size? P

Body composition (n=13)

Lean mass (kg) 553 +11.7 547 +11.4 -0.5(-1.8100.7) -0.27 0.354

Fat mass (kg) 281+95 27.8+9.0 —0 2 (-1.5t01.0) -0.11 0.710

Body fat (%) 32267 32366 1(-1.0to 1.1) 0.04 0.891

ASM (kg) 23552 232+49 —0 3(-0.8100.3) -0.29 0.316
Physical function

Chest press (kg), n=12 401 + 141 41.7+13.0 6(-1.11t04.2) 0.37 0.140°

Leg press (kg), n=13 85.4+35.2 99.0 + 39.1 13 6 (5.2 t0 22.0) 0.98 0.004

BMWT (m), n=14 504.4 +105.2 5431818 38.7 (14.7 t0 62.8) 0.93 0.004

TUG (s), n=14 7716 68+1.2 -0.8 (-141t0-0.3) -0.84 0.008

Chair rise (s), n= 16 13.0+26 11.7+18 -1.3(-2.1t0-0.5) -0.88 0.003

Values are presented as mean + SD.

Bold P values indicate statistical significance.
Cohen’s d.

bilcoxon signed-rank test.

TUG, timed up and go test.
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TABLE 3. Body composition and physical function at baseline, presurgery, and postsurgery.

Baseline Presurgery Postsurgery Effect Size? P
Body composition (n=7)

Y] Lean mass (kg) 48.1 (45.1-63.8) 48.9 (47.0-65.9) 47.8 (45.0-56.5) 0.63 0.012°
Ej Fat mass (kg) 25.4 (20.3-29.2) 25.4 (19.2-27.6) 23.6 (19.4-25.2) 0.33 0.102
= Body fat (%) 30.5 (28.9-33.4) 29.0 (27.5-33.9) 29.6 (28.7-32.9) 0.18 0.276

ASM (kg) 20.5 (18.6-27.8) 21.1 (19.1-28.4) 20.6 (18.4-23.6) 057 0.018°
Ll
—_— Physical function
) Chest press (kg), n=4 43.9 (33.2-52.9) 45.0 (37.1-56.3) 31.5 (28.1-38.3) 0.95 0.022°
wm

= Leg press (kg), n=3 49.5 (49.5-105.8) 76.5 (58.5-128.3) 76.5 (40.5-76.5) 0.58 0.178
—e n= .3-615. .3-643. .4-539. . .

: B6MWT (m), n=6 567 0 (433.3-615.5) 593 1(479.3-643.9) 482 4 (435.4-539.0) 0.46 0.065
<[~, TUG (s), n=6 6 (5.9-9.0) 7 (5.6-7.8) 7 (6.7-9.9) 0.19 0.311
Lﬁ" Chair rise (s), n=8 11 5 (11.1-15.3) 10 9(11.8-17.4) 15 4 (11.8-17.4) 0.67 0.005°
pras

Values are presented as median (IQR).

€202/02/90 U0 veor9slNUOhsH

Bold P values indicate statistical significance.
Kendall’'s W (across all time points).

bDifferences not located in post hoc analysis.

“Post hoc analysis: baseling, postsurgery > presurgery.
TUG, timed up and go test.

abdominal pain/diarrhea, intra-abdominal collection (abscess),
and pyelonephritis. Between 30- and 90-d postsurgery, one
of these patients was readmitted a further three times for
intra-abdominal collection, vasovagal syncope, and intra-abdominal
collection and drain insertion. For resumption of usual activities
(n = 13), scores ranged from 41.8 to 93.6 out of 100 with a mean
of 73.2 £ 17.7 with no one completely resuming all activities and
with scores for return to sexual activity ranging from 0 to 40 and
for recreational activities ranging from 0 to 90.

DISCUSSION

This is the first Australian study to examine the feasibility
and potential efficacy of presurgical multimodal exercise in
the setting of open radical cystectomy. There were three im-
portant findings: (i) combined resistance and aerobic exercise

was feasible to undertake, safe, and well tolerated; (ii) im-
provements in several components of physical function that
included muscle strength, aerobic capacity, agility/balance,
and lower-body function as well as multiple QoL domains
including mental health were observed; and (iii) declines in
the repeated chair rise test and components of QoL occurred
3 months postsurgery along with an apparent increase in body
dissatisfaction and no patient completely resuming all usual
activities.

Our trial indicates that it is feasible and safe to undertake
combined resistance and aerobic exercise in patients before
cystectomy with a recruitment rate of 54% and a completion
rate of 80%. For the four patients who withdrew from the
study, surgery was brought forward for two patients, resulting
in only one and two sessions being undertaken, a third patient
had a cardiac event after chemotherapy, and the fourth patient

TABLE 4. Patient-reported outcomes at baseline and presurgery.

XE0DIMMUSOXGUIXMCbeIbasyyeIAaga1009XsaNISWH+XbIodbAagay AOZA43abnxzziezoyNoazzpe
rd31WNey209TdOd8rONBAYOITZA+SLEZYXWOLSINAIABEHD AQ 8SSW-LWISIR/WOD" MM|"S[euINOl//-any U

Baseline Presurgery Mean Change (95% Cl) Effect Size? P
SF-36 (n=14)
Physical functioning 46.4 +11.1 50.9+56 5(-211011.2) 0.39 0.128°
Role-physical 413 £10.1 451182 8(0.7t07.0) 0.70 0.021
Bodily pain 457 £ 111 50.6 £ 10.7 .0 (0.4 t0 9.6) 0.63 0.036
General health 39.2+96 402+95 0(-24104.4) 0.17 0.542
Vitality 479+83 51.2+8.0 .3(0.2106.5) 0.62 0.037
Social functioning 39.6+94 43.0+11.0 4 (-0.8t07.5) 0.49 0.104
Role-emotional 439+152 434101 —0 6 (-6.5t05.4) -0.05 0.844
Mental health 438 +£11.3 50.0 £ 11.0 .2 (3.5109.0) 1.32 0.001°
Physical component summary® 42874 47373 4(26106.3) 1.43 <0.001
Mental component summary® 430+125 4541102 4(-16t06.4) 0.36 0.216
FACT-BI (n= 14)
Physical well-being 225+35 23.6+38 1.1 (-0.1t0 2.6) 0.39 0.166
Social well-being 20937 21.5+£33 06(-1.0t02.2) 0.22 0419
Emotional well-being 14850 18.1+39 34(1.2t05.5) 0.94 0.003°
Functional well-being 194+44 20257 0.8 (-14103.0) 0.21 0.449
Bladder cancer subscale® 306+6.2 328+75 2.3(0.0to 4.6) 0.61 0.049
FACT-BI total score® 109.3 £ 12.8 1175 +£16.2 8.2 (2910 13.4) 0.94 0.006
BSI-18 (n=14)
Somatization 2019 2124 1(-0.8t01.0) 0.05 0.777°
Depression 32+37 30x44 —0 2(-15t01.1) -0.10 0.720
Anxiety 2018 16+2.1 -04(-1.6t00.7) -0.21 0.443
Global severity index 72+58 6.6+8.1 -0.6 (-3.0t01.9) -0.13 0.150°
BIS (n=14)
BIS score 5147 45+43 -06(-1.2t00.7) -0.28 0.316

Values are presented as mean + SD.

Bold P values indicate statistical significance.
Cohen’s d.

bilcoxon signed-rank test.

‘n=13.
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TABLE 5. Patient-reported outcomes at baseline, presurgery, and postsurgery.

Baseline (1) Presurgery (2) Postsurgery (3) Effect Size? P Comparison
SF-36 (n=12)
Physical functioning” 48.6 (46.5-54.9) 52.8 (46.5-54.9) 44 .4 (36.0-48.6) 051 0.004 3<1,2
Role—physical 39.7 (31.1-48.9) 42.2 (37.9-56.9) 37.3 (25.6-48.3) 0.55 0.001 3<2
Bodily pain 46.5 (37.2-53.0) 53.2 (42.6-62.1) 49.0 (42.6-60.4) 0.20 0.091
General health 40.1 (32.6-45.2) 429 (35.5-48.2) 405 (33.7-45.5) 017 0.129
Vitality 47.4 (39.6-57.6) 52.1 (45.9-57.6) 443 (37.3-55.2) 0.31 0.025
Social functioning” 40.5 (29.6-51.4) 45.9 (29.6-56.9) 35.0 (18.7-45.9) 0.22 0.092
Role-emotional 52.0 (24.8-55.9) 442 (34.5-55.9) 42.3 (32.6-55.9) 0.09 0.358
Mental health 43.0 (35.9-55.6) 54.2 (38.7-58.5) 50.0 (27.5-58.5) 0.40 0.008 1<2
PCS® 43.9 (40.2-49.0) 47.3 (42.3-53.1) 41.9 (35.8-49.9) 0.37 0.025 1<2
MCS*® 38.0 (32.5-58.6) 47.2 (35.4-57.2) 42.7 (35.6-55.1) 0.16 0.202
FACT-BI (n=12)
Physical well-being 22.0 (20.3-25.5) 25.5 (20.8-26.0) 24.0 (20.3-26.0) 0.15 0.171
Social well-being 22.5(19.9-23.8) 22.5(19.9-23.8) 20.0 (18.3-23.8) 0.06 0.494
Emotional well-being 16.0 (9.5-18.5) 19.5 (15.3-22.0) 19.0 (13.0-21.8) 0.41 0.007 1<2
Functional well-being 19.0 (15.5-22.8) 21.5(14.3-24.8) 19.5 (10.8-23.3) 0.10 0.303
Bladder cancer subscale” 30.0 (25.2-33.6) 33.6 (26.4-38.4) 30.0 (27.6-37.0) 013 0.234
FACT-BI total score® 112.4 (96.2-122.3) 121.6 (103.4-132.0) 114.0 (109.5-118.2) 017 0.148
BSI-18 (n=12)
Somatization 2.0 (0.0-3.0) 1.0 (0.0-1.8) 2.0 (1.0-3.0) 0.24 0.055
Depression 1.5 (0.0-5.5) 15 (0.0-3.5) 1.0 (0.0-5.0) 0.05 0.519
Anxiety 15(0.0-2.8) 1.0 (0.0-4.3) 0.0 (0.0-1.0) 0.1 0.276
Global severity index 6.5 (2.0-8.5) 3.5(0.3-8.8) 4.0(1.3-8.8) 0.18 0.109
BIS (n=12)
BIS score 3.0 (1.3-7.5) 3.0 (1.3-6.8) 5.5 (3.0-13.8) 0.38 0.010

Values are presented as median (IQR).
Bold P values indicate statistical significance.
Kendall’'s W (across all time points).
b
n=11.
°n=10.
PCS, physical component summary; MCS, mental component summary.

withdrew after four sessions due to family commitments. The
recruitment rate is comparable with that of Banerjee et al. (15)
who recruited 53.5% of eligible patients to their aerobic interval
training trial in the UK. Feasibility to recruit this patient group is
also supported by recruitment rates of 81.6% by Jensen and col-
leagues (39) for their 2-wk preoperative home-based program
in Denmark and Minnella et al. (17) of 77.8% for their ~4-wk
multimodal prehabilitation program undertaken in Canada.
In addition, adherence and compliance to exercise was high
in our trial and well tolerated based on session RPE values.
Importantly, no patient withdrew because of the exercise pro-
gram itself, and there were no exercise-related adverse events.

Physical function improved after exercise, which would
improve the patient’s reserve capacity and provide a buffer
or a greater safety margin to the effects of surgery and reduced
activity in the postoperative period. These changes were rela-
tively substantial ranging from 8% to 16% over a median of
3.5 wk of exercise training. Similarly, Jensen et al. (14) re-
ported an 18% increase in leg muscle power after a 2-wk pro-
gram of daily exercise in patients scheduled for cystectomy,
whereas Banerjee et al. (15) noted an improvement in peak
power output of ~13% when performing a cardiopulmonary
exercise test although there was no significant improvement
in VO, peak compared with nonexercisers after twice weekly
training for 3—6 wk. Recently, Kaye et al. (16) reported an im-
provement in 6SMWT (5.1%), submaximal VO, (10.2%), gait
speed (7.5%), and the TUG test (5.5%) after thrice weekly
exercise for 4 wk before cystectomy. However, at 3 months
postsurgery, chair rise performance substantially declined in
our patients, and there were indications that other components
of function such as 6MWT and chest press strength also

declined. These declines after surgery, even at 3 months post,
indicate the importance of enhancing the patient’s reserve ca-
pacity before surgery, especially for those older and close to
thresholds for maintaining activities of daily living, to preserve
independence.

Improvement in physical function was accompanied by im-
provements in several components in QoL, including vitality,
mental health, and the physical component summary of the
SF-36 as well as emotional well-being, bladder score, and total
score of the FACT-BI. Similarly, Kaye et al. (16) reported
improvements in the physical health component summary with

TABLE 6. Surgical and postoperative clinical outcomes (1 = 15).

Duration of surgery (min)
Blood loss (mL)
Urinary diversion, n (%)

428 (392-521)
500 (480-850)

lleal conduit 12 (80.0)
Neobladder 3(20.0)
Length of hospital stay (d) 8.0 (7.0-15.0)
Clavien classification of complications, n (%)?
Grade 0 2(13.3)
Grade | 4(26.7)
Grade Il 7 (46.7)
Grade llla 1(6.7)
Grade IV 1(6.7)
ED visits
Patients, n (%) 5(33.3)
Total visits 7
30-d readmission, 1 (%) 5(33.3)
Length of stay (d) 4.0 (2.5-18.0)
90-d readmission, n (%) 5% (33.3)
Length of stay (d) 4 (2.25-9.5)

Values are presented as median (IQR) or n (%) as indicated.

“Surgical or other complications.

b0ne patient was readmitted four times (once within 30 d and three times between 30 and
90 d).

ED, emergency department.
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a mean change of 4.2 points and mental health component
summary of 3.4 points in the SF-36 after presurgical exer-
cise in patients scheduled for cystectomy. Improvement in
mental health is important given that lower preoperative
mental health has been associated with high-grade compli-
cations after radical cystectomy (40). The accompanying
improvement in mental health was noted by the patients
who commented in feedback of the program with “on a phys-
ical level I found an increase in my overall fitness and more
importantly my mental state” and “felt good during and after
each session ... improved physical and mental state.” However,
for those completing questionnaires at 3 months postsurgery,
there was a general decline in the components of the SF-36,
which was significant for physical functioning and role—
physical, with scores for the FACT-BI also reverting to be
similar to preexercise levels. Anxiety and depression did not
change after the exercise intervention or at 3 months postsurgery;
however, there was an apparent increase in body image dissatis-
faction after surgery. Change in body image is an important con-
cern after cystectomy with associated effects on sexual and social
functioning (41).

We found no changes in lean mass or fat mass over the pre-
operative period, although for most patients this was a rela-
tively short duration and detecting changes would be unlikely.
Similarly, Kaye et al. (16) reported no change in lean mass
after 4 wk of resistance and aerobic exercise before cystectomy.
However, sarcopenia has been implicated as a predictor of ma-
jor complications (3) and for cancer-specific and overall sur-
vival after radical cystectomy (42). Consequently, screen-
ing for sarcopenia and implementing strategies such as
resistance training and protein/dietary supplementation
to counteract sarcopenia before cystectomy may be one strat-
egy to target patients at risk for complications and postopera-
tive mortality.

Hospital LOS was a median of 8 d for our patients, which
was similar to that of the historical controls of 9 d. Similarly,
Jensen et al. (39) reported a median LOS of § d with no differ-
ence between intervention or standard treatment patients in
their trial, whereas the median LOS was 7 d for both exercise
and control groups in the study by Banerjee et al. (15) in which
over 90% of patients had laparoscopic radical cystectomy.
Minnella et al. (17) also reported no significant difference be-
tween their prehabilitation group and controls for LOS after
radical cystectomy with 9 and 10 d, respectively. By contrast,
Kaye et al. (16) reported a mean LOS of 6.5 + 2.5 d, although
58% underwent robot-assisted compared with open radical
cystectomy, which may have contributed to the shorter stay
(43). Our patients and those of the historical series underwent
open radical cystectomy followed by a similar ERAS protocol,
and it may be this group of patients who benefit more from
preoperative exercise than those undergoing robot-assisted
radical cystectomy. Our 30-d readmission rate is similar to that
of Jensen et al. (39) of 30% in exercisers and Kaye et al. (16) of
23%, with 90-d readmission similar to that reported by others
after radical cystectomy (2). However, both Jensen et al. (39)
and Minnella et al. (17) reported no difference in complications

or readmission between those who exercised and controls in
their studies.

There are a number of strengths of this study that extend
previous findings from trials in this area. First, we undertook
a comprehensive series of objective and patient-reported as-
sessments that included DXA for body composition and a bat-
tery of tests that captured different components of physical
function, as well as the FACT-BI, BSI-18, BIS, and Resumption
of Activities of Daily Living Scale in addition to the SF-36.
Second, supervised exercise was delivered not only in the ex-
ercise clinic but also via telehealth, increasing the potential
reach and uptake by patients. Third, we included patients un-
dergoing NAC, which resulted in a longer training period than
past studies involving patients undergoing radical cystectomy.
Given that more patients may receive NAC in the future (4),
this is of importance as it shows that exercise can be under-
taken during this time without any adverse effects and may po-
tentially improve NAC tolerability (44). Fourth, all patients
underwent open radical cystectomy, a patient group that may
benefit most from presurgical exercise, and lastly, we were
able to compare with a historical patient series for LOS.

However, there are also limitations worthy of comment. This
was a single-group trial with a recruitment target of 20 and lim-
ited to those in the metropolitan area who would have access
to the supervised exercise training sites. However, because
of COVID-19 and the need to pivot to telehealth delivery,
we have shown that the program can also be delivered via
the Internet and smart phones, which enhances access for this
patient group and would be especially applicable to those living
in regional and rural areas. A familiarization session for the phys-
ical function tests was not undertaken in this trial; however, the
change in all physical function outcomes exceeded the CV for
that measure. Nevertheless, although we cannot discount that
there was a contribution of a learning effect for the outcome mea-
sures, it is likely that exercise training also contributed to the
changes observed. In this respect, given the lack of change
in body composition as assessed by DXA, changes in physical
function were likely mediated by other factors such as neural
adaptations (45). Lastly, given the number of comparisons/
analyses undertaken, we cannot discount that a few of the sig-
nificant findings may be due to chance.

CONCLUSIONS

In conclusion, we found presurgical multimodal exercise in
patients scheduled for open radical cystectomy to be safe, fea-
sible, and well tolerated with beneficial effects on physical
function and QoL, including patients undergoing NAC. These
findings, collectively with the positive findings from other
trials in this patient group (14-17), indicate that exercise
medicine should be prescribed before radical cystectomy
(and delivered either under supervision in an exercise clinic
or via telehealth, or home-based) to enhance the patient’s re-
serve capacity and “fitness for surgery” both physically and
mentally, potentially enhancing their postoperative recov-
ery. This may prove to be especially beneficial in patients
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who are close to thresholds for functional limitations and
should be encouraged where possible.

This study was funded by a Below the Belt research grant from the
Australian and New Zealand Urogenital and Prostate (ANZUP) Cancer
Trials Group. The sponsors did not participate in the design or conduct
of the study; in the collection, management, analysis, and interpretation
of the data; or in the preparation, review, or approval of the manuscript.

REFERENCES

1. Goodney PP, Stukel TA, Lucas FL, Finlayson EVA, Birkmeyer JD.
Hospital volume, length of stay, and readmission rates in high-risk
surgery. Ann Surg. 2003;238(2):161-7.

2. Stimson CJ, Chang SS, Barocas DA, et al. Early and late perioperative
outcomes following radical cystectomy: 90-day readmissions, morbidity
and mortality in a contemporary series. J Urol. 2010;184(4):1296-300.

3. Smith AB, Deal AM, Yu H, et al. Sarcopenia as a predictor of com-
plications and survival following radical cystectomy. J Urol. 2014;
191(6):1714-20.

4. Witjes JA, Lebret T, Compérat EM, et al. Updated 2016 EAU guidelines
on muscle-invasive and metastatic bladder cancer. Eur Urol. 2017;71(3):
462-75.

5. Prentis JM, Trenell MI, Vasdev N, et al. Impaired cardiopulmonary
reserve in an elderly population is related to postoperative morbidity
and length of hospital stay after radical cystectomy. BJU Int. 2013;
112(2):E13-9.

6. Tolchard S, Angell J, Pyke M, et al. Cardiopulmonary reserve as de-
termined by cardiopulmonary exercise testing correlates with length
of stay and predicts complications after radical cystectomy. BJU
Int. 2015;115(4):554-61.

7. Freedman ND, Silverman DT, Hollenbeck AR, Schatzkin A, Abnet
CC. Association between smoking and risk of bladder cancer among
men and women. JAMA. 2011;306(7):737-45.

8. Di Rollo D, Mohammed A, Rawlinson A, Douglas-Moore J, Beatty
J. Enhanced recovery protocols in urological surgery: a systematic re-
view. Can J Urol. 2015;22(3):7817-23.

9. Carli F, Silver JK, Feldman LS, et al. Surgical prehabilitation in pa-
tients with cancer: state-of-the-science and recommendations for future
research from a panel of subject matter experts. Phys Med Rehabil Clin
N Am. 2017;28(1):49-64.

10. Singh F, Newton RU, Baker MK, et al. Feasibility of presurgical ex-
ercise in men with prostate cancer undergoing prostatectomy. Integr
Cancer Ther. 2017;16(3):290-9.

11. Singh F, Newton RU, Baker MK, Spry NA, Taaffe DR, Galvao DA.
Feasibility and efficacy of presurgical exercise in survivors of rectal
cancer scheduled to receive curative resection. Clin Colorectal Can-
cer. 2017;16(4):358-65.

12. Cavalheri V, Granger C. Preoperative exercise training for patients
with non-small cell lung cancer. Cochrane Database Syst Rev. 2017,
6(6):CD012020.

13. Baillot A, Mampuya WM, Dionne 1J, Comeau E, Méziat-Burdin A,
Langlois M-F. Impacts of supervised exercise training in addition to inter-
disciplinary lifestyle management in subjects awaiting bariatric surgery: a
randomized controlled study. Obes Surg. 2016;26(11):2602-10.

14. Jensen BT, Laustsen S, Jensen JB, Borre M, Petersen AK. Exercise-
based pre-habilitation is feasible and effective in radical cystectomy
pathways—secondary results from a randomized controlled trial.
Support Care Cancer. 2016;24(8):3325-31.

15. Banerjee S, Manley K, Shaw B, et al. Vigorous intensity aerobic in-
terval exercise in bladder cancer patients prior to radical cystectomy:
a feasibility randomised controlled trial. Support Care Cancer. 2018;
26(5):1515-23.

16. Kaye DR, Schafer C, Thelen-Perry S, et al. The feasibility and impact
of a presurgical exercise intervention program (prehabilitation) for
patients undergoing cystectomy for bladder cancer. Urology. 2020,
145:106-12.

Clinical Trial Registry: Exercise medicine prior to open radical
cystectomy in adults with bladder cancer: feasibility and preliminary ef-
ficacy. ACTRN12621000777897.

The authors have no conflicts of interest to disclose. The results of
this study are presented clearly, honestly, and without fabrication, falsi-
fication, or inappropriate data manipulation. The results of the present
study do not constitute endorsement by the American College of
Sports Medicine.

17. Minnella EM, Awasthi R, Bousquet-Dion G, et al. Multimodal
prehabilitation to enhance functional capacity following radical
cystectomy: a randomized controlled trial. Eur Urol Focus. 2021;
7(1):132-8.

18. Borg G. Psychophysical bases of perceived exertion. Med Sci Sports
Exerc. 1982;14(5):377-81.

19. Dittus KL, Gramling RE, Ades PA. Exercise interventions for in-
dividuals with advanced cancer: a systematic review. Prev Med.
2017;104:124-32.

20. Heywood R, McCarthy AL, Skinner TL. Safety and feasibility of ex-
ercise interventions in patients with advanced cancer: a systematic re-
view. Support Care Cancer. 2017;25(10):3031-50.

21. Taaffe DR, Duret C, Wheeler S, Marcus R. Once-weekly resistance
exercise improves muscle strength and neuromuscular performance
in older adults. J Am Geriatr Soc. 1999;47(10):1208-14.

22. American Thoracic Society. ATS statement: guidelines for the six-minute
walk test. Am J Respir Crit Care Med. 2002;166(1):111-7.

23. Galvao DA, Taaffe DR, Spry N, et al. Combined resistance and aer-
obic exercise program reverses muscle loss in men undergoing andro-
gen suppression therapy for prostate cancer without bone metastases:
a randomized controlled trial. J Clin Oncol. 2010;28(2):340-7.

24. Podsiadlo D, Richardson S. The timed “Up & Go™: a test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc. 1991;
39(2):142-8.

25. Schmidt K, Vogt L, Thiel C, Jager E, Banzer W. Validity of the six-minute
walk test in cancer patients. Int J Sports Med. 2013;34(7):631-6.

26. Alfonso-Rosa RM, del Pozo-Cruz B, del Pozo-Cruz J, Saiudo B,
Rogers ME. Test-retest reliability and minimal detectable change
scores for fitness assessment in older adults with type 2 diabetes.
Rehabil Nurs. 2014;39(5):260-8.

27. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health sur-
vey (SF-36). I. Conceptual framework and item selection. Med Care.
1992;30(6):473-83.

28. Cella DF, Tulsky DS, Gray G, et al. The functional assessment of
cancer therapy scale: development and validation of the general mea-
sure. J Clin Oncol. 1993;11(3):570-9.

29. Mansson A, Davidsson T, Hunt S, Ménsson W. The quality of life in
men after radical cystectomy with a continent cutaneous diversion or
orthotopic bladder substitution: is there a difference? BJU Int. 2002;
90(4):386-90.

30. Zabora J, BrintzenhofeSzoc K, Jacobsen P, et al. A new psychosocial
screening instrument for use with cancer patients. Psychosomatics.
2001;42(3):241-6.

31. Hopwood P, Fletcher I, Lee A, Al Ghazal S. A body image scale for
use with cancer patients. Eur J Cancer. 2001;37(2):189-97.

32. Heymsfield SB, Smith R, Aulet M, et al. Appendicular skeletal mus-
cle mass: measurement by dual-photon absorptiometry. Am J Clin
Nutr. 1990;52(2):214-8.

33. Williams RM, Myers AM. A new approach to measuring recovery in
injured workers with acute low back pain: Resumption of Activities
of Daily Living Scale. Phys Ther. 1998;78(6):613-23.

34. Godin G, Shephard RJ. A simple method to assess exercise behavior
in the community. Can J Appl Sport Sci. 1985;10(3):141-6.

35. Vellas B, Guigoz Y, Garry PJ, et al. The Mini Nutritional Assessment
(MNA) and its use in grading the nutritional state of elderly patients.
Nutrition. 1999;15(2):116-22.

EXERCISE BEFORE CYSTECTOMY

Medicine & Science in Sports & Exerciseg 1131

Copyright © 2023 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

N
—
=
Q)
>
=
v
)
=
Z
N
A
wn




CLINICAL,SCIENCES

€202/02/90 Uo wveorasiNyOLsH
rd3lwNey,09Tdod8rONBAUOATZA+S. EZPXWBLSINAIABEHD AQ 8SSW-WSR/WO0d MM S[euInol//-dny Wo.

XE0DIMMUSOXGUIXMCbeIbasyyeIAaga1009XsaNISWH+XbIodbAagay AOZA43abnxzziezoyNoazzpe

36.

37.

38.

39.

40.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J Chronic Dis. 1987;40(5):373-83.

ASA Physical Status Classification System, 2020; [cited 2022 July 11].
Auvailable from: https://www.asahq.org/standards-and-guidelines/asa-
physical-status-classification-system.

Dindo D, Demartines N, Clavien PA. Classification of surgical com-
plications: a new proposal with evaluation in a cohort of 6336 pa-
tients and results of a survey. Ann Surg. 2004;240(2):205-13.
Jensen BT, Petersen AK, Jensen JB, Laustsen S, Borre M. Efficacy of
a multiprofessional rehabilitation programme in radical cystectomy
pathways: a prospective randomized controlled trial. Scand J Urol.
2015;49(2):133-41.

Sharma P, Henriksen CH, Zargar-Shoshtari K, et al. Preoperative pa-
tient reported mental health is associated with high grade complica-
tions after radical cystectomy. J Urol. 2016;195(1):47-52.

41.

42.

43.

44,

45.

Edmondson AJ, Birtwistle JC, Catto JWF, Twiddy M. The patients’
experience of a bladder cancer diagnosis: a systematic review of the
qualitative evidence. J Cancer Surviv. 2017;11(4):453-61.

Psutka SP, Carrasco A, Schmit GD, et al. Sarcopenia in patients with blad-
der cancer undergoing radical cystectomy: impact on cancer-specific and
all-cause mortality. Cancer. 2014;120(18):2910-8.

Tan WS, Tan M-Y, Lamb BW, et al. Intracorporeal robot-assisted
radical cystectomy, together with an enhanced recovery programme,
improves postoperative outcomes by aggregating marginal gains.
BJU Int. 2018;121(4):632-9.

Christensen JF, Simonsen C, Banck-Petersen A, et al. Safety and fea-
sibility of preoperative exercise training during neoadjuvant treat-
ment before surgery for adenocarcinoma of the gastro-oesophageal
junction. BJS Open. 2018;3(1):74-84.

Sale DG. Neural adaptation to resistance training. Med Sci Sports
Exerc. 1988;20(5 Suppl):S135-45.

1132  Official Journal of the American College of Sports Medicine

http://www.acsm-msse.org

Copyright © 2023 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.


https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
http://www.acsm-msse.org

