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Abstract

Objectives

The optimal frequency and duration of surveillance in patients with high-risk non-muscle-
invasive bladder cancer (NMIBC) remain unclear. The aim of the present study is to develop
an optimal surveillance protocol based on the European Association of Urology (EAU) sub-
stratification in order to improve surveillance costs after transurethral resection of bladder
tumor (TURBT) in patients with primary high-risk NMIBC.

Materials and methods

We retrospectively evaluated 428 patients with primary high-risk NMIBC who underwent
TURBT from November 1993 to April 2019. Patients were substratified into the highest-risk
and high-risk without highest-risk groups based on the EAU guidelines. An optimized sur-
veillance protocol that enhances cost-effectiveness was then developed using real inci-
dences of recurrence after TURBT. A recurrence detection rate ([number of patients with
recurrence / number of patients with surveillance] x 100) of > 1% during a certain period
indicated that routine surveillance was necessary in this period. The 10-year total surveil-
lance cost was compared between the EAU guidelines-based protocol and the optimized
surveillance protocol developed herein.

Results

Among the 428 patients with primary high-risk NMIBC, 97 (23%) were substratified into the
highest-risk group. Patients in the highest-risk group had a significantly shorter recurrence-

PLOS ONE | https://doi.org/10.1371/journal.pone.0275921

February 10, 2023 1/12


https://orcid.org/0000-0002-0026-4079
https://doi.org/10.1371/journal.pone.0275921
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275921&domain=pdf&date_stamp=2023-02-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275921&domain=pdf&date_stamp=2023-02-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275921&domain=pdf&date_stamp=2023-02-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275921&domain=pdf&date_stamp=2023-02-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275921&domain=pdf&date_stamp=2023-02-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275921&domain=pdf&date_stamp=2023-02-10
https://doi.org/10.1371/journal.pone.0275921
https://doi.org/10.1371/journal.pone.0275921
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

The EAU substratification improves surveillance costs in patients with high-risk NMIBC

Funding: - SH - 20K09517 - Japan Society for
the Promotion of Science https://kaken.nii.ac.jp/ja/
grant/KAKENHI-PROJECT-20K09517/ - The
funders had no role in study design, data collection
and analysis, decision to publish, or preparation of
the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

free survival than those in the high-risk without highest-risk group. The optimized surveil-
lance protocol promoted a 40% reduction ($394,990) in the 10-year total surveillance cost
compared to the EAU guidelines-based surveillance protocol.

Conclusion

The optimized surveillance protocol based on the EAU substratification could potentially
reduce over investigation during follow-up and improve surveillance costs after TURBT in
patients with primary high-risk NMIBC.

Introduction

Bladder cancer (BC) is the ninth most common cancer worldwide [1], with histological vari-
ants accounting for approximately 25% of newly diagnosed BCs [2]. Although 75% of patients
with BC have non-muscle-invasive disease at diagnosis, the remaining 25% present with mus-
cle-invasive, advanced, or metastatic disease [3]. Cisplatin-based chemotherapy remains the
standard first-line treatment for patients with metastatic BC. Recently, immune checkpoint
inhibitors have become novel treatment options [3, 4].

BC has been well-known as one of the most expensive cancers to manage on a per capita
basis [5, 6]. Reports have shown that costs for managing patients with NMIBC have increased
since 1993, driven by intravesical therapy and surveillance after transurethral resection of blad-
der tumor (TURBT) [7].

Several guidelines recommend risk-stratified surveillance protocols after TURBT in
patients with NMIBC [8-10]. Accordingly, an intensive surveillance protocol has been recom-
mended for high-risk NMIBC given its high recurrence and progression rates [11]. However,
considering that no robust evidence exists [12-15], the optimal frequency and duration of sur-
veillance remain unclear. In addition, although high-risk NMIBC is heterogenous and the
European Association of Urology (EAU) guidelines suggest the substratification of the high-
risk group into highest-risk and other groups [16], this is not reflected in their surveillance
protocol [8]. Therefore, we speculated that an optimized surveillance protocol based on the
EAU substratification might contribute toward reducing costs for patients with high-risk
NMIBC.

The present study thus aimed to develop an optimal surveillance protocol based on the
EAU substratification to improve surveillance costs after TURBT among patients with high-
risk NMIBC.

Materials and methods
Ethics statement

This study was performed in accordance with the ethical standards of the Declaration of Hel-
sinki and was approved by the Ethics Review Board of Mutsu General Hospital and Aomori
Rosai Hospital (authorization numbers: H29-8 and 44, respectively). Pursuant to the provi-
sions of the ethics committee and the ethics guidelines in Japan, retrospective and/or observa-
tional studies using existing documents do not require a written informed consent for the
public disclosure of study information.
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Patient selection

A total of 480 patients with NMIBC who underwent TURBT from November 1993 to April
2019 at Mutsu General Hospital and Aomori Rosai Hospital were retrospectively evaluated.
Among the 480 patients, 52 were excluded for satisfying one or more of the following exclu-
sion criteria: (1) history of BC; (2) previous and/or simultaneous upper urinary tract (UUT)
urothelial carcinoma (UC); (3) pure carcinoma in situ (CIS) of the bladder; and (4) low- or
intermediate-risk in the EAU guidelines. Ultimately, 428 patients with primary high-risk
NMIBC were included. Of these, 204 and 224 underwent TURBT at Mutsu General Hospital
and Aomori Rosai Hospital, respectively.

Evaluation of variables

The following variables were analyzed: age; sex; Eastern Cooperative Oncology Group perfor-
mance status; body mass index; history of hypertension, diabetes mellitus, cardiovascular dis-
ease, and chronic kidney disease; number of tumors; tumor size; pathological T stage; tumor
grade; variant histology of UC; lymphovascular invasion (LVI); postoperative intravesical
instillation of chemotherapy and bacillus Calmette-Guérin (BCG); and second TURBT.
Tumor stage was determined according to the 2009 TNM classification of the Union of Inter-
national Cancer Control. Tumor grade was classified according to the 1973 World Health
Organization classification system.

Follow-up schedule

Our follow-up schedule was based on the EAU guidelines (urine cytology and cystoscopy
every 3 months for 2 years, every 6 months for an additional 3 years, and annually thereafter;
annual abdominal and pelvic computed tomography [CT], as well as serum chemistry screen-
ing to evaluate renal function for contrast-enhanced CT) (Fig 1, upper columns). Disease
recurrence was classified as intravesical, UUT, and metastasis to any site, including local pelvic
lymph nodes. The first recurrence site after TURBT was recorded.

EAU guidelines-based protocol

Months after TURBT
3 6 9 12 15 18 21 24 30 36 42 48 54 60 72 84 96 108 120

Urine cytology and cystoscopy

High-risk o 6 6 6 06 06 06 06 06 0 06 60 0 0 0 0 0 0 o
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Fig 1. Surveillance protocols. EAU, European Association of Urology; TURBT, transurethral resection of bladder tumor; CT, computed tomography.

https://doi.org/10.1371/journal.pone.0275921.g001
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Optimized surveillance protocol

Based on the EAU 2019 guidelines [8], patients with pathological T1 (pT1) and grade 3 tumors
associated with concurrent CIS of the bladder and/or the prostatic urethra, multiple and/or
large pT1 and grade 3 tumors, some forms of variant histology of UC, and LVI were substrati-
fied into the highest-risk group. The optimized surveillance protocol that enhances cost-effec-
tiveness was developed using real incidences of recurrence after TURBT. An intravesical
recurrence detection rate ([number of patients with recurrence / number of patients with sur-
veillance] x 100) of > 1% during a certain period indicated that routine surveillance using
urine cytology and cystoscopy was necessary in this period. On the other hand, an intravesical
recurrence detection rate of < 1% during a certain period indicated that routine surveillance
was not necessary in this period. Similarly, an UUT recurrence and/or metastasis detection
rate of > 1% during a certain period indicated that routine surveillance via CT and serum
chemistry screening was necessary in this period. Based on these criteria, an optimized surveil-
lance protocol was developed to improve surveillance costs.

Outcome evaluation

Recurrence-free survival (RFS) (in any site), time to first recurrence in any site, estimated sur-
veillance cost per one recurrence detection, and 10-year total surveillance cost using the EAU
guidelines-based surveillance protocol and the optimized surveillance protocol were recorded.
To estimate the cost-benefit, surveillance costs for detecting one recurrence were calculated
(total surveillance cost in a follow-up period / number of patients with recurrence) using an
exchange rate of 100 yen to one US dollar. Medical costs were $45 for urine cytology, $95 for
cystoscopy, $267 for CT with contrast media, and $24 for blood chemistry. The cost break-
down was shown in S1 Table. The cost of prescriptions, medications, and doctor fees were not
included herein. The total examination fee was calculated as the patients’ total fee (10%-30%)
and national insurance coverage (70%-90%) in Japan. The 10-year total surveillance cost was
compared between the EAU guidelines-based surveillance protocol and the optimized surveil-
lance protocol developed herein.

Statistical analysis

Statistical analyses were performed using SPSS version 24.0 (SPSS, Inc., Chicago, IL, USA) and
GraphPad Prism 5.03 (GraphPad Software, San Diego, CA, USA). Categorical variables were
compared using the Fisher exact test or chi-squared test. Quantitative variables were expressed
as median with interquartile range. Differences between the two groups were compared using
the Student ¢ test and Mann-Whitney U test for normally and non-normally distributed data,
respectively. The Kolmogorov-Smirnov test was used to determine the distribution of the
data. RFS was evaluated using the Kaplan-Meier method and compared using the log-rank
test. A P value of < 0.05 indicated statistical significance.

Results
Patient background

The median age and follow-up period after TURBT were 72 years and 52 months, respectively.
Although 90 (21%) patients received postoperative intravesical instillation of BCG, no patient
received maintenance BCG therapy. Among the 428 patients with primary high-risk NMIBC,
97 (23%) were substratified into the highest-risk group (Table 1). We obtained muscle speci-
mens from all patients at the time of initial TURBT. No patient underwent early cystectomy.
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Table 1. Patients’ background.

All High-risk without highest-risk Highest-risk P value
n =428 n=331 n=97
Age, years 72 (64-79) 72 (63-79) 73 (67-78) 0.181
Male 342 (80%) 257 (78%) 85 (88%) 0.031
Body mass index, kg/m* 23 (21-25) 23 (21-25) 23 (21-26) 0.386
ECOGPS >1 59 (14%) 44 (13%) 15 (16%) 0.585
Hypertension 246 (58%) 185 (56%) 61 (63%) 0.220
Diabetes mellitus 72 (17%) 50 (15%) 22 (23%) 0.079
Cardiovascular disease 145 (34%) 104 (31%) 41 (42%) 0.047
Chronic kidney disease 140 (33%) 101 (31%) 39 (40%) 0.074
Multiple tumors 191 (45%) 120 (36%) 71 (73%) <0.001
Tumor size
>3cm 83 (19%) 48 (15%) 35 (36%) <0.001
Pathological T stage
pT1 415 (97%) 319 (96%) 96 (99%) 0.314
Concomitant carcinoma in situ 22 (5.1%) 16 (4.8%) 6 (6.2%) 0.596
Tumor grade
Grade 3 125 (29%) 37 (11%) 88 (91%) <0.001
Variant histology of urothelial carcinoma 10 (2.3%) 0 (0.0%) 10 (10%) <0.001
Lymphovascular invasion 15 (3.5%) 0(0.0%) 15 (16%) <0.001
Intravesical instillation of chemotherapy 311 (73%) 236 (71%) 75 (77%) 0.242
Intravesical instillation of BCG 90 (21%) 63 (19%) 27 (28%) 0.061
Second TURBT 41 (9.6%) 25 (7.6%) 16 (17%) 0.009
First recurrence site 0.019
Intravesical 132 (95%) 98 (98%) 34 (87%)
Upper urinary tract 5(3.6%) 2 (2.0%) 3(7.7%)
Metastasis 2 (1.4%) 0(0.0%) 2 (5.1%)
Follow-up period, months 52 (26-93) 53 (26-95) 50 (26-86)

All data is presented as n (%) or median (interquartile range). ECOG PS, Eastern Cooperative Oncology Group performance status; BCG, bacillus Calmette-Guérin;
TURBT, transurethral resection of bladder tumor.

https://doi.org/10.1371/journal.pone.0275921.t001

Oncological outcomes

All patients with high-risk NMIBC had a median RFS of 134 months (Fig 2A). Patients with
highest-risk NMIBC had a significantly shorter RFS than those with high-risk without highest-
risk NMIBC (Fig 2B; P = 0.014).

First recurrence sites were intravesical (n = 98, 98%) and UUT (n = 2, 2.0%) in patients
with high-risk without highest-risk NMIBC, and intravesical (n = 34, 87%), UUT (n = 3,
7.7%), and metastasis (n = 2, 5.1%) in those with highest-risk NMIBC (Table 1). First recur-
rence occurred most frequently 3 months after TURBT in all patients with high-risk
NMIBC (Fig 2C; n = 32, 23%) and gradually decreased thereafter, and patients with high-
risk without highest-risk NMIBC had a similar time course for first recurrence (Fig 2D).
Patients with highest-risk NMIBC had significantly more early recurrences within 1 year
after TURBT than those with high-risk without highest-risk NMIBC (Fig 2D, 69% vs. 48%;
P =0.024). Only 2 (5.1%) recurrences occurred after 48 months in patients with highest-
risk NMIBC (Fig 2D).
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Fig 2. Recurrence-free survival (RFS), time to first recurrence in any site, and recurrence detection rate. RES in all patients with high-risk non-muscle-
invasive bladder cancer (NMIBC) was evaluated using the Kaplan-Meier method (A). RFS between the highest-risk and high-risk without highest-risk groups
was compared using the log-rank test (B). Time to first recurrence in any site in patients with high-risk NMIBC (C) and highest-risk and high-risk without
highest-risk NMIBC (D) were evaluated. Intravesical recurrence detection rate (E) and upper urinary tract (UUT) recurrence and/or metastasis detection rate
(F) were evaluated. *, routine surveillance was needed (> 1%). **, routine surveillance was not needed (< 1%). TURBT, transurethral resection of bladder
tumor. EAU, European Association of Urology.

https://doi.org/10.1371/journal.pone.0275921.g002

Optimized surveillance protocol

Almost all patients with high-risk without highest-risk NMIBC had an intravesical recurrence
detection rate of > 1% throughout the follow-up period except at 48 and 60 months after
TURBT (Fig 2E). On the other hand, patients with highest-risk NMIBC had an intravesical
recurrence detection rate of < 1% at 21, 36, 54, 60, 84, 96, and 108 months (Fig 2E).

Patients with high-risk without highest-risk NMIBC had an UUT recurrence and/or metas-
tasis detection rate of < 1% throughout the follow-up period (Fig 2F). On the other hand,
patients with highest-risk NMIBC had an UUT recurrence and/or metastasis detection rate
of > 1% at 3, 6, 9, and 48 months (Fig 2F).

Based on previously discussed criteria (i.e., a recurrence detection rate of < 1% during a cer-
tain period indicated that routine surveillance was not necessary in this period), an optimized
surveillance protocol was developed to improve surveillance costs (Fig 1, lower columns).

Economic outcomes

All patients with high-risk NMIBC had a higher (> $10,000) estimated surveillance cost per
one recurrence detection at 12, 24, 36, 48, 60, 72, 84, 96, and 108 months (Fig 3A). On the
other hand, patients with highest-risk and high-risk without highest-risk NMIBC had a lower
(< $10,000) estimated surveillance cost per one recurrence detection throughout almost all of
the follow-up period (Fig 3B).
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Fig 3. Estimated surveillance cost, 10-year total surveillance cost, and detection failure. Estimated surveillance costs per one recurrence detection (A: the
European Association of Urology [EAU] guidelines-based surveillance protocol, B: the optimized surveillance protocol, and C; median costs) were evaluated.
The optimized surveillance protocol promoted a 40% lower ($394,990) 10-year total surveillance cost compared to the EAU guidelines-based protocol (D). The
number of patients that potentially failed recurrence detection using the optimized surveillance protocol (E). TURBT, transurethral resection of bladder tumor.

https://doi.org/10.1371/journal.pone.0275921.9003

Patients with high-risk NMIBC had a median surveillance cost of $8064 per one recurrence
detection. No significant difference in median surveillance cost per one recurrence detection
was observed between the highest-risk and high-risk without highest-risk groups (Fig 3C,
$2847 vs. $4830; P = 0.119).

The optimized surveillance protocol promoted a 40% lower ($394,990) 10-year total surveil-
lance cost compared to the EAU guidelines-based surveillance protocol (Fig 3D).

Only 3 (3.0%) patients with high-risk without highest-risk NMIBC and none of those with
highest-risk NMIBC potentially failed recurrence detection using the optimized surveillance
protocol (Fig 3E).

Discussion

The optimal frequency and duration of surveillance in patients with primary high-risk
NMIBC remain unclear. Although high-risk NMIBC is heterogenous and the EAU guidelines
suggest the substratification of the high-risk group [16], the effect of this substratification on
the cost-effectiveness also remains unclear. To the best of our knowledge, this has been the
first study to evaluate cost-effectiveness of the optimized surveillance protocol based on the
EAU substratification among patients with primary high-risk NMIBC. The present study
showed that the optimized surveillance protocol promoted a 40% reduction in the 10-year
total surveillance cost compared to the EAU guidelines-based surveillance protocol. The key
points promoting cost reduction included the substratification of the high-risk group and the
decrease in unnecessary UUT imaging, cystoscopy, and urine cytology. To reduce surveillance
costs, cystoscopy and urine cytology after 48 months might be unnecessary for patients with
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highest-risk NMIBC due to low recurrence detection rates. Although we do not recommend
our new surveillance protocol in clinical practice, these results may provide clinicians with the
idea for a surveillance cost reduction. Considering the lack of evidence and increased costs for
managing patients with NMIBC, further studies are warranted to develop an optimal surveil-
lance protocol that balances oncological benefits with cost-effectiveness.

BC has been well-known as one of the most expensive cancers to manage on a per capita
basis [5, 6]. Accordingly, reports have shown that the major drivers for increased cost included
complications and surveillance among patients with BC [17, 18]. Moreover, Strope et al.
reported that costs for managing patients with NMIBC have increased since 1993, driven by
intravesical therapy and surveillance after TURBT [7]. Similarly, several studies have reported
that majority of the costs were driven by cystoscopic surveillance [19, 20]. Accordingly,
improving surveillance cost seems to be one of the most important factors for reducing total
management costs of patients with NMIBC. Although several studies have reported possible
surveillance strategies that improve surveillance costs using nuclear matrix protein 22, fibro-
blast growth factor receptor 3 mutation analysis, or fluorescence in situ hybridization assay in
patients with NMIBC [21-23], such surveillance strategies remain impractical considering
facility restrictions. Moreover, liquid biopsy is an alternative potential method for surveillance
after TURBT [24]. Although liquid biopsy improves the sensitivity and specificity in recur-
rence detection, it may not be cost-effective for surveillance because of its high cost [24, 25].
Another strategy for improving surveillance costs involves the development of a surveillance
protocol with optimal frequency and duration. Although the intensive surveillance protocol
that is recommended for patients with high-risk NMIBC may detect recurrences before pro-
gression to muscle invasive BC [8-10], it promotes increased surveillance costs. Given the lack
of evidence, an optimal surveillance protocol that enhances cost-effectiveness remains to be
established. High-risk NMIBC is heterogenous and the EAU guidelines suggest the substratifi-
cation of the high-risk group into the highest-risk and other groups [8, 16, 26]. Therefore, we
speculated that an optimized surveillance protocol based on the EAU substratification might
improve surveillance costs after TURBT. Our results showed apparent differences in the
Kaplan-Meier curves for RFS between the highest-risk and high-risk without highest-risk
groups. Moreover, the optimized surveillance protocol promoted a 40% lower 10-year total
surveillance cost compared to the EAU guidelines-based surveillance protocol (Fig 3D).
Although the heterogeneity of high-risk NMIBC makes developing an optimal surveillance
protocol difficult, its results might be helpful for establishing a cost-effective surveillance pro-
tocol after TURBT in patients with primary high-risk NMIBC.

Although several guidelines recommend regular UUT imaging after TURBT in patients
with high-risk NMIBC [8, 10], no robust evidence exists [12, 27, 28]. In addition, no study has
demonstrated an association between regular UUT imaging and improved oncological out-
comes. The present study revealed that the costs for regular abdominal and pelvic CT
accounted for 43% of the 10-year total surveillance cost (S1 Fig). Moreover, patients with high-
est-risk NMIBC had an UUT recurrence detection rate of < 1% throughout the entire follow-
up period except at 3, 6, 9, and 48 months after TURBT (Fig 2F). Although regular UUT imag-
ing might detect asymptomatic UUT recurrences, no study has demonstrated the relationship
between the detection of asymptomatic UUT recurrence and improved survival. Our addi-
tional analyses showed that asymptomatic recurrence was not associated longer cancer-specific
survival and overall survival after UUT recurrence (S2A Fig, P = 0.911; S2B Fig, P = 0.555;
respectively). Moreover, Sternberg et al. reported that of 3,074 CT examinations, only 15
(0.5%) could detect an UUT recurrence after TURBT [29]. These results suggest that the fre-
quency and duration of regular UUT imaging might need to be reconsidered to balance onco-
logical benefits with cost-effectiveness. Nonetheless, further studies on this matter are needed.
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The present study developed an optimized surveillance protocol based on our original crite-
ria (a recurrence detection rate of < 1% during a certain period indicated that routine surveil-
lance was not necessary in this period). As such, patients with highest-risk NMIBC required
less frequent routine surveillance using urine cytology and cystoscopy than patients with high-
risk without highest-risk NMIBC. This result seems to be inconsistent with the theory that a
more aggressive disease generally requires more intensive surveillance. However, 95% of
patients with highest-risk NMIBC experienced intravesical recurrences within 48 months in
the present study. Thus, less frequent surveillance might be sufficient after 48 months to
improve cost-effectiveness considering that almost all recurrences in patients with highest-risk
NMIBC occurred within 48 months after TURBT. Further studies are certainly needed to
determine the optimal frequency and duration of surveillance among patients with highest-
risk NMIBC.

The present study has several limitations worth noting. First, this study employed a retro-
spective design, which prevented us from making definitive conclusions. Second, a relatively
small number of patients had been enrolled. Third, only 21% of the patients received intravesi-
cal instillation of BCG, none of whom received maintenance BCG therapy. In the study using
the National Cancer Database that captured data on more than 70% of newly diagnosed cancer
cases in the United States, Balakrishnan et al. have reported that of 47,694 patients with high-
risk NMIBC, only 24% received BCG therapy regardless guideline recommendations [30].
Thus, the low BCG therapy rate in the present study may reflect a real-world clinical practice.
Fourth, only a limited number of patients underwent second TURBT because it is difficult to
perform second TURBT in all patients with high-risk NMIBC in clinical practice considering
patients’ comorbidities and an operating room capacity. Fifth, the results obtained herein may
not be generalized to other populations, given that the entire Japanese population is covered
by universal health insurance (maximum copayment of 10% to 30%). Finally, the optimized
surveillance protocol was developed based on our arbitrarily determined criteria. Thus, a vali-
dation study is needed.

Conclusion

The optimized surveillance protocol based on the EAU substratification could potentially
improve surveillance costs after TURBT in patients with primary high-risk NMIBC.

Supporting information

S1 Fig. Details on the 10-year total surveillance cost. Costs of regular abdominal and pelvic
computed tomography for detecting upper urinary tract recurrence and/or metastasis
accounted for 43% of the 10-year total surveillance cost.

(TIF)

S2 Fig. Differences in oncological outcomes between patients with asymptomatic and
symptomatic upper urinary tract (UUT) recurrences. Cancer-specific survival (A) and over-
all survival (B) were evaluated using the Kaplan-Meier method and compared using the log-
rank test.

(TIF)

§1 Table. Cost breakdown of urine cytology, cystoscopy, computed tomography, and
blood chemistry test.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0275921 February 10, 2023 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275921.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275921.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275921.s003
https://doi.org/10.1371/journal.pone.0275921

PLOS ONE

The EAU substratification improves surveillance costs in patients with high-risk NMIBC

Acknowledgments

The authors thank Enago (www.enago.jp) for English language review.

Author Contributions
Conceptualization: Naoki Fujita, Shingo Hatakeyama.

Data curation: Naoki Fujita, Kazutaka Okita, Masaki Momota, Yuki Tobisawa, Tohru
Yoneyama, Hayato Yamamoto, Hiroyuki Ito, Takahiro Yoneyama, Yasuhiro Hashimoto,
Kazuaki Yoshikawa.

Formal analysis: Naoki Fujita.

Funding acquisition: Shingo Hatakeyama.

Investigation: Naoki Fujita.

Methodology: Naoki Fujita.

Project administration: Naoki Fujita.

Supervision: Chikara Ohyama.

Validation: Shingo Hatakeyama, Kazutaka Okita, Masaki Momota.
Writing - original draft: Naoki Fujita.

Writing - review & editing: Shingo Hatakeyama, Chikara Ohyama.

References

1. Yoshida T, Kates M, Fujita K, Bivalacqua TJ, McConkey DJ. Predictive biomarkers for drug response in
bladder cancer. Int J Urol. 2019; 26(11):1044—1053. https://doi.org/10.1111/iju.14082 PMID: 31370109

2. Lobo N, Shariat SF, Guo CC, Fernandez MI, Kassouf W, Choudhury A, et al. What Is the Significance
of Variant Histology in Urothelial Carcinoma? Eur Urol Focus. 2020; 6(4):653—-663. https://doi.org/10.
1016/j.euf.2019.09.003 PMID: 31530497

3. Rizzo A, Mollica V, Massari F. Expression of Programmed Cell Death Ligand 1 as a Predictive Bio-
marker in Metastatic Urothelial Carcinoma Patients Treated with First-line Immune Checkpoint Inhibi-
tors Versus Chemotherapy: A Systematic Review and Meta-analysis. Eur Urol Focus. 2022; 8(1):152—
159. https://doi.org/10.1016/j.euf.2021.01.003 PMID: 33516645

4. Rizzo A, Mollica V, Santoni M, Ricci AD, Gadaleta-Caldarola G, Montironi R, et al. Impact of clinico-
pathological features on immune-based combinations for advanced urothelial carcinoma: a meta-analy-
sis. Future Oncol. 2022; 18(6):739-748. https://doi.org/10.2217/fon-2021-0841 PMID: 35048736

5. Botteman MF, Pashos CL, Redaelli A, Laskin B, Hauser R. The health economics of bladder cancer: a
comprehensive review of the published literature. Pharmacoeconomics. 2003; 21(18):1315-1330.
https://doi.org/10.1007/BF 03262330 PMID: 14750899

6. Mossanen M, Wang Y, Szymaniak J, Tan WS, Huynh MJ, Preston MA, et al. Evaluating the cost of sur-
veillance for non-muscle-invasive bladder cancer: an analysis based on risk categories. World J Urol.
2019; 37(10):2059-2065. https://doi.org/10.1007/s00345-018-2550-x PMID: 30446799

7. Strope SA, Ye Z, Hollingsworth JM, Hollenbeck BK. Patterns of care for early stage bladder cancer.
Cancer. 2010; 116(11):2604—2611. https://doi.org/10.1002/cncr.25007 PMID: 20310051

8. Babjuk M, Burger M, Comperat EM, Gontero P, Mostafid AH, Palou J, et al. European Association of
Urology Guidelines on Non-muscle-invasive Bladder Cancer (TaT1 and Carcinoma In Situ) - 2019
Update. Eur Urol. 2019; 76(5):639-657. hitps://doi.org/10.1016/j.eururo.2019.08.016 PMID: 31443960

9. Woldu SL, Bagrodia A, Lotan Y. Guideline of guidelines: non-muscle-invasive bladder cancer. BJU Int.
2017; 119(3):371-380. https://doi.org/10.1111/bju.13760 PMID: 28058776

10. Chang SS, Boorjian SA, Chou R, Clark PE, Daneshmand S, Konety BR, et al. Diagnosis and Treatment
of Non-Muscle Invasive Bladder Cancer: AUA/SUO Guideline. J Urol. 2016; 196(4):1021-1029. https:/
doi.org/10.1016/j.juro.2016.06.049 PMID: 27317986

11. Fujita N, Hatakeyama S, Momota M, Kido K, Narita T, Tobisawa Y, et al. Safety and efficacy of intensive
instillation of low-dose pirarubicin vs. bacillus Calmette-Guérin in patients with high-risk non-muscle-

PLOS ONE | https://doi.org/10.1371/journal.pone.0275921 February 10, 2023 10/12


http://www.enago.jp/
https://doi.org/10.1111/iju.14082
http://www.ncbi.nlm.nih.gov/pubmed/31370109
https://doi.org/10.1016/j.euf.2019.09.003
https://doi.org/10.1016/j.euf.2019.09.003
http://www.ncbi.nlm.nih.gov/pubmed/31530497
https://doi.org/10.1016/j.euf.2021.01.003
http://www.ncbi.nlm.nih.gov/pubmed/33516645
https://doi.org/10.2217/fon-2021-0841
http://www.ncbi.nlm.nih.gov/pubmed/35048736
https://doi.org/10.1007/BF03262330
http://www.ncbi.nlm.nih.gov/pubmed/14750899
https://doi.org/10.1007/s00345-018-2550-x
http://www.ncbi.nlm.nih.gov/pubmed/30446799
https://doi.org/10.1002/cncr.25007
http://www.ncbi.nlm.nih.gov/pubmed/20310051
https://doi.org/10.1016/j.eururo.2019.08.016
http://www.ncbi.nlm.nih.gov/pubmed/31443960
https://doi.org/10.1111/bju.13760
http://www.ncbi.nlm.nih.gov/pubmed/28058776
https://doi.org/10.1016/j.juro.2016.06.049
https://doi.org/10.1016/j.juro.2016.06.049
http://www.ncbi.nlm.nih.gov/pubmed/27317986
https://doi.org/10.1371/journal.pone.0275921

PLOS ONE

The EAU substratification improves surveillance costs in patients with high-risk NMIBC

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

invasive bladder cancer. Urol Oncol. 2020; 38(8):684.e617—-684.e624. https://doi.org/10.1016/j.urolonc.
2020.03.009

Millan-Rodriguez F, Chechile-Toniolo G, Salvador-Bayarri J, Huguet-Perez J, Vicente-Rodriguez J.
Upper urinary tract tumors after primary superficial bladder tumors: prognostic factors and risk groups.
J Urol. 2000; 164(4):1183-1187. PMID: 10992362

Soukup V, Babjuk M, Bellmunt J, Dalbagni G, Giannarini G, Hakenberg OW, et al. Follow-up after surgi-
cal treatment of bladder cancer: a critical analysis of the literature. Eur Urol. 2012; 62(2):290-302.
https://doi.org/10.1016/j.eururo.2012.05.008 PMID: 22609313

Sylvester RJ, van der Meijden AP, Oosterlinck W, Witjes JA, Bouffioux C, Denis L, et al. Predicting
recurrence and progression in individual patients with stage Ta T1 bladder cancer using EORTC risk
tables: a combined analysis of 2596 patients from seven EORTC trials. Eur Urol. 2006; 49(3):466—477.
https://doi.org/10.1016/j.eururo.2005.12.031 PMID: 16442208

Holmang S, Strock V. Should follow-up cystoscopy in bacillus Calmette-Guerin-treated patients con-
tinue after five tumour-free years? Eur Urol. 2012; 61(3):503-507. https://doi.org/10.1016/j.eururo.
2011.11.011

Oughton JB, Poad H, Twiddy M, Collinson M, Hiley V, Gordon K, et al. Radical cystectomy (bladder
removal) against intravesical BCG immunotherapy for high-risk non-muscle invasive bladder cancer
(BRAVO): a protocol for a randomised controlled feasibility study. BMJ Open. 2017; 7(8):e017913.
https://doi.org/10.1136/bmjopen-2017-017913 PMID: 28801444

Avritscher EB, Cooksley CD, Grossman HB, Sabichi AL, Hamblin L, Dinney CP, et al. Clinical model of
lifetime cost of treating bladder cancer and associated complications. Urology. 2006; 68(3):549-553.
https://doi.org/10.1016/j.urology.2006.03.062 PMID: 16979735

Cooksley CD, Avritscher EB, Grossman HB, Sabichi AL, Dinney CP, Pettaway C, et al. Clinical model
of cost of bladder cancer in the elderly. Urology. 2008; 71(3):519-525. https://doi.org/10.1016/j.urology.
2007.10.056 PMID: 18342201

Yeung C, Dinh T, Lee J. The health economics of bladder cancer: an updated review of the published lit-
erature. Pharmacoeconomics. 2014; 32(11):1093-1104. https://doi.org/10.1007/s40273-014-0194-2
PMID: 25056838

Skolarus TA, Ye Z, Zhang S, Hollenbeck BK. Regional differences in early stage bladder cancer care
and outcomes. Urology. 2010; 76(2):391-396. https://doi.org/10.1016/j.urology.2009.12.079 PMID:
20394976

Lachaine J, Valiquette L, Crott R. Economic evaluation of NMP22 in the management of bladder cancer.
Can J Urol. 2000; 7(2):974—-980. PMID: 11119441

van Kessel KE, Kompier LC, de Bekker-Grob EW, Zuiverloon TC, Vergouwe Y, Zwarthoff EC, et al.

FGFR3 mutation analysis in voided urine samples to decrease cystoscopies and cost in nonmuscle

invasive bladder cancer surveillance: a comparison of 3 strategies. J Urol. 2013; 189(5):1676—1681.
https://doi.org/10.1016/j.juro.2012.11.005 PMID: 23142690

Gayed BA, Seideman C, Lotan Y. Cost-effectiveness of fluorescence in situ hybridization in patients
with atypical cytology for the detection of urothelial carcinoma. J Urol. 2013; 190(4):1181-1186. https://
doi.org/10.1016/j.juro.2013.03.117 PMID: 23583531

Crocetto F, Barone B, Ferro M, Busetto GM, La Civita E, Buonerba C, et al. Liquid biopsy in bladder
cancer: State of the art and future perspectives. Crit Rev Oncol Hematol. 2022; 170:103577. https://doi.
org/10.1016/j.critrevonc.2022.103577 PMID: 34999017

Chen CK, Liao J, Li MS, Khoo BL. Urine biopsy technologies: Cancer and beyond. Theranostics. 2020;
10(17):7872-7888. https://doi.org/10.7150/thno.44634 PMID: 32685026

Fujita N, Hatakeyama S, Momota M, Tobisawa Y, Yoneyama T, Yamamoto H, et al. Impact of substrati-
fication on predicting oncological outcomes in patients with primary high-risk non-muscle-invasive blad-
der cancer who underwent transurethral resection of bladder tumor. Urol Oncol. 2020; 38(10):795.
€799-795.e717. https://doi.org/10.1016/j.urolonc.2020.04.023 PMID: 32417111

Palou J, Rodriguez-Rubio F, Huguet J, Segarra J, Ribal MJ, Alcaraz A, et al. Multivariate analysis of
clinical parameters of synchronous primary superficial bladder cancer and upper urinary tract tumor. J
Urol. 2005; 174(3):859-861. https://doi.org/10.1097/01.ju.0000169424.79702.6d PMID: 16093970

Wright JL, Hotaling J, Porter MP. Predictors of upper tract urothelial cell carcinoma after primary bladder
cancer: a population based analysis. J Urol. 2009; 181(3):1035—1039. https://doi.org/10.1016/j.juro.
2008.10.168 PMID: 19150569

Sternberg IA, Keren Paz GE, Chen LY, Herr HW, Donat SM, Bochner BH, et al. Upper tract imaging sur-
veillance is not effective in diagnosing upper tract recurrence in patients followed for nonmuscle inva-
sive bladder cancer. J Urol. 2013; 190(4):1187—1191. https://doi.org/10.1016/j.juro.2013.05.020 PMID:
23680310

PLOS ONE | https://doi.org/10.1371/journal.pone.0275921 February 10, 2023 11/12


https://doi.org/10.1016/j.urolonc.2020.03.009
https://doi.org/10.1016/j.urolonc.2020.03.009
http://www.ncbi.nlm.nih.gov/pubmed/10992362
https://doi.org/10.1016/j.eururo.2012.05.008
http://www.ncbi.nlm.nih.gov/pubmed/22609313
https://doi.org/10.1016/j.eururo.2005.12.031
http://www.ncbi.nlm.nih.gov/pubmed/16442208
https://doi.org/10.1016/j.eururo.2011.11.011
https://doi.org/10.1016/j.eururo.2011.11.011
https://doi.org/10.1136/bmjopen-2017-017913
http://www.ncbi.nlm.nih.gov/pubmed/28801444
https://doi.org/10.1016/j.urology.2006.03.062
http://www.ncbi.nlm.nih.gov/pubmed/16979735
https://doi.org/10.1016/j.urology.2007.10.056
https://doi.org/10.1016/j.urology.2007.10.056
http://www.ncbi.nlm.nih.gov/pubmed/18342201
https://doi.org/10.1007/s40273-014-0194-2
http://www.ncbi.nlm.nih.gov/pubmed/25056838
https://doi.org/10.1016/j.urology.2009.12.079
http://www.ncbi.nlm.nih.gov/pubmed/20394976
http://www.ncbi.nlm.nih.gov/pubmed/11119441
https://doi.org/10.1016/j.juro.2012.11.005
http://www.ncbi.nlm.nih.gov/pubmed/23142690
https://doi.org/10.1016/j.juro.2013.03.117
https://doi.org/10.1016/j.juro.2013.03.117
http://www.ncbi.nlm.nih.gov/pubmed/23583531
https://doi.org/10.1016/j.critrevonc.2022.103577
https://doi.org/10.1016/j.critrevonc.2022.103577
http://www.ncbi.nlm.nih.gov/pubmed/34999017
https://doi.org/10.7150/thno.44634
http://www.ncbi.nlm.nih.gov/pubmed/32685026
https://doi.org/10.1016/j.urolonc.2020.04.023
http://www.ncbi.nlm.nih.gov/pubmed/32417111
https://doi.org/10.1097/01.ju.0000169424.79702.6d
http://www.ncbi.nlm.nih.gov/pubmed/16093970
https://doi.org/10.1016/j.juro.2008.10.168
https://doi.org/10.1016/j.juro.2008.10.168
http://www.ncbi.nlm.nih.gov/pubmed/19150569
https://doi.org/10.1016/j.juro.2013.05.020
http://www.ncbi.nlm.nih.gov/pubmed/23680310
https://doi.org/10.1371/journal.pone.0275921

PLOS ONE The EAU substratification improves surveillance costs in patients with high-risk NMIBC

30. Balakrishnan AS, Washington SL 3rd, Meng MV, Porten SP. Determinants of Guideline-Based Treat-
ment in Patients With cT1 Bladder Cancer. Clin Genitourin Cancer. 2019; 17(3):e461—e471. https://doi.
org/10.1016/}.clgc.2019.01.007 PMID: 30799130

PLOS ONE | https://doi.org/10.1371/journal.pone.0275921 February 10, 2023 12/12


https://doi.org/10.1016/j.clgc.2019.01.007
https://doi.org/10.1016/j.clgc.2019.01.007
http://www.ncbi.nlm.nih.gov/pubmed/30799130
https://doi.org/10.1371/journal.pone.0275921

