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Simple Summary: Some researchers have found that preoperative pyuria is a risk factor for the
recurrence of high-risk non-muscle invasive bladder cancer. However, no one has determined the
risks of pyuria in relation to bacille Calmette-Guerin (BCG) treatment status. We defined pyuria
as >10 white blood cells per high-power field. We analyzed recurrence-free rates in 424 patients
with high-risk non-muscle invasive bladder cancer who had and had not undergone BCG treatment.
We identified no risk factors for recurrence in the BCG-treated group (n = 179). However, in the
non-BCG treated group (n = 245), pyuria was associated with being female and having T1 cancer.
According to univariate and multivariate analysis, preoperative pyuria is an independent risk factor
for intravesical recurrence. No significant difference in the severity of pyuria was found between
BCG and non-BCG-treated groups. Aggressive BCG treatment may need to be considered in patients
with high-risk non-muscle invasive bladder cancer and pyuria.

Abstract: Some researchers have found that preoperative pyuria is a risk factor for recurrence after
transurethral resection of high-risk non-muscle invasive bladder cancer. However, to our knowledge,
none have clarified the risks associated with pyuria according to bacille Calmette-Guerin (BCG)
treatment status. We retrospectively selected patients with high-risk non-muscle invasive bladder
cancer according to Japanese Urological Association guidelines. Pyuria was defined as >10 white
blood cells per high-powered field. We analyzed recurrence-free rates (RFS) in 424 patients who
had and had not undergone BCG treatment. The median duration of follow-up was 45.2 months.
According to multivariate analysis, postoperative intravesical BCG induction and preoperative pyuria
were independent risk factors for intravesical recurrence in the whole study cohort. We found no
significant risk factors for recurrence in the BCG-treated group (n = 179). In the non-BCG-treated
group (n = 245), patients with pyuria were much more frequently female and more often had T1
disease than patients without pyuria. According to univariate and multivariate analysis, preoperative
pyuria is an independent risk factor for intravesical recurrence. There was no significant difference in
the severity of pyuria between the BCG and non-BCG-treated groups. Aggressive BCG treatment
may need to be considered in patients with high-risk NMIBC and pyuria.

Keywords: BCG; intravesical recurrence; non-muscle invasive bladder cancer; pyuria; risk factor

1. Introduction

Bladder cancer is the 12th most common cancer worldwide, accounting for 573,278 new
cases and 212,536 deaths annually [1]. Newly diagnosed bladder cancers are non-muscle
invasive bladder cancers (NMIBCs) in 70% to 75% of patients [2,3]. The rate of recurrence
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of bladder carcinoma after transurethral resection (TUR) ranges from approximately 15%
to 70% according to the European Organisation for Research and Treatment of Cancer
recurrence scores. Various clinical and pathological risk factors for recurrence have been
investigated [4]. These factors are routinely collected and are very important for risk
classification; however, the identification of more risk factors is necessary. The recurrence
rate of NMIBC is not low and recurrences are characteristically invasive and have adverse
economic consequences [2,3,5]. Suppression of recurrence requires appropriately combining
perioperative intravesical instillation therapy and TUR of the bladder tumor (TUR-Bt).

BCG therapy is widely used worldwide for NMIBC patients. There are also slight
differences in indications for each guideline. A previous report that analyzed 1228 patients
with non-muscle invasive bladder cancer showed multifocality, lymphovascular invasion,
and high-grade re-TURB were independent predictors for response to BCG treatment. BCG-
unresponsive patients reported worse oncological outcomes [6]. As mentioned above, it is
true that there are some factors that are less effective for BCG treatment. There is also a report
that inflammatory markers also predict the effect of BCG treatment. The modified Glasgow
prognostic score has attracted attention in recent years. That might have the potential to
predict recurrence in 1382 high-grade/Grade 3 NMIBC patients [7]. In this way, various
studies on BCG are currently underway, and there are many issues that must be resolved.

The findings of our previous study of NMIBC suggested that preoperative pyuria
contributes to the recurrence of bladder cancer. It has been postulated that pyuria pro-
motes intravesical recurrence because the cancer cells temporarily activated by TUR are
more likely to engraft on damaged mucous membranes within the bladder [8]. We have
also reported that preoperative pyuria is a risk factor for intravesical recurrence after
nephroureterectomy for upper urinary tract urothelial carcinomas [9]. In our previous
study of NMIBC, we analyzed a wide range of high- to low-risk NMIBCs. In that study,
high-risk patients underwent BCG treatment, whereas low-risk patients only underwent
TUR-Bt. Because additional treatment of different intensity is administered according to
NMIBC risk after TUR-Bt for this condition, caution is required when interpreting postop-
erative recurrence rates. Relapse after intensive BCG treatment differs from relapse without
additional treatment after TUR-Bt. Intravesical instillation of BCG is highly effective in
reducing the risk of intravesical recurrence and progression of NMIBCs [10,11]. Comparing
cohorts with significantly different risks of intravesical recurrence is problematic. Past
retrospective studies have reported that pyuria is a predictor of poor prognosis in patients
who have undergone BCG treatment [12]. However, to the best of our knowledge, no
studies have determined the risks of pyuria according to BCG treatment status. Analyzing
the relationship between preoperative pyuria and BCG treatment requires the inclusion
only of high-risk patients, for which BCG treatment is the standard treatment after TUR-Bt.
In Japan, BCG treatment is recommended for patients classified as at high risk according to
the 2019 version of the Japanese Urological Association (JUA) bladder cancer guideline [13].
However, in some cases, BCG treatment is not instituted for various reasons. For example,
some patients refuse BCG treatment because of the associated frequent urination, or because
they are receiving immunosuppressive therapy. In the present study, we retrospectively
examined real-world cases in a single institution and evaluated the risk of preoperative
pyuria associated with intravesical recurrence according to BCG treatment status.

2. Materials and Methods

In the present study, we analyzed the data of patients who had undergone TUR-
Bt for NMIBC between November 2008 and March 2022. Our focus was intravesical
recurrence after TUR-Bt. This study was approved by the institutional review board of
Chiba University (No. 2554).

We classified risk according to the JUA guideline for NMIBC [13]. We excluded patients
with pathologically identified muscle-invasive bladder carcinoma, at low or intermediate
risk according to the JUA guideline, and with other than bladder carcinoma. High risk is
defined by the JUA as T1 or carcinoma in situ (CIS) or high grade.
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In our hospital, preventive intravesical therapy with an anticancer agent is adminis-
tered postoperatively to all patients, unless it is omitted at the surgeon’s discretion. Second,
TUR is performed on all patients with T1 and/or high-grade disease. Intravesical BCG
induction therapy is instituted in intermediate- and high-risk patients, and maintenance
BCG intravesical therapy is for high-risk patients with two of the three risk factors of T1,
CIS, or high grade.

The following data were retrospectively collected from hospital records: age, sex, pre-
operative pyuria, preoperative urine cytology, history of NMIBC, tumor grade, pathological
T stage, concomitant CIS, and postoperative intravesical BCG induction. BCG was defined
as having been administered even if it had only been administered once as induction or
maintenance. Pyuria was defined as >10 white blood cells (WBCs) per high-power field
(hpf) prior to TUR-Bt. Antibiotics were not administered preoperatively to patients with
asymptomatic pyuria, but only to those with symptomatic urinary tract infections. On the
day of TUR-Bt, all patients, with and without preoperative pyuria, received one dose of
intravenous antibiotics. Positive preoperative urine cytology was defined as “positive” or
class4 class5. Recurrence was defined as the diagnosis of intravesical bladder carcinoma or
metastasis. Intravesical recurrence was diagnosed by cystoscopy, transurethral resection,
urine cytology, or computed tomography.

All statistical analyses were carried out using JMP Pro 16.0.1 (SAS Institute, Cary,
NC, USA). A two-sided p-value of <0.05 was considered to denote statistical significance.
Comparisons were carried out using the Mann-Whitney and X tests. Risk factors related to
intravesical recurrence were analyzed by the Cox proportional hazards model and Kaplan—
Meier method. When the p-value was 0.2 or less in univariate analysis, the factor was
subjected to multivariate analysis.

3. Results

During the study period, we treated 458 patients, 34 of whom were excluded because
they were at JUA low or intermediate risk, leaving 424 eligible patients. BCG treatment
had been administered to 179 of these patients and not to the remaining 245. Forty-five of
those who received BCG had preoperative pyuria and 134 did not. Thirty-eight of those
who did not receive BCG had preoperative pyuria and 245 did not (Figure 1).

TURBT for NMIBC (Nov.2008 ~ Mar.2022)
458 cases

Excluded from analysis
| JUA low and intermediate risk group patients
34 cases

Included for analysis JUA high risk NMIBC
424 cases (pyuria +:83, —:341})

——

BCG treated 179 cases Non-BCG treated 245 cases
Preoperative pyuria + || Preoperative pyuria — Preoperative pyuria + || Preoperative pyuria —
45 cases 134 cases 38 cases 245 cases

Figure 1. Flow chart of the inclusion and exclusion criteria and patient grouping based on risk group
and presence of pyuria before trans-urethral resection of bladder tumors.

The median duration of follow-up of all study 424 patients was 45.2 months. During
the study period, 115 events (bladder recurrence) occurred. Table 1 shows the patients’
backgrounds. The median age was 72.5 years. Those with pyuria were older than those
without it (p = 0.041). Patients with pyuria were more often female than those without it
(p = 0.019). BCG treatment was administered more often to those with pyuria than to those
without it (p = 0.0136). Pathological T1 was found more often in those with pyuria than in
those without it (p = 0.0028).
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Table 1. All patients subdivided according to the presence of preoperative pyuria.

Total n = 424 Pyuaa=P8r§)s ent Pyl(l:;li ?;ient p-Value
Age Median (range) 72.5 (38-94) 75 (50-90) 72 (38-94) 0.041
Sex Male 336 (79.2) 25 (30.1) 278 (81.5) 0.019
Female 88 (20.8) 58 (69.9) 63 (18.5)
Preoperative Positive 83 (19.6) 19 (22.9) 64 (18.8) 0.396
cytology
Negative 341 (80.4) 64 (77.1) 277 (81.2)
BCG therapy Yes 179 (42.2) 45 (54.2) 134 (39.2) 0.0136
No 245 (57.8) 38 (46.8) 207 (60.8)
Grade High 325 (76.7) 69 (83.1) 256 (75.1) 0.1196
Low 99 (23.3) 14 (16.9) 85 (24.9)
Pathological T
stage, 1 (%) T1 109 (25.7) 32 (38.6) 77 (22.6) 0.0028
Others 315 (74.3) 51 (61.4) 264 (77.4)
Concomitant CIS Present 49 (11.6) 9 (10.8) 40 (11.7) 0.827
Absent 375 (88.4) 74 (89.2) 301 (88.3)

We examined the risk factors for postoperative bladder recurrence in all 424 patients
(Table 2). According to univariate and multivariate analysis, postoperative intravesical BCG
induction (hazard ratio [HR] 0.52, presence vs. absence, p = 0.0026) and preoperative pyuria
(HR 1.93, presence vs. absence, p = 0.0329) were independent risk factors for intravesical
recurrence. RFS according to pyuria status in all cases is shown in Figure 2 (HR 1.42; 95%
CI, 0.92-2.21, presence vs. absence, p = 0.1125 according to univariate analysis).

Table 2. Results of univariate and multivariate analysis of risk factors for intravesical recurrence after

TUR-Bt.
Univariate Model Multivariate Model
Factor n
HR (95% CI) p-Value HR (95% CI) p-Value
Sex
Male 336 1.18 (0.75-1.88) 0.4857
Female 88
Preoperative
cytology
Pogitive 83 1.03 (0.65-1.62) 0.9144
Negative 341
BCG therapy
Yes 179 0.54 (0.36-0.81) 0.0027 0.52 (0.34-0.80) 0.0026
No 245
Grade
High 325 1.32 (0.87-2.01) 0.1945 0.88 (0.57-1.37) 0.5814
Low 99
Pathological T
stage
pT1 109 0.89 (0.59-1.35) 0.5752
Others 315
Concomitant CIS
Present 49 0.85 (0.47-1.56) 0.5914
Absent 375
Pyuria
Present 83 1.42 (0.92-2.21) 0.1125 1.93 (1.26-2.95) 0.0329
Absent 341
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Figure 2. Intravesical recurrence-free survival rates after trans-urethral resection of bladder tumors
according to preoperative pyuria status. Rates were estimated using the Kaplan—-Meier method.

As stated in Table 2, we divided the patients into two groups (BCG-treated vs. not
BCG-treated) to determine whether BCG treatment is a strong independent risk factor
for RFS. In the BCG-treated group (n = 179), patient baseline characteristics did not differ
significantly between those with and without pyuria (Table S1). We found no significant
differences in RFS risk factors, including preoperative pyuria, between the BCG-treated
and not BCG-treated groups (Table 3). Figure 3 shows Kaplan-Meier RFS curves according
to pyuria status in BCG-treated patients (HR 1.50; 95% CI, 0.69-3.27, presence vs. absence,
p =0.2985).

Table 3. Results of univariate and multivariate analysis of risk factors for RFS in BCG treated patients.

Univariate Model Multivariate Model
Factor n
HR (95% CI) p-Value HR (95% CI) p-Value
Sex
Male 141 1.14 (0.47-2.77) 0.7774
Female 38
Preoperative
cytology
Pogitive 55 0.81 (0.38-1.74) 0.5967
Negative 124
Grade
High 160 0.47 (0.14-1.58) 0.2533
Low 19
Pathological T
stage
pT1 64 0.89 (0.59-1.35) 0.4008
Others 115
Concomitant CIS
Present 32 1.59 (0.72-3.55) 0.2593
Absent 147
Pyuria
Present 45 1.50 (0.69-3.27) 0.2985
Absent 134
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Figure 3. Intravesical recurrence-free survival rates after trans-urethral resection of bladder tumors
in BCG treated patients according to preoperative pyuria status. Rates were estimated using the
Kaplan-Meier method.

In the non-BCG-treated group (n = 245), a greater proportion of female than male
patients had pyuria and there was a greater proportion of T1 tumors in those without pyuria
(Table S2). According to univariate and multivariate analysis, the presence of preoperative
pyuria (HR 1.77; 95% CI, 1.03-3.04; p = 0.0371) and positive preoperative cytology (HR 1.84;
95% CI, 01.01-3.33; p = 0.0459) were independent risk factors for intravesical recurrence
(Table 4). Figure 4 shows Kaplan—-Meier curves according to pyuria status in non-BCG-
treated patients (HR 1.70; 95% CI, 1.00-2.91, presence vs. absence, p = 0.0485). The findings
differed from those of BCG-treated patients.

Table 4. Results of univariate and multivariate analysis of risk factors for RFS in non-BCG treated patients.

Univariate Model Multivariate Model
Factor n
HR (95% CI) p-Value HR (95% CI) p-Value
Sex
Male 195 1.22 (0.71-2.11) 0.4699
Female 50
Preoperative
cytology
Positive 217 1.75 (0.97-3.17) 0.0645 1.84 (1.01-3.33) 0.0459
Negative 28
Grade
High 165 1.00 (0.63-1.59) 0.9999
Low 80
Pathological T
stage
pT1 45 0.87 (0.49-1.55) 0.6477
Others 200
Concomitant CIS
Present 15 0.62 (0.23-1.69) 0.3567
Absent 230
Pyuria
Present 38 1.70 (1.00-2.91) 0.0485 1.77 (1.03-3.04) 0.0371
Absent 207




Cancers 2023, 15, 1638

7 of 13

absent (n=207, events:66)

present (n=38, events:17)

Ciroup n median RES (monthsy
02
absent 207 N.R. Log_rank fest
prosent | 38 6.0 p=0.0485
0o
o 20 e 0 a0 100 120 140 162 180
0 I 20 30 40 50 60 &0 10 120 140 160 (Manths)
absenr 207 1700 142 126 102 #4677 7 30 10 5 1
I'resent 38 28 234 16 14 10 & ] 2z 2 U i

Figure 4. Intravesical recurrence-free survival rates after trans-urethral resection of bladder tumors
in non-BCG-treated patients according to preoperative pyuria status. Rates were estimated using the
Kaplan-Meier method.

We analyzed RFS according to the risk factors of pyuria and positive cytology as
follows: low risk: cytology (—) and pyuria (—); intermediate risk: cytology (+) and pyuria
(—)/cytology (—) and pyuria (+); high risk: cytology (+) and pyuria (+). Because there were
only three patients in the high-risk group, we could not analyze them statistically. There
was a significant difference between the low- and intermediate-risk groups (p = 0.0064)
(Figure S1).

We evaluated RFS with and without BCG treatment according to the severity of pyuria,
which was classified into the following three groups: urine WBCs 10-20/hpf, 20-100/hpf,
and >100/hpf. In the BCG-treated group, patients with urine WBCs 10-20/hpf tended
to have a slightly better RFS; however, this difference was not significant (Figure 5a).
There were also no significant differences in RFS according to the severity of pyuria in the
non-BCG group (Figure 5b). Thus, in this study, the severity of pyuria had no significant
association with RFS.
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Figure 5. (a) Intravesical recurrence-free survival rates after trans-urethral resection of bladder
tumors in BCG-treated patients with preoperative pyuria according to the degree of pyuria (urine
WBCs 10-20/hpf, 20-100/hpf, >100/hpf). Rates were estimated using the Kaplan-Meier method.
(b) Intravesical recurrence-free survival rates after trans-urethral resection of bladder tumors in
non-BCG-treated patients with preoperative pyuria according to severity of pyuria (Urine WBCs
10-20/hpf, 20-100/hpf, >100/hpf). Rates were estimated using the Kaplan—-Meier method.

In this study, preoperative pyuria was a significant prognostic factor for RFS only in
non-BCG-treated patients.
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4. Discussion

When treating NMIBC, it is important to suppress progression and recurrence. In
particular, the intravesical recurrence rate is not low. When recurrence occurs, it creates a
physical and economic burden for the patient [2,3,5,14,15]. Numerous studies have investi-
gated risk factors for the intravesical recurrence of NMIBC. Some clinical and pathological
factors have been shown to help in predicting the risk of recurrence. The main established
predictors of recurrence are multiple tumors, tumor size, prior recurrence, tumor stage, and
histological grade. These factors are used to classify risk in all guidelines, including the JUA
guideline [13,16-19]. Adjuvant therapy, including perioperative intravesical instillation,
can be administered in addition to TUR-Bt when treating NMIBC. It is important to identify
patients at high risk and provide appropriate adjuvant treatment.

Each guideline now defines risk and determines additional treatment accordingly. The
representative classifications and treatment methods are shown below by risk. Currently,
the highest risk is also defined, but here we show low, intermediate, and high risk, respec-
tively. By the AUA /SUO risk stratification, low-risk NMIBC includes papillary urothelial
neoplasm of low malignant potential and low-grade urothelial carcinoma that is a solitary
Ta and <3 cm. A single instillation of intravesical chemotherapy immediately post-TUR-Bt
can be helpful in reducing the risk of recurrence. Intermediate-risk NMIBC includes low-
grade urothelial carcinoma that has any of the following characteristics: T1, size >3 cm,
multifocal, or recurrence within 1 year. In addition, high-grade urothelial carcinoma that is
solitary, Ta, and <3 cm is also considered intermediate risk. After TUR-Bt and immediate
intravesical chemotherapy, the panel recommends a 6-week induction course of intravesical
therapy. Options for intravesical therapy for intermediate-risk NMIBC include BCG or
chemotherapy. High-risk NMIBC includes high-grade urothelial carcinoma that has any of
the following characteristics: CIS, T1, size >3 c¢m, or multifocal. Treatment options for high-
risk NMIBC depend on whether the tumor has previously been shown to be unresponsive
or intolerant to BCG. For BCG-naive NMIBC, the options are cystectomy or BCG [20]. By
the EAU risk stratification, low-risk NMIBC includes a primary, single, Ta/T1 LG/G1 tumor
<3 cm in diameter without CIS in a patient aged <70 years. “Offer one immediate instillation
of intravesical chemotherapy after TUR-Bt” is strongly recommended. Intermediate-risk
NMIBC includes patients without CIS who are not included in either the low, high, or very
high-risk group. “For all patients, either one year full-dose BCG treatment (induction plus
3-weekly instillations at 3, 6, and 12 month) or instillations of chemotherapy (the optimal
schedule is not known) for a maximum of one year is recommended. The final choice
should reflect the individual patient’s risk of recurrence and progression as well as the
efficacy and side effects of each treatment modality. Offer one immediate chemotherapy
instillation to patients with small papillary recurrences detected more than one year after
previous TUR-Bt” is strongly recommended. High-risk NMIBC includes all T1 HG/G3
without CIS except those included in the very high-risk group, all CIS patients except
those included in the very high-risk group, Ta LG/G2 or T1 G1 with CIS and all three risk
factors, Ta HG/G3 or T1 LG with no CIS and at least two risk factors and T1 G2 with no
CIS and at least one risk factor. (Additional risk factors: age >70 years, multiple papillary
tumors, and tumor diameter >3 cm.) “Offer intravesical full-dose BCG instillations for
1-3 year or RC” is strongly recommended [21]. By the JUA risk stratification, low-risk
NMIBC includes initial diagnosis, <3 cm, Ta, low grade, without CIS. Low-risk patients
receive a single immediate intravesical instillation of anthracyclines or mitomycin C to
prevent a recurrence. Intermediate-risk NMIBC includes the group meets other than low
and high risk. Administration of maintenance intravesical chemotherapy in addition to
single immediate intravesical instillation of chemotherapy has been recommended for
patients with intermediate-risk disease. However, no conclusions about the regimen have
been reached. In addition, intravesical BCG therapy is administered to intermediate risk.
High-risk NMIBC includes the group containing any of the following factors: T1, high
grade, CIS (including concurrent CIS). Intravesical BCG therapy is administered to high-
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risk patients. The addition of maintenance therapy after six to eight courses of intravesical
induction therapy is recommended [13].

Recent study results suggest an association between bladder cancer incidence and
several food items including meat, fruit, vegetables, milk products, and oil. Micronutrient
deficiency is associated with bladder cancer risk. It is necessary to further examine the
effect of such eating habits on relapse in the future [22].

We have previously shown that the presence of residual urine and pyuria are risk
factors for intravesical recurrence after TUR-Bt in a wide range of patients with NMIBC [8].
There is insufficient robust evidence concerning pyuria and intravesical recurrence. Pyuria
is easy to identify in daily practice and this investigation has economic advantages. Simplic-
ity and low cost are desirable characteristics of biomarkers. In a previous study, we found
that damaged mucosa and a large amount of residual urine are associated with an increased
risk of intravesical recurrence because these factors result in many cancer cells remaining
in the bladder after TUR-Bt. However, many patients with high-risk NMIBC undergo
intravesical BCG instillation. Because BCG treatment is considered highly effective, the risk
of recurrence is strongly dependent on whether or not this treatment is administered [23,24].
BCG treatment must be carefully considered when discussing postoperative recurrence
of NMIBC with reference to guidelines. Various detailed analyses of BCG treatment are
underway [25-28].

In the present study, we evaluated the relationship between preoperative pyuria and
intravesical recurrence after TUR-Bt according to postoperative BCG induction therapy
status using real-world single-institution experience. We showed that preoperative pyuria
is not associated with intravesical recurrence after TUR-Bt in high-risk BCG-treated patients
with NMIBC, but is a significant risk factor in non-BCG-treated patients.

First, the presence of pyuria is associated with more serious bladder cancer, includ-
ing the depth of invasion, than the absence of pyuria is. We believe that pyuria occurs
more frequently in patients with large tumors and extensive mucosal lesions, including
CIS [29-32]. Most malignant tumors have significant leucocytic infiltrates and these have
been linked to a poor prognosis [33,34]. In colorectal cancer, abundant tumor budding,
scanty lymphocyte infiltration, and few lymphoid follicles tend to coexist and appear
to be reliable prognostic indicators [35]. Leucocyte infiltrates are attracted to tumors by
chemotactic factors released by viable or necrotic tumor cells or by cells within the tumor
stroma [36]. Angiogenesis is a hallmark of malignant neoplasia because the formation of
new blood vessels is required for tumors to access sufficient oxygen and nutrients for their
continued growth and metastasis [37]. There is increasing evidence for communication
and interactions between polymorphonuclear neutrophils and T cells in various physiolog-
ical and pathological conditions, including acute and chronic inflammatory disease and
defense against tumors [38]. Regulatory T cells throughout a tumor, including in tertiary
lymphoid structures, are associated with poor outcomes in patients with non-small cell
lung cancers [39]. Thus, there are numerous basic and clinical studies on the relationship
between inflammatory cell infiltration and cancer. Accordingly, we believe that pyuria is a
significant risk factor for recurrence in patients who have not undergone BCG treatment in
association with TUR-Bt. We believe that TUR damages the mucous membrane within the
bladder, temporarily enhancing the ability of cancer cells to engraft there [3].

Conversely, in this study preoperative pyuria was not a significant predictor of re-
currence in patients who had undergone intravesical BCG instillation. However, other
studies have found that the presence of pyuria is a risk factor for RFS in patients who
have undergone BCG treatment [29,32]. Our results are contradictory, suggesting as they
do that BCG treatment has a strong impact on the risk of intravesical recurrence, even in
patients with pyuria. Patients without pyuria may have a lower risk of recurrence; however,
BCG treatment can still be expected to suppress recurrence in the presence of pyuria. The
superiority of any BCG strain over another could not be demonstrated yet. A previous
report showed that when routinely performing re-TUR followed by a maintenance BCG
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schedule, TICE was superior to RIVM for RFS outcomes. Further studies addressing the
type of BCG may also be needed in the future [40].

It may be necessary to reconsider the definition of pyuria. Various definitions of
urinary tract infections have been used over the years [41-43]. In this study, we defined
pyuria as 10 or more WBCs/hpf. Using a different definition may alter the results of the
research. However, among the patients with pyuria in our study cohort, we found no
differences in the association between the severity of pyuria and RFS between the BCG
and non-BCG groups. The usability of an index is reduced if it cannot easily be assessed in
daily clinical practice. The relatively small number of patients in this study made it difficult
to obtain definitive results. We did not investigate bacteriuria in this study. Further large
studies are needed to analyze the impact of the degree of pyuria and bacteriuria.

Based on previous studies and the results of this study, we believe that treatment for lower
urinary tract symptoms in men may reduce the risk of NMIBC recurrence. Oral treatments
such as alpha-blockers and 5-alpha-reductase inhibition, as well as surgical treatment, are
expected to improve dysuria, thereby reducing residual urine volume, and improving chronic
urinary tract infections [44]. In the future, our goal is to show that lower urinary tract
obstruction treatment before TUR-Bt leads to a lower recurrence rate of NMIBC.

Our results indicate that pyuria is a risk factor in patients who do not undergo BCG
treatment. Thus, because BCG treatment has been shown to have some efficacy, we believe
that this treatment should be strongly considered in patients with high-risk NMIBC and
pyuria. The presence of pyuria does not diminish the effectiveness of BCG treatment. BCG
intravesical instillation treatment induces inflammation of the bladder, which suppresses
recurrence and progression. Thus, it is contradictory to believe that its effect would be
attenuated by the presence of inflammation [8,45].

The present study had some limitations. First, it was a retrospective study. Second, the
study cohort was relatively small, and the study patients had been seen over a long period
(2008-2022). The introduction of BCG maintenance therapy in our facility during this study
period may have affected the results. A large-scale, multicenter, prospective clinical study
is needed to evaluate our results.

5. Conclusions

To the best of our knowledge, this is the first study to evaluate the effect of preoperative
pyuria on RFS according to BCG treatment status in a real-world practice setting. We found
that pyuria is a risk factor for postoperative recurrence of NMIBC. BCG treatment can be
expected to prevent recurrence even in patients with pyuria. Aggressive BCG treatment
may need to be considered in patients with high-risk NMIBC and pyuria.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15061638/s1, Table S1. BCG-treated patients subdivided
according to the presence of preoperative pyuria. Table S2. non-BCG-treated patients subdivided
according to the presence of preoperative pyuria. Figure S1. Intravesical recurrence-free survival rates
after trans-urethral resection of bladder tumors in non-BCG treated patients according to preoperative
pyuria and cytology status. Low risk: cytology (-) and pyuria (-); intermediate risk: cytology (+) and
pyuria (-)/cytology (-) and pyuria (+); high risk: cytology (+) and pyuria (+). Rates were estimated
using the Kaplan—Meier method.

Author Contributions: R.T. contributed to collecting and analyzing data, drawing tables, preparing
figures, and writing; T.S. contributed to collecting data, analyzing data, collecting the bibliography,
drawing tables, preparing figures, and writing; Y.H. contributed to collecting and analyzing data; H.S.,
T.A., Y.G,, YI and S.S. contributed to collecting data; T.S. and T.I. contributed to the supervision of all
activities; The first draft of the manuscript was prepared by R.T., who also performed subsequent
amendments. T.S. revised the manuscript. All authors have read and agreed to the published version
of the manuscript.

Funding: The present study was supported by grants from Grant-in-Aid for Scientific Research (C)
(22K09494 to T.S.)


https://www.mdpi.com/article/10.3390/cancers15061638/s1
https://www.mdpi.com/article/10.3390/cancers15061638/s1

Cancers 2023, 15, 1638 11 of 13

Institutional Review Board Statement: This study was approved by the Institutional Review Board
of Chiba University Hospital (IRB No. 2554).

Informed Consent Statement: Informed consent was obtained by opt-out method in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; collection of data, analyses, or interpretation of data; the writing of the manuscript; or
the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

Sung, H.; Ferlay, |.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Babjuk, M.; Oosterlinck, W.; Sylvester, R.; Kaasinen, E.; Bohle, A.; Palou-Redorta, J. EAU guidelines on non-muscle-invasive
urothelial carcinoma of the bladder. Eur. Urol. 2008, 54, 303-314. [CrossRef]

Chang, S.S.; Boorjian, S.A.; Chou, R.; Clark, PE.; Daneshmand, S.; Konety, B.R.; Pruthi, R.; Quale, D.Z.; Ritch, C.R.; Seigne, ].D.;
et al. Diagnosis and Treatment of Non-Muscle Invasive Bladder Cancer: AUA/SUO Guideline. J. Urol. 2016, 196, 1021-1029.
[CrossRef]

Sylvester, R.J.; van der Meijden, A.P.; Oosterlinck, W.; Witjes, J.A.; Bouffioux, C.; Denis, L.; Newling, D.D.; Kurth, K. 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, 466—477. [CrossRef]

Nishimura, N.; Miyake, M.; Miyamoto, T.; Tomizawa, M.; Shimizu, T.; Morizawa, Y.; Hori, S.; Gotoh, D.; Nakai, Y,
Torimoto, K.; et al. The Japanese health care system-based cost-effectiveness of photodynamic diagnosis-assisted transurethral
resection of bladder tumor for non-muscle invasive bladder cancer. Jpn. J. Clin. Oncol. 2022, hyac203. [CrossRef]

Ferro, M.; Barone, B.; Crocetto, F.; Lucarelli, G.; Busetto, G.M.; Del Giudice, F.; Maggi, M.; Crocerossa, F.; Cantiello, F.; Damiano,
R.; et al. Predictive clinico-pathological factors to identify BCG, unresponsive patients, after re-resection for T1 high grade
non-muscle invasive bladder cancer. Urol. Oncol. 2022, 40, 490.€13-490.€20. [CrossRef]

Ferro, M.; Tataru, O.S.; Musi, G.; Lucarelli, G.; Abu Farhan, A.R.; Cantiello, F; Damiano, R.; de Cobelli, O. Modified Glasgow
Prognostic Score as a Predictor of Recurrence in Patients with High Grade Non-Muscle Invasive Bladder Cancer Undergoing
Intravesical Bacillus Calmette-Guerin Immunotherapy. Diagnostics 2022, 12, 586. [CrossRef] [PubMed]

Sazuka, T.; Sakamoto, S.; Imamura, Y.; Nakamura, K.; Yamamoto, S.; Arai, T.; Takeuchi, N.; Komiya, A.; Teishima, J.; Ichikawa,
Y. Relationship between post-void residual urine volume, preoperative pyuria and intravesical recurrence after transurethral
resection of bladder carcinoma. Int. J. Urol. 2020, 27, 1024-1030. [CrossRef] [PubMed]

Sazuka, T.; Sakamoto, S.; Nakamura, K.; Imamura, Y.; Yamamoto, S.; Komiya, A.; Ichikawa, T. Impact of post-void residual urine
volume on intravesical recurrence after nephroureterectomy for upper urinary tract urothelial carcinoma. Int. J. Urol. 2019, 26,
1106-1112. [CrossRef]

Chou, R;; Selph, S.; Buckley, D.I; Fu, R; Griffin, ].C.; Grusing, S.; Gore, ]J.L. Intravesical Therapy for the Treatment of Nonmuscle
Invasive Bladder Cancer: A Systematic Review and Meta-Analysis. J. Urol. 2017, 197, 1189-1199. [CrossRef]

Matsumoto, K.; Kikuchi, E.; Shirakawa, H.; Hayakawa, N.; Tanaka, N.; Ninomiya, A.; Miyajima, A.; Nakamura, S.; Oya, M. Risk
of subsequent tumour recurrence and stage progression in bacille Calmette-Guérin relapsing non-muscle-invasive bladder cancer.
BJU Int. 2012, 110, E508-E513. [CrossRef] [PubMed]

Suh, J.; Yuk, H.D.; Jeong, C.W.; Kwak, C.; Kim, H.H.; Ku, ]. H. Pyuria as a Predictive Marker of Bacillus Calmette-Guérin
Unresponsiveness in Non-Muscle Invasive Bladder Cancer. . Clin. Med. 2021, 10, 3764. [CrossRef] [PubMed]

Matsumoto, H.; Shiraishi, K.; Azuma, H.; Inoue, K.; Uemura, H.; Eto, M.; Ohyama, C.; Matsuyama, H. Clinical Practice Guidelines
for Bladder Cancer 2019 update by the Japanese Urological Association: Summary of the revision. Int. J. Urol. 2020, 27, 702-709.
[CrossRef] [PubMed]

Del Giudice, E; van Uem, S; Li, S.; Vilson, F.L.; Sciarra, A.; Salciccia, S.; Busetto, G.M.; Maggi, M.; Tiberia, L.; Viscuso, P.; et al.
Contemporary Trends of Systemic Neoadjuvant and Adjuvant Intravesical Chemotherapy in Patients with Upper Tract Urothelial
Carcinomas Undergoing Minimally Invasive or Open Radical Nephroureterectomy: Analysis of US Claims on Perioperative
Outcomes and Health Care Costs. Clin. Genitourin. Cancer 2022, 20, 198.e1-198.e9.

Joice, G.A; Bivalacqua, T.J.; Kates, M. Optimizing pharmacokinetics of intravesical chemotherapy for bladder cancer. Nat. Rev.
Urol. 2019, 16, 599-612. [CrossRef] [PubMed]

Krajewski, W.; Aumatell, J.; Subiela, ].D.; Nowak, L.; Tukiendorf, A.; Moschini, M.; Basile, G.; Poletajew, S.; Malkiewicz, B.; Del
Giudice, F; et al. Accuracy of the CUETO, EORTC 2016 and EAU 2021 scoring models and risk stratification tables to predict
outcomes in high-grade non-muscle-invasive urothelial bladder cancer. Urol. Oncol. 2022, 40, 491.e11-491.e19. [CrossRef]


http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1016/j.eururo.2008.04.051
http://doi.org/10.1016/j.juro.2016.06.049
http://doi.org/10.1016/j.eururo.2005.12.031
http://doi.org/10.1093/jjco/hyac203
http://doi.org/10.1016/j.urolonc.2022.05.016
http://doi.org/10.3390/diagnostics12030586
http://www.ncbi.nlm.nih.gov/pubmed/35328139
http://doi.org/10.1111/iju.14352
http://www.ncbi.nlm.nih.gov/pubmed/32875619
http://doi.org/10.1111/iju.14103
http://doi.org/10.1016/j.juro.2016.12.090
http://doi.org/10.1111/j.1464-410X.2012.11194.x
http://www.ncbi.nlm.nih.gov/pubmed/22574662
http://doi.org/10.3390/jcm10173764
http://www.ncbi.nlm.nih.gov/pubmed/34501211
http://doi.org/10.1111/iju.14281
http://www.ncbi.nlm.nih.gov/pubmed/32564429
http://doi.org/10.1038/s41585-019-0220-4
http://www.ncbi.nlm.nih.gov/pubmed/31434998
http://doi.org/10.1016/j.urolonc.2022.06.008

Cancers 2023, 15, 1638 12 of 13

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Neuzillet, Y.; Pradere, B.; Xylinas, E.; Allory, Y.; Audenet, F; Loriot, Y.; Masson-Lecomte, A.; Roumiguie, M.; Seisen, T,
Traxer, O.; et al. French AFU Cancer Committee Guidelines—Update 2022-2024: Non-muscle-invasive bladder cancer (NMIBC).
Prog. Urol. 2022, 32, 1102-1140. [CrossRef]

Jobezyk, M.; Stawiski, K.; Fendler, W.; R6zanski, W. Validation of EORTC, CUETO, and EAU risk stratification in prediction of
recurrence, progression, and death of patients with initially non-muscle-invasive bladder cancer (NMIBC): A cohort analysis.
Cancer Med. 2020, 9, 4014-4025. [CrossRef]

Leo, M.C.; McMullen, C.K.; O’Keeffe-Rosetti, M.; Weinmann, S.; Garg, T.; Nielsen, M.E. External validation of the EORTC and
NCCN bladder cancer recurrence and progression risk calculators in a U.S. community-based health system. Urol. Oncol. 2020,
38, 39.€21-39.e27. [CrossRef]

Flaig, T.W.; Spiess, P.E.; Abern, M.; Agarwal, N.; Bangs, R.; Boorjian, S.A.; Buyyounouski, M.K.; Chan, K.; Chang, S.; Friedlander,
T,; et al. NCCN Guidelines® Insights: Bladder Cancer, Version 2.2022. |. Natl. Compr. Canc. Netw. 2022, 20, 866-878. [CrossRef]
Babjuk, M.; Burger, M.; Capoun, O.; Cohen, D.; Compérat, E.M.; Dominguez Escrig, ].L.; Mostafid, A.H.; Palou, ].; van Rhjin, BW.,;
Roupret, M.; et al. European Association of Urology Guidelines on Non-muscle-invasive Bladder Cancer (Ta, T1, and Carcinoma
in Situ). Eur. Urol. 2022, 81, 75-94. [CrossRef]

Fankhauser, C.D.; Mostafid, H. Prevention of bladder cancer incidence and recurrence: Nutrition and lifestyle. Curr. Opin. Urol.
2018, 28, 88-92. [CrossRef] [PubMed]

Jiang, S.; Redelman-Sidi, G. BCG in Bladder Cancer Immunotherapy. Cancers 2022, 14, 3073. [CrossRef]

Gandhi, N.M.; Morales, A.; Lamm, D.L. Bacillus Calmette-Guérin immunotherapy for genitourinary cancer. BJU Int. 2013, 112,
288-297. [CrossRef] [PubMed]

Miyake, M.; Nishimura, N.; Iida, K.; Fujii, T.; Nishikawa, R.; Teraoka, S.; Takenaka, A.; Kikuchi, H.; Abe, T.; Shinohara, N.;
et al. Intravesical Bacillus Calmette-Guérin Treatment for T1 High-Grade Non-Muscle Invasive Bladder Cancer with Divergent
Differentiation or Variant Morphologies. Cancers 2021, 13, 2615. [CrossRef]

Blinova, E.; Enikeev, D.; Roshchin, D.; Samyshina, E.; Deryabina, O.; Tertychnyy, A.; Blinov, D.; Kogan, E.; Dudina, M;
Barakat, H.; et al. Relapse-Free Survival and PD-L1 Expression in First High- and Low-Grade Relapsed Luminal, Basal and
Double-Negative P53-Mutant Non-Muscular Invasive Bladder Cancer Depending on Previous Chemo- and Immunotherapy.
Cancers 2020, 12, 1316. [CrossRef] [PubMed]

Savic, S.; Zlobec, I.; Thalmann, G.N.; Engeler, D.; Schmauss, M.; Lehmann, K.; Mattarelli, G.; Eichenberger, T.; Dalquen, P; Spieler,
P; et al. The prognostic value of cytology and fluorescence in situ hybridization in the follow-up of nonmuscle-invasive bladder
cancer after intravesical Bacillus Calmette-Guérin therapy. Int. |. Cancer 2009, 124, 2899-2904. [CrossRef] [PubMed]

Roumiguié, M.; Kamat, A.M.; Bivalacqua, T.].; Lerner, S.P.; Kassouf, W.; Bohle, A.; Brausi, M.; Buckley, R.; Persad, R.; Colombel,
M.; et al. International Bladder Cancer Group Consensus Statement on Clinical Trial Design for Patients with Bacillus Calmette-
Guérin-exposed High-risk Non-muscle-invasive Bladder Cancer. Eur. Urol. 2022, 82, 34—46. [CrossRef]

Satake, N.; Ohno, Y.; Nakashima, J.; Ohori, M.; Tachibana, M. Prognostic value of preoperative pyuria in patients with non-
muscle-invasive bladder cancer. Int. ]. Urol. 2015, 22, 645-649. [CrossRef]

Poletajew, S.; Gajewska, D.; Kaczmarek, K.; Krajewski, W.; Lykowski, M.; Sondka-Migdalska, J.; Borowik, M.; Buraczynski, P;
Dziegala, M.; Przudzik, M.; et al. Preoperative pyuria predicts the presence of high-grade bladder carcinoma in patients with
bladder tumors. Cent. Eur. J. Urol. 2020, 73, 423-436.

Azuma, T.; Nagase, Y.; Oshi, M. Pyuria predicts poor prognosis in patients with non-muscle-invasive bladder cancer. Clin.
Genitourin. Cancer 2013, 11, 331-336. [CrossRef]

Azuma, T,; Nagase, Y.; Oshi, M. Pyuria predicts poor prognosis in patients with non-muscle-invasive bladder cancer treated with
bacillus Calmette-Guérin. Mol. Clin. Oncol. 2015, 3, 1113-1116. [CrossRef]

Jimenez, D.G.; Sobti, A.; Askmyr, D.; Sakellariou, C.; Santos, S.C.; Swoboda, S.; Forslund, O.; Greiff, L.; Lindstedt, M. Tonsillar
Cancer with High CD8(") T-Cell Infiltration Features Increased Levels of Dendritic Cells and Transcriptional Regulation Associated
with an Inflamed Tumor Microenvironment. Cancers 2021, 13, 5341. [CrossRef]

Zhang, X.W.; Wald, A.; Salzmann, M.; Halama, N.; Hassel, ].C. Cytokine alterations during paraneoplastic neutrophilia and
leukemoid reaction in patients with advanced melanoma. Cancer Immunol. Immunother. 2023, 72, 509-513. [CrossRef] [PubMed]
Markowski, A.R.; Markowska, A.J.; Ustymowicz, W.; Pryczynicz, A.; Guziniska-Ustymowicz, K. Simultaneous analysis of
tumor-infiltrating immune cells density, tumor budding status, and presence of lymphoid follicles in CRC tissue. Sci. Rep. 2022,
12,21732. [CrossRef] [PubMed]

Tazzyman, S.; Lewis, C.E.; Murdoch, C. Neutrophils: Key mediators of tumour angiogenesis. Int. J. Exp. Pathol. 2009, 90, 222-231.
[CrossRef]

Jablonska, J.; Leschner, S.; Westphal, K.; Lienenklaus, S.; Weiss, S. Neutrophils responsive to endogenous IFN-beta regulate tumor
angiogenesis and growth in a mouse tumor model. J. Clin. Invest. 2010, 120, 1151-1164. [CrossRef] [PubMed]

Miiller, I.; Munder, M.; Kropf, P.; Hiansch, G.M. Polymorphonuclear neutrophils and T lymphocytes: Strange bedfellows or
brothers in arms? Trends [mmunol. 2009, 30, 522-530. [CrossRef] [PubMed]

Devi-Marulkar, P; Fastenackels, S.; Karapentiantz, P.; Goc, ].; Germain, C.; Kaplon, H.; Knockaert, S.; Olive, D.; Panouillot, M.;
Validire, P; et al. Regulatory T cells infiltrate the tumor-induced tertiary lymphoid structures and are associated with poor clinical
outcome in NSCLC. Commun. Biol. 2022, 5, 1416. [CrossRef]


http://doi.org/10.1016/j.purol.2022.08.006
http://doi.org/10.1002/cam4.3007
http://doi.org/10.1016/j.urolonc.2019.10.003
http://doi.org/10.6004/jnccn.2022.0041
http://doi.org/10.1016/j.eururo.2021.08.010
http://doi.org/10.1097/MOU.0000000000000452
http://www.ncbi.nlm.nih.gov/pubmed/29211694
http://doi.org/10.3390/cancers14133073
http://doi.org/10.1111/j.1464-410X.2012.11754.x
http://www.ncbi.nlm.nih.gov/pubmed/23517232
http://doi.org/10.3390/cancers13112615
http://doi.org/10.3390/cancers12051316
http://www.ncbi.nlm.nih.gov/pubmed/32455829
http://doi.org/10.1002/ijc.24258
http://www.ncbi.nlm.nih.gov/pubmed/19230026
http://doi.org/10.1016/j.eururo.2021.12.005
http://doi.org/10.1111/iju.12788
http://doi.org/10.1016/j.clgc.2013.04.002
http://doi.org/10.3892/mco.2015.582
http://doi.org/10.3390/cancers13215341
http://doi.org/10.1007/s00262-022-03249-7
http://www.ncbi.nlm.nih.gov/pubmed/35841421
http://doi.org/10.1038/s41598-022-26225-8
http://www.ncbi.nlm.nih.gov/pubmed/36526699
http://doi.org/10.1111/j.1365-2613.2009.00641.x
http://doi.org/10.1172/JCI37223
http://www.ncbi.nlm.nih.gov/pubmed/20237412
http://doi.org/10.1016/j.it.2009.07.007
http://www.ncbi.nlm.nih.gov/pubmed/19775938
http://doi.org/10.1038/s42003-022-04356-y

Cancers 2023, 15, 1638 13 of 13

40. Del Giudice, F; Flammia, R.S.; Chung, B.I,; Moschini, M.; Pradere, B.; Mari, A.; Soria, E; Albisinni, S.; Krajewski, W,;
Szydelko, T.; et al. Compared Efficacy of Adjuvant Intravesical BCG-TICE vs. BCG-RIVM for High-Risk Non-Muscle Inva-
sive Bladder Cancer (NMIBC): A Propensity Score Matched Analysis. Cancers 2022, 14, 887. [CrossRef]

41. Tzimenatos, L.; Mahajan, P.; Dayan, P.S.; Vitale, M.; Linakis, ].G.; Blumberg, S.; Borgialli, D.; Ruddy, R.M.; Van Buren, ].; Ramilo,
O.; et al. Accuracy of the Urinalysis for Urinary Tract Infections in Febrile Infants 60 Days and Younger. Pediatrics 2018, 141,
743-744. [CrossRef] [PubMed]

42. Stamm, W.E. Criteria for the diagnosis of urinary tract infection and for the assessment of therapeutic effectiveness. Infection 1992,
20 (Suppl. S3), 151-154. [CrossRef] [PubMed]

43.  Wilks, ].M. Urine microscopy and infection in general practice. J. R. Coll. Gen. Pract. 1979, 29, 103-107. [PubMed]

44. Busetto, G.M.; Giovannone, R.; Antonini, G.; Rossi, A.; Del Giudice, F.; Tricarico, S.; Ragonesi, G.; Gentile, V.; De Berardinis,
E. Short-term pretreatment with a dual 5x-reductase inhibitor before bipolar transurethral resection of the prostate (B-TURP):
Evaluation of prostate vascularity and decreased surgical blood loss in large prostates. BJU Int. 2015, 116, 117-123. [CrossRef]

45. Liu, G.; Li, B,; Xu, Z,; Wang, ].; Ma, S.; Kan, Y.; Mao, L. Bacillus Calmette-Guerin for the Treatment of Non-muscle Invasive
Bladder Cancer: History and Current Status. Discov. Med. 2022, 33, 85-92.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3390/cancers14040887
http://doi.org/10.1542/peds.2017-3068
http://www.ncbi.nlm.nih.gov/pubmed/29339564
http://doi.org/10.1007/BF01704358
http://www.ncbi.nlm.nih.gov/pubmed/1490740
http://www.ncbi.nlm.nih.gov/pubmed/480294
http://doi.org/10.1111/bju.12917

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

