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Abstract

Objective: To investigate if the use of therapeutic agents for dysuria is a risk factor for the
primary recurrence of non-muscle invasive bladder cancer (NMIBC).

Methods: First, patients with NMIBC were divided into two groups: the non-recurrence group
and the recurrence group. Patient characteristics were compared between both groups. The risk
factors of recurrence that were statistically different between the two groups were identified by
multivariate analysis. Second, we divided the patients into risk and non-risk groups, and differ-
ences in the recurrence-free survival (RFS) between the two groups were analyzed before and
after propensity score matching (PSM).

Results: A total of 162 patients were included, with 84 patients in the non-recurrence group and
78 patients in the recurrence group. In the multivariate analysis, the intake of dysuria agents and
bacillus Calmette—Guérin (BCG) therapy were independent factors. The RFS results in terms of
the intake of dysuria agents were statistically significant before and after PSM analysis, but no
factors were significantly different between the BCG and non-BCG groups after PSM.

Corresponding author:

Yoichiro Kato, Department of Urology, Iwate Medical
University, 2-1-1 Nishitokuta, Yahaba-cho, Shiwa-gun,
Department of Urology, lwate Medical University, Yahaba- Iwate 020-3695, Japan.

cho, Iwate, Japan Email: katoyooo@iwate-med.ac.jp

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0003-3778-9300
https://orcid.org/0000-0001-8088-2848
https://orcid.org/0000-0001-6089-7620
mailto:katoyooo@iwate-med.ac.jp
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211037478
journals.sagepub.com/home/imr

Journal of International Medical Research

Conclusions: Therapeutic agents for dysuria might be at an independent risk factor for
NMIBC recurrence. This trial is registered with the UMIN Clinical Trials Registry under the

number  UMIN000036097
R000041 122).
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Introduction
Non-muscle invasive bladder cancer
(NMIBC) accounts for approximately

70% of bladder cancer patients, with trans-
urethral resection of the bladder tumor
(TURBT) as the primary treatment
choice.! Intravesical bacillus Calmette—
Guérin (BCG) therapy is currently the stan-
dard adjuvant therapy for NMIBC after
TURBT as it significantly reduces the risk
of disease recurrence or progression.'
Despite receiving BCG therapy, 30% to
50% of patients fail to respond, and 15%
of patients display muscle-invasive disease
progression.

Smoking,>> exposure to aromatic
amines®’ and ingestion of some lactic acid
bacteria®® are generally considered risk fac-
tors. The European Organization for
Research and Treatment of Cancer
(EORTC) and the Spanish Urological
Club for Oncological Treatment (CUETO)
have determined risk categories for the
recurrence and progression of bladder
cancer that are based on the patient’s
background, and the outcomes of the
initial treatment are widely used.'
This study investigated risk factors for the
primary recurrence of NMIBC in our
dataset to identify and validate recurrence
factors.

Materials and methods

Patients

We retrospectively studied patients who
underwent TURBT or intravesical BCG
therapy for NMIBC at our hospital
between July 2002 and September 2017.
All patients provided written consent for
treatment. Twenty-four patients were
excluded from the study because they had
been followed up for less than 6 months.
Patients included in the final analyses were
divided into two groups: the non-recurrence
group and the recurrence group. The Ethics
Committee of Iwate Medical University
(Iwate, Japan) approved this clinical trial
(MH2019-606) prior to patient recruitment
on 25 February 2019, and the details of
patients were de-identified. Moreover, the
design of this retrospective study followed
all relevant principles of the Declaration of
Helsinki. This trial is registered with the
UMIN Clinical Trials Registry under the
number UMINO000036097. The reporting
of this study conforms to the STROBE
statement."!

Inclusion and exclusion criteria

The inclusion criteria were patients with
NMIBC (<pT1) with a confirmed diagnosis
of urothelial carcinoma. Patients with a


https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno	=	R000041122
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno	=	R000041122
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno	=	R000041122

Kato et al.

negative cytology test and no residual
tumors were included at the start of
follow-up. The exclusion criterion was a
history of primary upper urinary tract
cancer (UUTC). BCG therapy during this
observing period consisted of 40 or 80 mg
Immunobladder (Tokyo strain BCG, Japan
BCG Laboratory, Tokyo, Japan) provided
as infusion therapy (up to 8 times once a
week), and the dose was decided by the cli-
nician. In addition to background charac-
teristics, the EORTC and CUETO
recurrence scores and the factors that the
scores are based on were calculated for
each patient, and the incidence of a
second TURBT and BCG therapy, current
or past medication history of therapeutic
agents for dysuria and recurrence status
during the follow-up period were recorded.
Additionally, we conducted uroflowmetry
and residual urine analysis on a subset of
the patient series.

The agents for dysuria included alpha-1
blockers, tadalafil, cholinergic drugs, dutas-
teride, herbs and anti-androgens used to
treat lower urinary tract symptoms
(LUTS) during the follow-up period.
Anticholinergic and beta-3 stimulants were
excluded as agents for dysuria in this study.
In addition, patients who were treated with
agents for dysuria and had at least one
diagnosis of benign prostatic hyperplasia,
neurogenic bladder or prostate cancer
were defined as the intake group.
Moreover, cases treated with both agents
for dysuria and an anticholinergic and/or
beta-3 stimulant were included in the
intake group. The non-intake group was
defined as the group that did not receive
these treatments.

Treatment

TURBT was performed for obvious blad-
der tumors, and only carcinoma in situ
cases without a visible tumor received intra-
vesical BCG therapy. Moreover, cases

categorized as higher than intermediate
risk based on the EORTC recurrence
score potentially received BCG therapy.
Our institute does not select maintenance
BCG therapy; therefore, there were no
maintenance BCG patients. We also per-
formed a second TURBT procedure in
pT1 cases or cases in which the muscle
layer of the bladder wall was not captured
during the initial TURBT.

Follow-up

A follow-up schedule was established that
included cystoscopy and urinary cytology
evaluation every 3 months for the first 2
years and then at 6-month intervals for
the next 3 years until recurrence. In addi-
tion, abdominal and pelvic computed
tomography examinations were performed
when UUTC recurrence was suspected.
Recurrence was defined as the identification
of urothelial carcinoma at the follow-up
cystoscopy examination and  biopsy,
except for residual cancer identified during
the second TURBT. Therefore, the follow-
up period was from the first TURBT to the
latest visit date.

Statistical analysis

The data were analyzed using JMP® 14 sta-
tistical software (SAS Institute Inc., Cary,
NC, USA). Differences between the non-
recurrence and recurrence groups in terms
of continuous variables, such as follow-up
period and age, were analyzed using t-tests.
The Cox regression test was used for
categorical variables. The recurrence-free
survival (RFS) was calculated using
Kaplan—Meier curves, and the significance
of differences between survival curves was
determined wusing the log-rank test.
Moreover, the hazard ratio (HR) was cal-
culated using Cox regression analysis.
p<0.05 was considered to indicate a statis-
tically significant difference.
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First, we performed a univariate Cox
regression analysis to identify risk factors
in the non-recurrence and recurrence
groups. Next, a multivariate Cox regression
analysis of the factors with statistically sig-
nificant differences was performed. Factors
with significant differences were identified.
Differences in the RFS between the risk
and non-risk groups were investigated by
Kaplan—Meier curves before and after pro-
pensity score matching (PSM) analysis. The
statistically significant factors were investi-
gated by the PSM method. We used the
PSM method to adjust the baseline differen-
ces between the risk or non-risk groups and
obtain more accurate conclusions, as previ-
ously reported.'!* Moreover, we used an
add-in software of JMP® in accordance
with the supplier’s protocol (http://www.
jmp.com/content/dam/jmp/documents/jp/su
pport/propensityaddin.zip). A multivariate
logistic regression analysis was used to deter-
mine the propensity scores for unbalanced
variables between the risk or non-risk

groups.'*'® The risk and non-risk groups
were matched 1:1 using a caliper width of
0.2 of the standard deviation for the propen-
sity score through nearest neighbor match-
ing (greedy-matching algorithm).”>  We
achieved a balance between the risk and
non-risk groups after PSM analysis for
each risk factor.

Results

Of 186 patients retrospectively studied, 162
patients were evaluated in the final analysis,
including 84 patients in the non-recurrence
group and 78 patients in the recurrence
group. The flowchart of patient selection
based on the inclusion and exclusion crite-
ria was shown in Figure 1. All character-
istics of patients in the non-recurrence and
recurrence groups were listed in Table 1.
The follow-up period was 477.7 (75.6—
1079.6) months in the non-recurrence
group and 187.4 (34.0-919.6) months in
the recurrence group (p<0.001). In

Non-muscle invasive bladder cancer NMIBC (n=186)

Follow- than 6 months

up period less (n=24)

| Transurethral resection of bladder tumor (TURBT) (n=153) / BCG intravesical therapy (n=9) |

‘ Non-recurrence NMIBC cases (n=84) ‘4—»

Recurrence NMIBC cases (n=78) ‘

Cox regression analysis

‘ Extraction of risk factors of recurrence :Agents for dysuria intake, BCG intravesical therapy

Non-intake (n=108 )
Non-risk group
BCG (n=66)

Intake (n=54)

Risk grou
group Non-BCG (n=96)

Log-rank test

propensity score matching (PSM)

Intake (n=66)
BCG (n=74)

Excluded: Unmatched

Non-intake (n=48)
Non-risk group
BCG (n=44)

Risk group

Intake (n=48)
Non-BCG (n=44)

Log-rank test

Figure |. Flowchart of patient selection based on the inclusion and exclusion criteria in this study
NMIBC, non-muscle invasive bladder cancer; TURBT, transurethral resection of bladder tumors; BCG,
bacillus Calmette—Guerin; PSM, propensity score matching.
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addition, between the non-recurrence and
recurrence groups, the number of women,
past history of diabetes mellitus (DM) and
presence of muscle layers in the specimen
were not statistically different. Among the
two groups included in the recurrent cases,
the candidate recurrence factors identified
in the univariate analyses were age contin-
uous (p=0.021), agents for dysuria
(p=0.003), number of tumors (p=0.050)
and BCG intravesical therapy (p=0.012).
Furthermore, the multivariate analysis of
these four factors revealed that agents for
dysuria and BCG therapy were statistically
significant (p=0.013 and p=0.018, respec-
tively) (Table 1). In terms of agents for dys-
uria, the differences in the median RFS
during the follow-up period between the
non-intake and intake groups were statisti-
cally significant. Specifically, the RFS was
not reached in the non-intake group and
20.2 months [95% confidence interval (CI)
10.2-36.9 months)] in the intake group [HR
2.00; 95% CI 1.28-3.13] (p=0.002)
(Figure 2). Regarding the BCG status, the
median RFS in the BCG group and the
non-BCG group was 76.6 months (95%
CI 34.0-not reached) and 31.7 months
(95% CI 16.7-47.8 months), respectively.
The median RFS in the BCG group was
significantly longer than that in the non-
BCG group [HR 0.55; 95% CI 0.33-0.88]
(p=0.013) (Figure 3).

Regarding agents for dysuria, prior to
the PSM analyses, the differences in age
continuous (p =0.015), number of women
(p=0.002), history of DM (p=0.018) and
presence of muscle layer (p=0.036)
between the non-intake and intake groups
were statistically significant. In contrast,
differences in the follow-up period, pT
stages, EORTC score, CUETO score, pri-
mary intravesical BCG therapy and second
TURBT between the two groups were not
statistically significant (Table 2). When we
achieved a balance in baseline variables
between the two groups using the PSM

method, both groups consisted of 48
cases. After the PSM analyses, no variables
were significantly different (Table 2).

Regarding BCG therapy, the significant-
ly different factors between the non-BCG
group and BCG group prior to PSM anal-
yses were the follow-up period (p=0.024),
age >70 (p=0.006), age continuous
(»=0.007), number of women (p=0.027),
pT stage (p<0.001), presence of muscle
layer (p=0.002) and second TURBT
(»=0.009) (Table 3). Similar to the agents
for dysuria, no factors were significantly
different between the two groups after
adjustments using the PSM method
(Table 3).

After the PSM analyses, the median RFS
was not reached in the non-intake group
and 20.2 months (95% CI 10.2-34.0
months) in the intake group [HR 2.72;
95% CI 1.47-5.29] (p=0.001) (Figure 4).
In addition, the median RFS was not
reached in the BCG group and 36.0
months (95% CI 19.3-not reached) in the
non-BCG group [HR 0.74; 95% CI 0.38-
1.41] (p =0.363) (Figure 5).

Among the therapeutic agents in the
intake group, consisting of 54 cases,
alpha-1 blockers were the most frequently
used, followed by herbs. No cases used
tadalafil during the follow-up period. Only
one case used an alpha-1 blocker, choliner-
gic drugs and dutasteride. There were five
prostate cancer comorbidity cases. Among
them, three cases were taking anti-
androgens, and the other two were taking
alpha-1 blockers. Therefore, all prostate
cancer comorbidity cases were allocated to
the intake group. Regarding the recurrence
rate by the types of medication, the average
recurrence rate was 66.7% (36/54), and all
patients taking anti-androgens recurred (3/
3) (Table 4). During this follow-up period,
10 deaths were confirmed from the medical
records. Two of these patients died due to
disease progression of NMIBC. No cases
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Recurrence-free survival

0.0
No. at risk

0 10 20 30 40 50

Non-intake group: n =108 108 81 61 45 33 25
Intake group: n = 54 54 35 26 18 1M 6

months

Non-intake group (n = 108)

p =0.002
Intake group (n = 54)

60 70 80 90 100
18 1M 5

4 3 1

Figure 2. Recurrence-free survival of the non-intake (n=108) and intake (n=54) groups before PSM

analysis
PSM, propensity score matching

1.0
0.8
0.6
0.4

0.2

Recurrence-free survival

0.0
No. at risk 0 0 20 30
BCG group: n = 66 66 49 39 30 26
Non-BCG group:n=96 96 67 48 33 18

months

40 50

p=0.013 B?G group (n = 66)

Non-BCG group (n = 96)

60 70 80 90 100
13 9 4
8 5 2

Figure 3. Recurrence-free survival of the BCG (n=66) and non-BCG (n=96) groups before PSM analysis
BCG, bacillus Calmette—Guerin; PSM, propensity score matching.

died immediately after the start of thera-
peutic agents for dysuria.

Moreover, the RFS was investigated in
74/162 cases who were divided into four
groups based on the intake status and resid-
ual urine (cut-off volume: 50mL). The
highest recurrence rates were observed in
the intake and residual urine >50mL
group, and the lowest recurrence rates
were found in the non-intake and residual
urine <50 mL group (p=0.017). However,
when the other two groups (the non-intake

and residual urine >50 mL group and the
intake and residual urine <50 mL group)
were included, there was no statistically sig-
nificant difference (Figure 6).

Discussion

This trial was conducted to identify the
recurrence risk factors from our retrospec-
tive medical records and evaluate the
robustness of each factor. In the multivari-
ate analyses, the intake of agents for
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Figure 4. Recurrence-free survival of the non-intake (n=48) and intake (n=48) groups after PSM analysis
PSM, propensity score matching
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Figure 5. Recurrence-free survival of the BCG (n=44) and non-BCG (n=44) groups after PSM analysis
BCG, bacillus Calmette—Guerin; PSM, propensity score matching.

Table 4. Dysuria agents used in the intake group

Before PSM After PSM

54 patients Recurrent®* 48 patients Recurrent®*
Number of patients (%) 54 (100.0) 36/54 (66.7) 48 (100.0) 32/48 (66.7)
Alpha-1 blocker 40 (74.1) 24/40 (60.0) 37 (77.1) 21/37 (56.8)
Cholinergic drug 6 (11.1) 4/6 (66.7) 6 (12.5) 4/6 (66.7)
Dutasteride 7(13.2) 517 (71.4) 5(10.4) 3/5 (60.0)
Herbs 15 (28.3) 10/15 (66.7) 12 (25.0) 9/12 (75.0)
Anti-androgen 3 (5.6) 3/3 (100.0) 3 (6.3) 3/3 (100.0)
Total 71 (131.5)* 46/71 (64.8)* 63 (131.3)* 40/63 (63.5)*

PSM, propensity score matching.
Including duplications, ~ Excluding non-recurring cases after administration.
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Figure 6. Differences in recurrence-free survival based on the intake status and RU. *p=0.017 for the
intake and residual urine >50 mL group versus the non-intake and residual urine <50 mL group

RU, residual urine.

dysuria and BCG therapy were identified as
statistically significant recurrence risk fac-
tors. It was not surprising that BCG thera-
py was associated with recurrence in the
multivariate  analysis because several
reports have shown that intravesical BCG
therapy inhibits the recurrence of medium-
and high-risk NMIBC.'*'® However, the
identification of dysuria agent use as a can-
didate recurrence factor was surprising and
difficult to interpret. Therefore, in this ret-
rospective study, PSM analysis was used to
investigate the robustness of these factors.
In contrast to before PSM, BCG therapy
was not significantly related to a longer
RFS after PSM analysis. One explanation
is that 15 patients who responded well to
BCG therapy (recurrence rate 26.7%, 4/15
patients) were removed after PSM adjust-
ment (Table 1, 3). This was because the
treatments, including BCG therapy,
showed seclection bias depending on the
malignancies. Moreover, our post-TURBT
treatment plans and follow-up schedules
were not stratified in accordance with the
European Association of Urology guide-
lines. If we maintained the guidelines, the
differences in RFS between the BCG and
non-BCG groups might not have been sig-
nificant. Therefore, it is considered

acceptable that there was no significant dif-
ference in the post-PSM study with a more
consistent patient background. In contrast,
because the use of dysuria agents did not
depend on the grade of bladder cancer, a
significant difference was maintained after
PSM. Therefore, the use of agents for dys-
uria might be considered a new independent
risk factor for recurrence, regardless of the
existing risk factors.

The bladder temporarily stores and dis-
charges urine, which is a metabolite pro-
duced through various reactions. One
factor contributing to the onset and pro-
gression of bladder cancer is intraluminal
dissemination, which is the seeding of
cancer cells on the bladder wall via
urine.!” Partially supporting this idea,
Matsumoto et al. reported that injecting
carcinogens into the bladder of rats with
LUTS induced bladder cancer, whereas car-
cinogen administration to rats without
LUTS did not."® Only one clinical study
has reported the association between
LUTS and the risk of recurrence of
NMIBC using the International Prostate
Symptom Score (IPSS)."” In this study,
the presence of moderate or severe LUTS
in men at the time of diagnosis was associ-
ated with increased recurrence rates of
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NMIBC. Moreover, the p-value for benign
prostatic hyperplasia medications between
recurrence and non-recurrence groups was
0.09, indicating a slightly significant differ-
ence. The number of patients in their study
was 70, and the statistical power was low."”
However, in our study, the number of
patients was 162. Therefore, our investiga-
tion might have more strongly reflected the
impact of difficult urination symptoms in
NMIBC.

Prognostic factors that have been
reported for NMIBC include second
TURBT,** ?? female patients,”> >° diabetes
and neurogenic bladder.”®*’ There have
been various reports on these factors; there-
fore, it was difficult to determine which fac-
tors affect the recurrence risk of NMIBC.
As described above, we conducted PSM
analysis to remove factors that displayed
significant differences between the two
groups regarding dysuria agents and BCG
therapy. As a result, no factors showed a
significant difference between the non-risk
and risk groups after PSM analysis.

There are some limitations to this study.
First, not all patients were evaluated for the
micturition status at the time of the first
appearance and during the follow-up
period because past information could
only be obtained from medical records. In
addition, because it was a retrospective
study, the observation periods were differ-
ent for each patient. Second, therapeutic
agents for dysuria are not a direct surrogate
of the risk of bladder cancer recurrence. In
this study, patients who did not recur after
taking agents for dysuria were included in
the intake group. Nagata et al. showed that
the dysuria agent silodosin strongly inhib-
ited both the carcinogen-mediated neoplas-
tic transformation of adrenergic receptor
(AR)-positive urothelial cells and the
growth of AR-positive bladder cancer
cells.?® Third, the timing, selection and
dosage of therapeutic agents for dysuria
depended on the decision of each clinician.

Moreover, we could not exclude whether
the therapeutic agent was used for improv-
ing urination difficulties because of urethral
stricture, which is one complication follow-
ing TURBT. Fourth, when each group was
allocated by intake status for the four types
of dysuria agents, the number of intake
patients varied with each agent, as shown
in Table 4. Among the intake groups, the
number of cases treated with anti-
androgens, cholinergic drugs and dutaster-
ide were insufficient. Therefore, we did not
investigate the recurrence status by dysuria
agents. Additionally, recurrence investiga-
tions by comorbidities were not performed
because of the small number of cases. Fifth,
only two patients received an immediate
epirubicin instillation following the primary
TURBT in the non-intake group. There
was no recurrence in these two patients.
Sixth, throughout most of the follow-up
period, 5-aminolevulinic acid had not yet
been introduced for the TUR procedure.
The recurrence rate may change in the
future after using this innovative treat-
ment.”’ " Finally, because the number of
patients was small, and it was a retrospec-
tive study, this study was underpowered to
show any statistical significance. In the
future, a larger prospective study should
be conducted.

Conclusions

This study demonstrated that patients with
voiding symptoms requiring oral adminis-
tration of a therapeutic agent exhibited a
significantly higher risk of recurrence than
those without these symptoms. In the
future, an accurate assessment of micturi-
tion function before and after bladder
cancer treatment is necessary to show a
direct association between urinary function
and bladder cancer recurrence. To demon-
strate this, it is necessary to evaluate not
only urinary function, residual urine and
IPSS in the patients with NMIBC but also
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the difference in the quantification of carci-
nogenic substances in the urine.
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