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Introduction

Radical cystectomy (RC) with urinary diversion is the 
standard treatment for nonmetastatic, muscle-invasive 
bladder cancer (MIBC) (1-5). However, not all patients 
are eligible for RC because patients with MIBC have the 

highest age among all cancers (6). A treatment option 
for patients who cannot undergo RC is trimodal therapy 
(TMT), which involves maximal transurethral resection 
of the bladder tumor (TURBT) followed by concurrent 
chemotherapy and radiation therapy. Recent studies 
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demonstrated comparable survival outcomes when patients 
were appropriately selected (7-13). However, no level  
1 evidence supported the definitive selection criteria for 
TMT. Hence, RC or TMT is selected based on the clinical-
pathological characteristics, general status, and preference 
of patients under selection biases. Of those, frailty 
potentially plays a key role as frail patients are unfit for a 
highly invasive treatment modality in several urological 
malignancies (14-18). In the aging population, a treatment 
strategy for MIBC using frailty to support the experience-
based management needs to be established (19). However, 
no study has assessed the effect of frailty on treatment 
selection in patients with MIBC. We aimed to investigate 
the association of FRAilty with treatment selection (RC 
or TMT) in patients with muscle-invasive Bladder Cancer 
(FRART-BC study). We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/tau-20-1351).

Methods

Patient selection and treatment protocols

The patients included in this study were selected from our 
prospective study that evaluated the effect of frailty on 
outcomes in 1,003 patients with urological cancers (20,21). 
Of 1,003, this study evaluated 169 patients with MIBC  
(cT ≤ 4a, cNany, cM0) treated with RC or TMT at the 
Hirosaki University Hospital between January 2014 and 
September 2020 as a post-hoc study. Patients with missing 
data were excluded. Of 169, 96 and 73 patients were 
classified into the RC and TMT groups, respectively. A 
treatment was selected by multiple urologists as a part 
of multidisciplinary board. All patients in the RC group 
received 2–3 cycles of neoadjuvant chemotherapy that 
included a platinum-based combination regimen, with 
either gemcitabine plus cisplatin or gemcitabine plus 
carboplatin, followed by RC, urinary diversion, and 
standard pelvic lymph node dissection (22). Surgical 
procedures were performed using the basic technique 
described previously (23,24). In contrast, TMT included 
a safe complete TURBT, followed by a 50–60 Gy external 
beam radiotherapy to the bladder and pelvic lymph nodes 
with four simultaneous cycles of platinum-based systemic 
chemotherapy (gemcitabine plus cisplatin or gemcitabine 
plus carboplatin). Each patient received computed 
tomography and urine cytology every 3–6 months for 
follow-up after completion of treatment. Lost to follow-up 

was defined as censored.

Frailty assessment

All the patients underwent frailty assessment before 
treatment selection. The results of frailty test were blinded 
to the surgeons and radiologists until the final decision. 
Three frailty assessment tools were used, namely, Fried 
phenotype (FP), modified frailty index (mFI), and frailty 
discriminant score (FDS). The FP was based on five 
factors, including shrinking, handgrip strength, gait speed, 
exhaustion, and reduced physical activity (score 0–5) (25). 
The mFI was evaluated based on 11 factors, including 
cardiovascular, pulmonary, and neurogenic comorbidities 
(score 0–11) (26). The FDS is a comprehensive geriatric 
assessment tool for frailty including age, sex, physical 
status, mental status, and blood test results (hemoglobin, 
serum albumin, and renal function) (20,21,27). The FDS 
was obtained using the following formula: [6.8698 + age 
× 0.0053 + sex (male = 1) × 1.4794 + body mass index × 
0.0105 + handgrip strength × −0.0209 + gait speed × 0.1993 
+ exhaustion (0 or 1) × 0.0876 + depression (0 or 1) × 0.2005 
+ albumin × −0.9037 + estimated glomerular filtration rate × 
−0.0112 + hemoglobin × −0.2868]. Frailty was defined using 
cutoff values of frailty in FP (≥3), mFI (≥2), and FDS (≥2.30).

Outcomes

The primary objective of this study was comparing the 
frailty between patients in the RC group and those in the 
TMT group. Secondary purpose was evaluating the effect 
of TMT on overall survival (OS) adjusting the frailty using 
inverse probability of treatment weighting (IPTW)-adjusted 
Cox regression analysis (28). Exploratory objective was to 
evaluate the effect of TMT on OS among the non-frail 
patients.

Statistical analysis

Statistical analyses were performed using the bell curve 
in excel (Social survey research information Co., Ltd., 
Tokyo, Japan), GraphPad Prism 7.00 (GraphPad software, 
San Diego, CA, USA), and R 3.3.2 (the R foundation for 
statistical computing, Vienna, Austria). Categorical variables 
were compared using the Fisher’s exact test or the χ2 test, 
whereas quantitative variables were expressed as median 
with an interquartile range. The differences between the 
groups were compared using the Student’s t-test or the 
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Mann-Whitney U test. The optimal cutoff value was defined 
using the receiver operating characteristic (ROC) curve and 
the area under the ROC curve (AUC) value. Age, sex, and 
high-risk status (cT3–4/cN+) adjusted multivariate logistic 
regression analyses were performed to determine the effect 
of frailty on treatment selection. Odds ratio (OR) with 95% 
confidential interval (95% CI) were obtained. OS of the RC 
and TMT groups were compared using the Kaplan-Meier 
method, and hazard ratio (HR) with 95% CI were obtained 
from the multivariate Cox proportional hazards analysis 
using IPTW-adjusted model. The propensity score-based 
IPTW method creates a pseudo-population and removes the 
background unbalances between the two groups and obtain 
unbiased estimates of average treatment effects (28). IPTW-
adjusted Cox regression analysis included propensity score 
calculation for treatment, calculation of inverse-probability 
weighting, and Cox regression analysis with the robust 
adjustment. The first step is the calculation of propensity 
score for the TMT group including high-risk disease (cT3–4/
cN+), and frailty using logistic regression analysis. The 
second step is the calculation of inverse-probability weighting 
for the treatment by the inverse of the probability of the 

“given” exposure. The weights of treatment are calculated 
using the formula: 1/propensity score for the RC group and 
1/(1 − propensity score) for the TMT group. The third step 
is the multivariable Cox regression analysis with the robust 
adjustment including the two factors: treatment modality 
(the TMT group =1) and weights for the treatment. P values 
<0.05 were considered statistically significant.

Ethics statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the ethics review board of Hirosaki University 
School of Medicine (NO.: 2014-297) and individual consent 
for this retrospective analysis was waived.

Results

Baseline characteristics of the participants

Table 1 shows the characteristics of the study participants. 
The median age of the TMT group was significantly 

Table 1 Baseline characteristics of the participants

Characteristics RC group TMT group P value

N 96 73 –

Age (years) [IQR]* 69 [65, 74] 80 [76, 83] <0.001

Male, n [%] 77 [80] 55 [75] 0.459

HTN, n [%] 39 [41] 41 [56] 0.062

DM, n [%] 17 [18] 30 [41] 0.001

CVD, n [%] 10 [10] 26 [36] <0.001

Clinical T3–4 or N1, n (%) 57 [59] 50 [68] 0.261

FP [IQR]* 1 [0, 1] 3 [1, 4] <0.001

FP ≥3, n [%] 6 [6] 41 [56] <0.001

mFI [IQR]* 1 [0, 1] 2 [1, 3] <0.001

mFI ≥2, n [%] 21 [22] 44 [60] <0.001

FDS [IQR]* 1.98 [1.18, 2.82] 3.37 [2.30, 4.90] <0.001

FDS ≥2.3, n [%] 37 [39] 53 [73] <0.001

Deceased, n [%] 18 [19] 28 [38] –

Follow-up (months) [IQR]* 34.0 [19.0, 48.0] 15.0 [7.6, 28.0] –

*, quantitative variables were expressed as median [IQR]. RC, radical cystectomy; TMT, trimodal therapy; IQR, interquartile range; 
HTN, hypertension; DM, diabetes mellitus; CVD, cardiovascular disease; FP, Fried phenotype; mFI, modified frailty index; FDS, frailty  
discriminant score.



1146 Iwamura et al. Frailty and MIBC treatment selection

  Transl Androl Urol 2021;10(3):1143-1151 | http://dx.doi.org/10.21037/tau-20-1351© Translational Andrology and Urology. All rights reserved.

higher than that of the RC group (80 vs. 69 years, P<0.001). 
Moreover, the rates of comorbidities, such as hypertension 
(HTN), diabetes mellitus (DM) and cardiovascular disease 
(CVD), were significantly higher in the TMT group than 
in the RC group (56% vs. 41%, 41% vs. 18%, and 36% 
vs. 10%, respectively). The TMT group showed a higher 
number of deceased patients than the RC group (38% vs. 
19%). Sex, and high-risk disease (cT3–4/N+) were not 
significantly different between the groups. 

Primary outcomes: comparison of frailty between the RC 
and TMT groups

Figure 1 presents the frailty comparison between the RC 
and TMT groups. The FP, mFI, and FDS scores were 
significantly higher in the TMT group than in the RC 
group (1 vs. 3, 1 vs. 2, and 1.98 vs. 3.37, respectively, 
P<0.001, Figure 1A,B,C). Frailty prevalence was significantly 
higher in the TMT group than in the RC group (FP, 56% 
vs. 6.2%; mFI, 60% vs. 22%; and FDS, 73% vs. 39%, 

respectively; P<0.001, Figure 1D). ROC curves showed 
that the highest AUC value of FP (0.819) followed by mFI 
(0.776) and FDS (0.766) (Figure 1E). Age, sex, and T3–4/
N+-adjusted logistic regression analyses showed that frailty 
was significantly associated with TMT selection in FP (HR 
1.63, 95% CI: 1.20–2.23, P=0.002), mFI (HR 1.99, 95% 
CI: 1.29–3.07, P=0.002), and FDS (HR 1.47, 95% CI: 1.14–
1.90, P=0.003) (Figure 1F).

Secondary outcomes: the effect of TMT on OS

Figure 2 shows the unadjusted- and adjusted effect of TMT on 
OS. The unadjusted Kaplan-Meier curve shows significantly 
poor OS in the TMT group based on the older age, higher 
prevalence of comorbidities and frailty (Figure 2A). To adjust 
these background difference, we used a propensity score for the 
TMT group including the high-risk disease (cT3–4/cN+) and 
frailty (FP, mFI, and FDS) by a logistic regression analysis. The 
distribution of propensity score was different between the groups 
(Figure 2B). The background difference was adjusted by the 
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inverse-probability of weighting for the TMT group (Figure 2C).  
The pseudo-population by the IPTW methods was 154.7 and 
171.1 in the RC and TMT groups, respectively (Figure 2D). 
Finally, the IPTW-adjusted Cox regression analysis and the 
Kaplan-Meier curve showed that the TMT was significantly 
associated with poor OS (HR 2.48, 95% CI: 1.03–5.96, P=0.043, 
Figure 2E).

Exploratory outcomes: the effect of TMT on OS in patient 
without frailty

Figure 3 demonstrates unadjusted and IPTW-adjusted OSs 
in the nonfrail patients who were treated with RC or TMT. 
A significantly poor OS in the nonfrail patients in the TMT 
group than that of the RC group was observed in patients 
with FP nonfrail (Figure 3A), mFI nonfrail (Figure 3B), 
but not in the patients with FDS nonfrail (Figure 3C). The 
background-adjusted multivariate Cox regression models 
using IPTW methods for OS showed that TMT was 
significantly associated with poor OS in the FP nonfrail (HR 

3.40, 95% CI: 1.36–8.45, P=0.002), mFI nonfrail (HR 6.16, 
95% CI: 2.78–13.6, P<0.001), and FDS nonfrail (HR 5.22, 
95% CI: 1.84–14.8, P=0.009, Figure 3D).

Discussion

With the aging population, the development of frailty-
based treatment strategies is urgently required for elderly 
cancer patients (16,17,19,29). However, evidences on the 
association of frailty and treatment selection for patients 
with MIBC are limited. Hence, this study retrospectively 
evaluated the association of frailty with treatment selection 
(RC or TMT) using three frailty assessment tools. We 
found that all the three frailty assessment tools showed a 
significant impact on TMT selection. Of those, the FP ≥ 
3 might be the most useful for candidate selection of TMT. 
Moreover, OS was significantly poorer in the TMT group 
than in the RC group even after the adjustment of baseline 
disease status, and frailty. OS was found to be significantly 
different between the RC and TMT groups in nonfrail 
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patients even after the frailty adjustment. These findings 
suggest that poor prognosis in patients who received TMT 
therapy was not only because of frailty but also the effect of 
treatment modality in real-world practice.

With the increased interest on frailty, majority of 
the studies focused on the association of frailty with 
postoperative complications after RC. However, there are 
few evidences on the use of different frailty assessment tools 
for a treatment selection in patients with MIBC (5,16). 
This is the first study evaluating the difference of frailty 
between the RC and TMT in patients with MIBC using 
three different frailty assessment tools. The FP mainly 
focused on phenotype of frailty, the mFI mainly evaluated 
comorbidities and disability, and the FDS is a quantitative 
and comprehensive assessment tool, including the physical, 
biochemical, and mental status. Despite the difference, all 
these tools detected the difference in frailty between RC 
and TMT patients. We found the FP might be the most 
useful tool for candidate selection of TMT. However, each 
frailty assessment tool evaluates different dimensional 

factors of frailty. Future studies are necessary to identify the 
optimal frailty tool for treatment selection.

Given that there are strong biases for the selection 
of RC or TMT, the efficacy of TMT on OS in patients 
with MIBC remains unclear. A recent systematic review 
suggested that TMT prompts acceptable outcomes and 
may be an appropriate treatment option in well-selected 
patients (9,10,12). However, these studies did not account 
for frailty for patient selection. As our study determined 
that the prevalence of frailty was significantly different 
between the groups, frailty is assumed to have some 
influence on prognosis. We found that OS was significantly 
worse in the TMT group than in the RC group even in the 
background- adjusted Cox regression analyses. A higher 
prevalence of frailty in the TMT group might influence on 
the limited intensity and efficacy of TMT. Also, OS was 
significantly worse in the TMT group in nonfrail patients. 
Although we could not address the reasons, selection biases 
and unmeasurable confounding factors in the TMT group 
may have a key role in the poor OS. However, small sample 
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size and limited deceased events in this study did not have 
enough statistical power to detect a clinical implication of 
frailty on prognosis. A randomized study comparing the 
effect of treatment modality on prognosis controlling frailty 
is necessary to elucidate the effect of frailty on treatment 
modality selection in MIBC patients. 

This  study had several  l imitat ions including a 
retrospective design, small sample size, and selection bias 
due to the other unmeasurable confounding factors. In 
addition, our results may not be representative of those of 
other countries due to racial and regional differences. Also, 
the limitation of the IPTW method is the over-weighted 
effects of minority groups that are far from the center of 
the patient background. Despite these limitations, this 
study showed the potential role of frailty in patients with 
MIBC, highlighting the impact of frailty on treatment 
selection. As the efficacy and tolerability of immune-
checkpoint inhibitors have been reported (30), a novel TMT 
regimen comprised of TURBT, radiotherapy, and immune-
checkpoint inhibitor may improve the oncological outcomes 
in frail patients with MIBC. Further studies are needed 
to establish optimal treatment strategies for frail patients  
with MIBC.

Conclusions

Frailty was significantly different between the RC and 
TMT and associated with treatment selection in patients 
with MIBC. 
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