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Abstract

Introduction: Trimodal therapy (TMT) is a suitable alternative to 
neoadjuvant chemotherapy (NAC) and radical cystectomy (RC) 
for patients with muscle-invasive bladder cancer (MIBC). In this 
study, we conducted a cost-effectiveness evaluation of RC±NAC 
vs. TMT for MIBC in the universal and publicly funded Canadian 
healthcare system.
Methods: We developed a Markov model with Monte-Carlo micro-
simulations. Rates and probabilities of transitioning within different 
health states (e.g., cure, locoregional recurrence, distant metastasis, 
death) were input in the model after a scoped literature review. 
Two main scenarios were considered: 1) academic center; and 
2) populational-level. Results were reported in life-years gained 
(LYG), quality-adjusted life years (QALY), and incremental cost-
effectiveness ratio (ICER). A sensitivity analysis was performed. 
Results: A total of 20 000 patients were simulated. For the academic 
center model, TMT was associated with increased effectiveness 
(both in LYG and QALY) at a higher cost compared to RC±NAC 
at five and 10 years. This resulted in an ICER of $19 746/QALY 
per patient undergoing the TMT strategy at 10 years of followup. 
For the populational-level model, RC±NAC was associated with 
higher effectiveness at 10 years, with an ICER of $3319/QALY per 
patient. This study was limited by heterogeneity within the studies 
used to build the model.
Conclusions: In this study, TMT performed in academic centers was 
cost-effective compared to RC±NAC, with higher effectiveness at 
a higher cost. On the other hand, RC±NAC was considered cost-
effective compared to TMT at the populational-level. Further studies 
are needed to confirm these results.

Introduction

On a per-patient basis from diagnosis to death, bladder can-
cer is an expensive malignancy to treat, and costs associ-
ated with its management have been rising continuously in 
the last decades.1 Muscle-invasive bladder cancer (MIBC) is 
the initial diagnosis in 25% of bladder cancer patients and 
is associated with higher rates of progression to metastatic 
disease, which contributes to a significant proportion of the 
economic burden of the disease. 

Neoadjuvant chemotherapy (NAC) followed by radical 
cystectomy (RC) and pelvic lymph node dissection (PLND) 
is a current standard of care for MIBC.2 Trimodal therapy 
(TMT) consists of a maximal transurethral resection of the 
bladder tumor (TURBT) followed by curative-intent radiation 
therapy and concurrent chemotherapy. TMT has emerged as 
a suitable bladder-sparing alternative for properly selected 
patients or for those who refuse RC or are deemed non-
surgical candidates.3 While no randomized controlled 
trials have successfully been performed to compare both 
approaches, retrospective series of patients treated with TMT 
at high-volume academic centers have shown oncological 
outcomes comparable to RC.4,5 In addition, RC appears to 
be associated with better long-term survival compared to 
TMT at the populational level when adjusted for age, com-
orbidities, and clinical tumor stage.6,7 

In the light of increasing appeal for bladder preserva-
tion, we performed a cost-effectiveness analysis to compare 
RC±NAC vs. TMT from a healthcare system perspective in 
Canada regarding oncological outcomes, effectiveness, and 
costs at both the academic center and the populational level.
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Methods

Model design

Two Markov models were built using Monte-Carlo micro-
simulation for a pre-set maximum period of 10 years, divided 
into 40 cycles of three months each: the academic center 
model and the populational-level model. Health states were 
established to simulate the journey of MIBC patients treat-
ed with either RC±NAC (open technique) vs. TMT. Patients 
experiencing disease relapse transitioned to other health 
states according to further management (“intravesical ther-
apy,” “salvage RC,” “first-line chemotherapy,” or “second-
line immunotherapy”) before eventual “palliative care” and 
“death” from bladder cancer or from other causes. A simpli-
fied version of both models is shown (Figure 1). 

Treatment response rates and probabilities of transitioning 
between health states were input in the model after a scoped 
literature review of MEDLINE through PubMed using the 
following MeSH terms: “urinary bladder neoplasms,” “uro-
thelial cell carcinoma,” “cystectomy,” “combined modality 
therapy,” “systemic therapy;” and keywords: “muscle-inva-
sive bladder cancer,” “radical cystectomy,” “neoadjuvant 
chemotherapy,” “trimodality,” “trimodal therapy,” “chemor-
adiation,” “systemic therapy,” “immunotherapy.” Relevant 
studies with confirmatory references were selected (Table 1). 

For the academic center model, oncological outcomes for 
TMT were retrieved from studies performed at high-volume 
academic institutions. For the populational-level model, 
probabilities were taken from larger studies that typically 
included both community and academic centers. Specific 
parameters not available in population-based studies were 
kept unchanged in both models.

Modeling assumptions for RC±NAC

To incorporate a survival benefit from NAC, an absolute 
increase of 5–7% in disease-free survival (DFS) rates at five 
and 10 years was applied only to a proportion of patients 
undergoing RC, according to the study by Griffiths et al.8 
Since salvage curative options for locoregional recurrences 
after RC±NAC (e.g., surgical resection, radiotherapy) are lim-
ited, these patients in our model were managed with first-
line systemic chemotherapy (or palliative care if not eligible). 

Modeling assumptions for TMT

For the TMT strategy, radiation consisted of 50 Gy delivered 
through intensity-modulated radiation therapy in 20 daily 
fractions of 2.5 Gy each (hypofractionated protocol). After 
TMT, residual non-muscle invasive bladder cancer (NMIBC) 
was managed with TURBT plus adjuvant intravesical bacillus 
Calmette-Guérin (BCG), with six weekly instillations for six 

consecutive weeks (induction) followed by three weekly instil-
lations at three, six, and 12 months (maintenance). The one-
year BCG maintenance schedule was chosen instead of three 
years (as per guideline recommendation for high-risk NMIBC) 
due to the low compliance of patients when recommended for 
the full protocol (35%), as reported in the literature.9

A significant proportion of patients is unfit for salvage 
RC after TMT failure. As a result, patients with locoregion-
al MIBC (persistent or recurrent) who were deemed non-
surgical candidates were managed with systemic first-line 
chemotherapy or best supportive care.10 

Modeling assumptions for metastatic disease and palliative care

Local but unresectable disease or distant metastasis in our 
model was managed with first-line cisplatin- or carboplatin-
based chemotherapy.11 Progression after first-line chemo-
therapy was managed with second-line immunotherapy.12 
In Canada, pembrolizumab is the main immunotherapy 
option for patients with metastatic bladder cancer and can 

Figure. 1. Simplified Markov models for (A) radical cystectomy (RC) ± 
neoadjuvant chemotherapy (NAC); and (B) trimodal therapy (TMT). Arrows 
represent transitions between health states. Patients can transition from 
every state to death (arrows were omitted for graphic simplicity). IO: immuno-
oncology; IVT: intravesical therapy; MIBC: muscle-invasive bladder cancer; 
NED: no evidence of disease; PC: palliative care; sRC: salvage radical 
cystectomy; Sys Chemo: systemic chemotherapy.
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be delivered for a maximum period of two years if responses 
are sustained. More recently, switch maintenance therapy 
with avelumab was approved in Canada for patients with 
any response or stable disease after first-line chemotherapy, 
with a significant benefit in both progression-free (PFS) and 

Table 1. Rates and probabilities input in the Markov model

Radical cystectomy

Rates and probabilities Base 
case

References Confirmatory 
base case

Proportion of patients 
receiving NAC

Academic centers 49% Hermans et al32 57%33

Population-level 27% Booth et al34 –

NAC regimen

ddMVAC 39% Galsky et al35 –

Gemcitabine + cisplatin 61% Galsky et al35 –

90-day mortality from RC (±NAC)

Academic centers 3.2% Yafi et al36 3.7%8

Populational-level 7.2% Waingankar 
et al37

–

RFS after RC±NAC

5 years 83.6% Culp et al23 69.5%38

10 years 79.6%† Culp et al23 65.5%38

OS after RC (±NAC)

Academic centers

5 years 68.3% Culp et al23 57%39

10 years 49.0% Culp et al23 45%39

Population-level

5 years 43.5% Seisen et al6 40.1%31

10 years 24.1% Seisen et al6 21.5%31

Other-cause mortality after RC

Academic centers

5 years 18.4% Culp et al23 13.3  

10 years 35.1% Culp et al23 22.538

Population-level

5 years 19.6% Williams et al31 18.0%40

10 years 35.4% Williams et al31 33.3%40

Trimodal therapy

Rates and probabilities Base 
case

References Confirmatory 
references

Complete response after 
TMT

75% Giacalone et al4 69–72%5,10

Death from TMT 0.24% Rodel et al10 0%4

Residual disease after 
TMT

25% Giacalone et al4 28–31%5,10

Residual NMIBC 18.2% Rodel et al10 –

Residual MIBC 81.8% Rodel et al10 –

sRC rates 31% Giacalone et al4 20–21%10

90-day mortality from 
sRC

2.2% Eswara et al41 –

Residual disease post-
TMT – no treatment

41.4% Giacalone et al4 54.4%10

*Pembrolizumab. †Additional 4% decrease in PFS from 5–10 years was applied using 
results from Hautmann et al.38 CHT: chemotherapy; CIS: cisplatin; CR: complete response; 
GEM: gemcitabine; IVT: intravesical therapy; MIBC: muscle-invasive bladder cancer; NAC: 
neoadjuvant chemotherapy; NMIBC: non-muscle-invasive bladder cancer; OS: overall 
survival;PFS: progression-free survival; RC: radical cystectomy; RFS: recurrence-free 
survival; sRC: salvage radical cystectomy; TMT: trimodal therapy; TURBT: transurethral 
resection of the bladder tumor.

Table 1 (cont’d). Rates and probabilities input in the Markov 
model

Trimodal therapy (cont’d)

Rates and probabilities Base 
case

References Confirmatory 
base case

Recurrence rates after CR

NMIBC

5 years 26% Giacalone et al4 31%5

10 years 26% Giacalone et al4 36%5

MIBC

5 years 16% Giacalone et al4 13%5

10 years 18% Giacalone et al4 14%5

Distant metastasis

5 years 44% Giacalone et al4 44%5

10 years 49% Giacalone et al4 51%5

Management of NMIBC 
recurrence after CR

RFS after IVT (3y) 59% Sanchez et al42 –

sRC rate post-IVT 70% Zietman et al43 40.9%42

Management of MIBC 
recurrence after CR

sRC 82.4% Rodel et al10 –

1st-line chemotherapy 17.6% Rodel et al10 –

RFS after immediate sRC

5 years 58.6% Eswara et al41 51%4

10 years 28.2% Eswara et al41 32%4

RFS after delayed sRC

5 years 64.5% Eswara et al41 64%4

10 years 61.1% Eswara et al41 64%4

OS after TMT

Academic centers

5 years 75% Giacalone et al4 57%5

10 years 67% Giacalone et al4 36%5

Population-level

5 years 35% Seisen et al6 23.5%31

10 years 16% Seisen et al6 7.8%31

Other-cause mortality after TMT

Academic centers

5 years 9% Giacalone et al4 –

10 years 20% Giacalone et al4 20%22

Population-level

5 years 23.8% Williams et al31 –

10 years 32.9% Williams et al31 –
*Pembrolizumab. †Additional 4% decrease in PFS from 5–10 years was applied using 
results from Hautmann et al.38 CHT: chemotherapy; CIS: cisplatin; CR: complete response; 
GEM: gemcitabine; IVT: intravesical therapy; MIBC: muscle-invasive bladder cancer; NAC: 
neoadjuvant chemotherapy; NMIBC: non-muscle-invasive bladder cancer; OS: overall 
survival;PFS: progression-free survival; RC: radical cystectomy; RFS: recurrence-free 
survival; sRC: salvage radical cystectomy; TMT: trimodal therapy; TURBT: transurethral 
resection of the bladder tumor.
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overall survival (OS).13 This strategy was integrated in sensi-
tivity analysis (Table 2). 

Palliative care consisted of the combination of an inter-
disciplinary approach (e.g., nutritionist, physiotherapist, 
psychologist), palliative surgery (e.g., emergency surgeries, 
endourological procedures), and end-of-life management.14 
In our model, patients experiencing failure of previous lines 
of treatment or those unfit for further therapies underwent 
palliative care before death. Patterns, parameters, and costs 
of palliative care were defined using the Canadian study by 
de Oliveira et al (Table 3).14 In this study, costs were based 
on the median amount spent within the last 12 months of life 
and were reflective of services, mostly palliative, delivered 
to this specific population.

Utilities and costs

Utilities of 0.84 and 0.91 were set for patients with no evi-
dence of disease after RC±NAC and TMT, respectively.15 
For the metastatic setting, utilities of 0.64 and 0.62 were 
used for the first- or second-line (and palliative care) set-
tings, respectively.16 Costs were retrieved from the Régie 
d’Assurance Maladie du Québec (RAMQ) and reported in 
2019 Canadian dollars (CAD). 

Model calibration and sensitivity analysis

The Markov model was tested and calibrated on OS and 
PFS, using the built-in feature of TreeAge Pro Healthcare 
2020 (TreeAge Software®, Inc, Williamstown, MA, U.S.). This 
calibration tool was carried over with the microsimulation 
analysis using the BOBYQA algorithm to minimize potential 
errors, using an e-10 relative and an e-13 absolute optimiza-
tion threshold.17 The BOBYQA has the advantage of being 
less sensitive to local minimums in the optimization process 
compared to other algorithms.17

A sensitivity analysis was performed on key parameters 
(discounting rates, proportion of patients receiving NAC 
before RC, absolute benefit of NAC on DFS rates before 
RC, potential use of NAC before TMT, different NAC regi-
mens, different radiation protocols, use of switch mainten-
ance avelumab after first-line chemotherapy, death rates for 
patients on palliative care, and palliative care costs) to assess 
for potential impacts on final model results. 

Results

Academic center model

After microsimulation of 20 000 patients, OS was 66% and 
44% at five and 10 years for RC±NAC, and 68% and 42% 
at five and 10 years for TMT at academic centers, respect-
ively. As a result, incremental effectiveness of 0.13 life-years 
gained (LYG) favoring the TMT approach was reported at 10 
years. Regarding effectiveness in terms of quality-adjusted 
life years (QALY) at five and 10 years, RC±NAC was associ-
ated with 3.35 and 5.33, while TMT was associated with 
3.63 and 5.68 QALY, respectively. As a result, an increment 
of 0.35 QALY at 10 years favored the TMT strategy.

Mean costs per patient associated with RC±NAC vs. TMT 
were $29 992 (95% confidence interval [CI] 29 576–30 
408) vs. $30 266 (95% CI 29 806–30 726) at five years and 
$33 286 (95% CI 32 798–33 774) vs. $40 197 (95% CI 39 571–
40 823) at 10 years, respectively. In comparison with RC±NAC, 
TMT had incremental cost-effectiveness ratios (ICERs) of $979/
QALY and $19 746/QALY at five and 10 years, respectively.

Populational-level model

For the populational level, parameters on perioperative 
mortality, the proportion of patients undergoing NAC in the 
RC±NAC arm, rates of other-cause mortality, and PFS were 
modified in the model. In addition, the model was then 
further calibrated for OS. Mean cost per patient for RC±NAC 
vs. TMT at five years was of $38 382 (95% CI 37 798–38 
966) vs. $39 304 (95% CI 38 678–39 930) at five years and 
of $47 391 (95% CI 46 673–48 109) vs. $45 541 (95% CI 

Table 1 (cont’d). Rates and probabilities input in the Markov 
model

Systemic disease

Rates and probabilities Base 
case

References Confirmatory 
base case

1st-line CHT 74.3% Bamias et al11 –

Cisplatin-based 62.5% Bamias et al11 72.644

Carboplatin-based 37.5% Bamias et al11 27.444

PFS on 1st-line CHT –  
1 year

GEM/CIS 26.4% Dogliotti et al45 –

GEM/Carboplatin 18.5% Dogliotti et al45 –

OS on 1st—line CHT –  
1 year

GEM/CIS 63.7% Dogliotti et al45 58.4%46

GEM/Carboplatin 37.5% Dogliotti et al45 37.0%47

PFS on 2nd-line systemic 
therapy* – 1 year

18.2% Fradet et al12 20.7%48

OS on 2nd-line systemic 
therapy* – 1 year

44.2% Fradet et al12 39.2%48

OS on palliative care –  
2 years

7% Bellmunt et al49 6%50

*Pembrolizumab. †Additional 4% decrease in PFS from 5–10 years was applied using 
results from Hautmann et al.38 CHT: chemotherapy; CIS: cisplatin; CR: complete response; 
GEM: gemcitabine; IVT: intravesical therapy; MIBC: muscle-invasive bladder cancer; NAC: 
neoadjuvant chemotherapy; NMIBC: non-muscle-invasive bladder cancer; OS: overall 
survival;PFS: progression-free survival; RC: radical cystectomy; RFS: recurrence-free 
survival; sRC: salvage radical cystectomy; TMT: trimodal therapy; TURBT: transurethral 
resection of the bladder tumor.
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Table 2. Sensitivity analysis on incremental costs, QALY, and ICERs at 10 years

Variables and variations Incremental cost† Incremental QALYS Favorable strategy TMT vs. RC ICER 

Base case (10y)

Academic centers $6911 0.35 TMT $19 746

Population-level -$1850 -0.56 RC $3319

Discount rate

Academic centers

0% $7463 0.15 TMT $51 469

3% $5072 0.38 TMT $13 436

5% $4589  0.30 TMT $15 556

Population-level

0% -$796 -0.58 RC $1378

3% -$411 -0.43 RC $950

5% -$1424 -0.42 RC $3431

% of NAC (RC modality)

Academic centers

0% $8090 0.48 TMT $16 942

27% $6821 0.42 TMT $16 436

57% $6351 0.33 TMT $19 245

Population-level

0% $1060 -0.39 RC Dominated

27% -$1850 -0.56 RC $3319

57% -$2923 -0.47 RC $6219

NAC regimen (RC modality)

Academic centers

31% ddMVAC/69% Gem-Cis $5742 0.43 TMT $13 353

21% ddMVAC/79% Gem-Cis $6541 0.37 TMT $17 560

41% ddMVAC/59% Gem-Cis $4950 0.40 TMT $12 375

Population-level

31% ddMVAC/69% Gem-Cis

21% ddMVAC/79% Gem-Cis -$837 -0.45 RC $1860

41% ddMVAC/59% Gem-Cis -$772 -0.52 RC $1485

DFS benefit after NAC

Academic centers

3% $12 927 0.39 TMT $33 576

5% $13 036 0.32 TMT $40 111

NAC included as option before TMT

Academic centers $11 634 0.41 TMT $28 726

Population-level $2995 -0.43 RC Dominated

Radiation protocol with 64G (32 fractions) 

Academic centers $9979 0.39 TMT $25 919

Population-level $3743 -0.46 RC Dominated

Utilities 

Academic centers

80% $6569 0.28 TMT $23 461

90% $6634 0.35 TMT $19 091

110% $5544 0.39 TMT $14 215

120% $6724 0.43 TMT $15 637
 Costs in Canadian dollars (CAD); ‡Canadian dollars/QALY per patient; increment = TMT – RC. ddMVAC: dose-dense combination of methotrexate, vinblastine, adriamycin, and cisplatin; DFS: 
disease-free survival; Gem-Cis: combination of gemcitabine and cisplatin; ICER:  incremental cost-effectiveness ratio; NAC: neoadjuvant chemotherapy; QALY: quality-adjusted life years; RC: 
radical cystectomy; TMT: trimodal therapy.
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44 831–46 251) at 10 years, respectively. RC±NAC was 
the dominant strategy at five years, while associated with 
ICER of $3319/QALY at 10 years, compared to TMT at the 
populational level. Results are further detailed in Table 4.

Sensitivity analysis

Sensitivity analysis is reported in Table 2. In summary, higher 
effectiveness for the TMT strategy at higher costs was consist-
ently demonstrated at academic centers, with ICERs ranging 
from $12 375/QALY to $51 469/QALY. On the other hand, 
RC±NAC was associated with higher effectiveness compared 
to TMT at 10 years, with ICERs ranging from $812 to $6219 
at the populational level. Additionally, sensitivity analysis 
showed that RC±NAC would become the dominant strat-
egy (higher effectiveness and lower costs) in the following 
scenarios: no NAC for both strategies; if NAC was delivered 
before TMT; if palliative care costs were increased by 20%; 

or if conventional fractionation (rather than hypofractiona-
tion) was used for the TMT strategy.

Discussion

Using a comprehensive Markov model with microsimula-
tion built with studies performed at academic centers, TMT 
was cost-effective compared to RC±NAC, with an ICER of 
$19 746/QALY per patient at 10 years. On the other hand, 
RC±NAC was associated with increased effectiveness and 
an ICER of $3 319/QALY at the populational level.  

Oncological outcomes and effectiveness

Historically, TMT has been mainly offered to MIBC patients 
who were deemed non-surgical candidates due to advanced 
age, limiting comorbidities, and poor performance status.18 
In Canada, this pattern seems to be currently shifting, as an 

Table 2 (cont’d). Sensitivity analysis on incremental costs, QALY, and ICERs at 10 years

Variables and variations Incremental cost† Incremental QALYS Favorable strategy TMT vs. RC ICER‡

Utilities (cont’d) 

Population -level

80% -$321 -0.40 RC $813

90% -$533 -0.40 RC $1333

110% -$1608 -0.55 RC $2950

120% -$1112 -0.84 RC $1320

Avelumab switch maintenance

Academic centers $8262 0.36 TMT $22 950

Palliative care cost

Academic centers

80% $5561 0.39 TMT $14 168

90% $6013 0.35 TMT $17 058

110% $6382 0.39 TMT $16 577

120% $6038 0.37 TMT $16 542

Population-level

80% -$1551 -0.49 RC $3165

90% -$1061 -0.49 RC $2165

110% -$477 -0.52 RC $926

120% $644 -0.48 RC Dominated

Palliative care death rate 

Academic centers

80% $6180 0.34 TMT $18 311

90% $6424 0.31 TMT $20 557

110% $5544 0.39 TMT $14 125

120% $6724 0.38 TMT $17 931

Population-level

80% -$968 -0.45 RC $2163

90% -$780 -0.52 RC $1493

110% -$345 -0.43 RC $812

120% -$436 -0.44 RC $985
 Costs in Canadian dollars (CAD); ‡Canadian dollars/QALY per patient; increment = TMT – RC. ddMVAC: dose-dense combination of methotrexate, vinblastine, adriamycin, and cisplatin; DFS: 
disease-free survival; Gem-Cis: combination of gemcitabine and cisplatin; ICER:  incremental cost-effectiveness ratio; NAC: neoadjuvant chemotherapy; QALY: quality-adjusted life years; RC: 
radical cystectomy; TMT: trimodal therapy.
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increasing proportion of surgical candidates are now being 
referred to medical and radiation oncologists to be con-
sidered for bladder preservation.19 The only study designed 
to randomize patients to RC vs. TMT (SPARE trial) was pre-
maturely closed due to poor accrual.20 Therefore, any attempt 
to compare outcomes for these two approaches is limited 
by retrospective design, heterogeneity, and selection bias. 

In 2017, Kulkarni et al matched 112 patients who under-
went RC or TMT in a propensity score analysis using main 
clinicopathological factors.21 This study demonstrated com-
parable OS and disease-specific survival for both strategies.21 
Additionally, a large meta-analysis on retrospective studies 
(mainly from academic centers) by Fahmy et al supported 
TMT as a suitable alternative to RC with comparable survival 
outcomes.22 Using population-based data, others suggested 
that long-term survival rates might be inferior for TMT com-
pared with RC±NAC.6,7

Our study reinforces the comparable effectiveness of 
TMT vs. RC±NAC at academic centers, mimicking a scen-
ario where patients are strictly selected. TMT was associated 
with a slightly improved OS rate at five years, while long-term 
survival at 10 years favored RC±NAC. The study by Giacalone 
et al was the main source of parameters input in our TMT 
model, which resulted in the high effectiveness for TMT.4 In 
that study, patients treated in the most recent era (after 2005) 
were mostly cT2 stage (97%), with 88% achieving a complete 
response and a five-year OS of 75%. To compare TMT using 
this cohort of patients with favorable disease with surgery, 
parameters were mainly extracted from the study by Culp 
et al, particularly the subset of low-risk MIBC patients who 
underwent upfront RC without NAC and experienced a five-
year OS of 64.8%.23 Given the results of these two pivotal 
studies, effectiveness in our model was higher for TMT com-
pared to RC±NAC in the academic setting.

In addition, although a benefit from NAC in DFS was 
applied to RC patients (7%), NAC was not included in the 
base case for the TMT strategy in our study, as its system-
atic use is still under discussion.24 Nevertheless, sensitivity 
analysis showed that in a scenario with NAC being given 
to TMT patients with similar proportions and chemother-
apy regimens (drugs, doses, number of cycles) as preced-
ing RC, the difference of costs would be higher for TMT in 
comparison to RC±NAC at academic centers, with an ICER 
of $28 726/QALY. Moreover, considering a potential lower 
effect of NAC in cT2 patients compared to cT3-4a or cN+ 
patients, sensitivity analysis with a benefit of 3% and 5% 
in terms of DFS at 10 years showed that TMT would be still 
cost-effective compared to RC±NAC, with a higher ICER 
compared to the base case (Table 2). 

Perhaps the most appealing benefit of TMT consists of a 
positive impact on the quality of life of patients who can 
retain their native bladder. Using a Markov model, Royce et 
al have shown comparable effectiveness (in LYG) between 

TMT and RC±NAC, with an increment of up to 1.61 QALY 
favoring TMT during a predefined period of 33 years, show-
ing the higher quality of life perceived by patients under-
going bladder preservation.15,25 In our model, an incremental 
gain of up to 0.35 QALY was reported for TMT at 10 years in 
the academic centers, while for patients treated at the popu-
lational level, a better quality of life for TMT did not com-
pensate for lower OS and effectiveness in LYG. These results 
suggest the impact in the quality of life for TMT compared 
to RC±NAC might be optimized in appropriately selected 
patients with more favorable disease.

Previous RC series have shown lower surgical complication 
rates and improved oncological outcomes for patients oper-
ated at high-volume centers.26,27 Although there are no such 
studies on TMT, the main oncological outcomes reported in 
the academic setting seem to outperform the ones reported at 
the populational level, similarly to RC.4,6 Williams et al have 
shown that TMT was associated with worse OS compared to 
RC, particularly for patients treated with radiation delivered in 
less than <27 fractions.28 Importantly, the definition of cura-
tive bladder preservation (TMT) was challenging since doses 
of chemotherapy and radiotherapy were not available in the 

Table 3. Costs associated with MIBC management

Procedure Unit cost†

TURBT $1872

NAC

ddMVAC $3600 (per cycle)

Gemcitabine + Cisplatin $808 (per cycle)

Radical cystectomy $19 409 (Santos et al51)

Radiotherapy $5558 (per treatment)

Concurrent chemotherapy

Gemcitabine $362 (per cycle)

Cisplatin $534 (per cycle)

5FU + MMC $993 (per cycle)

Followup

Consultation $48

Imaging $1144

Laboratory $25

Cystoscopy $350

Urine cytology $92

Intravesical therapy

BCG $237 (per dose)

Chemotherapy

Gemcitabine + Cisplatin $4846 (per treatment)

Gemcitabine + Carboplatin $2342 (per treatment)

Immunotherapy (pembrolizumab) $8800 (per dose)

Palliative care (until death) $10 271 (de Oliveira et al14)
†Costs presented in Canadian dollars (CAD) and retrieved from the “Liste de médicament 
- Régie d’assurance maladie du Québec (RAMQ)” or the Pharmacy department at the 
McGill University Health Center, Montreal, QC. BCG: bacillus Calmete-Guérin; ddMVAC: 
dose-dense methotrexate + vinblastine + adriamycin + cisplatin; MMC: mitomycin; NAC: 
neoadjuvant chemotherapy; TURBT: transurethral resection of bladder tumor; 5FU: 
5-flouracil.
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Surveillance, Epidemiology, and End Results (SEER) database, 
leading to a proportion of patients possibly treated with pal-
liative rather than curative-intent radiation-based therapy.28 
Another large populational study by Seisen et al showed that 
TMT was an independent factor for worse long-term OS com-
pared to RC (hazard ratio [HR] 1.37; p<0.001), although this 
difference was not significant among older patients.6 Granular 
data on baseline predictors of outcomes for TMT was unavail-
able in this study (e.g., completeness of initial TURBT, use 
of concurrent chemotherapy), which might have negatively 
impacted the outcomes for TMT.6

Although these comparisons at the populational level were 
adjusted for main clinicopathological factors (e.g., age, cT 
stage, comorbidities), important residual confounders were 
not accounted for, such as completeness of TURBT, presence 
of lymphovascular invasion/carcinoma in situ, radiation and 
concurrent chemotherapy protocols, and use of salvage RC. 
In addition, other confounders may play a role, such as the 
subjective impression of patients (e.g., frailty, performance 
status, preferences), physicians’ personal beliefs when offer-
ing surgery vs. radiation-based therapy, academic vs. com-
munity centers’ experience, and non-standardized protocols 
and institutional practices. Although limited by selection bias, 
our populational model was built on studies published in 
high-impact journals, and our results were also reflective of 
the inferior OS and effectiveness for TMT observed at the 
populational level. 

Cost-effectiveness

To the best of our knowledge, this is the first cost-effective-
ness study comparing RC±NAC vs. TMT for MIBC outside 

the U.S. The study by Williams et al was based on SEER, a 
well-recognized populational data source in the U.S.28 The 
authors of that study showed that TMT was associated with 
a significantly higher cost per patient after one year of diag-
nosis (additional $136 935) and an estimation of US$468 
million in excess for TMT in comparison to RC, considering 
the total U.S. population treated in the year 2017.28 While 
recent studies suggest comparable oncological outcomes of 
TMT in Canada,29 the health systems in these countries are 
different in many ways, and studies have demonstrated that 
general costs in the U.S. are mainly derived from medication 
and administrative expenses.30

In our study, differences in costs associated with RC±NAC 
and TMT were significantly lower if compared to the U.S. As a 
result, when effectiveness was incorporated in the analysis, TMT 
was found to be cost-effective in Canada at academic centers. At 
the populational level, surgery was the dominant strategy at five 
years and slightly more expensive at 10 years. Importantly, the 
higher mean cost for RC±NAC at 10 years might be explained 
not only by the initial cost of the surgery (Table 3) but also by 
significantly higher rates of other-cause mortality and lower 
OS, which prevented patients from undergoing surveillance 
and further therapies in the TMT model (e.g., systemic therapy, 
salvage RC, palliative care) compared to RC±NAC.

Limitations

Our Markov model considered health states from the initial 
treatment until death, which resulted in significant granu-
larity. Rates and probabilities were retrieved from different 
studies published in different eras, based on different popula-
tions, interventions, and methodologies, ultimately leading 

Table 4. Comparison of effectiveness, costs, and oncological outcomes between RC±NAC and TMT

Parameters Academic center Population-level

RC±NAC TMT Increment (TMT – RC±NAC) RC±NAC TMT Increment (TMT – RC±NAC)
LYG

5 years 4.00 4.15 +0.15 3.43 3.11 -0.32

10 years 6.40 6.53 +0.13 4.88 4.16 -0.72

QALY

5 years 3.35 3.63 +0.28 2.80 2.60 -0.20

10 years 5.33 5.68 +0.35 4.02 3.46 -0.58

Costs†

5 years $29 99 $30 266 $274 $38 382 $39 304 $922

10 years $33 2862 $40 197 $6911 $47 391 $45 541 -$1850

OS (%)

5 years 66.0 68.0 +2.0 44.0 34.0 -10.0

10 years 44.0 42.0 -2.0 24.0 17.0 -7.0

PFS (%)

5 years 62.0 62.0 0.0 36.0 27.0 -9.0

10 years 42.0 39.0 +3.0 22.0 15.0 -7.0
†Costs presented in Canadian dollars (CAD); mean cost per patient. LYG: life-years gained; NAC: neoadjuvant chemotherapy; OS: overall survival; PFS: progression-free survival; QALY: quality-
adjusted life-years; RC: radical cystectomy.
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to heterogeneity and selection bias. Moreover, parameters 
related to TMT were taken from retrospective studies. To 
minimize the effect of significant and inevitable hetero-
geneity and optimize the model’s precision, we sought to 
select studies performed at high-volume academic centers 
and compare these parameters with confirmatory references 
whenever possible. Moreover, the model was calibrated 
on main oncological outcomes and a sensitivity analysis, 
including key variables that could potentially impact our 
base-case results, was performed.

For the populational-level model, limitations were even 
more pronounced. Several rates and probabilities, particu-
larly DFS and PFS, were not available from population-based 
studies, and the model was therefore calibrated only on 
OS. Despite the potential impact of older age and comor-
bidities among TMT patients at the populational level, rates 
were taken from studies in which both populations were 
balanced. Seisen et al reported lower OS rates for TMT with 
median age of 69.0 and 68.8 years for TMT and RC patients, 
respectively (standardized difference=2.1), while Charlson 
Comorbidity Index was ≥2 in 8.5% and 6.9%, respectively 
(standardized difference=5.9).6 In addition, the study by 
Williams et al reported similar proportion of patients in dif-
ferent age groups (66–69, 70–74, 75–79, and 80) and num-
ber of comorbidities among TMT and RC patients.31

Conclusions

TMT was found cost-effective compared to RC±NAC when 
patients are better selected and when performed at academic 
centers, with an estimated ICER of $19 746/QALY. On the 
other hand, RC±NAC was cost-effective at the populational 
level, with an estimated ICER of $3319/QALY at 10 years. 
These results might contribute to planning bladder cancer 
management in the future.
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